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Diffusion of Moisture Through Fatigue-
and Aging-Resistant Polymer Coatings on
Lightguide Fibers

Janet L. (Armstrong) Mrotek, M. John Matthewson, and Charles R. Kurkjian

Abstract—in previous work the diffusion rate of water vapor A. Effect of Silica Particles in Coating
through the polymer coating on optical fiber was estimated by

monitoring the strength as a function of time after suddenly |t nas peen shown that the addition of nano-sized silica par-
changing the ambient humidity. This technique is used here to

measure the diffusion of moisture both into and out of two novel ticles to the Coa'ting has a beneficial effect on fiber reI“iabiIity"
fiber coatings. The first specimen is a dual-coated fiber with by greatly delaying the onset of the fatigue and aging “knees
silica particles added to its secondary coating. It is shown that [2]-[4]. The proposed mechanism for this effect is that the
the improvement in this fiber's reliability is not due to the silica  gjlica particles preferentially dissolve in the moisture present
particles adsorbing/absorbing the moisture. The second fiber, . th fi th ducing th te at which th ist
coated with a fluorinated polymer, was designed to have higher In the coating, thus reducing _e rate at whic e_mOIS ure
fatigue resistance as a result of having a lower permeability to corrodes the glass surface to give strength degrading rough-
moisture. It is found that even though this fiber had higher than  ness. Another possible mechanism is that the particles simply
normal resistance to fatigue, the diffusion of moisture through zpsorb the moisture in the coating, thus reducing the activity
this coating was not substantially different than through typical f he al f Rondinadaal. 121 13
coatings used on fibers for telecommunications applications. of water at t ej 9 ass.s.ur gce. on 'r_‘ .a'.[ ], [3] argue

that the quantity of silica in the coating is inadequate to ex-
plain the dramatic increase in lifetime and proposed that the
mechanism involves preferential dissolution of the particles,
which reduces the activity of the water at the fiber surface. If
. INTRODUCTION the silica particles retained significant amounts of water, the

REVIOUS work [1] described a method for determininéjiﬁUSiO” through the silica loaded coating would appear much
the diffusion coefficient of moisture through polymer coatslower. Here we measure the diffusion for two specimens iden-
ings on optical fibers by monitoring the strength of the finerkcal except that one has 3 wt% silica particles incorporated in
as a function of time after suddenly changing the ambient hie secondary coating. The fiber with the 3 wt% silica parti-
midity. This is a novel way of sensing humidity and is feasibleles in the coating has been shown to greatly delay the onset of
because the strength of the fiber is easily measured to high 8ength degradation during zero stress aging and also to pro-
curacy and is sensitive to the concentration of the moisture!@@g the lifetime under a static stress by more than two orders
the glass/polymer interface. of magnitude beyond the “fatigue knee” relative to a fiber with
In this work, we use this technique to assess the importarfestandard coating [3].
of coating permeability to mechanical behavior. The technique
has proved useful in probing and elucidating the mechanis
by which two different nonstandard coating materials impar
improved mechanical performance.

Index Terms—Humidity diffusion, optical coatings, optical fiber
reliability, stress measurement.

.S Low Permeability and High Coating

A sample of a fiber with a coating designed to have a lower
permeability with the intent of yielding a higher value for the fa-

' _ _ _ tigue parameten, was obtained from Alcatel. [5] The coating
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Il. EXPERIMENTAL PROCEDURES

A two-point bend apparatus [6] was used to measure the
strength of the fibers and was operated with a constant faceplate
velocity of 5000xm/s. The fiber was equilibrated overnight
in a humidity chamber. It was then rapidly placed in a second
chamber at a different humidity. Once the specimens were
moved to the second chamber, the strength of the fibers was
measured as a function of time until the equilibrium strength
for the new environment was reached. The strength data were
then converted to an equivalent humidity at the glass surface
and the time evolution of the humidity was then fitted to the
diffusion equation to determine the diffusion coefficient [1].
All the specimens examined here have dual polymer coatings.
The strength measurement technique for determining diffusion
coefficients cannot distinguish between the coating layers, but
results in a composite value for both layers [7].

Normalized Humidity

I1l. RESULTS AND DISCUSSIONS

Normalized Humidity

The equivalent humidity at the glass surface (hormalized to
the initial and final humidityq.v.[1]) versus time, for the spec-
imen with 3 wt% of silica and its reference specimen, are shown
in Fig. 1. The data were fitted to the cylindrically symmetric so-
lution to the diffusion equation [1] and the resulting diffusion
coefficients are shown in Table I. For both specimens (within
the 95% confidence interval) the coefficients in either directiolpi 1. Diffusion, in the range from 30-958H at 25°C, into, i.e., wet §)
are the same. The silica powder does not act as a significant siff 5. o, ie., dry(©)  dual-coated fiver with (2) O wi% silica and (b) 3 wiv%
for water since the apparent diffusion coefficient is sensibly theica added to the secondary coating.
same as for the control without powder. Also the diffusion pro-
files closely follow the shape for Fickian diffusion. As suggested
in the earlier work, [2]-[4] this shows that the mechanism by
which the silica particles delay the onset of fatigue and aging
knees does not involve gettering of the water.

