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(57) ABSTRACT 

The present invention relates to a composition for preparing 
optical ?ber coatings, the composition including a polymer 
iZable base composition, containing at least one monomer 
and optionally at least one oligomer, Wherein the polymer 
iZable base composition is substantially free of unsaturated 
epoXidiZed diene polymers, and a tacki?er present in an 
amount effective to modify a time-sensitive rheological 
property of a polymerization product of the composition. 
Another aspect of the present invention relates to a method 
of modifying a time-sensitive theological property of an 
optical ?ber coating by introducing into a polymeriZable 
composition a tacki?er in an amount effective to modify a 
time-sensitive rheological property of the polymerization 
product of the polymeriZable composition. Also disclosed 
are an optical ?ber, a ?ber optic ribbon, and a ?ber bundle 
that contain coating(s) prepared from a composition of the 
present invention. 
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COMPOSITION CONTAINING TACKIFIER AND 
METHOD OF MODIFYING TIME-SENSITIVE 
RHEOLOGICAL PROPERTIES OF OPTICAL 

FIBER COATING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is application claims the bene?t of US. Pro 
visional Patent Application Serial No. 60/173,673 ?led on 
Dec. 30, 1999, the content of Which is relied upon and 
incorporated herein by reference in its entirety, and the 
bene?t of priority under 35 U.S.C. § 120 is hereby claimed. 

FIELD OF THE INVENTION 

[0002] The present invention relates to compositions for 
preparing optical ?ber coatings, optical ?bers prepared With 
such coatings, and a method of modifying time-sensitive 
rheological properties of optical ?ber coatings. 

BACKGROUND OF THE INVENTION 

[0003] Optical ?bers, including ?ber optic ribbons, have 
acquired an increasingly important role in the ?eld of 
communications, frequently replacing existing copper Wires. 
This trend has had a signi?cant impact in the local area 
netWorks (i.e., for ?ber-to-home uses), Which have seen a 
vast increase in the usage of optical ?bers. Further increases 
in the use of optical ?bers in local loop telephone and cable 
TV service are expected, as local ?ber netWorks are estab 
lished 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 ?bers in home 
and commercial business for internal data, voice, and video 
communications has begun and is expected to increase. 

[0004] Optical ?bers typically contain a glass ?ber (i.e., 
core and cladding) and at least tWo coatings, i.e., a primary 
coating and a secondary coating. The primary coating is 
applied directly to the glass ?ber and, When cured, forms a 
soft, elastic, and compliant material Which encapsulates the 
glass ?ber. The primary coating serves as a buffer to cushion 
and protect the glass ?ber core When the ?ber is bent, cabled, 
or spooled. The secondary coating is applied over the 
primary coating and functions as a tough, protective outer 
layer that prevents damage to the glass ?ber during process 
ing and use. 

[0005] Fiber optic ribbons contain a plurality of planar 
aligned optical ?bers (i.e., coated optical ?bers) that are 
circumscribed by a single or multi-layered coat of a matrix 
composition. Like the secondary coating of an individual 
optical ?ber, the matrix functions as a tough, protective outer 
layer that prevents damage to the individual optical ?bers 
during processing and use. 

[0006] Certain characteristics are desirable for the primary 
coatings. The modulus of the primary coating must be 
sufficiently loW to cushion and protect the ?ber by readily 
relieving stresses on the ?ber, Which can induce microbend 
ing and, consequently, inefficient signal transmission. This 
cushioning effect must be maintained throughout the life 
time of the ?ber. Because of differential thermal expansion 
properties betWeen the primary and secondary coatings, the 
primary coating must also have a glass transition tempera 
ture (Tg) that is loWer than the foreseeable loWest use 
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temperature. The primary coating must also maintain 
adequate adhesion to the glass ?ber during thermal and 
hydrolytic aging, yet be strippable therefrom for purposes of 
splicing or coupling. Poor adhesion can result in microbend 
ing and/or various siZed delaminations, Which can be sig 
ni?cant sources of attenuation in the optical ?ber. 

[0007] Certain characteristics are desirable for the second 
ary coating on optical ?bers and matrix coatings in ?ber 
optic ribbons. Before curing, the coating composition should 
have a suitable viscosity and be capable of curing quickly to 
enable processing of the optical ?ber or ribbon. After curing, 
secondary and matrix coatings should have the folloWing 
characteristics: suf?cient stiffness to protect the encapsu 
lated glass ?ber yet enough ?exibility for handling (i.e., 
modulus), loW Water absorption, loW tackiness to enable 
handling of the optical ?ber or ribbon, chemical resistance, 
and suf?cient adhesion to the underlying coating. 

[0008] The ability of these different coatings to behave in 
a desired manner requires that each coating possess certain 
rheological properties. Typically, rheological properties of a 
particular material are considered With respect to their 
temperature sensitivity (i.e., temperature versus modulus 
curve), With the material possessing glassy attributes beloW 
the glass transition temperature and possessing rubbery 
attributes above the glass transition temperature. HoWever, 
the rheological properties are also dependent upon the time 
(or rate) over Which a stress is applied to the material. 

[0009] Coatings are often exposed to different stresses 
during the lifetime of an optical ?ber or ?ber optic ribbon. 
It is desirable, therefore, for such coatings to perform in a 
predictable manner under each of these different stresses. 
For example, the coatings experience a loW rate of stress as 
they are spooled and unspooled or handled in coupling the 
optical ?ber to another optical ?ber or light source. If the 
coating cannot accommodate a sloW-rate stress, then the 
stress applied to the optical ?ber or ?ber optic ribbon can be 
transmitted to the underlying glass ?ber(s). As a result, 
microbending of the glass ?ber(s) may occur. In contrast to 
this sloW-rate stress, the coatings experience a high rate of 
stress as they are stripped from the underlying Waveguide 
core and during processing of the optical ?bers. During 
stripping operations, a conventional stripping device (i.e., 
manufactured by Fujikura or Sumitomo) cleaves the coat 
ings about a circumference of the optical ?ber prior to 
stripping the coatings off the end of the glass ?ber(s). During 
processing, primary coatings are often exposed to high-rate 
stress as coated ?bers are draWn through a coating die during 
application of secondary or matrix coatings. Tearing of the 
primary coating can result in coating defects along the 
length of the optical ?ber or ribbon. 

[0010] Because of the different stresses placed upon the 
various coatings employed in optical ?bers and ribbons, it 
Would be desirable to provide compositions that can be used 
to prepare coatings having desirable rheological properties 
under both loW-rate and high-rate stresses. The present 
invention overcomes this de?ciency in the prior art. 

SUMMARY OF THE INVENTION 

[0011] One aspect of the present invention relates to a 
composition for preparing optical ?ber coatings. The com 
position contains a polymeriZable base composition, includ 
ing at least one monomer and optionally at least one oligo 
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mer, wherein the polymeriZable base composition is 
substantially free of unsaturated epoXidiZed diene polymers, 
and a tacki?er present in an amount effective to modify a 
time-sensitive rheological property of a polymeriZation 
product of the composition. Also disclosed are optical ?bers, 
?ber optic ribbons, and ?ber bundles that contain a coating 
Which is the polymeriZation product of a composition of the 
present invention. 

[0012] Another aspect of the present invention relates to a 
method of modifying a time-sensitive rheological property 
of an optical ?ber coating. The method includes introducing 
into a polymeriZable composition a tacki?er in an amount 
effective to modify a time-sensitive rheological property of 
the polymeriZation product of the polymeriZable composi 
tion. 

[0013] A further aspect of the present invention relates to 
a method of improving the strippability of one or more 
coating materials from an optical ?ber. This method includes 
preparing an optical ?ber comprising a ?ber encapsulated by 
a coating, the coating being a polymeriZation product of a 
polymeriZable composition comprising an amount of a 
tacki?er effective to improve the strippability of the coating 
from the ?ber core. 

[0014] Another aspect of the present invention relates to a 
method of improving the processing characteristics of a 
coating material during preparation of an optical ?ber. This 
method includes preparing an optical ?ber comprising a 
?ber encapsulated by a coating, the coating being a poly 
meriZation product of a polymeriZable composition com 
prising an amount of a tacki?er effective to reduce the 
occurrence of coating failure during said preparing an opti 
cal ?ber. 

