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DESCRIPTION

Field of the invention

[0001] The present invention relates to an optical fibore coated with a polyester coating. The
polyester coating can be either radiation cured or, more advantageously, thermally cured. The
optical fibre of the present invention is a valuable alternative to the optical fibres coated with
conventional polymeric materials that need to be cured by means of radiation at controlled
temperature, such as UV-curable acrylate polymer materials.

Background of the invention

[0002] Optical fibores commonly comprise a glass core, inside which the transmitted optical
signal 1s confined, surrounded by a cladding (typically with a diameter of about 120-130 um),
preferably made of glass. The combination of core and cladding is usually identified as "optical
waveguide”. The optical waveguide Is generally protected by a coating, typically of polymeric
material, which protects the fibre glass from the external environment and provides resistance
to physical handling forces, such as those encountered when the fibre 1s subjected to cabling
operations. The coating typically comprises a first coating layer positioned in direct contact with
the cladding, also known as the "primary coating”, and at least one second coating layer, also
known as "secondary coating’, surrounding the first coating. In the art, the combination of
primary coating and secondary coating Is sometimes also identiflied as "primary coating
system”, as both these layer are generally applied during the drawing manufacturing process
of the fibre. In this case, the coating In contact with the cladding Is called "Inner primary
coating” while the coating in contact with and surrounding the inner primary coating is called
"outer primary coating”. In some instance, a single coating can be applied in contact with the
cladding. Thereafter, the term "primary coating” shall designate the inner primary coating and
the term "secondary coating” shall designate the outer primary coating.

[0003] Generally, the primary coating iIs made of a relatively soft material having a relatively
low modulus of elasticity E' at room temperature (typically of from 0.1 MPa to 5 MPa) and a low
Tg, for example lower than -20°C. The secondary coating I1s generally formed by a more rigid
polymer having a higher modulus of elasticity E' at room temperature (typically of from 500
MPa to 2000 MPa) and a higher glass transition temperature (Tg) compared to those of the
primary coating layer.

[0004] For certain applications, optical waveguide may be coated with a single coating layer
having modulus of elasticity and Tg values which are intermediate between those of the
primary coating and the secondary coating. The overall diameter of the optical waveguide with
the primary and secondary coating can be of from 150 to 250 ym.
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[0005] The polymer materials generally used to form primary coatings, secondary coatings
and single layer coatings are obtained from compositions comprising acrylate oligomers and
monomers that are crosslinked by means of UV radiation in the presence of a suitable
photoinitiator. The acrylate polymer coatings, however, should be formed on the optical
waveguide at relatively low temperatures, e.g. from ambient temperature to about 50°C, and
cured In the presence of an inert atmosphere (e.g. under nitrogen gas) in order to avoid the
thermal degradation of the polymer materials and guarantee the proper adhesion of the
coating layer to the optical waveguide. These constraints require the use of special
apparatuses for controlling the temperature during the polymer deposition and curing process.
Typically, radiation curing ovens are continuously flushed with Iinert gases (e.g. nitrogen or
helium) In order to maintain the required conditions.

[0006] WO 00/02943 A1 discloses a photocurable resin composition with small water
absorption, low viscosity, and high curing speed, which iIs suitable as a coating material for
optical fibers. The photocurable resin composition comprises a urethane (meth)acrylate as a
polymerizable component, wherein part or all of the urethane (meth)acrylate is produced from
12-hydroxystearic acid triglyceride.

[0007] US 4081411 A discloses a water-dispersed coating composition of a short oil alkyd resin
and an alkanolamine.

[0008] CA 459839 A discloses unsaturated fatty acid esters of polypentaerythritols useful as
drying olls.

[0009] The need for the above-described stringent operating conditions, apparently, make the
manufacturing process of the optical fibores and the apparatus used for carrying out the
process thereof rather complex and costly.

summary of the invention

[0010] The Applicant has faced the problem of providing a polymer material suitable for
forming coating layers on optical fibres that can be cured at a relatively high temperature,

either thermally or by radiation, in order to simplify the manufacturing process of coated optical
waveguide.

[0011] In particular, the Applicant has faced the problem of providing a polymer material
suitable for forming coating layers on optical waveguides which is thermocurable, so that it
could be applied to the optical waveguide without using radiation devices, such as UV ovens,
which require precise temperature control and the presence of inert gas.

[0012] The Applicant has found that the above problems and others that will appear more
clearly from the following description can be solved by polymer materials which contain certain
polyesters as oligomer units that can be cured either by heat or radiation at temperatures up to



DK/EP 3487828 T3

300°C.

[0013] When cured by heat, the polymer material of the present invention has the advantage
of being applicable during the drawing process of the fibre before the drawn fibre Is cooled
down close to room temperature, and of exploiting the heat of the just drawn glass fibre as
heat source for curing.