10!

TABLE |
DIFFUSION COEFFICIENTS

TYPE OF COATING

Dvermg (m’/s)

Doryne (m2/ s)

A possible explanation for the similarity between the diffu

CONTROL UV-ACRYLATE

(3.9+0.7)x107

(29+0.3)x 107"

sion coefficients for the two specimens is that the fibers ha™377% siica N SECONDARY

(3.7+1.0)x107"?

(3.6 +0.4)x107

been exposed to ambient air for three years so that perhaps Low PERMEABILITY AND HIGH 7
the silica particles were already hydrolyzed and thus could no
longer act as water getters compared with the freshly draw fiber.
This is not the case since, as shown in Fig. 2, upon remeasuring

0.9 +0.2) x107?

(1.7£02)x107 "7

the zero stress aging behavior, it was observed that the onset of 8 h°.“r we.ek mo,"m sm.ths'
the knee for the 3 wt% fiber was still further out in time. The i ' - C
more recent data appear stronger than the original data [8] be- 7 3 .« 88 . ]
cause they were measured in two-point bending at a faster face- . ! 8 g
plate velocity than the original data. Even though the strengths Ee : %e ® 3
were measured at difference faceplate velocities the trends in (O § : ° ®
the strength with aging time are the same. £ 5k oo@g g o .

The results for the fluorinated-coated fiber are shown g [ " . ",
in Fig. 3. The diffusion coefficients are found to be, <“i->' 4 - o 0wt after 3 vears e E
Dyetting = (L7 £0.2) x 1072 m*/s and Durying = L o Swkafterdiees O ]
(0.9 £ 0.2) x 1072 m?/ s, which are significantly different 3 [ = 3wt% freshly drawn R
from each other. This might imply that the chemical potential o 0Owt% freshlydrailwn .
of water is not a linear function of concentration, but that 2 ; ' 1.0 ' 1oo . 1000
the activity coefficient increases with concentration. Of more .

Time, t (hrs.)

relevance here the diffusion coefficient for this coatingid/2

that of the control coating (Table I). Nonetheless, Fig. 3 shows L ,
hat this coatina can be equilibrated with ambient moisture Fig. 2. Stre_ng_th versus aging time in pH 7 buffer solution af @that was

tha - g q e ‘Mmeasured within a year after it was drawn (squares) [8] and after three years
the time scale of hours, so it is hard to see how the coatiggcles).
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Fig. 3.
humidity. (b) Strength as a function of time after changing humidity, wheye (
is for wetting, i.e., going from 25% to 95% RH at 2& and (D) is for drying,
i.e., going from 95% to 25% RH at 2&C. (c¢) Normalized humidity as a function
of time.

permeability can affect strength or fatigue for a properl
equilibrated specimen.

To confirm the claimed high value far for this fiber [5], we
have measured in dynamic fatigue (Fig. 4) yielding a value of
30.3 + 1.7. Though significantly lower then the static value re
portedn = 51 [5], this is still higher than the commonly found

value of around 20. Fig. 4 also shows data for the same fiber after

the removal of the coating using hot sulfuric acid 20C°C).
These data yield a value af = 25.7 £ 1.1 verifying that the
coating does indeed appear to increasincen drops upon re-

moval of the polymer. The reason for this is still not known, but [7]

it must be because this coating changes the chemical envir

ment at the glass surface, e.g., by decreasing the pH locally. OU{8]

results do, however, suggest that inhist because of a reduced
rate of water diffusion.

“Low permeability” Alcatel fiber . (a) Strength as a function of relative
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Fig. 4. Strength versus faceplate velocity at 50% relative humidity artd-25
for the fluorinated coated fiber.

IV. CONCLUSION

We have used a technique based on strength measurements to
estimate thén situdiffusion coefficient of moisture through op-
tical fiber coatings. This technique was used to examine possible
mechanisms by which two specific coatings improved mechan-
ical performance. It was shown that the diffusion of moisture
is not affected by a few weight percent of colloidal silica parti-
cles in the secondary coating on an optical fiber. This rules out
a drying effect as the mechanism for the improvement of the
fiber’s reliability and is consistent with the earlier suggestions
that the particles work by lowering the activity of the moisture
at the fiber surface. The “low permeability” and highfiber
fabricated by Alcatel was found to have a highethan most
typical fibers, but diffusion coefficients were on the same order
of magnitude as for a typical dual-coated fiber.
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