[0015] Still another aspect of the present invention relates 
to a method of reducing the occurrence of microbending 
during handling or use of an optical ?ber. This method 
includes preparing an optical ?ber comprising a ?ber encap 
sulated by a coating, the coating being a polymeriZation 
product of a polymeriZable composition comprising an 
amount of a tacki?er effective to reduce the occurrence of 
microbending. 
[0016] Applicants have discovered that introduction of a 
tacki?er into a polymeriZable composition can modify time 
sensitive rheological properties of cured optical ?ber coat 
ings (i.e., a polymeriZation product) prepared from the 
composition. By modifying the time-sensitive rheological 
properties of the cured coatings, it is possible to prepare 
optical ?ber coatings Which Will behave in a desired manner 
under certain stress situations, in particular high or loW 
stress rates. Thus, optical ?ber coatings Will behave more 
like a glassy product When eXposed to high stress rates and 
more like a rubbery product When exposed to loW stress 
rates. This enables the coatings of the present invention to 
reduce the occurrence of microbending, to enhance the strip 
cleanliness of ?bers during stripping operations, and to 
minimiZe the occurrence of processing defects during ?ber 
or ribbon preparation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a cross-sectional vieW of an optical ?ber 
of the present invention. 

[0018] FIG. 2 is a cross-sectional vieW of a ?ber optic 
ribbon of the present invention. 
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[0019] FIG. 3 is an attenuation loss (dB/m) versus mode 
?eld diameter plot for ?bers subjected to compressive 
lateral loading against a Wire mesh. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] One aspect of the present invention relates to a 
composition for preparing optical ?ber coatings that con 
tains a polymeriZable base composition, including at least 
one monomer and optionally at least one oligomer, and a 
tacki?er present in an amount effective to modify a time 
sensitive rheological property of a polymeriZation product of 
the composition. The composition can be used to prepare a 
primary or secondary coating on an optical ?ber or a matriX 
on a ?ber optic ribbon. 

[0021] The polymeriZable base composition generally 
includes any combination of components Which are capable 
of being polymeriZed, using conventional or later-developed 
curing methods, to prepare an optical ?ber coating or ribbon 
matriX. Thus, the base composition can include any combi 
nation of oligomers and/or monomers plus any polymeriZa 
tion initiator, as desired. In one embodiment, the polymer 
iZable base composition is substantially free of unsaturated 
epoXidiZed diene polymers, particularly those containing 
block copolymers of diole?n monomers alone or in combi 
nation With monoalkenyl aromatic hydrocarbon monomers. 
The individual components of the polymeriZable base com 
position are discussed more fully hereinafter. 

[0022] Any tacki?er Which produces the desired modi? 
cation of rheological properties (of the polymeriZation prod 
uct of a composition) can be utiliZed according to the present 
invention. The tacki?er should be selected, at least in part, 
on the basis of its compatibility With the polymeriZable base 
composition. Preferred tacki?ers are those classi?ed as a 
terpene base resin, coumarone base resin, petroleum resin, 
hydrogenated petroleum resin, styrene resin, phenol resins, 
or rosin base resin. Additional classes of suitable tacki?ers 
are described by Schlademan, “Tacki?er Resins,” in Hand 
book of Pressure Sensitive Adhesive Technology, pp. 609 
631 (Warwick, RI.) (1999), Which is hereby incorporated by 
reference. 

[0023] The rosin base resins include unmodi?ed rosin 
(e.g., Wood, gum, or tall oil) and rosin derivatives. Rosin 
base resins can be classi?ed by their rosin acids, Which are 
either an abietic acid or a pimaric acid. Abietic acid type 
rosins are preferred. Rosin derivatives include polymeriZed 
rosin, disproportionated rosin, hydrogenated rosin, and 
esteri?ed rosin. Representative eXamples of such rosin 
derivatives include pentaerythritol esters of tall oil, gum 
rosin, Wood rosin, or miXtures thereof. 

[0024] The terpene base resins include terpene polymers 
of ot-pinene, [3-pinene, dipentel, limonene, myrcene, 
bornylene and camphene, and phenol-modi?ed terpene base 
resins obtained by modifying these terpene base resins With 
phenols. 
[0025] The coumarone base resins include, for eXample, 
coumarone-indene resins and phenol-modi?ed coumarone 
indene resins. 

[0026] Petroleum and hydrogenated petroleum resins 
include aliphatic petroleum resins, alicyclic petroleum res 
ins, aromatic petroleum resins using styrene, ot-methylsty 
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rene, vinyltoluene, indene, methylindene, butadiene, iso 
prene, piperylene and pentylene as raW materials, and 
homopolymers or copolymers of cyclopentadiene. The 
petroleum resins are polymers using fractions having a 
carbon number of 5 to 9 as main components. Preferable 
petroleum resins include aliphatic hydrocarbon resins and 
hydrogenated polycyclodienic resins. AWide range of unsat 
urated cyclic monomers can be obtained from petroleum 
derivatives, such as, for example, cyclopentene derivatives, 
cyclopentadiene derivatives, cyclohexene derivatives, 
cyclohexadiene derivatives, and the like. Examples of 
hydrogenated polycyclodienic resins useful in the present 
invention are knoWn With the trade name of ESCOREZTM 
5120, ESCOREZTM 5380, ESCOREZTM 5300, 
ESCOREZTM 5320, all manufactured by Exxon Chemicals. 
A Wide range of unsaturated monomers can be obtained 
from petroleum derivatives, such as, for example, ethylene 
derivatives, propylene derivatives, butadiene derivatives, 
isoprene derivatives, pentenes, hexanes, heptenes, and the 
like. Examples of aliphatic hydrocarbon resins useful in the 
present invention are knoWn With the trade name of 
ESCOREZTM 1304, ESCOREZTM 1310, ESCOREZTM 
1315, all manufactured by Exxon Chemicals. Use of such 
petroleum base resins outside the ?eld of optical ?ber 
coatings is described, for example, in US. Pat. No. 5,643, 
655 to Passarino, Which is hereby incorporated by reference. 

[0027] The styrene base resins include homopolymers 
Which are loW molecular Weight polymers comprising sty 
rene as a principal component, and copolymers of styrene 
With, for example, ot-methylstyrene, vinyltoluene, and buta 
diene rubber. 

[0028] The phenol base resins include reaction products of 
phenols such as phenol, cresol, xylenol, resorcinol, p-tert 
butylphenol, and p-phenylphenol With aldehydes such as 
formaldehyde, acetaldehyde and furfural, and rosin-modi 
?ed phenol resins. 

[0029] Of the suitable tacki?ers, rosin derivatives and 
petroleum resins are preferred. Of the rosin derivatives, 
esteri?ed rosins are most preferred, especially esteri?ed 
abietic acid rosins. An exemplary abietic acid ester is UniTac 
R-40, available from Union Camp Corp. (Wayne, N.J.). 

[0030] An effective amount of the tacki?er, for purposes 
of modifying the time-sensitive rheological properties of 
coatings prepared according to the present invention, is 
about 0.1 to about 10.0 parts per hundred (pph), more 
preferably about 0.1 to about 5.0 pph, and even more 
preferably about 0.1 to about 1.0 pph. 

[0031] As used herein, the Weight percent of a particular 
component refers to the amount introduced into the poly 
meriZable base composition, excluding the tacki?er and 
additives. The amount of tacki?er and additives that are 
introduced into the polymeriZable base composition to pro 
duce a composition of the present invention is listed in parts 
per hundred. For example, an oligomer, monomer, and 
photoinitiator are combined to form the polymeriZable base 
composition such that the total Weight percent of these 
components equals 100 percent. To this polymeriZable base 
composition, an amount of a suitable tacki?er, for example 
1.0 part per hundred, plus an amount of a suitable antioxi 
dant, for example 1.0 part per hundred, is introduced in 
excess of the 100 Weight percent of the polymeriZable base 
composition. 
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[0032] The rheological properties of a polymeriZed prod 
uct of the composition of the present invention determine 
Whether the polymeriZed product Will function as intended 
under particular stress rates. For optical ?ber coatings, they 
are expected to experience both loW stress rate conditions 
and high stress rate conditions over the expected lifetime of 
the optical ?ber or ?ber optic ribbon. High stress rate 
conditions are those at or above about 100 HZ and loW stress 
rate conditions are those at or beloW about 1 HZ. Generally, 
stress rates intermediate these tWo extremes Will be expected 
to cause the polymeriZation product to behave more or less 
as a glassy product or more or less as a rubbery product, 
depending on hoW close the applied stress rate is to either of 
these extremes. Of course, since the behavior of polymer 
iZation products prepared from the compositions of the 
present invention is temperature-dependent, temperatures 
approaching the Tg of the polymeriZation product (i.e., at the 
time the stress is applied) Will signi?cantly affect Whether 
the product has glassy or rubbery attributes. 

