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RADIATION-CURABLE OPTICAL GLASS FIBER 
COATING COMPOSITIONS, COATED OPTICAL 
GLASS FIBERS, AND OPTICAL GLASS FIBER 

ASSEMBLIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part applica 
tion of US. patent application Ser. No. 08/877,585, ?led 
Jun. 17, 1997, Which is itself a continuation-in-part appli 
cation of US. patent application Ser. No. 08/840,893, ?led 
on Apr. 17, 1997, Which is itself a continuation-in-part 
application of US. patent application Ser. No. 08/745,790 
?led on Nov. 8, 1996, all of Which are hereby incorporated 
in their entirety by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to radiation-curable inner and 
outer primary optical glass ?ber coating compositions. The 
invention also relates to coated optical glass ?bers and 
optical glass ?ber assemblies. More particularly, the inven 
tion relates to a ribbon assembly having improved ribbon 
stripping capabilities. 

BACKGROUND OF THE INVENTION 

[0003] Optical glass ?bers are usually coated With tWo 
superposed radiation-cured coatings, Which together form a 
primary coating. The coating Which contacts the glass sur 
face is called the inner primary coating and the overlaying 
coating is called the outer primary coating. 

[0004] The inner primary coating is usually a soft coating 
having a loW glass transition temperature (hereinafter “Tg”), 
to provide resistance to microbending. Microbending can 
lead to attenuation of the signal transmission capability of 
the coated optical glass ?ber and is therefore undesirable. 
The outer primary coating is typically a harder coating 
providing desired resistance to handling forces, such as 
those encountered When the coated ?ber is cabled. 

[0005] For the purpose of multi-channel transmission, 
optical glass ?ber assemblies containing a plurality of coated 
optical ?bers have been used. Examples of optical glass ?ber 
assemblies include ribbon assemblies and cables. A typical 
optical glass ?ber assembly is made of a plurality of coated 
optical glass ?bers Which are bonded together in a matrix 
material. For example, the matrix material can encase the 
optical glass ?bers, or the matrix material can edge-bond the 
optical glass ?bers together. 

[0006] Optical glass ?ber assemblies provide a modular 
design Which simpli?es the construction, installation and 
maintenance of optical glass ?bers by eliminating the need 
to handle individual optical glass ?bers. 

[0007] Coated optical glass ?bers for use in optical glass 
?ber assemblies are usually coated With an outer colored 
layer, called an ink coating, or alternatively a colorant is 
added to the outer primary coating to facilitate identi?cation 
of the individual coated optical glass ?bers. Such ink coat 
ings and colored outer primary coatings are Well knoWn in 
the art. Thus, the matrix material Which binds the coated 
optical glass ?bers together contacts the outer ink layer if 
present, or the colored outer primary coating. 
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[0008] When a single optical glass ?ber of the assembly is 
to be fusion connected With another optical glass ?ber, or 
With a connector, an end part of the matrix layer can be 
removed to separate each of the optical glass ?bers. 

[0009] Desirably, the primary coatings on the coated opti 
cal glass ?bers, and the ink coating if present, are removed 
simultaneously With the matrix material to provide bare 
portions on the surface of the optical glass ?bers (hereinafter 
referred to as “ribbon stripping”). In ribbon stripping, the 
matrix material, primary coatings, and ink coating, are 
desirably removed as a cohesive unit to provide a clean, bare 
optical glass ?ber Which is substantially free of residue. This 
residue can interfere With the optical glass ?ber ribbon mass 
fusion splicing operation, and therefore usually must be 
removed by Wiping prior to splicing. HoWever, the step of 
removing the residue can cause abrasion sites on the bare 
optical glass ?ber, thus compromising the strength of the 
connection. The superior stripping functionality of ribbon 
assemblies to provide clean, residue-free, bare optical glass 
?bers during ribbon stripping according to this invention has 
heretofore been believed to be unobtainable. 

[0010] A common method for practicing ribbon stripping 
at a terminus of the ribbon assembly is to use a heated 
stripping tool. Such a tool consists of tWo plates provided 
With heating means for heating the plates to about 90 to 
about 120 C. An end section of the ribbon assembly is 
pinched betWeen the tWo heated plates and the heat of the 
tool softens the matrix material and the primary coatings on 
the individual optical glass ?ber. The heat-softened matrix 
material and heat-softened primary coatings present on the 
individual optical glass ?bers can then be removed to 
provide bare optical glass ?ber ends, at Which the fusion 
connections can be made. Aknife cut is often used to initiate 
a break in the matrix material to the inner primary coating. 
Typically, only about a 1 to 4 cm section of the matrix 
material and coatings on the optical glass ?bers need be 
removed. Identi?cation of the bare individual optical glass 
?bers achieved by tracing back along the bare optical ?ber 
until the ink coating or colored outer primary coating is seen. 

[0011] US. Pat. No. 5,373,578 discloses a ribbon assem 
bly containing a plurality of coated optical glass ?bers. Each 
of the optical glass ?bers is coated With an inner primary 
coating Which is adjacent to the optical glass ?ber, With an 
outer primary coating and an ink coating on the outer 
primary coating. The inner primary coating is modi?ed so 
that adhesion betWeen the inner primary coating and the 
optical glass ?ber is reduced. This reduction in adhesion 
facilitates easy removal of the heat-softened primary coating 
When using a heat stripping method. While this patent 
discloses, at column 5, lines 10-13, that the adhesion 
betWeen the inner primary coating and the optical glass ?ber 
should be sufficient to prevent delamination of the inner 
primary coating from the optical glass ?ber, any reduction in 
the adhesion betWeen the inner primary coating and the 
optical glass ?ber increases the possibility of such undesir 
able delamination, especially in the presence of moisture. 
Delamination of the inner primary coating from the optical 
glass ?ber can lead to degraded strength of the optical glass 
?ber as Well as signal transmission attenuation disadvan 
tages. 
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[0012] Published European patent application 0262340 
discloses a ribbon cable having a “peel layer” as the outer 
most coating layer on each of optical glass ?bers contained 
Within the ribbon cable. During ribbon stripping, the peel 
layer is destroyed and the matrix material is removed from 
the coated optical glass ?bers. HoWever, after ribbon strip 
ping, the optical glass ?bers are still coated With the primary 
coatings. That is, the primary coatings are not simulta 
neously removed With the matrix material in the ribbon 
assemblies disclosed in this publication. 

