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PRELIMINARY EVALUATION OF PRODUCING POLYMER CLADDING
ON GLASS FIBER DESIGNATED FOR FIBER LASERS

The paper presents a description of preliminary trials of covering glass-ceramic fibers with polymer resins intended for
new fiber optics claddings. It occurred to be impossible to obtain a polymer film on the fibers without the effect of forming
droplets using an epoxy resin with a relatively low viscosity (0.58 Pa-s). Reducing the thickness of the applied film by
immersing the initially covered fiber ina solvent allowed the authors to obtain a uniform thin coat of 0.25 pm, which is too
small for the practical application. Applying a gel-coat (high viscosity) as a covering liquid allowed a high thickness coating to
be obtained. However, the thickness was very inhomogeneous - it varied from 2 to 30 pm. The most promising coating was
gained with an acetone-based dispersion of ceramic powders with a viscosity of 0.8 Pa-s. It allowed the authors to obtain
a coating thick enough to be technically applicable (> 10 mm), without the presence of droplets. This is an important guideline
for further work on obtaining claddings for new optical fibers. The obtained results show the importance of viscosity and
internal cohesion of the applied liquid for the effectiveness of its application to a solid base. Modifying the viscosity of liquids
can in many cases be a technically simpler solution than improving wettability between the liquid and the given base.

Keywords: optical fibre, fibre laser, thin films, polymer resin, polymer cladding

WSTEPNA OCENA MOZLIWOSCI UZYSKANIA PLASZCZA POLIMEROWEGO NA WLOKNIE SZKLANYM

PRZEZNACZONYM NA LASERY WLOKNOWE

Przedstawiono opis wst¢pnych prob nakladania powlok polimerowych na wl6kna szklo-ceramiczne, docelowo majacych
stanowi¢ optymalne plaszcze na nowe Swiatlowody dla laseréw. Przy zastosowaniu Zywicy epoksydowej o relatywnie niskiej
lepko$ci nie udalo si¢ uzyska¢ filmu bez efektu formowania kropel. Zmniejszenie grubo$ci nalozonego filmu poprzez
zanurzenie wlékna po pokryciu w rozpuszczalniku, pozwolilo uzyska¢ r6wnomierna cienka warstwe o grubosci 0.25 pm. Jest
to grubo$é zbyt mala dla praktycznego stosowania tej metody. Zastosowanie na powlok¢ Zelkotu (duza lepko$¢) pozwolito
uzyskaé duza grubos$é filmu, jednak jego grubo$¢ byla bardzo nieréwnomierna na przekroju. Najbardziej obiecujaca okazala
si¢ powloka na bazie dyspersji acetonowej proszkow ceramicznych o lepkosci 0.8 Pa-s. Pozwolila ona otrzymac film o gruboSci
technicznie stosowalnej (> 10 mm) bez obecno$ci kropli. Jest to wazna wskazéwka do dalszych prac nad uzyskaniem
optymalnego plaszcza na nowe wldokna Swiattowodowe. Uzyskane wyniki uwidocznily duze znaczenie lepkoS$ci i wewnetrznej
spéjnosci nakladanej cieczy dla skuteczno$ci jej nalozenia na podloze. Modyfikacja lepkosci cieczy moze byé w wielu
przypadkach rozwigzaniem technicznie prostszym niz poprawienie zwilzalnoSci tg ciecza danego podloza.

Stowa kluczowe: §wiatlowody, laser wioknowy, cienkie filmy, zywica polimerowa, plaszcz $wiatlowodu

INTRODUCTION

Fiber optics for lasers are specific types of fiber
optics, used both in telecommunications (e.g. for ampli-
fiers), as well as in other industries such as automotive,
free space optics and medicine. They are characterized
in particular by low damping, a simple construction and
good luminescence properties resulting from doping
with rare earth elements (REE) [1, 2]. It is advisable to
look for new types of glass and ceramic materials suit-
able for pumping light in lasers, as there is a huge po-
tential for the development of fiber-based lasers.

One of the basic problems associated with using op-
tical fibers is to obtain a cladding on them (usually

a multi-layer coating). Cladding acts as a shield against
external effects, improves the fiber tensile strength and
absorbs, reflects or selectively transmits light (pump-
ing) - depending on the purpose of the fiber. Claddings
on commercial glass fiber optics are obtained by apply-
ing an acrylic coating immediately after fabricating the
fibers. This is not possible in the case of glass-ceramic
fibers because they require reheating. For this type of
fiber optics, coatings must be applied in a separate
process. In addition, due to the process of devitrifica-
tion of glass-ceramic fibers, the fabrication process
requires a different approach [3].