[0033] The oligomeric component of the polymeriZable 
base composition can include a single type of oligomer or it 
can be a combination of tWo or more oligomers. When 
employed, if at all, the oligomer is preferably an ethyleni 
cally unsaturated oligomer. Suitable oligomers can be either 
monofunctional oligomers or polyfunctional oligomers, 
although polyfunctional oligomers are preferred. The oligo 
meric component can also be a combination of a monofunc 
tional oligomer and a polyfunctional oligomer. Oligomers 
employed in the compositions of the present invention can 
contain acrylate, methacrylate, acrylamide, N-vinyl amide, 
styrene, vinyl ether, vinyl ester, or other knoWn functional 
groups on a polyether-, polyester-, polycarbonate-, polya 
mide-, polyurethane-, or polyurea-diisocyanate backbone. 
Exemplary oligomers of this type are described in US. 
Provisional Patent Application Serial No. 60/173,874, 
entitled “Secondary Coating Composition For Optical 
Fibers” to Sheng, ?led Dec. 30, 1999, and US. patent 
application Ser. No. 09/301,814 to FeWkes et al., ?led Apr. 
29, 1999, Which are hereby incorporated by reference. 

[0034] Urethane oligomers are conventionally provided 
by reacting an aliphatic or aromatic diisocyanate With a 
dihydric polyether or polyester, most typically a polyoxy 
alkylene glycol such as a polyethylene glycol. Such oligo 
mers typically have 4-10 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. US. Pat. No. 
4,608,409 to Coady et al. and US. Pat. No. 4,609,718 to 
Bishop et al., Which are hereby incorporated by reference, 
describe such syntheses in detail. 

[0035] When it is desirable to employ moisture-resistant 
oligomers, they may be synthesiZed in an analogous manner, 
except that the polar polyether or polyester glycols are 
avoided in favor of predominantly saturated and predomi 
nantly nonpolar aliphatic diols. These diols include, for 
example, alkane or alkylene diols of from 2-250 carbon 
atoms and, preferably, are substantially free of ether or ester 
groups. The ranges of oligomer viscosity and molecular 
Weight obtainable in these systems are similar to those 
obtainable in unsaturated, polar oligomer systems, such that 
the viscosity and coating characteristics thereof can be kept 
substantially unchanged. The reduced oxygen content of 
these coatings has been found not to unacceptably degrade 
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the adherence characteristics of the coatings to the surfaces 
of the glass ?bers being coated. 

[0036] As is Well known, polyurea components may be 
incorporated in oligomers prepared by these methods, sim 
ply 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 perfor 
mance, provided only that the diamines or polyamines 
employed in the synthesis are suf?ciently non-polar and 
saturated as to avoid compromising the moisture resistance 
of the system. Polycarbonate components can also be incor 
porated in oligomers prepared by these methods. 

[0037] In the composition of the present invention, the 
monomeric component of the polymeriZable base composi 
tion 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 When the composition is substan 
tially devoid of an oligomeric component. Preferably, the 
monomer is an ethylenically unsaturated monomer. 

[0038] Ethylenically unsaturated monomers may contain 
various functional groups Which enable their cross-linking. 
The ethylenically unsaturated monomers are preferably 
polyfunctional (i.e., each containing tWo or more functional 
groups), although monofunctional monomers can also be 
introduced into the composition. Therefore, the ethyleni 
cally unsaturated monomer can be a polyfunctional mono 
mer, a monofunctional monomer, and mixtures thereof. 
Suitable functional groups for ethylenically unsaturated 
monomers used in accordance With the present invention 
include, Without limitation, acrylates, methacrylates, acry 
lamides, N-vinyl amides, styrenes, vinyl ethers, vinyl esters, 
acid esters, and combinations thereof (i.e., for polyfunc 
tional monomers). 
[0039] Exemplary monomers of this type are described in 
US. Provisional Patent Application Serial No. 60/173,874, 
entitled “Secondary Coating Composition For Optical 
Fibers” to Sheng, ?led Dec. 30, 1999, and US. patent 
application Ser. No. 09/301,814 to FeWkes et al., ?led Apr. 
29, 1999, Which are hereby incorporated by reference. 

[0040] In general, individual monomers capable of about 
80% or more conversion (i.e., When cured) are more desir 
able than those having loWer conversion rates. The degree to 
Which monomers having loWer conversion rates can be 
introduced into the composition depends upon the particular 
requirements (i.e., strength) of the resulting cured product. 
Typically, higher conversion rates Will yield stronger cured 
products. 

[0041] Most suitable monomers are either commercially 
available or readily synthesiZed using reaction schemes 
knoWn in the art. For example, most monofunctional mono 
mers can be synthesiZed by reacting an appropriate alcohol 
or amide With an acrylic acid or acryloyl chloride according 
to synthesis schemes knoWn in the art. 

[0042] As is Well knoWn, optical ?ber coating composi 
tions may also contain a polymeriZation initiator Which is 
suitable to cause polymeriZation (i.e., curing) of the com 
position after its application to a glass ?ber or previously 
coated glass ?ber. PolymeriZation initiators suitable for use 
in the compositions of the present invention include thermal 
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initiators, chemical initiators, electron beam initiators, 
microWave initiators, actinic-radiation initiators, and photo 
initiators. 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 photoini 
tiator is present in an amount suf?cient to provide rapid 
ultraviolet curing. Generally, this includes about 0.5 to about 
10.0 Weight percent, more preferably about 1.5 to about 7.5 
Weight percent. 

[0043] The photoinitiator, When used in a small but effec 
tive amount to promote radiation cure, should provide 
reasonable cure speed Without causing premature gelation of 
the coating composition. Adesirable cure speed is any speed 
suf?cient to cause substantial curing (i.e., greater than about 
90%, more preferably 95%) of the coating composition. As 
measured in a dose versus modulus curve, a cure speed for 
coating thicknesses of about 25-35 pm is, e.g., less than 1.0 
J/cm2, preferably less than 0.5 J/cm2. 

[0044] Suitable photoinitiators include, Without limitation, 
1-hydroxycyclohexylphenyl ketone (e.g., Irgacure 184 
available from Ciba Specialty Chemical (TarrytoWn, N.Y.)), 
(2,6-dimethoxybenZoyl)-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-trimethyl 
benZoyl)diphenyl phosphine oxide (e.g., in commercial 
blend Duracure 4265, Ciba Specialty Chemical), 2-hydroxy 
2-methyl-1-phenylpropane-1-one (e.g., in commercial blend 
Duracure 4265, Ciba Specialty Chemical) and combinations 
thereof. Other photoinitiators are continually being devel 
oped and used in coating compositions on glass ?bers. Any 
suitable photoinitiator can be introduced into compositions 
of the present invention. 

[0045] In addition to the above-described components, the 
coating compositions 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 tran 
sition 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). 

[0046] With respect to primary coating compositions of 
the present invention, it also desirable for the composition to 
include an adhesion promoter Which facilitates adhesion 
betWeen the primary coating and the underlying ?ber. A 
number of suitable adhesion promoters have been described 
in the art, including acid-functional materials and organo 
functional silanes. Of these, organofunctional silanes are 
preferred, because they are less corrosive and they tend to 
better maintain their adhesive properties. Suitable organo 
functional silanes Which have been described in the art 
include, generally, amino-functional silanes, mercapto-func 
tional silanes, methacrylate-functional silanes, acrylamido 
functional silanes, allyl-functional silanes, vinyl-functional 
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silanes, and acrylate-functional silanes. Exemplary organo 
functional silanes are disclosed in US. Pat. No. 5,146,531 to 
Shustack, Which is hereby incorporated by reference. 

[0047] Particularly preferred adhesion promoters for pri 
mary coatings include bis(trimethoxysilylethyl)benZene and 
bis(triethoxysilylethyl)benZene, as disclosed in US. patent 
application Ser. No. 09/301,814 to FeWkes et al., ?led Apr. 
29, 1999, Which is hereby incorporated by reference. Bis(t 
rimethoxysilylethyl) benZene is commercially available 
from Gelest (TellytoWn, Pa.) and United Chemical Tech 
nologies, Inc. (Bristol, Pa.). Bis(triethoxysilylethyl)benZene 
can be synthesiZed from bis(trimethoxysilylethyl)benZene 
by trans-esteri?cation With ethanol in a manner knoWn in the 
art. 