[0013] Us. Pat. No. 5,011,260 discloses a ribbon cable 
having a “decoupling layer” disposed betWeen the coated 
optical glass ?bers and the matrix material. In this manner, 
the matrix material may be easily removed from the coated 
optical glass ?bers by application of loW stripping force. 
This patent includes a general statement that the coatings on 
the optical glass ?ber can be simultaneously removed With 
the matrix material during ribbon stripping. HoWever, this 
patent fails to teach hoW to solve the problems associated 
With the residues remaining on the bare optical glass ?bers 
after ribbon stripping conventional ribbon assemblies. 

[0014] Published European patent application 0407004 
discloses a ribbon cable containing a matrix material having 
sufficient adhesion to the ink coated optical glass ?bers to 
remain adhered thereto during normal use but is easily 
strippable therefrom Without damaging the integrity of the 
ink layer on the coated optical glass ?bers. Thus, the ribbon 
assembly disclosed in this publication does not have the 
capability of removing the primary coatings on the optical 
glass ?bers simultaneously With removal of the matrix 
material during ribbon stripping, so as to provide residue 
free bare optical glass ?bers. 

[0015] Published European patent application 0527266 
discloses a ribbon cable containing a lubricating “interfacial 
layer” Which separates the matrix material from the coated 
optical glass ?bers. The interfacial layer facilitates easy 
removal of the matrix material from the coated optical glass 
?bers. While this publication discloses at page 3, line 15, 
that the buffer layer and ?rst protective coating can be 
stripped in one step, there is no disclosure teaching hoW to 
accomplish such an operation. Furthermore, the lubricating 
interfacial layer Will inhibit simultaneous removal of the ?rst 
protective coating With the matrix material. Thus, this pub 
lication does not teach hoW to make a ribbon assembly 
having the capability of removing the primary coatings on 
the optical glass ?bers simultaneously With the matrix 
material during ribbon stripping, so as to provide residue 
free bare optical glass ?bers. 

[0016] Us. Pat. No. 4,900,126 discloses a ribbon cable in 
Which the bonding adhesive forces betWeen the ink layer and 
the primary coatings on the optical glass ?bers are greater 
than the bonding betWeen the ink layer and the matrix 
material. In this manner, the matrix material can be easily 
removed from the ink coated optical glass ?bers Without 
removing the ink layer. HoWever, this patent does not 
address the problems associated With removing the primary 
coating layers simultaneously With the matrix material. 

[0017] Us. Pat. No. 4,660,927 teaches a silicone-coated 
optical ?ber in Which the soft silicone coating is easily 
peeled from the surface of the optical glass ?bers by ?nger 
pressure. The coating contains a ?rst siloxane component 
having aliphatic unsaturated groups and a second siloxane 
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component having mercaptoalkyl groups. Because such a 
coating is easily peelable, as by rubbing With ?nger pressure, 
the coating has insuf?cient adhesion to the surface of the 
optical glass ?bers to prevent delamination during most 
uses. Furthermore, this patent does not address the problems 
of ribbon stripping, but rather only the stripping of a single 
optical glass ?ber. It is generally knoWn that three coating 
systems (inner primary coating, outer primary coating, and 
ink coating) having acceptable single ?ber strippability Will 
exhibit dramatically different levels of strippability charac 
teristics When used in ribbon form. 

[0018] US. Pat. No. 4,496,210 provides a radiation-cur 
able optical ?ber coating composition containing a polysi 
loxane. HoWever, this patent does not address the problems 
associated With ribbon stripping. 

[0019] Japanese Patent Application H3-35210 teaches to 
combine a liquid lubricant, such as liquid silicone oil or 
liquid aliphatic oil, With a mercaptosilane compound in an 
inner primary coating composition. During stripping, When 
the bond betWeen the surface of the optical glass ?ber and 
inner primary coating is broken the liquid lubricant invades 
the boundary betWeen the surface of the optical glass ?ber 
and the inner primary coating. The liquid lubricant must not 
have a high compatibility With the inner primary coating or 
it Will not bleed out of the inner primary coating during 
stripping. HoWever, this document fails to teach a system to 
adjust the level of ?ber friction betWeen the adjacent sur 
faces of the optical glass ?ber and the inner primary coating 
to a level Which provides a resistive force that is less than the 
cohesive strength of the inner primary coating. Thus, While 
this document teaches that the inner primary coating can be 
stripped more easily by incorporating liquid lubricant com 
pounds, the inner primary coating Will still leave unWanted 
residue on the surface of the optical glass ?ber if the above 
described ?ber friction forces are at a level Which provide a 
resistive force that is greater than the cohesive strength of 
the inner primary coating. 

[0020] One primary coating composition available from 
JSR Corporation, designated as R-1055, is speci?ed as 
having, inter alia, a viscosity of 5000 cps @25° C., a glass 
transition temperature of —4° C., a shrinkage value of 2.9%, 
a tensile strength value of 0.21 kg/mm2, a tensile elongation 
value of 195%, an adhesion force of 20 g/cm and a Young’s 
modulus @23° C. of 0.12 kg/mm2. When this composition 
Was tested in accordance With the test methods herein, it had 
a measured crack propagation value of 1.56 mm (standard 
deviation 0.2), and a ?ber pull-out friction value of 26.3 
g/mm (standard deviation 1.65). 
[0021] There are many test methods Which may be used to 
determine the performance of a ribbon assembly during 
ribbon stripping. An example of a suitable test method for 
determining the stripping performance of a ribbon is dis 
closed in the article by Mills, G., “Testing of 4- and 8- ?ber 
ribbon strippability”, 472 International Wire & Cable Sym 
posium Proceedings (1992), the complete disclosure of 
Which is incorporated herein by reference. 

