Enhanced fatigue and aging resistance using reactive powders in the optical fiber buffer coating
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ABSTRACT

We have shown in previous work that the addition of small quantities of colloidal silica to the UV-
curable polymer coating of fused silica optical fiber causes a dramatic improvement in the fatigue and aging
resistance both in aqueous and in constant humidity environments. The presence of silica in the coating inhibits
the mechanisms responsible for the surface roughening that causes the fatigue knee and strength degradation
during zero-stress aging. This work presents results which show the effect of higher concentrations of the silica
additive (6 wt%) and of an adhesion promoting agent on both the rheological properties of the polymer coating
and the fatigue and zero-stress aging behavior of the fiber. Viscosity measurements show thixotropic behavior
which indicates that the silica particles tend to form a network structure in the prepolymer. Filtration of the
prepolymer to remove large particles is hampered by this phenomenon. The fiber coated with the silica-
containing polymer exhibits substantial improvement in the long term mechanical reliability compared to a
reference fiber without additive in the coating.

1. INTRODUCTION

The correlation between increasing surface roughness and strength degradation during zero-stress aging
in harsh conditions has now been well established.!#4 Matthewson® suggested that differential etching rates on
the fiber surface are responsible for the development of roughness, which then acts as a source of strength
degrading defects; suppression (or, at least, partial inhibition) of surface dissolution has therefore a beneficial
effect on fiber reliability.

Previous work showed that the addition of colloidal silica particles in the polymer coating dramatically
improves the fatigue and aging behavior of fused silica optical fiber.6? The effect on long term reliability of
two concentrations has been studied and the results showed that the static fatigue lifetime of the fiber could be
increased by a factor of 10 in humid air® by adding only 0.75 wt% of colloidal silica and by up to a factor of
400 in aqueous environment by adding 3 wt%.7- The zero-stress aging results also exhibited substantial
improvements. The effect of different surface area of the particles was also studied. Analysis of the fiber
surface using atomic force microscopy revealed that the presence of the additive slows down the roughening
process which occurs during aging®-2, and this, in turn, corresponds to a reduction of the strength loss.3 A
possible mechanism was described by which the colloidal silica particles incorporated in the coating dissolve
preferentially due to their higher solubility and reactivity and so protect the fiber sacrificially.

The first fiber fabricated with the additive exhibited two undesirable properties due to the crudity of the
preparation techniques: there was large scatter in the fatigue data, especially in the post-knee region, and the
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tensile strength showed a low strength mode. These problems were minimized or solved by improving the
mixing procedure of the silica additive with the prepolymer, and by filtering the prepolymer. As an alternative
to filtration, a dual coating with the additive only in the secondary buffer was found to be most effective.”,
However, several questions were still unanswered after the previous experiments:

— Can a higher concentration of silica be mixed with the prepolymer, and does this produce further
improvement in the mechanical properties of the fiber?

— Can the filtration process of the prepolymer with the additive be extended to micron sized meshes, so
that the large particles responsible for the occurrence of occasional weak defects in the single coated fiber are
totally eliminated?

— Does the presence of organic additives, such as wetting agents, improve the dispersion of the silica in
the coating? Does it affect the coating and the fiber properties? (Good adhesion, which can be promoted by
wetting agents, can be beneficial to the fatigue behavior,10:11 although excessive adhesion may adversely affect

the strippability of the fiber).

- Does the silica additive in the coating affect the optical properties?

This work presents results which address the questions listed above.

2. EXPERIMENTAL

2.1 Single vs. dual coating

From the point of view of practical applications, dual coating appears to be the most promising way to
implement the use of silica-loaded polymer coatings. It has been shown-? that tensile strength degradation can
be avoided by using a dual coating. With the primary coating acting as a mechanical buffer there is no tensile
strength degradation, but the fiber with the additive still does exhibit the beneficial effects due to the silica
addition. A similar consideration can be made concerning optical properties: any possible contribution to optical
loss by the additive is eliminated by the presence of a primary buffer without any additive. However, one of the
aims of this work was to study the effect of silica-filled coatings on the properties of a waveguide in the case in
which any possible negative effect due to the silica additive is maximized. This is why a single coating was

used.

2.2 Coating preparation and fiber drawing

Three coating formulations were prepared, based on a commercially available single coating (Desolite®
950-133): a reference without any additive (designated “W0”), a formulation with 6 wt% of Cab-O-Sil M5
(designated “W67), and one with 6 wt% of M5 plus 1 wt% of wetting agent (designated “W6+ 7). It is noted
that the prepolymer used in this work already contains wetting agent; therefore, the formulation W6+ shows the
effect of excess wetting agent on the coating preparation and the fiber properties.

All the sets of fiber for the mechanical testing were drawn from the same preform with the same
diameter of 125 um. The overall outer diameter for the coated fibers was 212 pm. In addition, three lengths of
multimode optical waveguide were drawn using the same coating formulations; the core and clad diameters were
105 and 125 um, respectively. The optical fiber was used only for the optical measurements.

The prepolymer preparation and fiber drawing procedures were similar to those adopted during previous
work.69 In particular, in order to reduce the scatter previously observed in the fatigue data, resulting from the
poor dispersion of the silica particles in the coating, all the formulations with additive were immersed in an
ultrasound bath at about 40°C for ~1 day to improve dispersion and aid in bubble removal.7-? After mixing the
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