[0048] For secondary and matrix coatings, a preferred 
adhesion promoter is an acrylated acid adhesion promoter 
such as Ebecryl 170 (available from UCB Radcure (Smyrna 
Ga.)). 
[0049] A preferred antioxidant is thiodiethylene bis(3,5 
di-tert-butyl)-4-hydroxyhydrocinnamate (e.g., Irganox 
1035, available from Ciba Specialty Chemical). 

[0050] Other suitable materials for use in primary and 
secondary coating materials, as Well as considerations 
related to selection of these materials, are Well knoWn in the 
art and are described in US. Pat. Nos. 4,962,992 and 
5,104,433 to Chapin, Which are hereby incorporated by 
reference. Various additives that enhance one or more prop 
erties of the coating can also be present, including the 
above-mentioned additives incorporated in the compositions 
of the present invention. 

[0051] Another aspect of the present invention relates to 
an optical ?ber that includes a ?ber and at least one coating 
encapsulating the ?ber, Wherein the at least one coating is 
the polymeriZation product of a composition according to 
the present invention. The at least one coating can be either 
a primary coating, a secondary coating, or both. 

[0052] One embodiment of this aspect of the present 
invention is shoWn in FIG. 1. The optical ?ber 10 includes 
a glass ?ber that contains a core 12 and a cladding layer 14. 
Encapsulating the ?ber is a primary coating material 16 and 
a secondary coating 18. Although it may be desirable in 
some instances to only provide a primary coating material 
16, most conventional optical ?bers contain at least tWo 
coatings. 
[0053] Basically, an optical ?ber of the present invention 
can be prepared using standard methods in combination With 
a composition of the present invention. Brie?y, the process 
involves fabricating a glass ?ber (core 12 and cladding layer 
14), applying a primary coating composition to the glass 
?ber, polymeriZing the primary coating composition to form 
the primary coating material 16, applying a secondary 
coating composition to the coated glass ?ber, and polymer 
iZing the secondary coating composition to form the sec 
ondary coating material 18. This is knoWn as a Wet-on-dry 
coating process. Optionally, the secondary coating compo 
sition can be applied to the coated ?ber before polymeriZing 
the primary coating composition, in Which case only a single 
polymeriZation step is employed. This is knoWn as a Wet 
on-Wet coating process. 

[0054] The core and cladding layer are typically produced 
in a single operation by methods Which are Well knoWn in 
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the art. Suitable methods include: the double crucible 
method as described, for example, in MidWinter, Optical 
Fibers for Transmission, NeW York, John Wiley, pp. 166 
178 (1979), Which is hereby incorporated by reference; 
rod-in-tube procedures; and doped deposited silica pro 
cesses, also commonly referred to as chemical vapor depo 
sition (“CVD”) or vapor phase oxidation. Avariety of CVD 
processes are knoWn and are suitable for producing the core 
and cladding layer used in the optical ?bers of the present 
invention. They include external CVD processes (Blaken 
ship et al., “The Outside Vapor Deposition Method of 
Fabricating Optical Waveguide Fibers,”IEEE J. Quantum 
Electron., 18:1418-1423 (1982), Which is hereby incorpo 
rated by reference), axial vapor deposition processes (Inada, 
“Recent Progress in Fiber Fabrication Techniques by Vapor 
phase Axial Deposition,”IEEE J. Quantum Electron. 
18:1424-1431 (1982), Which is hereby incorporated by 
reference), and modi?ed CVD or inside vapor deposition 
(Nagel et al., “An OvervieW of the Modi?ed Chemical Vapor 
Deposition (MCVD) Process and Performance,”IEEE J. 
Quantum Electron. 18:459-476 (1982), Which is hereby 
incorporated by reference). Any variation of these or other 
knoWn methods can also be employed. 

[0055] The primary and secondary coating compositions 
are coated on a glass ?ber using conventional processes, for 
example, on a draW toWer. 

[0056] It is Well knoWn to draW glass ?bers from a 
specially prepared, cylindrical preform Which has been 
locally and symmetrically heated to a temperature, e.g., of 
about 2000° C. As the preform is heated, such as by feeding 
the preform into and through a furnace, a glass ?ber is draWn 
from the molten material. The primary and optional second 
ary coating compositions are applied to the glass ?ber after 
it has been draWn from the preform, preferably immediately 
after cooling (i.e., Wet-on-Wet). The coating compositions 
are then cured simultaneously to produce the coated optical 
?ber. The method of curing can be thermal, chemical, or 
radiation induced, such as by exposing the applied (and 
un-cured) coating composition on the glass ?ber to ultra 
violet light, actinic radiation, microWave radiation, or elec 
tron beam, depending upon the nature of the coating com 
position(s) and polymeriZation initiator being employed. It 
is frequently advantageous to apply both the primary coating 
composition and any secondary coating compositions in 
sequence folloWing the draW process. One method of apply 
ing dual layers of coating compositions to a moving glass 
?ber is disclosed in US. Pat. No. 4,474,830 to Taylor, Which 
is hereby incorporated by reference. Another method for 
applying dual layers of coating compositions onto a glass 
?ber is disclosed in US. Pat. No. 4,581,165 to Rannell et al., 
Which is hereby incorporated by reference. Of course, the 
primary coating composition can be applied and cured to 
form the primary coating material 16, then the secondary 
coating composition(s) can be applied and cured to form the 
secondary coating material 18 (i.e., Wet-on-dry). 

[0057] Still another aspect of the present invention relates 
to a ?ber optic ribbon. The ribbon includes a plurality of 
substantially planar, substantially aligned optical ?bers and 
a matrix encapsulating the plurality of optical ?bers. The 
plurality of optical ?bers can contain a coating prepared 
from a composition of the present invention, as described 
above, or the plurality of optical ?bers can be conventional 
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?bers Which are coated by a matrix material that is the cured 
product of a composition of the present invention. 

[0058] One embodiment of this aspect of the present 
invention is illustrated in FIG. 2. As shoWn, a ?ber optic 
ribbon 20 of the present invention includes a plurality of 
single or multi-layered optical ?bers 30 substantially aligned 
relative to one another in a substantially planar relationship 
and encapsulated by matrix 40. By substantially planar, it is 
intended that optical ?bers 30 are not displaced from a 
common plane by a distance of more than about one-half the 
diameter thereof. By substantially aligned, it is intended that 
the optical ?bers 30 are generally parallel With other optical 
?bers along the length of the ?ber optic ribbon 20. In FIG. 
2, the ?ber optic ribbon 20 contains sixteen (16) optical 
?bers 30; hoWever, it should be apparent to those skilled in 
the art that any number of optical ?bers 30 (e.g., tWo or 
more) may be employed to form ?ber optic ribbon 20 
disposed for a particular use. 

[0059] The ?ber optic ribbons of the present invention 
may be encapsulated by the matrix 40 in any knoWn con 
?guration (e.g., edge-bonded ribbon, thin-encapsulated rib 
bon, thick-encapsulated ribbon, or multi-layer ribbon) by 
conventional methods of making ?ber optic ribbons. 

[0060] Basically, the ?ber optic ribbon is prepared by 
standard methods using the composition of the present 
invention applied to the individual optical ?bers and/or used 
to form the matrix. For example, upon alignment of a 
plurality of substantially planar optical ?bers, the composi 
tion of the present invention can be applied and cured 
according to the methods of preparing optical ?ber ribbons 
as described in US. Pat. No. 4,752,112 to Mayr and US. 
Pat. No. 5,486,378 to Oestreich et al., Which are hereby 
incorporated by reference. 

[0061] Although not shoWn, one of skill in the art should 
readily appreciate that ?bers of the present invention can be 
utiliZed in ?ber bundles, such as bloWn ?ber subunits, Which 
contain a plurality of substantially aligned optical ?bers and 
a matrix encapsulating the plurality of optical ?bers. Fiber 
bundles differ from ribbons by lacking a substantially planar 
arrangement of the plurality of optical ?bers therein. An 
exemplary construction of such subunits is disclosed in US. 
Pat. No. 5,046,815 to Cain et al., Which is hereby incorpo 
rated by reference. 

[0062] A further aspect of the present invention relates to 
a method of modifying a time-sensitive rheological property 
of an optical ?ber coating. This method includes introducing 
into a polymeriZable composition a tacki?er in an amount 
effective to modify a time-sensitive rheological property of 
the polymeriZation product of the polymeriZable composi 
tion. The polymeriZable composition can be a primary 
coating composition, a secondary coating composition, or a 
matrix composition. Once the composition has been pre 
pared, it can then be coated onto a ?ber and cured, as 
described above, to yield an optical ?ber or ?ber optic 
ribbon of the present invention. Coatings prepared from 
compositions of the present invention possess modi?ed 
time-sensitive rheological properties as compared to con 
ventional ?bers possessing coatings prepared from compo 
sitions absent the tacki?er. 