[0022] Many attempts have been made to understand the 
problems associated With ribbon stripping and to ?nd a 
solution to increase ribbon stripping performance. The fol 
loWing publications attempt to explain and solve the prob 
lems associated With ribbon stripping: K. W. Jackson, et. al., 
“The Effect of Fiber Ribbon Component Materials on 
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Mechanical and Environmental Performance”, 28 Interna 
tional Wire & Symposium Proceedings (1993); H. C. Chan 
don, et. al., “Fiber Protective Design for Evolving Telecom 
munication Applications”, International Wire & Symposium 
Proceedings (1992); J. R. Toler, et. al., “Factors Affecting 
Mechanical Stripping of Polymer Coatings From Optical 
Fibers”, International Wire & Cable Symposium Proceed 
ings (1989); and W. Griffioen, “Strippability of Optical 
Fibers”, EFOC & N, Eleventh Annual Conference, Hague 
(1993). 
[0023] The ability of a ribbon assembly to ribbon strip 
cleanly so as to provide bare optical glass ?bers that are 
substantially free of residue is still unpredictable and the 
factors affecting ribbon stripping are not fully understood. 
There is still a need for an understanding of hoW the 
problems of ribbon stripping occur and a solution to these 
problems. 

SUMMARY OF THE INVENTION 

[0024] It is an objective of the present invention to provide 
a novel ribbon assembly having improved ribbon stripping 
capabilities. It is another objective of the present invention 
to provide a novel ribbon assembly Which after ribbon 
stripping provides bare optical glass ?bers Which are sub 
stantially free of residue, that must be removed prior to 
forming connections to the respective selected bare optical 
?bers. 

[0025] Surprisingly, the above objects and other objects 
are and have been obtained by the folloWing. The present 
invention provides a novel ribbon assembly comprising: 

[0026] a plurality of coated optical glass ?bers, at 
least one optical glass ?ber coated With at least an 
inner primary coating and an outer primary coating, 
and optionally an ink coating; and 

[0027] a matrix material bonding said plurality of 
coated optical glass ?bers together, Wherein said 
inner primary coating is adapted to provide the 
combination of properties of: 

[0028] suf?cient adhesion to said optical glass 
?ber to prevent delamination during handling and 
in the presence of moisture; and 

[0029] (ii) a ?ber friction force betWeen said opti 
cal glass ?ber and said inner primary coating 
Which has been so adjusted as to alloW the inner 
primary coating to slide readily off from the 
optical glass ?ber While leaving substantially no 
residue on the surface of said optical glass ?ber 
during ribbon stripping, When a stripping force 
Which is less than the cohesive strength of said 
inner primary coating is applied to said ribbon 
assembly. 

[0030] Also provided is a novel ribbon assembly compris 
ing: 

[0031] a plurality of optical glass ?bers, at least one 
coated optical glass ?ber coated With at least an inner 
primary coating and an outer primary coating, and 
optionally an ink coating; and 

[0032] a matrix material bonding said coated optical 
glass ?bers together, 
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[0033] and Wherein said inner primary coating is 
adapted to provide a ?ber pull-out friction of about 
30 grams/millimeter or less at a rate of about 0.1 
mm/sec in combination With a crack propagation 
characteristic of at least about 1 millimeter at a rate 
of 0.1 mm/sec. 

[0034] The present invention further provides a coated 
optical glass ?ber comprising: 

[0035] 
[0036] an inner primary coating on the surface of said 

optical glass ?ber; 
[0037] an outer primary coating substantially co 

extensive With the external surface of said inner 
primary coating, Wherein said inner and outer pri 
mary coatings are so formulated and selected so as to 
provide a ratio of the change in length of the inner 
primary coating from an ambient temperature to a 
ribbon stripping temperature to (ii) the change in 
length of the outer primary coating from said ambi 
ent temperature to said ribbon stripping temperature 
of less than about 1.5:1; and 

an optical glass ?ber; 

[0038] optionally an ink coating adjacent to said 
outer primary coating. 

[0039] The invention further relates to a ribbon assembly 
containing at least one of these coated optical glass ?bers. 

[0040] The present invention further relates to a novel 
radiation-curable oligomer Which can be used to adjust the 
?ber friction to a level such that the resulting adhesive 
resistive force level is less than the cohesive strength of the 
inner primary coating. The novel radiation-curable oligomer 
comprises: 

[0041] at least one glass coupling moiety; 

[0042] at least one slip agent moiety; and 

[0043] at least one radiation-curable moiety, Wherein said 
glass coupling, glass adhesion, and radiation curable moi 
eties are each covalently linked to said oligomer. 

[0044] Also provided is a radiation-curable, inner primary 
coating composition containing the composite oligomer, a 
coated optical glass ?ber made from the coating composi 
tion, and a ribbon assembly containing at least one such 
coated optical glass ?ber. 

[0045] The present invention also provides a radiation 
curable, inner primary coating composition comprising at 
least one radiation-curable oligomer or monomer and a Wax. 

Preferably, the Wax is present in an amount suf?cient to 
provide a ?ber friction betWeen an inner primary coating 
formed from said coating and an optical glass ?ber such that 
there is exhibited a resistive force that is less than the 
cohesive strength of said coating formed from said compo 
sition. The invention also provides a coated optical glass 
?ber having an inner primary coating Which contains a Wax, 
and a ribbon assembly Which contains at least one such 
coated optical glass ?ber. 

[0046] The present invention further provides a coated 
optical glass ?ber having an inner primary coating Which has 
been formulated from a radiation-curable, inner primary 
coating composition containing a radiation-curable silicone 
oligomer or a silicone compound. Preferably, the radiation 
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curable silicone oligomer or silicone compound is present in 
an amount suf?cient to provide a ?ber friction betWeen the 
inner primary coating and the optical glass ?ber such that 
there is exhibited a resistive force Which is less than the 
cohesive strength of the inner primary coating. The inven 
tion also provides a ribbon assembly Which contains at least 
one such coated optical glass ?ber. 