[0014] VWhen cured by radiation, the polymer material of the present invention has the
advantage of allowing the use of less controlled operating conditions, particularly during the
curing step, because these polymers have less sensitivity to thermal degradation even when
cured in the presence of oxygen.

[0015] The cured polymer materials of the present invention have mechanical properties, In
particular elasticity and adhesion to the glass surface of the fibre, which make the coated
optical fibre suitable for use over a wide range of temperature (e.g. from -60°C to +150°C).
The coating polymer materials of the present invention can be used as primary, secondary or
single coating, preferably as primary and single coatings of optical fibres.

[0016] According to the present invention the polyester of the invention can be obtained by an
esterification reaction between a selected long-chained unsaturated residue and a selected
polyol. By changing the relative ratios of these reactants, polymer materials having the desired
mechanical properties can be obtained. The properties of the final polymer can also be
adjusted by selecting appropriate curing temperatures and curing times, which influences the
crosslinking density of the polymer.

[0017] According to a first aspect, therefore, the present invention relates to an optical fibre
according to claim 1 comprising:

e an optical waveguide comprising a glass core surrounded by a glass cladding;

e a coating surrounding said optical waveguide comprising a cured polymer material
comprising a polyester obtained by esterification of. a reactant A selected from an acid,
a triglyceride, or a mixture of triglycerides having a C15-Co4 aliphatic chain comprising at

least two conjugated double bonds; and a polyol made of at least one monomer
comprising at least 3 hydroxyl groups, the polyol being thermally stable up to 300°C
(reactant B).

[0018] According to a second aspect, the present invention relates to a method for coating an
optical fibre according to claim 12 comprising:

e providing an optical waveguide comprising a glass core surrounded by glass a cladding;
e applying a radiation curable coating composition on the cladding, said coating
composition comprising a polyester obtained by esterification of a reactant A selected
from an acid, a triglyceride, or a mixture of triglycerides having a C45-Co4 aliphatic chain
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comprising at least two conjugated double bonds, and a polyol made of at least one
monomer comprising at least 3 hydroxyl groups, the polyol being thermally stable up to
300°C (reactant B), the esterification being carried out in the presence of a catalyst;

e curing said radiation curable coating composition so as to crosslink said polyester and to
form the coating.

[0019] According to a third aspect, which I1s not within the present invention, the following
description relates to a polymer material comprising a polyester obtained by esterification of a
reactant A selected from an acid, a triglyceride, or a mixture of triglycerides having a C15-Co4

aliphatic chain comprising at least two conjugated double bonds, and a polyol made of at least
one monomer comprising at least 3 hydroxyl groups, the polyol being thermally stable up to
300°C (reactant B), the esterification being carried out in the presence of a catalyst.

[0020] Unlike the known acrylate based optical fibre coatings typically obtained by reacting a
polyisocyanate, a (poly)alcohol, a (meth)acrylate monomer and a photoinitiator, often in the
presence of viscosity adjusters and/or diluents and/or adhesion promoters, to give a urethane
(meth)acrylate oligomer which is admixed at least with a reactive diluent to provide the optical
fibre coating material, the optical fibre coating material of the present invention is based on just
two classes of main components, reactants A and reactants B. The obtainment of an acrylate
based optical fibre coating with mechanical properties suitable, for example, as primary coating
Implies considering a plethora of variables. On the contrary, the mechanical properties of the
coating material of the present invention can be adjusted just by changing the ratios in a given
couple reactant A/reactant B.

[0021] According to a fourth aspect, which I1s not within the present invention, the following
description relates to a method for obtaining predetermined mechanical properties of a coating
for an optical fibre, wherein the coating comprises a cured polymer material comprising a
polyester obtained by esterification of:

e a reactant A selected from an acid, a triglyceride, or a mixture of triglycerides having a
C16-Cogq aliphatic chain comprising at least two conjugated double bonds, and

e a reactant B made of a polyol made of at least one monomer comprising at least 3
hydroxyl groups, the polyol being thermally stable up to 300°C,

wherein the mechanical properties are adjusted by selecting a ratio between reactant A and
reactant B.

[0022] Such a method allows obtaining a coating for optical fibre having mechanical properties
suitable for use as primary coating, secondary coating or single coating, by selecting a certain
amount of a reactant A, for example alfa-eleostearic acid, and a certain amount of a reactant
B, for example a trimethylolpropane ethoxylate 450, and carrying out an esterification reaction.
The resulting polyester is cured and its mechanical properties, for example modulus of
elasticity E', glass transition temperature or both, are measured. In the event such properties
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do not fit for the coating sought or a coating with different mechanical properties Is
subsequently required, the ratio (proportion) reactant A/reactant B can be changed for
obtaining a coating material with the sought mechanical properties.