[0063] Another aspect of the present invention relates to a 
method of improving the strippability of one or more coating 
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materials from an optical ?ber. The method includes intro 
ducing an effective amount of a tacki?er into a polymeriZ 
able composition and then preparing an optical ?ber Which 
contains a ?ber encapsulated by a coating, Where the coating 
is the polymeriZation product of the polymeriZable compo 
sition (i.e., a composition of the present invention). In this 
case, the composition contains an amount of a tacki?er 
effective to improve the strippability of the coating from the 
?ber. Since this aspect of the present invention is applicable 
to ?ber optic ribbons as Well as individual optical ?bers, this 
method of the present invention can also include preparing 
a ?ber optic ribbon containing a plurality of substantially 
aligned, substantially planar optical ?bers encapsulated by a 
matrix material, Where each of the plurality of optical ?bers 
includes a ?ber encapsulated by a coating Which is the 
polymeriZation product of a composition of the present 
invention. 

[0064] Whether the stripped ?ber or ribbon (i.e., contain 
ing a plurality of ?bers) is suitable for its intended use 
depends upon the strip cleanliness of the exposed ?ber(s). 
While the strip cleanliness Will vary according to the needs, 
it is generally desirable for a stripped ?ber(s) to have a 
cleanliness rating of three or less. It has been previously 
observed that one signi?cant source of debris on stripped 
?bers is the primary coating, Which can be broken apart 
during the stripping process. The stripping process may 
result in a stripped ?ber that contains an undesirable amount 
of debris (regardless of its source), Which must be removed, 
for example, by Wiping the stripped ?bers With an alcohol 
moistened cloth. Unfortunately, With more debris, it is often 
necessary to Wipe the ?bers more than once. Thus, correct 
ing the problem requires additional labor, time, and cost, and 
it may result in damage to the stripped ?ber. The present 
invention overcomes this de?ciency by providing coatings 
With improved strippability. 

[0065] A further aspect of the present invention relates to 
a method of improving the processing characteristics of a 
coating material during preparation of an optical ?ber. This 
method includes introducing an amount of a tacki?er into a 
polymeriZable composition and then preparing an optical 
?ber Which contains a ?ber encapsulated by a coating, Where 
the coating is the polymeriZation product of the polymeriZ 
able composition (i.e., a composition of the present inven 
tion). In this case, the composition contains an amount of a 
tacki?er Which is effective to reduce the occurrence of 
coating failure during preparation of the optical ?ber. This 
method is particularly important during Wet-on-dry coating 
processes, described above, Where a coating material is 
cured prior to application of a subsequent coating material. 
For example, during application of the secondary coating to 
a previously coated ?ber that contains a primary coating, the 
secondary coating composition is applied to the coated ?ber 
as it is draWn through a die. The high stress rate applied to 
the primary coating as the ?ber is draWn through the die can 
disrupt (i.e., tear) the primary coating, resulting in the 
production of an inferior optical ?ber that possesses a 
non-uniform diameter along its length. Therefore, it is 
desirable to prevent or at least minimiZe the disruption of 
primary coatings during processing of optical ?bers. 

[0066] A further aspect of the present invention relates to 
a method of reducing the occurrence of microbending during 
handling or use of an optical ?ber. This method includes 
introducing an amount of a tacki?er into a polymeriZable 
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composition and then preparing an optical ?ber Which 
contains a ?ber encapsulated by a coating, Where the coating 
is the polymerization product of the polymerizable compo 
sition (i.e., a composition of the present invention). In this 
case, the composition contains an amount of a tacki?er 
Which is effective to reduce the occurrence of microbending. 

EXAMPLES 

[0067] The following examples are provided to illustrate 
embodiments of the present invention, but they are by no 
means intended to limit its scope. 

Example 1 

Preparation of Primary Coating Compositions 

[0068] Anumber of compositions of the present invention 
Were prepared With the components listed in Table 1 beloW 
using commercial blending equipment. The oligomer and 
monomer components Were Weighed and then introduced 
into a heated kettle and blended together at a temperature 
Within the range of from about 50° C. to 65° C. Blending 
Was continued until a homogenous mixture Was obtained. 
Next, the photoinitiator and tacki?er Were individually 
Weighed and separately introduced into the homogeneous 
solution While blending. Any additives Were Weighed and 
then introduced into the solution While blending. Blending 
Was continued until a homogeneous solution Was again 
obtained. 

TABLE 1 

Primary Coating Compositions 

Composition Component Content 

A (Control) SR-504 45.0 Wt % 
BR-3731 52.0 Wt % 
Irgacure 1850 3.0 Wt % 
Tegorad 2200 0.5 pph 
Irganox 1035 1.0 pph 
3-mercaptopropyltrimethoxysilane 1.0 pph 

B (Test) SR-504 45.0 Wt % 
BR-3731 52.0 Wt % 
Irgacure 1850 3.0 Wt % 
Tegorad 2200 0.5 pph 
Irganox 1035 1.0 pph 
3-mercaptopropyltrimethoxysilane 1.0 pph 
UniTac R-40 1.0 pph 

c (Test) SR-504 45.0 Wt % 
BR-3731 52.0 Wt % 
Irgacure 1850 3.0 Wt % 
Tegorad 2200 0.5 pph 
Irganox 1035 1.0 pph 
bis(trimethoxysilylethyl) benzene 1.0 pph 
UniTac R-40 1.0 pph 

D (Control) BR-3741 62.0 Wt % 
Photomer 4003 15.0 Wt % 
Tone M-100 20.0 Wt % 
Irgacure 1850 3.0 Wt % 
Irganox 1035 1.0 pph 
bis(trimethoxysilylethyl) benzene 1.0 pph 
Tegorad 2200 0.5 pph 

E (Test) BR-3741 62.0 Wt % 
Photomer 4003 15.0 Wt % 
Tone M-100 20.0 Wt % 
Irgacure 1850 3.0 Wt % 
Irganox 1035 1.0 pph 
bis(trimethoxysilylethyl) benzene 1.0 pph 
Tegorad 2200 0.5 pph 
UniTac R-40 1.0 pph 
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TABLE 1-continued 

Primary Coating Compositions 

Composition Component Content 

F (Control) SR-504 45.0 Wt % 
BR-3731 52.0 Wt % 

Irgacure 1850 3.0 Wt % 
Tegorad 2200 0.5 pph 
Irganox 1035 1.0 pph 
bis(trimethoxysilylethyl) benzene 1.0 pph 

G (Control) SR-504 25.0 Wt % 
BR-3731 52.0 Wt % 
Tone M-100 20.0 Wt % 
Irgacure 1850 3.0 Wt % 
Tegorad 2200 0.5 pph 
Irganox 1035 1.0 pph 
3-mercaptopropyltrimethoxysilane 1.0 pph 
Acclaim 3201 1.0 pph 

[0069] Of the components listed above, BR-3731 is a 
polyether urethane acrylate oligomer available from Bomar 
Specialty Co. (Winsted, Conn.), BR-3741 is a polyether 
urethane acrylate oligomer available from Bomar Specialty 
Co., SR-504 is an ethoxylated nonylphenol acrylate mono 
mer available from Sartomer Company, Inc. (Westchester, 
Pa.), Photomer 4003 is a ethoxylated nonylphenol acrylate 
monomer available from Henkel Corp. (Ambler, Pa.), Tone 
M-100 is a caprolactone acrylate available from Union 
Carbide Corp. (Danbury, Conn.), Irgacure 1850 is a photo 
initiator blend of 1-hydroxycyclohexylphenyl ketone and 
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine 
oxide available from Ciba Specialty Chemical (Tarrytown, 
NY), Irganox 1035 is a thiodiethylene bis(3,5-di-tert-butyl 
4-hydroxy)hydrocinnamate anti-oxidant available from 
Ciba Specialty Chemical, and Tegorad 2200 is an acrylated 
polyalkoxypolysiloxane carrier available from Goldschmidt 
Chemical Co. (HopeWell, Va.), bis(trimethoxysilylethyl) 
benzene and 3-mercaptopropyltrimethoxysilane are adhe 
sion promoters, UniTac R-40 is an esteri?ed tall oil rosin 
tacki?er available from Union Camp Corp. (Wayne, N.J.), 
and Acclaim 3201 is a poly(ethylene oxide-co-polypropy 
lene oxide) available from Lyondell (NeWton Square, Pa.). 