[0047] The present invention also provides a coated opti 
cal glass ?ber having an inner primary coating Which has 
been formulated from a radiation-curable, inner primary 
coating composition containing a radiation-curable ?uori 
nated oligomer or a ?uorinated compound. Preferably, the 
radiation-curable ?uorinated oligomer or ?uorinated com 
pound is present in an amount sufficient to provide a ?ber 
friction betWeen the inner primary coating and the optical 
glass ?ber such that there is exhibited a resistive force that 
is less than the cohesive strength of the inner primary 
coating. The invention further provides a ribbon assembly 
Which contains at least one such coated optical glass ?ber. 

[0048] The present invention also provides a radiation 
curable, inner primary coating composition comprising at 
least one radiation-curable oligomer or monomer and a solid 
lubricant Which is substantially insoluble in the composition. 
Preferably, the solid lubricant is present in an amount 
sufficient to provide a ?ber friction betWeen an inner primary 
coating formed from said coating and an optical glass ?ber 
such that there is exhibited a resistive force Which is less 
than the cohesive strength of said coating formed from said 
composition. The invention also provides a coated optical 
glass ?ber having an inner primary coating Which contains 
a solid lubricant, and a ribbon assembly Which contains at 
least one such coated optical glass ?ber. 

[0049] The present invention further provides a ribbon 
assembly comprising a plurality of coated optical glass 
?bers, at least one optical glass ?ber coated With at least an 
inner primary coating and an outer primary coating, and 
optionally an ink coating, and a matrix material bonding said 
plurality of coated optical glass ?bers together. The inner 
primary coating is formulated from a radiation-curable inner 
primary coating composition containing at least one radia 
tion-curable urethane oligomer comprising at least one poly 
meric block and at least one functional group capable of 
polymeriZation in the presence of actinic radiation con 
nected to said at least one polymeric block. The coating 
composition has a concentration of urethane groups Which is 
selected to provide said inner primary coating With a ?ber 
friction force level betWeen said optical glass ?ber and said 
inner primary coating in combination With a crack propa 
gation level that provides the inner primary coating With the 
functional capability of sliding off of the optical glass ?ber 
and leaving substantially no residue on the surface of said 
optical glass ?ber during ribbon stripping When a stripping 
force Which is less than the cohesive strength of said inner 
primary coating is applied to said ribbon assembly. 

[0050] The present invention further provides a ribbon 
assembly comprising a plurality of coated optical glass 
?bers, at least one optical glass ?ber coated With at least an 
inner primary coating and an outer primary coating, and 
optionally an ink coating, and a matrix material bonding said 
plurality of coated optical glass ?bers together. The inner 
primary coating is formulated from a radiation-curable inner 
primary coating composition containing at least one radia 
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tion-curable oligomer comprising at least one polymeric 
block and at least one functional group capable of polymer 
iZation in the presence of actinic radiation connected to said 
at least one polymeric block. The polymeric block has a 
molecular Weight Which is selected to provide said inner 
primary coating With a ?ber friction force level betWeen said 
optical glass ?ber and said inner primary coating in combi 
nation With a crack propagation level that provides the inner 
primary coating With the functional capability of sliding off 
of the optical glass ?ber and leaving substantially no residue 
on the surface of said optical glass ?ber during ribbon 
stripping When a stripping force Which is less than the 
cohesive strength of said inner primary coating is applied to 
said ribbon assembly. 

[0051] The invention also provides a radiation-curable, 
inner primary coating composition formulated from a com 
position comprising at least one urethane oligomer having at 
least one polymeric block and at least one functional group 
capable of polymeriZation in the presence of actinic radia 
tion connected to said at least one polymeric block. The 
coating composition has a concentration of urethane groups 
that is so selected to provide said inner primary coating With 
a ?ber friction force level betWeen an optical glass ?ber and 
an inner primary coating formed from said coating compo 
sition in combination With a crack propagation level Which 
provides the inner primary coating With the functional 
capability of sliding off the optical glass ?ber and leaving 
substantially no residue on the surface of said optical glass 
?ber during ribbon stripping When a stripping force Which is 
less than the cohesive strength of said inner primary coating 
is applied to said inner primary coating. 

[0052] The present invention further provides a radiation 
curable, inner primary optical glass ?ber coating composi 
tion formulated from a composition comprising at least one 
radiation-curable oligomer having at least one polymeric 
block and at least one functional group capable of polymer 
iZation in the presence of actinic radiation connected to said 
at least one polymeric block. The polymeric block has a 
molecular Weight so selected to provide said inner primary 
coating With a ?ber friction force level betWeen said optical 
glass ?ber and said inner primary coating in combination 
With a crack propagation level that provides the inner 
primary coating With the functional capability of sliding off 
the optical glass ?ber and leaving substantially no residue on 
the surface of said optical glass ?ber during ribbon stripping 
When a stripping force Which is less than the cohesive 
strength of said inner primary coating is applied to said inner 
primary coating. 
[0053] The present invention also provides coated optical 
glass ?bers containing at least one inner primary coating 
formed from the above radiation-curable, inner primary 
coating compositions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] FIG. 1 illustrates a longitudinal cross-sectional 
vieW of a coated optical glass ?ber. 

[0055] FIG. 2 illustrates a representative graph of the 
normaliZed strip force required to slide an optical ?ber 
ribbon coating composite along the surface of an optical 
glass ?ber. 

[0056] FIG. 3 illustrates the ratchet effect of an inner 
primary coating sliding off an optical glass ?ber during 
ribbon stripping. 
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[0057] FIG. 4 is a graph of the change in length L (“dL”) 
for a commercially available outer primary coating as the 
temperature is increased. 

[0058] FIG. 5 illustrates a partial cross-sectional vieW of 
a coated optical glass ?ber. 