Preliminary evaluation of producing polymer cladding on glass fiber designated for fiber lasers 141

The production of thin films on glass fibers is sig-
nificantly different from coating elements with a greater
geometry and flat surfaces. As a rule, the coating is
applied from the liquid phase. The problem here is the
tendency of the applied liquid to form droplets. It has
been proven that after immersing the fiber in the liquid
it will initially create a film of a certain thickness,
which will then partially form droplets by local run-off.
This is the result of the fiber-liquid-air system striving
for equilibrium (with minimal free energy) and the driv-
ing force behind the changes are the forces resulting
from the liquid's tendency to wet the fiber surface, the
internal cohesion of the liquid and the force of gravity.
This means that the equilibrium state of such a system
is a fiber covered with a thin film of liquid sequentially
passing into droplets (Fig. 1).
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Fig. 1. Droplets of cured epoxy resin on glass fiber -
microscope image

scanning

Rys. 1. Krople utwardzonej zywicy epoksydowej na witoknie szklanym -
obraz z mikroskopu skaningowego

Nonetheless, the process of the liquid flowing from
the film into droplets only occurs when the film has
a sufficiently large thickness. Study [4] shows the de-
pendence of the nominal liquid film thickness on the
glass fiber from the time after application. As the thick-
ness of the film decreases, the size of the droplets de-
creases as well. Moreover, with a suitably thin film,
droplets do not occur [4, 5]. This means that it is possi-
ble to obtain a film without droplets on the fiber, under
the condition that e<e,, where: e - thickness of the
applied film, e, - critical thickness of the film. The ini-
tial film thickness on the fiber depends on many factors
and is described by the following formula:

2

e, =133-b-Ca® (1)

where: ¢p - initial film thickness [um], & - fiber
diameter [um], Ca - capillary number (defined as
Ca =5V, 7", where: 1 - viscosity of the liquid [Pa-s],
V, - coating rate [m/s], 7 - surface tension [J-m~]).

It follows from the above discussion that in order to
obtain a thin film on a fiber of a given diameter it is
necessary to: use a low viscosity polymer, apply the
lowest rate of dragging the fiber through the liquid
polymer, ensure the highest possible surface tension
between the fiber and the liquid (good wettability).

Meeting these conditions is often problematic, espe-
cially if the coated material is glass fiber that is poorly
wetted by organic liquids. It is advisable to conduct
a complex experimental analysis of the influence of the
system: the liquid-surface wettability - the viscosity of
the liquid - the thickness of the applied film, on the pro-
duced coatings.

The paper presents the results of preliminary techni-
cal research to obtain a curable resin cladding on a new
photoconductive fiber intended for lasers. It is a novel
glass-ceramic (oxygen-fluoride) fiber designed and
produced by the authors on their own. An epoxy resin
with appropriate mechanical and optical properties after
curing was used as the main film-forming material. The
main effect assumed and obtained in the presented test-
ing stage is a set of guidelines for further experimental
studies.

MATERIALS AND METHODS

The basis for the coatings are glass-ceramic
oxygen-fluoride fibers with the chemical composition
(% molar): 48Si0,-11AL,05-7TNa,0-10Ca0-10PbO-
13.2PbF,-0.2ErF;-0.6YbF;. The fibers were developed
and produced as part of the authors’ own work at the
Faculty of Materials Engineering and Metallurgy of
Silesian University of Technology. Epoxy resin LH288
with hardener H505 was used as the main coating mate-
rial. The viscosity of this resin mixed with hardener was
0.58 Pas.

For cognitive experimental purposes (assessment of
coatings obtained from viscous liquids), the HAVEL
vinyl ester gel-coat catalyzed with METOX 50 peroxide
was also used. For additional cognitive experimental
purposes a non-thixotropic dispersion of a fine ceramic
powder in an acetone base, as a medium viscosity lig-
uid, was also used.

The diluent for the studied materials was dehydrated
ethyl alcohol, only used if necessary.

Coating fibers with a liquid polymer was carried out
on a specially assembled station (Fig. 2). The diameter
of the capillary pipe was 0.75 mm.