[0070] After thoroughly blending, the solution Was tested 
for its viscosity at 45° C., and the solution Was examined 
under optical microscope for the presence of particles, 
crystals, and phase separation. Each composition Was satis 
factory in each respect. 

[0071] After preparing and examining the compositions, 
they Were then applied to a solid surface at a thickness of 
about 5 mm and cured With ultraviolet radiation at a dose 

level of about 0.25 to 1.0 J/cm2 using a D bulb available 
from Fusion UV Systems, Inc. (Gaithersburg, Md.). The 
resulting coating materials Were then tested for strength 
using procedures set forth in ASTM D882-97 (Which is 
hereby incorporated by reference), except that a ?xed strain 
rate of 2.5 cm/minute Was employed under environmental 
conditions of 23° C. and 50% relative humidity. The results 
of these tests are listed in Table 2 beloW. 
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TABLE 2 

Properties of Primary Coating Materials 

Elongation Tensile Strength Young’s Modulus 
(‘70) (MP‘CI) (MP‘CI) 

A 185 0.75 0.83 
B 165 0.92 1.11 
C _ _ _ 

D 143 0.49 0.69 
E 141 0.39 0.60 

[0072] In comparing the polymerization products of com 
positionsA and B, it is apparent that the tacki?er contributed 
to an increase in tensile strength and modulus, and a 
concomitant decrease in the elongation prior to breakage of 
the ?lm. Under these conditions, the tacki?er had the effect 
of making the polymerization product behave more glassy. 

[0073] In comparing the polymerization products of com 
positions D and E, it is apparent that the tacki?er contributed 
to an decrease in tensile strength and modulus, and a modest 
decrease in the elongation prior to breakage of the ?lm. 
Without being bound by any particular theory, it is believed 
that these results Were dependent upon an interaction 
between the tacki?er and the particular oligomers utilized in 
coating E. 

Example 2 

Preparation of Optical Fibers and Ribbons and 
Analysis of Fiber Strip Cleanliness 

[0074] Once compositions Were prepared, primary and 
secondary coating materials Were applied to draWn glass 
?bers subsequent to cooling. A glass ?ber, having a diameter 
of about 125 pm, Was introduced into a container of one of 
the compositions A, B, or C as listed in Table 1. As the 
coated ?ber Was removed from the container, the thickness 
of the primary coating composition Was adjusted to about 
32.5 pm by passing the coated ?ber through a die. The 
coated ?ber Was then cured With ultraviolet radiation at a 
dose level of about 0.25 to 1.0 J/cm2 using a D bulb (Fusion 
UV Systems, Inc.). After curing, each coated ?ber Was 
draWn through a second coating container holding a sec 
ondary coating composition, as follows: 

Secondary Coating Composition 1 

CN983 30 Wt % 
BR571 22 Wt % 
SR344 16 Wt % 
SR602 14 Wt % 
SR9020 14 Wt % 
Irgacure 651 1 Wt % 
Irgacure 1850 3 Wt % 
Irganox 1035 0.5 pph 

[0075] Of the components listed for secondary coating 
composition 1, CN983 is a polyester urethane acrylate 
oligomer available from Sartomer Co., Inc., BR571 is an 
aliphatic urethane acrylate from Bomar Specialty Co., 
SR344 is a polyethylene glycol(400) diacrylate monomer 
available from Sartomer Co., Inc., SR602 is a ethoxy 
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lated(10) bisphenol A diacrylate monomer available from 
Sartomer Co., Inc., SR9020 is a propoxylated(3) glyceryl 
triacrylate available from Sartomer Co., Inc., Irgacure 651 is 
a 2,2-dimethoxyl-2-phenyl acetophenone adhesion promoter 
available from Ciba Specialty Chemical, and Irganox 1035 
is a thiodiethylene bis(3,5-di-tert-butyl-4-hydroxy)hydro 
cinnamate anti-oxidant available from Ciba Specialty 
Chemical. 

[0076] As the coated ?ber Was removed from the second 
coating chamber, the thickness of the secondary coating 
composition Was adjusted to about 27.5 pm by passing the 
coated ?ber through a die. The coated ?ber Was then cured 
With ultraviolet radiation at a dose level of about 0.25 to 1.0 
J/cm2 using a D bulb (Fusion UV Systems, Inc.) to produce 
an optical ?ber having a diameter of about 245110 pm. 

[0077] For purposes of clarity, optical ?bers coated by 
primary composition A and secondary coating composition 
1 are hereinafter referred to as ?ber A1, ?bers coated by 
composition B and secondary coating composition 1 are 
hereinafter referred to as ?ber B1, and so on. Similarly, any 
ribbons prepared With ?bers A1, B1, or C1 are hereinafter 
referred to as ribbon A1, B1, or C1, respectively. 

[0078] Fibers A1, B1, and C1, after aging for tWo to three 
Weeks, Were then used to prepare a twelve-?ber ribbon. 
These ?bers Were coated With a ultraviolet-curable ink and 
then run through an alignment die of a conventional ribbon 
making device. After the tWelve ?bers Were substantially 
aligned, the ?bers Were coated With an ultraviolet-curable 
matrix composition and then exposed to ultraviolet radiation 
at a dose level of about 0.25 to 1.0 J/cm2. 

[0079] After preparing ribbons A1, B1, and C1, the rib 
bons Were subjected to stripping operations using a heated 
ribbon stripper available from Sumitomo Electric Industries, 
Ltd., Osaka, Japan. Each ribbon Was stripped at 70° C. and 
100° C. After stripping ribbons A, B, and C, stripped ?bers 
in the ribbons Were examined for debris. 

[0080] As described above, a score of one (1) identi?es a 
?ber having a loW amount of debris on its surface and a score 
of ?ve (5) represents a ?ber having a signi?cant amount of 
debris on its surface. Any score of three (3) or less Was 
deemed to be acceptable strip cleanliness. Cleanliness mea 
surements Were obtained by visually inspecting the stripped 
?bers under a lighted 2>< magni?er. Particles remaining on 
the stripped ?bers Were counted and ribbons Were assigned 
a score according to the cleanliness standard shoWn in Table 
3 beloW: 

TABLE 3 

Cleanliness Standard 

Number of Particles Cleanliness Rating 

0 1 
1-10 1.5 

11-20 2 
21-30 2.5 
31-40 3 
>40 3.5 

>40 and needs extra cleaning 4 
>40 and extra cleaning ineffective 5 
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[0081] The results of the stripping tests are shown in Table 
4 below: 

TABLE 4 

Strip Cleanliness of Ribbons 

Stripping at 700 C. Stripping at 1000 C. 

A1 3.5 3.5 
B1 3.0 4.0 
C1 2.5 3.5 

[0082] Ribbons B1 and C1 both demonstrated better strip 
cleanliness ratings at 70° C. HoWever, all three demonstrated 
substantially the same results When stripped at 100° C. (i.e., 
the distinction betWeen 3.5 and 4.0 is based on the need for 
further cleaning rather than particle number per se). Despite 
the similarity of response under 100° C. stripping condi 
tions, it Was observed that the actual siZe of the adhered 
particles Was greatly reduced in ribbons B1 and C1, as 
compared to ribbon A1. 

[0083] During the stripping operation, a force is ?rst 
generated normal to the glass ?bers of the ribbon as the 
blades on the stripping tool compress through the matrix and 
coatings of the ribbon. A second force is then applied 
substantially parallel to the axis of glass ?ber, resulting in 
propagation of a crack along the boundary betWeen the 
primary coating and the glass ?ber. This causes separation of 
the coatings from the individual ?bers. As the coating 
materials are being removed from the glass ?bers, a fric 
tional force also exists in a direction opposite to the direction 
of the second force. Without being bound by any theory, it 
is believed that the tacki?er modi?es the rheological prop 
erties of the composition under the high stress rate of the 
stripping operation to render the primary coating more 
glassy, thus yielding better strip cleanliness at the loWer 
temperature. See “Mechanical Properties of Polymer Solids 
and Liquids,” in The Elements of Polymer Science and 
Engineering, Ch. 11, NeW York, (1982), Which is hereby 
incorporated by reference. 