[0059] FIG. 6 illustrates a hypothetical contour plot for 
determining the predicted strip cleanliness. 

[0060] FIG. 7 illustrates a graph of the ?ber pull-out 
friction versus urethane concentration. 

[0061] FIG. 8 illustrates a graph of the ?ber pull-out 
friction versus urethane concentration. 

[0062] FIG. 9 illustrates a graph of the ?ber pull-out 
friction versus urethane concentration. 

[0063] FIG. 10 illustrates a graph of the ?ber pull-out 
friction versus urethane concentration. 

[0064] FIG. 11 illustrates a graph of the ?ber pull-out 
friction versus urethane concentration. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0065] The invention Will noW be explained in detail With 
reference to the attached draWings. 

[0066] Based on extensive experimentation, it is noW 
believed that ribbon stripping functionally involves tWo 
phases, a ?rst adhesion breaking phase and a second frictive 
sliding phase. This can be characterized by the following 
equation (1): 

F stripping=F adhesive+F friction (1) 

[0067] 

[0068] F§tripping is the stripping force applied to the 
inner primary coating; 

[0069] Fadhesive is the force required to break the 
adhesive forces betWeen the optical glass ?ber and 
the inner primary coating; and 

Where 

[0070] Ffriction is a function of the normal force the 
inner primary coating exerts against the surface of 
the optical glass ?ber and the coef?cient of friction 
of the inner primary coating. 

[0071] Ffriction is equal to Fstatic, de?ned as the condition 
When the inner primary coating is in a static position, and 
Emation is equal to Fkinetic de?ned as When the inner primary 
coating is in motion relative to the optical glass ?ber. 

[0072] During the adhesion breaking phase, the adhesive 
force betWeen the inner primary coating and the surface of 
the optical glass ?ber must be broken to delaminate the inner 
primary coating from the surface of the optical glass ?ber. 
Once that adhesive force is broken, and the inner primary 
coating is delaminated from the surface of the optical glass 
?ber, the ?ber friction force betWeen the inner primary 
coating and the surface of the optical glass ?ber must then 
be overcome to remove the inner and outer primary coatings, 
along With the matrix material, from the optical glass ?ber. 

[0073] The adhesive force betWeen the inner primary 
coating and the surface of the optical glass ?ber is generally 
increased by an increase in the folloWing: 
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[0074] (1) covalent bonding, for example from glass 
adhesion promoters; 

[0075] (2) Weak molecular interactions, such as Van 
der Waal’s attractions, hydrogen-bonding, electro 
static, and the like; 

[0076] (3) static coefficient of friction; 

[0077] (4) surface energy of the inner primary coat 
ing and surface energy of the optical glass ?ber; 

[0078] (5) surface roughness; and 

[0079] (6) adhesive bonding area. 

[0080] The adhesive force betWeen the inner primary 
coating and the surface of the optical glass ?ber is generally 
decreased by an increase in the temperature. 

[0081] The ?ber friction force betWeen the inner primary 
coating and the surface of the optical glass is generally 
increased by an increase in one or more of the folloWing: 

[0082] (1) the normal force of the inner primary 
coating against the surface of the optical glass ?ber 
at the ribbon stripping temperature; 

[0083] (2) the static and kinetic coef?cient of friction 
at the ribbon stripping temperature; 

[0084] (3) surface roughness; and 

[0085] (4) frictive area. 

[0086] The normal force includes Weak molecular inter 
actions, such as Van der Waal’s attractions, hydrogen 
bonding, electrostatic, and the like, betWeen the surface of 
the optical glass ?ber and the inner primary coating. In 
general, the ?ber friction force is decreased With an increase 
in temperature. 

[0087] The rigidity and integrity of the outer primary 
coating at the ribbon stripping temperature can also affect 
the frictive force. During ribbon stripping the outer primary 
coating, ink coating, and other rigid coating layers, such as 
the matrix material, provide the stiffening backbone Which 
alloWs for intact removal of the matrix material and inner 
and outer primary coatings to provide a cohesive tube 
(hereinafter referred to as “coating tube”). If the rigidity and 
integrity are insuf?cient, the outer primary coating can 
buckle during ribbon stripping, Which can signi?cantly 
increase the ?ber friction force and/or induce shearing 
stresses causing integrity failure of the inner primary coating 
resulting in undesirable residue on the surface of the optical 
glass ?ber. 

[0088] Preferably, the adhesion betWeen the matrix mate 
rial and the ink coating or colored outer primary coating is 
greater than the adhesion betWeen the inner primary coating 
and the surface of the optical glass ?ber to ensure that the 
inner primary coating delaminates from the surface of the 
optical glass ?ber during ribbon stripping. Similarly, both 
the adhesion betWeen the ink coating and the outer primary 
coating, and the adhesion betWeen outer primary coating and 
the inner primary coating, should be greater than the adhe 
sion betWeen the inner primary coating and the surface of the 
optical glass ?ber to ensure that the inner primary coating 
delaminates from the surface of the optical glass ?ber, as 
Well as to provide a cohesive coating tube during ribbon 
stripping. Usually, the adhesion betWeen the matrix material 
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and the colored outer primary coating or ink coating, as Well 
as the adhesion betWeen each of the coating layers is 
sufficient to ensure delamination of the inner primary coat 
ing from the surface of the optical glass ?ber during ribbon 
stripping because the matrix material and coating layers 
mainly comprise organic materials. In general, layers of 
materials having similar properties, such as an adjacent 
organic layer/organic layer bond, tend to bond more easily 
together than layers having dissimilar properties, such as an 
organic layer/inorganic layer bond. 