[0023] For the purpose of the present description and of the appended claims, the words "a”"
or "an"” are used to describe elements and components of the invention. This is done merely
for convenience and to give a general sense of the invention. This description and claims
should be read to include one or at least one and the singular also includes the plural unless it
IS obvious that it iIs meant otherwise.

[0024] For the purpose of the present description and of the appended claims, the values of
modulus of elasticity E' and Tg are meant to be determined by means of Dynamic Mechanical
Thermal Analysis (DMTA) In tension. Tg Is derived from the DMTA curve obtained by on-set
point method.

[0025] For the purpose of the present description and of the claims that follow, except where
otherwise Indicated, all numbers expressing amounts, quantities, percentages, and so forth,
are to be understood as being modified in all instances by the term "about". Also, all ranges
Include any combination of the maximum and minimum points disclosed and Iinclude any
Intermediate ranges therein, which may or may not be specifically enumerated herein.

[0026] For the purpose of the present description and of the claims that follow, as "thermally
stable” iIs meant that a substance heated up to 300°C, at atmospheric pressure and in air, has
a weight loss from 0 wt% to 2 wt% of its weight. The weight loss can be calculated for example
by thermogravimetric analysis (TGA; 20°C/min).

Detailed description of the invention

[0027] According to the invention, a suitable reactant A is an acid, a triglyceride, or a mixture of
triglycerides having a C45-Co4 aliphatic chain comprising at least two conjugated double bonds.

The Applicant has observed that a reactant A lacking chains with at least two conjugated
double bonds are unsuitable for the purpose of the present invention, as the polyester derived
by its esterification with a polyol as the reactant B is either not sufficiently crosslinkable or Is
crosslinkable only after curing times too long for a convenient industrial application.

[0028] Preferably, the acid having a C15-C»4 aliphatic chain comprising at least two conjugated

double bonds as reactant A is a monocarboxylic acid.

[0029] For example, the acid having a C45-Cos aliphatic chain comprising at least two

conjugated double bonds as reactant A Is alpha-eleostearic acid (a-ESA; 9Z11E13E-18:3),
calendic acid (8E10E12Z-18:3), punicic acid (9E11E13Z2-18:3) or licanic acid (4-keto-octadeca-
9,11,13-trienoic acid). Alpha-eleostearic acid is preferred.
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[0030] In an embodiment of the invention, the reactant A i1s a triglyceride or a mixture of
triglycerides comprising at least one C45-C54 aliphatic chain comprising at least two conjugated

double bonds. Vegetable oils or seed oils can contain such triglycerides or mixture of
triglycerides in an amount of from 30 wt% to 80 wt%.

[0031] Advantageously, the reactant A is a mixture of triglycerides containing at least /0% by
weight, based on the total weight of said mixture, of at least one C45-C24 aliphatic chain

comprising at least two conjugated double bonds. VWhen the amount of C15-Co4 aliphatic chains

comprising at least two conjugated double bonds In an oil i1s lower than 70 wt%, known
techniques can be applied to concentrate the polyunsaturated conjugated part, e.g. by
fractional crystallization.

[0032] Mixture of triglycerides having the above amount of C415-C»4 aliphatic chains comprising

at least two conjugated double bonds are commercially available, e.g. as tung oll,
pomegranate seed oll, calendula oil, and their mixtures.

[0033] The use of triglycerides as reactant A can be advantageous with respect to the use of
an acid as such in that the first is economically profitable.

[0034] The reactant B, which is a polyol made of at least one monomer comprising at least 3
hydroxyl groups, the polyol being thermally stable up to 300°C, Is preferably a polyol made of
at least one monomer comprising from 3 to 9, more preferably from 3 to 6 hydroxyl groups.

[0035] The hydroxyl groups of the polyol monomer can be primary, secondary or tertiary
hydroxyl groups, preferably primary or secondary hydroxyl groups, more preferably primary
hydroxyl groups. Primary hydroxyl groups showed the highest reactivity among the three kinds
of hydroxyl groups.

[0036] Examples of reactant B according to the invention are glycerol ethoxylate, glycerol
propoxylate, trimethylolpropane ethoxylate, dipentaerythritol and mixtures thereof.

[0037] Preferably, the glycerol ethoxylate and glycerol propoxylate have an average number
molecular weight (Mn) of from 800 to 1,200 (determined by GPC analysis).

[0038] Preferably, the trimethylolpropane ethoxylate has an average number molecular weight
(Mn) of from 100 to 1,200.

[0039] Advantageously, the reactant B according to the invention is In liquid form at room
temperature. The liqguid form of the reactant B promotes the physical admixture with the
reactant A and helps to obtain of a polyester with an homogeneous appearance.