The fiber was drawn through the reservoir contain-
ing resin. Next, the fiber was pulled through the capil-
lary pipe (diameter d = 0.75 mm) to remove the local
excess polymer and form a uniform coat. The fiber was
then freely suspended at room temperature for 24 hours
to cure the resin. After curing the resin, the coated fi-
bers underwent evaluation. Evaluation of the obtained
coatings was carried out using Hitachi S-3400 n and
Phenom ProX scanning microscopes.
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Reservoir
containing liquid
polymer

Direction of fiber movement

Fig. 2. Diagram of method fabricating polymer coating on fiber and
photograph of stand

Rys. 2. Schemat metody naktadania powloki polimerowej na wiokno
oraz zdjecie stanowiska

EVALUATION OF RESULTS

The first group of tests to apply coatings by the
method shown in Figure 2 were carried out using epoxy
resin with a viscosity of 0.58 Pa-s. Immediately after
applying the resin, droplets forming on the fiber were

S-3400N x1.00k ESED

Fig. 3. Coating on fiber gained using epoxy resin, viscosity 0.58 Pa-s

observed. After curing, the coating was subjected to
microscopic evaluation. The side surface of the coated
fiber as well as its cross-section was evaluated. A con-
tinuous coat as well as regularly spaced drops free from
visible porosity were identified (Fig. 1). The lowest
thickness of the obtained film outside the drop areas
was about 1.3 um (Fig. 3).

The greatest problem - anticipated before starting
the research (see Introduction) - which eliminates the
possibility of adopting the discussed solution in prac-
tice, is the formation of droplets on the coating and
therefore instability (longitudinal) of the thickness of
the obtained coat.

The second series of attempts to form coatings on
the fiber was to produce a thinned layer of resin to
minimize the local supply of liquid flowing to the form-
ing droplets (see Formula (1)). For this purpose, an
epoxy resin layer was applied to the fiber according to
the procedure described above. Immediately after this,
the excess resin applied to the fiber was removed by
free immersion in acetone for 15 seconds. After re-
moval, the fiber was suspended freely for 24 hours to
cure the resin. No droplets appeared on the fiber,
neither directly after immersion nor after curing the
resin. The fiber cross-section was checked to identify
the presence of the coating and its thickness. A thin film
with a thickness of 0.25 pm was found (Fig. 4).

50.0um

Rys. 3. Powloka na wioknie uzyskana z uzyciem zywicy epoksydowej o lepkosci 0.58 Pa's

Fig. 4. Thickness of film on fiber after free immersion in acetone: a) visualization of obtained coating thickness, b) visualization of detachment and

wrapping of coating caused by work of knife during fiber cutting

Rys. 4. Grubos¢ filmu na widknie po swobodnej immersji w acetonie: a) wizualizacja grubosci uzyskanej powtoki, b) wizualizacja oderwania
i zawinigcia powtoki spowodowanego praca noza podczas cigcia wiokna
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The lack of droplet formation is a positive effect,
however, the obtained coating is evidently too thin to be
of practical use.

In order to use the previously described method to
gain a thicker coat, a vinyl ester gel-coat was used. It
should be emphasized that the gel-coat was used as an
available liquid of a suitable viscosity, only for cogni-
tive purposes and it is not planned to be used in practice
as a component in optical fiber technology. After drag-
ging the fiber through the gel coat, the drop effect (see
Fig. 1) was not found. The surface and cross-section of
the coating after curing were examined using a scan-
ning microscope (Fig. 5).

The surface seems smooth. Nevertheless, the cross-
section shows that the created coat is not uniform (in
the thickest place it is approx. 30 um, and in the thin-
nest approx. 2 um). Moreover, when cutting the fibers,
the sheath intensely detached from the fiber, probably

more due to the high thickness, causing intense cross-
sectional interaction with the cutting tool, than due to
the particularly weak connection at the interface
between the glass and the gel-coat.

The last experiment in this preliminary study was to
carry out the procedure of producing a coating (accord-
ing to the scheme described above) using liquid with
the assumed optimal viscosity and a good wettability to
glass. As such a liquid, a dispersion of ceramic powders
in an acetone base (acetone + acrylic emulsifier) with
a viscosity of 0.80 Pa-s was used. The results of micro-
scopic observation of the obtained coating after curing
are shown in Figure 6.

It was found that the surface quality of the coating is
satisfactory and it shows no tendency to form droplets.
A good connection between the coating and the fiber,
and a homogeneous thickness of over 10 pm, was also
found.