[0089] FIG. 1 illustrates an optical glass ?ber 7 coated 
With an inner primary coating 8 and a commercially avail 
able outer primary coating 9. The length of the inner primary 
coating in FIG. 1 shoWn at 20 has been selected to be 35 mm 
because this is a typical length of the coatings stripped from 
the ends of the optical glass ?bers during ribbon stripping. 
When a typical ribbon stripping tool is applied to a ribbon 
assembly, pressure is applied to the ribbon assembly 
betWeen heated plates. At the ends of the plates near the cut 
made in the matrix material and inner and outer primary 
coatings, the inner primary coating can form an initial 
delamination site on the optical glass ?ber, shoWn at 27 and 
28 (referred to as debond area). Because the areas 27 and 28 
of the inner primary coating are delaminated, they must be 
subtracted from that area of the inner primary coating Which 
is still bonded to the surface of the optical glass ?ber When 
measuring the adhesive bonding area betWeen the inner 
primary coating and the surface of the optical glass-?ber. 
The radius of the optical glass ?ber is 62.5 microns, shoWn 
at 22. The radius of the outer surface of inner primary 
coating is 95 microns, shoWn at 24. The radius of the outer 
surface of the outer primary coating is 125 microns, shoWn 
at 26. From FIG. 1, the adhesive bonding area is equal to the 
glass surface area (13.744 mm2) minus the debond area. The 
frictive area is the total glass surface area of the section to 
be stripped during ribbon stripping (13.744 mm2). 

[0090] It is believed that during ribbon stripping the inner 
primary coating may ratchet off the optical glass ?ber, as 
shoWn in FIG. 2. FIG. 2 is a demonstration of the adhesive 
force and ?ber friction force being overcome by the strip 
ping force applied to the inner primary coating during the 
ribbon stripping process. As stripping force is applied from 
the stripping tool to the inner primary coating, the stripping 
force increases to a level at Which the adhesive force 
betWeen the inner primary coating and the surface of the 
optical glass ?ber is overcome, Which is shoWn at 1. At this 
level, the inner primary coating begins to delaminate from 
the surface of the optical glass ?ber. Then, the stripping 
force decreases as the inner primary coating delaminates 
from the optical glass ?ber, shoWn generally at 2. Once 
delamination has completed, shoWn at 3, the inner primary 
coating slides along the surface of the optical glass ?ber and 
the stripping force decreases to the level shoWn at 4. As the 
inner primary coating is being slid off of the optical glass 
?ber the stripping force required to slide the inner primary 
coating against the optical glass ?ber ratchets betWeen the 
higher static ?ber friction force and the loWer kinetic ?ber 
friction force. 

[0091] The static ?ber friction force is a function of the 
static coef?cient of friction of the inner primary coating and 
the normal force of the inner primary coating against the 
optical glass ?ber. The kinetic ?ber friction force is a 
function of the kinetic coef?cient of friction of the inner 
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primary coating and the normal force of the inner primary 
coating against the optical glass ?ber. The static ?ber friction 
force resists initial sliding movement and the kinetic ?ber 
friction force resists subsequent sliding movement. In other 
Words, once the adhesive bond is broken and the static ?ber 
friction force is overcome, shoWn at 3, the inner primary 
coating slides a set distance until the kinetic ?ber friction 
force prevents further motion and the inner primary coating 
becomes momentarily stuck in place against the surface of 
the optical glass ?ber, shoWn at 4. As the stripping force 
increases, and before the inner primary coating resumes its 
motion relative to the optical glass ?ber, the potential energy 
is stored in the inner primary coating Which produces a 
tensile force and a stripping force Within the inner primary 
coating. The tensile force is opposed to the normal force and 
the stripping force is opposed to the ?ber friction force. 

[0092] The motion force (“Fmo?on” of the inner primary 
coating is a vector sum of the tensile force (“Ftens?e”) and the 
stripping force (“Fstripping”). The resistive force (“Resistive”) 
is a vector sum of the ?ber friction force (“Ffriction”) and the 
normal force (“Fnormal”) on the inner primary coating 
against the surface of the optical glass ?ber. 

[0093] Once the motion force (“Fmotion”) exceeds the 
resistive force (“Resistive”), the inner primary coating begins 
to slide, shoWn at 5. The inner primary coating quickly slides 
a set distance and then becomes momentarily stuck, shoWn 
at 6. The distance the inner primary coating slides along the 
surface of the optical glass ?ber betWeen the points 5 and 6 
in FIG. 2 is referred to as slip-stick distance. The slip-stick 
distance Will vary and be dependent upon the materials used 
in the inner primary coating and optical glass ?ber, and Will 
also be dependent upon random probability due to non 
homogeneity in the inner primary coating and optical glass 
?ber surface. 

[0094] FIG. 3 further explains the ratcheting effect during 
ribbon stripping by Way of example. As shoWn in FIG. 3, a 
partial longitudinal cross-section of an optical glass ?ber is 
shoWn at 7. A tWo-dimensional vector explanation Will be 
used herein for ease of explanation. HoWever, it is under 
stood that a coated optical glass ?ber is a three-dimensional 
object and all of the described vectors need to be extended 
an additional dimension. 

[0095] The optical glass ?ber is coated With an inner 
primary coating shoWn at 8, and an outer primary coating 
shoWn at 9. The thickness “Y” of the inner primary coating 
is about 37.5 microns, shoWn at 12. As stripping force is 
indirectly applied to the inner primary coating in the direc 
tion shoWn at 10, the inner primary coating is deformed a 
pre-slip distance “X”, shoWn at 11, at Which point the inner 
primary coating delaminates and begins to ratchet along the 
surface of the optical glass ?ber. The stripping force required 
to make the inner primary coating begin to ratchet along the 
surface of the optical glass ?ber can be calculated as folloWs. 
The length of the tensile deformation of the deformed inner 
primary coating at the level of strip force required to make 
the inner primary coating begin to slide after being momen 
tarily stuck to the surface of the optical glass ?ber “Z” is 
shoWn at 13. The % elongation of the deformed inner 
primary coating can be calculated from the values Z and Y 
using the folloWing equation (2): 

(Z—Y)/Y=% elongation (2) 
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[0096] From a stress/strain curve, one skilled in the art can 
readily use the % elongation to calculate the tensile force 
(Ftens?e) required to initiate sliding of the inner primary 
coating from a static position. 