Example 3 

Water Soak Evaluation of Fibers B1 and C1 for 
Delamination or Micro-delamination 

[0084] Fibers B1 and C1, after aging for about tWo to three 
Weeks, Were soaked in Water at room temperature and at a 
temperature of about 65° C. for a duration of either 14 days, 
30 days, or 60 days. The length of tested ?ber must be 
sufficiently long to alloW the ends of the ?ber to remain 
above the Water surface While soaking, Which limits any 
effect of the Water to radial penetration of the coating(s). 
FolloWing the pre-determined soaking time, each sample 
Was examined by microscopic analysis at 100>< magni?ca 
tion of 10 cm sections of the optical ?ber for the presence of 
delamination sites (i.e., large areas of separation betWeen the 
primary coating and the glass ?ber) or sites of micro 
delamination (“MD”). The frequency and the siZe of the MD 
are counted and reported as the number of MD per 10 cm 
section examined. The results of the examination are shoWn 
in Table 5 beloW. 
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TABLE 5 

Results of Soak Test for Fibers B1 and C1 

Room Temperature Soak 650 C. Soak 

14 day 30 day 60 day 14 day 30 day 60 day 

B1 No MD No MD 
C1 No MD No MD 

No MD No MD No MD — 

No MD No MD No MD — 

[0085] Both ?bers B1 and C1 possessed exceptional resis 
tance to Water-induced degradation of the coating system. 

Example 4 

Fiber DraW Performance Using Compositions D 
and E 

[0086] Once compositions Were prepared, primary and 
secondary coating materials Were applied to draWn glass 
?bers subsequent to cooling. A glass ?ber, having a diameter 
of about 125 nm, was introduced into a container of one of 
the compositions D or E as listed in Table 1. As the coated 
?ber Was removed from the container, the thickness of the 
primary coating composition Was adjusted to about 32.5 nm 
by passing the coated ?ber through a die. The coated ?ber 
Was then cured With ultraviolet radiation at a dose level of 
about 0.25 to 1.0 J /cm2 using a D bulb (Fusion UV Systems, 
Inc.). After curing, the coated ?ber Was then draWn through 
a second coating container holding a secondary coating 
composition, as folloWs: 

Secondary Coating Composition 2 

KWS-4131 10 Wt % 
Ph-4028 50 Wt % 
RCC 12-984 37 Wt % 
Irgacure 1850 3 Wt % 
Irganox 1035 0.5 pph 

[0087] Of the components listed for the secondary coating 
composition, KWS-4131 is a polyether-based urethane dia 
crylate oligomer available from Bomar Specialty Corp., 
Ph-4028 is an ethoxylated(4) bisphenol A diacrylate mono 
mer available from Henkel Corp., RCC 12-984 is a ethoxy 
lated(3) bisphenol A diacrylate monomer available from 
Henkel Corp, Irgacure 1850 is an adhesion promoter blend 
of 1-hydroxycyclohexylphenyl ketone and bis(2,6 
dimethoxybenZoyl)-2,4,4-trimethylpentyl phosphine oxide 
available from Ciba Specialty Chemical, and Irganox 1035 
is a thiodiethylene bis(3,5-di-tert-butyl-4-hydroxy)hydro 
cinnamate anti-oxidant available from Ciba Specialty 
Chemical. 

[0088] As the coated ?ber Was removed from the second 
chamber, the thickness of the secondary coating composition 
Was adjusted to about 27.5 nm by passing the coated ?ber 
through a die. The coated ?ber Was then cured With ultra 
violet radiation at a dose level of about 0.25 to 1.0 J/cm2 
using a D bulb (Fusion UV Systems, Inc.) to produce an 
optical ?ber having a diameter of about 245110 pm. 

[0089] During preparation of ?ber D2 using a draW speed 
in excess of 20 m/s, numerous “lump and neck” deforma 
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tions occurred, as evidenced by characteristic alternating 
increased- and decreased-thickness ?ber diameters. Without 
being bound by any one theory, it is believed that the defects 
arise from the relatively loW modulus primary coating being 
deformed as it passes through the secondary coating block 
(i.e., die). 
[0090] During preparation of ?ber E2, also using a draW 
speed in eXcess of 20 m/s, no lump and neck deformations 
occurred. This is quite surprising given that polymeriZation 
product of composition E possessed a loWer modulus than 
the polymeriZation product of composition D under load cell 
conditions (see Table 2). 

[0091] An approximately tWo meter length piece of each 
optical ?ber Was removed from draW spools prior to reWind 
ing. Each piece of ?bers D2 and E2 Was then examined 
under a microscope at 200>< magni?cation. Fiber D2 shoWed 
severe abrasions of the primary coating surface, Whereas 
?ber E2 possessed no appreciable surface defects of the 
primary coating. 

EXample 5 

Optical Fiber Durability Using Fibers D2 and E2 

[0092] Fibers D2 and E2 Were separately coiled about a 
platen and then subjected to extremely cold temperatures, 
either cooling for 24 hours in dry ice or cooling for 3 hours 
in liquid nitrogen. The number of defects in the primary 
coating, per meter of ?ber, Was eXamined both before and 
after cooling. The tWo types of defects Which Were counted 
Were: (1) delamination betWeen the glass ?ber and the 
primary coating, and (2) tears Within the primary coating. 
The results are shoWn in Table 6 beloW: 

TABLE 6 

Optical Fiber Durability for Fibers D2 and E2 

Dry Ice Liquid Nitrogen 

Before Cooling After Cooling Before Cooling After Cooling 
(defects/m) (defects/m) (defects/m) (defects/m) 

D2 218 757 192 673 
E2 7 14 5 99 

[0093] As demonstrated With the above test data, ?bers 
prepared With a composition of the present invention Were 
better able to Withstand cold environments Without causing 
defects in the primary coating. It should be noted, hoWever, 
that resistance against defect development is not in any Way 
limited to the defects detected herein. 

EXample 6 

Microbend Resistance Analysis 

[0094] Fibers Were prepared substantially as described in 
EXample 2 using primary coating composition C, F, and G 
(see Table 1) and either secondary coating composition 2 
(see EXample 4) or the secondary coating compositions set 
forth beloW: 
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Secondary Coating Composition 3 

BR-301 10 Wt % 
Ph-4028 40 Wt % 
Ph-4025 17 Wt % 
RCC 12-984 30 Wt % 
Irgacure 1850 3 Wt % 
IrganoX 1035 0.5 pph 

Secondary Coating Composition 4 

RCC 12-892 10 Wt % 
Ph-4028 35 Wt % 
Ph-4025 12 Wt % 
RCC 12-984 40 Wt % 
Irgacure 1850 3 Wt % 
IrganoX 1035 0.5 pph 

[0095] Of the components listed above, BR301 is an 
aromatic urethane oligomer available from Bomar Specialty 
Co., RCC 12-892 is a multi-functional aliphatic urethane 
acrylate oligomer available from Henkel Corp., Ph-4025 is 
an ethoXylated(8) bisphenol Adiacrylate monomer available 
from Henkel Corp., Ph-4028 is an ethoXylated(4) bisphenol 
A diacrylate monomer available from Henkel Corp., RCC 
12-984 is a ethoXylated(3) bisphenol A diacrylate monomer 
available from Henkel Corp, Irgacure 1850 is an adhesion 
promoter blend of 1-hydroXycycloheXylphenyl ketone and 
bis(2,6-dimethoXybenZoyl)-2,4,4-trimethylpentyl phosphine 
oXide available from Ciba Specialty Chemical, and IrganoX 
1035 is a thiodiethylene bis(3,5-di-tert-butyl-4-hydroXy)hy 
drocinnamate anti-oxidant available from Ciba Specialty 
Chemical. 