Fig. 5. Gel-coat coating on fiber - scanning microscope image: a) outer surface of coated fiber, b) cross-section of coated fiber

Rys. 5. Powloka z zelkotu na widéknie - obraz z mikroskopu skaningowego: a) powierzchnia zewnetrzna pokrytego wtokna, b) przekrdj poprzeczny

pokrytego widkna

Fig. 6. Coating obtained from acetone dispersion: a) cross-section of fiber with coating - visible good connection of layer with fiber surface and
uniform thickness exceeding 10 um, b) image of fiber surface - good stability of applied coating quality and no drop formation

Fig. 6. Powloka z dyspersji acetonowej: a) przekroj wtokna z powtoka - widoczne dobre polaczenie warstwy z powierzchnia wiokna i rownomierna
grubos¢ powyzej 10 um, b) obraz powierzchni wiokna - wida¢ dobra stabilnosé¢ jako$ci natozonej powtoki i brak tworzenia kropli

Composites Theory and Practice 18: 3 (2018) All rights reserved
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Based on the above observations and the practice of
wetting glass fibers with liquids, it can be observed that
the problem of covering fibers with liquid film-forming
agents concerning their viscosity and particular level of
wettability, can be described by four boundary models
of fiber-liquid system behavior (Fig. 7).

a) i ! fiber i b) |
i ! film-forming | |
! } - liquid ' i
H | H |
- ° v ' |
i | nearsurtace ayer ; : ;
o [ d) 1 1
| .
- - 5 |
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Fig. 7. Behavior models of film-forming liquid applied to fiber.

Moment immediately after application of liquid and moment
after stabilization of physico-chemical equilibrium is shown for
each case: a) high film thickness and low viscosity (forming
droplet), b) low film thickness and low viscosity (uniform, thin
film without disturbances, no droplet formation), c¢) high film
thickness and high viscosity (non-uniform, thick coating is
created, no droplet formation), d) high film thickness and
optimized viscosity (desirable option - uniform, thick coating
without disturbances or droplet formation)

Rys. 7. Modele zachowania si¢ cieczy powlokotworczej naniesionej na
wiokno. Dla kazdego przypadku pokazano wyglad fragmentu
wldkna tuz po swobodnym naniesieniu cieczy i po ustabilizo-
waniu si¢ stanu rownowagi fizykochemicznej: a) duza grubosé¢
filmu i mata lepko$¢ (tworzy si¢ kropla), b) mata grubos¢ filmu
i mata lepkos¢ (tworzy si¢ rownomierna, cienka powloka bez
zaburzen, brak tworzenia kropli), ¢) duza grubo$¢ filmu i duza
lepkos¢ (tworzy si¢ nierownomierna gruba powloka, brak
tworzenia kropli), d) duza grubos¢ filmu i zoptymalizowana
lepkos¢ (opcja pozadana - réwnomierna gruba powloka bez
zaburzen i tworzenia kropli)

In the case of high film thickness and low viscosity
liquid, and with poor wetting, gravitational force and
the tendency of the liquid-solid-gas system to decrease
the internal energy, cause droplet formation (Figs. 7a,
1 and 3). At a low thickness of the applied liquid film
and - at the same time - its not very high viscosity
(Figs. 7b and 4), there is a high probability of forming
a uniform layer (low viscosity will allow free flow and
stabilization of the equilibrium with a constant film
thickness), without droplets, though, at a small thick-
ness. If in turn we are dealing with a large film thick-
ness and a high viscosity liquid (Figs. 7c and 5b),
droplets will not form. However, the coating is not
applicable in practice - it is thick but non-uniform. The
high viscosity prevents the liquid from flowing freely
and forming any shape other than that imparted during
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application. We assume that an optimum option exists
for the system: liquid-surface wettability - the liquid
viscosity - thickness of applied film (depending, among
others, on the application rate), at which uniform film
thickness, the lack of droplets and a sufficiently thick
film occur (Figs. 7d and 6a). Initially proving the exis-
tence of such a system is the main achievement of this
study.

SUMMARY

The paper presented the results of preliminary re-
search on polymer coatings applied on glass-ceramic
fibers intended for fiber optics. A discussion and pro-
posal of models for the behaviour of the fiber-liquid-air
system depending on the viscosity of the liquid and the
thickness of the applied film were also presented. By
using an epoxy resin with a relatively low viscosity, it
was not possible to obtain a film without the effect of
forming droplets. Reducing the thickness of the applied
film by immersing the formerly coated fiber in solvent
allowed the authors to obtain a uniform thin coat with
a thickness of 0.25 um, which is much too low a value
according to the requirements. Applying a gel-coat
(high viscosity) allowed a high thickness coating to be
obtained, however, its thickness was not uniform. The
most promising coating was gained from a dispersion of
ceramic powders in acetone with an optimally chosen
viscosity (0.8 Pa-s). It allowed us to obtain a technically
applicable coating without creating droplets. Concern-
ing this result, in further studies we will strive to form
a coating with a similar viscosity, but with optimal op-
tical properties.
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