[0097] The vector for the static ?ber friction force Ffriction 
is shoWn at 19. When Fmotion is greater than Fresis?ve, the 
inner primary coating Will begin to slide from a static 
position. Fmotion, shoWn at 15, is the vector sum of Ftens?e, 
shoWn at 14, and Fstripping, shoWn at 16. Fresis?ve, shoWn at 
17, is the vector sum of F?iction, shoWn at 19, and F 
shoWn at 18. 

[0098] If either of the vector components FStripping or 
F‘ensile is greater than the corresponding inner primary coating 
resistive vector components (shear strength and tensile 
strength, respectively), then the inner primary coating Will 
cohesively fail during ribbon stripping leaving an undesir 
able residue of inner primary coating material on the surface 
of the optical glass ?ber. 

normal’ 

[0099] Similarly, if either of the vector components F?ic 
tion or Fnormal is greater than the inner primary coating 
resistive vector components (shear strength and tensile 
strength, respectively), then the inner primary coating Will 
cohesively fail during ribbon stripping leaving an undesir 
able residue of inner primary coating material on the surface 
of the optical glass ?ber. 

[0100] More generally, the inner primary coating Will 
cohesively fail if Resistive is greater than the cohesive 
strength of the inner primary coating. Thus, to prevent such 
residue, the Ffriction and/or Fnormal should be so adjusted as 
to provide a Fresistive that is less than the cohesive strength 
of the inner primary coating. 

[0101] The term “cohesive strength” of the inner primary 
coating is used herein to mean the amount of force necessary 
to destroy the integrity of the inner primary coating. Thus, 
a higher cohesive strength Will require a greater amount of 
force to destroy the integrity of the inner primary coating. 
The cohesive strength can be measured using any one of (1) 
the shear strength of the inner primary coating, (2) the 
tensile strength of inner primary coating, or (3) the crack 
propagation of the inner primary coating. Preferably, the 
cohesive strength is measured using the crack propagation 
test, as described herein beloW. 

[0102] This residue can interfere With the optical glass 
?ber ribbon mass fusion splicing operation, and therefore 
must be removed prior to splicing by Wiping. The step of 
removing the residue can cause abrasion sites on the bare 
optical glass ?ber, thus compromising the strength of the 
connection. 

[0103] Once the adhesive bonds have been broken and the 
inner primary coating has been delaminated from the surface 
of the optical glass ?ber, the ability of a ribbon assembly to 
strip cleanly during ribbon stripping and to provide bare 
optical glass ?bers Which are substantially free of residue 
can be understood using the folloWing simpli?ed equation 
(3)1 

FfIic?On=CfXFnOImal [0104] Where Ffriction is the static frictive force 

betWeen the inner primary coating and the optical 
glass ?ber; 
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[0105] Cf is the static coefficient of friction of the 
inner primary coating on the surface of the optical 
glass ?ber, and 

[0106] Fnormal is the normal force of the inner pri 
mary coating against the surface of the optical glass 
?ber. 

[0107] Hereinafter, the use of the term “?ber friction” in 
the speci?cation and claims refers to the static ?ber friction 
force. 

[0108] In general, the loWer the ?ber friction, the loWer the 
resistive force, and the easier the inner primary coating can 
be removed from the surface of the optical glass ?ber 
Without leaving a residue. From equation 3, it is evident that 
the ?ber friction can be reduced by decreasing either or both 
the static coef?cient of friction or the normal force. 

[0109] Each inner primary coating has a speci?c cohesive 
strength Which maintains the integrity of the inner primary 
coating. The greater the cohesive strength of the inner 
primary coating the greater the amount of energy required to 
break apart or fracture the inner primary coating. Thus, an 
inner primary coating having a higher cohesive strength can 
Withstand greater stripping forces during ribbon stripping, 
Without breaking apart and leaving residue on the surface of 
the optical glass ?ber, than an inner primary coating having 
a loWer cohesive strength. 

[0110] From the above discussion, it is clear that if the 
?ber friction is at a level Which provides a resistive force that 
is greater than the cohesive strength of the inner primary 
coating, then the inner primary coating Will break apart 
leaving residue on the surface of the optical glass ?ber. Thus, 
When selecting or formulating the inner and outer primary 
coatings, the ?ber friction level should be adjusted taking 
into account the cohesive strength of the inner primary 
coating so that ?ber friction provides resistive force that is 
less than the cohesive strength of the inner primary coating. 

Minimizing the Normal Force 

[0111] From the above equations, the ?ber friction force 
betWeen the optical glass ?ber and inner-primary coating 
can be loWered by reducing the normal force of the inner 
primary coating against the surface of the optical glass ?ber. 
In general, the greater the normal force, the greater the ?ber 
friction force betWeen the optical glass ?ber and the inner 
primary coating. In other Words, the harder the inner primary 
coating is pressing against the surface of the optical glass 
?ber, the harder it Will be to slide the inner primary coating 
against the surface of the optical glass ?ber and the greater 
the chances of leaving residue from the inner primary 
coating on the surface of the optical glass ?ber. Since the 
normal force is a component of the ?ber friction, loWering 
the normal force Will loWer the ?ber friction. The normal 
force should therefore be adjusted or selected so as to 
provide a normal force vector component and a ?ber friction 
vector component that provides a vector sum (resistive 
force) Which is less than the cohesive strength of the inner 
primary coating. 
[0112] During ribbon stripping, the inner primary and 
outer primary coatings are heated, typically to about 90 C. 
to about 120 C. Because inner primary coatings usually have 
a loWer Tg than that of outer primary coatings, inner primary 
coatings usually expand to a greater eXtent than the outer 
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primary coatings during ribbon stripping. Thus, When the 
inner and outer primary coatings are heated, the inner 
primary coating expands to a greater extent than the outer 
primary coating causing a pressure build-up Within the inner 
primary coating and betWeen the surface of the optical glass 
?ber and the outer primary coating. This pressure buildup in 
the inner primary coating increases the normal force of the 
inner primary coating against the optical glass ?ber, thereby 
increasing the ?ber friction force betWeen the inner primary 
coating and the surface of the optical glass ?ber. Thus, the 
resistive force Will be increased by an increase in the normal 
force vector component and an increase in the ?ber friction 
vector component. 