[0096] After aging ?bers C2, C3, C4, F2, F3, F4, G2, G3, 
and G4 for tWo to three Weeks, the ?ber segments Were 
subjected to compressive lateral loading against a Wire 
mesh. Microbend susceptibility of the ?bers Was detected by 
measuring attenuation at 1310 nm, 1550 nm, and 1625 nm. 
All samples Were measured for mode-?eld diameter and 
effective area on the single mode reference bench. The 
results of this test are shoWn in Table 7 beloW: 

TABLE 7 

Microbending Induced Attenuation 

70-30 N 

Mode-Field Diameter (dB/m : 20) 
Fiber (urn) 1310 nm 1550 nm 1625 nm 

C2 10.85 0.05 r 0.019 0.13 r 0.045 0.20 r 0.063 

C3 10.92 0.03 r 0.015 0.08 r 0.033 0.12 r 0.056 

C4 10.86 0.05 r 0.050 0.16 r 0.134 0.27 r 0.195 

Avg. 0.04 0.12 0.20 
F2 10.66 0.12 r 0.072 0.27 r 0.166 0.36 r 0.216 

F3 10.95 0.10 r 0.105 0.28 r 0.191 0.36 r 0.262 

F4 10.81 0.03 r 0.008 0.07 r 0.007 0.12 r 0.038 

Avg. 0.08 0.21 0.28 
G2 10.81 0.16 r 0.121 0.35 r 0.157 0.45 r 0.211 

G3 10.94 0.11 r 0.063 0.37 r 0.252 0.55 r 0.273 

G4 10.89 0.15 r 0.110 0.39 r 0.173 0.50 r 0.270 

Avg. 0.14 0.37 0.50 

[0097] While all of the ?bers exhibited better resistance to 
microbend-induce attenuation loss as compared to conven 
tional ?bers (data not shoWn), primary coating C consis 
tently yielded ?bers With the greatest resistance to attenua 
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tion loss regardless of the secondary coating. This is 
re?ected in FIG. 3, Which is an attenuation loss versus 
mode-?eld diameter plot for the ?bers shoWn in Table 7. 

[0098] Although the invention has been described in detail 
for the purpose of illustration, it is understood that such 
detail is solely for that purpose, and variations can be made 
therein by those skilled in the art Without departing from the 
spirit and scope of the invention Which is de?ned by the 
folloWing claims. 

What is claimed: 
1. A composition for optical ?ber coatings comprising: 

a polymeriZable base composition comprising at least one 
monomer and optionally at least one oligomer, Wherein 
the polymeriZable base composition is substantially 
free of unsaturated epoxidiZed diene polymers; and 

a tacki?er present in an amount effective to modify a 
time-sensitive rheological property of a polymeriZation 
product of the composition. 

2. The composition according to claim 1, Wherein the 
tacki?er is present in an amount betWeen about 0.1 and 
about 10.0 parts per hundred. 

3. The composition according to claim 2, Wherein the 
tacki?er is present in an amount betWeen about 0.1 and 
about 1.0 parts per hundred. 

4. The composition according to claim 1, Wherein the 
tacki?er is selected from the group of terpene base resin, 
coumarone base resin, petroleum resin, hydrogenated petro 
leum resin, styrene resin, phenol resins, and rosin base resin. 

5. The composition according to claim 4, Wherein the 
tacki?er is a rosin base resin. 

6. The composition according to claim 5, Wherein the 
rosin base resin is an esteri?ed tall oil rosin. 

7. An optical ?ber comprising: 

a ?ber core and 

at least one coating encapsulating the ?ber core, Wherein 
the at least one coating is the polymeriZation product of 
a composition according to claim 1. 

8. The optical ?ber according to claim 7, Wherein the at 
least one coating is a primary coating or a secondary coating. 

9. An optical ?ber ribbon or bundle comprising: 

a plurality of substantially aligned optical ?bers according 
to claim 7 and 

a matrix encapsulating the plurality of optical ?bers. 
10. An optical ?ber ribbon or bundle comprising: 

a plurality of substantially aligned optical ?bers and 

a matrix encapsulating the plurality of optical ?bers, 
Wherein the matrix is the polymeriZation product of a 
composition according to claim 1. 

11. A method of modifying a time-sensitive rheological 
property of an optical ?ber coating, said method comprising: 

introducing into a polymeriZable composition a tacki?er 
in an amount effective to modify a time-sensitive 
rheological property of the polymeriZation product of 
the polymeriZable composition. 

12. The method according to claim 11, Wherein the 
tacki?er is present in an amount of betWeen about 0.1 and 
about 10.0 parts per hundred. 
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13. The method according to claim 12, Wherein the 
tacki?er is present in an amount betWeen about 0.1 and 
about 1.0 parts per hundred. 

14. The method according to claim 11, Wherein the 
tacki?er is selected from the group of terpene base resin, 
coumarone base resin, petroleum resin, hydrogenated petro 
leum resin, styrene resin, phenol resins, and rosin base resin. 

15. The method according to claim 14, Wherein the 
tacki?er is a rosin base resin. 

16. The method according to claim 15, Wherein the rosin 
base resin is an esteri?ed tall oil rosin. 

17. The method according to claim 11, Wherein the 
polymeriZable composition is a primary coating composi 
tion, a secondary coating composition, or a matrix compo 
sition. 

18. A method of improving the strippability of one or 
more coating materials from an optical ?ber, said method 
comprising: 

preparing an optical ?ber comprising a ?ber encapsulated 
by a coating, the coating being a polymeriZation prod 
uct of a polymeriZable composition comprising an 
amount of a tacki?er effective to improve the strippa 
bility of the coating from the ?ber core. 

19. The method according to claim 18, further compris 
mg: 

introducing the effective amount of the tacki?er into the 
polymeriZable composition prior to said preparing an 
optical ?ber. 

20. The method according to claim 18, Wherein the 
tacki?er is present in an amount of about 0.1 and about 10.0 
parts per hundred. 

21. The method according to claim 20, Wherein the 
tacki?er is present in an amount betWeen about 0.1 and 
about 1.0 parts per hundred. 

22. The method according to claim 18, Wherein the 
tacki?er is selected from the group of terpene base resin, 
coumarone base resin, petroleum resin, hydrogenated petro 
leum resin, styrene resin, phenol resins, and rosin base resin. 

23. The method according to claim 22, Wherein the 
tacki?er is a rosin base resin. 

24. The method according to claim 23, Wherein the rosin 
base resin is an esteri?ed tall oil rosin. 

25. The method according to claim 18, Wherein the 
coating is a primary coating. 

26. The method according to claim 18, further compris 
1ng: 

preparing a ?ber optic ribbon comprising a plurality of 
substantially aligned, substantially planar optical ?bers 
encapsulated by a matrix material, each of the plurality 
of optical ?bers comprising a ?ber encapsulated by the 
coating. 

27. The method according to claim 26, Wherein the 
coating is a primary coating. 

28. A method of improving the processing characteristics 
of a coating material during preparation of an optical ?ber, 
said method comprising: 

preparing an optical ?ber comprising a ?ber encapsulated 
by a coating, the coating being a polymeriZation prod 
uct of a polymeriZable composition comprising an 
amount of a tacki?er effective to reduce the occurrence 
of coating failure during said preparing an optical ?ber. 
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29. The method according to claim 28, further compris 
ing: 

introducing the amount of the tacki?er into the polymer 
iZable composition prior to said preparing an optical 
?ber. 

30. The method according to claim 28, Wherein the 
tacki?er is present in an amount of betWeen about 0.1 and 
about 10.0 parts per hundred. 

31. The method according to claim 30, Wherein the 
tacki?er is present in an amount betWeen about 0.1 and 
about 1.0 parts per hundred. 

32. The method according to claim 28, Wherein the 
tacki?er is selected from the group of terpene base resin, 
coumarone base resin, petroleum resin, hydrogenated petro 
leum resin, styrene resin, phenol resins, and rosin base resin. 

33. The method according to claim 32, Wherein the 
tacki?er is a rosin base resin. 

34. The method according to claim 33, Wherein the rosin 
base resin is an esteri?ed tall oil rosin. 

35. The method according to claim 28, Wherein the 
coating is a primary coating. 

36. Amethod of reducing the occurrence of microbending 
during handling or use of an optical ?ber, said method 
comprising: 

preparing an optical ?ber comprising a ?ber encapsulated 
by a coating, the coating being a polymeriZation prod 
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uct of a polymeriZable composition comprising an 
amount of a tacki?er effective to reduce the occurrence 
of microbending. 

37. The method according to claim 36, further compris 
mg: 

introducing the amount of the tacki?er into the polymer 
iZable composition prior to said preparing an optical 
?ber. 

38. The method according to claim 36, Wherein the 
tacki?er is present in an amount of betWeen about 0.1 and 
about 10.0 parts per hundred. 

39. The method according to claim 38, Wherein the 
tacki?er is present in an amount betWeen about 0.1 and 
about 1.0 parts per hundred. 

40. The method according to claim 36, Wherein the 
tacki?er is selected from the group of terpene base resin, 
coumarone base resin, petroleum resin, hydrogenated petro 
leum resin, styrene resin, phenol resins, and rosin base resin. 

41. The method according to claim 40, Wherein the 
tacki?er is a rosin base resin. 

42. The method according to claim 41, Wherein the rosin 
base resin is an esteri?ed tall oil rosin. 

43. The method according to claim 36, Wherein the 
coating is a primary coating. 

* * * * * 