[0113] It is believed that the inner primary coating 
expands to a greater extent than the outer primary coating 
during ribbon stripping, at least in part due to the folloWing 
reason. At temperatures beloW the Tg of the polymeric 
coating, the polymers present in the coating tend to act 
“glass-like”, and therefore have a loW coef?cient of expan 
sion. HoWever, at temperatures above the Tg of the poly 
meric coating, the polymers tend to act “rubber-like” and 
therefore have a higher coef?cient of expansion than When 
beloW the Tg of the polymeric coating. As the temperature 
of the ribbon assembly is raised during ribbon stripping the 
polymer present in the inner primary coating Will usually be 
at a temperature above their Tg and be more “rubber-like” 
Well before the polymers present in the outer primary 
coating reach their Tg. Thus, as the applied stripping tem 
perature is raised, the “rubber-like” polymer present in the 
inner primary coating Will expand to a much greater extent, 
than the “glass-like” polymer in the outer primary coating. 

[0114] The Tg of the inner primary coating and that of the 
outer primary coating usually cannot be matched because 
the outer primary coating should have a higher Tg to provide 
the tough protective properties required of the outer primary 
coating. In general, the Tg of the outer primary coating is 
above 60° C., Whereas the Tg of the inner primary coating 
is usually beloW 10° C., preferably beloW about 0° C., more 
preferably beloW about —10° C., and most preferably beloW 
about —20° C. 

[0115] HoWever, it has been found that the relative expan 
sion characteristics of the inner and outer primary coatings 
can be adjusted Without substantially affecting the Tg of the 
coatings. The expansion characteristics of the desired inner 
and outer primary coatings should ?rst be measured as 
folloWs. The change in expansion from the ambient Working 
temperature of the ribbon assembly to the ribbon stripping 
temperature measured in one plane “dL” is divided by an 
initial length of the one plane measured at the ambient 
Working temperature of the ribbon assemble “L”, hereinafter 
referred to as “(dL/L)”. Ambient Working temperatures of 
ribbon assemblies are usually about 0° C. to about 30° C. It 
Will be appreciated that for most coating compositions the 
design ribbon stripping temperatures are usually about 90° 
C. to about 120° C., but may be different depending on the 
speci?c design parameters for the particular coating com 
position. 

[0116] The inner and/or outer primary coatings should be 
selected or reformulated so as to maximiZe the (dL/L) of the 
outer primary coating and While minimiZing the (dL/L) of 
the inner primary coating. Ideally, the (dL/L) of the outer 
primary coating should be greater than that of the inner 
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primary coating Whereby the outer primary coating Will 
theoretically exert a normal force on the inner primary 
coating in a direction aWay from the optical glass ?ber 
during ribbon stripping. HoWever, such high (dL/L) values 
for the outer primary coating in combination With retention 
of the desired toughness properties of the outer primary 
coating are usually unattainable. Nevertheless, increasing 
the (dL/L) of the outer primary coating can signi?cantly 
reduce the increase in normal force on the inner primary 
coating during ribbon stripping to provide a clean optical 
glass ?ber Which is substantially free of residue. 

[0117] FIG. 4 is a graph of the change in L (“dL”) for a 
commercially available outer primary coating as the tem 
perature is increased. In particular, for an L of 23.2 mm, the 
dL for a temperature change from 25 C. (example of ambient 
temperature) to 100 C. (example of ribbon stripping tem 
perature) can be calculated as folloWs: 

dL/L: (delta L)/L 

= (0.4) / 23.2 

= .01724 

[0118] The dL/L value is independent of the length of the 
coating selected for the measurement. Thus, for different L 
values, the dL/L Will be constant. 

[0119] The normal force on the inner primary coating 
against the optical glass ?ber, Which is caused by the 
differential in expansion betWeen the inner primary coating 
and outer primary coating during ribbon stripping, can be 
calculated as folloWs. FIG. 5 illustrates a cross-sectional 
vieW of a glass optical ?ber 7, coated With an inner primary 
coating 8 and an outer primary coating 9. The outer primary 
coating 9 is the same as that in FIGS. 1 and 4. The radius 
of the outer surface of the inner primary coating at 25 C. is 
95 microns, shoWn at 40. The radius of the inner surface of 
the outer primary coating at 25 C. is 95 microns, also shoWn 
at 40. As the temperature of the ribbon assembly is increased 
to 100 C. during ribbon stripping, the inner primary coating 
and outer primary coating expand. 

[0120] The radius of the inner surface of the outer primary 
coating at 100 C. is 96.379 microns, shoWn at 42. This value 
Was calculated as folloWs. The (dL/L) for the outer primary 
coating material heated from 25 C. to 100 C. is 0.01724, as 
calculated from FIG. 4. The radius of the inner surface of the 
outer primary coating at 25 C. (95 microns) is multiplied by 
(1+dL/L) for a temperature change of 25 C. to 100 C. 
(1.01724) Which provides a radius of the inner surface of the 
outer primary coating at 100 C. of 96.638 microns. HoW 
ever, this value must be corrected to take into account the 
expansion in the thickness of the outer primary coating. The 
outer primary coating has as thickness of 30 microns at 25 
C. To obtain the thickness at 100 C., the thickness at 25 C. 
(30 microns) is multiplied by (1+dL/L) for a temperature 
change of 25 C. to 100 C. (1.01724), Which provides a 
thickness of 30.5172 microns. Thus, the thickness of the 
outer primary coating expands 0.5172 microns When heated 
from 25 C. to 100 C. One half of this expansion occurs in the 
direction of the inner primary coating. This assumes that the 
inner primary coating Will not substantially resist the expan 












































