[0040] The polyol as reactant B of the invention are thermally stable up to 300°C . The polyol
as reactant B of the invention can be thermally stable even at temperatures over the given
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limit, but their stability within the above mentioned Iimit is to be present.

[0041] To prepare the polyesters of the invention, reactants A and B are reacted under
esterification conditions.

[0042] Preferably, when reactant A is an acid with a C 15-C»o4 aliphatic chain comprising at least

two conjugated double bonds, the ratio between reactant A and reactant B is of one mole of
reactant A per each hydroxyl group contained in the reactant B.

[0043] The number of hydroxyl group contained in reactant B can be ascertained by the
hydroxyl value method providing the content of free hydroxyl groups in a chemical substance,
usually expressed in units of the mass of potassium hydroxide (KOH) in milligrams equivalent
to the hydroxyl content of one gram of the chemical substance. The method is based on the
number of milligrams of potassium hydroxide required to neutralize the acetic acid taken up on
acetylation of one gram of a chemical substance that contains free hydroxyl groups.

[0044] When reactant A is a triglyceride or a mixture of triglycerides having a C 15-Co4 aliphatic

chain comprising at least two conjugated double bonds, the esterification between reactants A
and B to prepare the polyesters of the invention is a transesterification reaction. The reaction
conditions are substantially the same employed for the esterification reaction between
reactants A and B, when the first is an acid as such.

[0045] Preferably, when reactant A is a triglyceride, or a mixture of triglycerides having a C 44-
Co4 aliphatic chain comprising at least two conjugated double bonds, the reactant Ais made to

react with reactant B in a molar ratio A/B within the range from 1:1 to 1:3, wherein A Is
expressed as number of moles of triglycerides having at least one chain comprising at least
two conjugated double bonds and B is expressed as number of moles of polyol.

[0046] Notably, by changing the quantities and relative ratios of the reactants A and B, polymer
materials having the desired mechanical properties can be obtained.

[0047] The esterification reaction can be carried out using the techniques and the devices well
known to the person skilled in the art. Preferably, the esterification reaction between the
reactant A and the reactant B is carried out in the presence of a catalyst, such as an acid or a
base, preferably a base, suitable for the esterification of acid or triglycerides with polyols.
Examples of catalysts are: metal hydroxides, alkoxides and carbonates, alkaline tert-butoxide,
rare earth oxides, rare earth salts and transition metal salts, organometallics, amines,
guanidines and the like.

[0048] Advantageously, the catalyst of the present esterification reaction is In liquid form at
room temperature.

[0049] Preferably the catalyst of the present esterification reaction I1s a tin or a titanium
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catalyst. Examples of catalyst preferred according to the invention are: organotin oxides,
hydroxides, and alkoxides (such as dibutyltin oxide, dibutyltin laurate, dibutyltin dilaurate),
titanium tetraisopropoxide and mixture thereof.

[0050] Preferably, the catalyst is used in an amount within the range of from 0.1 to 3 mol%,
based on the total moles of acid present in the reaction mixture, when the asi is used as such,
or from 0.1 to 0.8 mol% of triglycerides present in the reaction mixture.

[0051] The esterification reaction Is carried out at a temperature preferably within the range
from 50°C to 250°C.

[0052] Preferably, the esterification reaction is carried out at a pressure within the range from 1
atm to 4 atm.

[0053] Preferably, the reaction time is within the range from 2 hours to 48 hours.

[0054] Preferably, the esterification reaction is carried out in the absence of any added solvent
so as to avoid any contamination of the polymer coating applied on the optical waveguide.

[0055] The polyester of the present invention Is radiation curable. Radiation includes infrared
radiation, thermal radiation (including heat provided in whatever manner including e.g. hot air),
ultraviolet radiation, X-rays, electron beams, and the like. Thermal and UV radiation are
preferred, the first being more preferred. Other curing method can be applied concurrently with
the radiation curing.

[0056] According to a first preferred embodiment, the cured polymer material of the coating Is
obtained by thermally curing the polyester of the present invention by thermal radiation.
Thermal curing Is preferably carried out at a temperature up to 300°C, more preferably within
the range of 80°C to 300°C and even more preferably within the range of 120°C to 300°C.

[0057] The curing of the polyester can take place also by crosslinking in the presence of
oxygen. Oxygen can behave as crosslinking initiator or adjuster. The desired final properties of
the cured polymer can be adjusted also by varying both the curing temperature and the curing
time, as these two parameters influence the crosslinking density of the curing reaction and thus
the degree of crosslinking of the polymer.

[0058] Optionally, curing of the polyester can be done Iin the presence of a thermal free radical
Initiator. A cationic initiator can be concurrently employed.

[0059] Preferably, thermal initiators having an activation temperature within the range of from
60°C to 300°C are used. Examples of thermal initiators that can be used for the purpose of the
present Invention are: 2,2'-azobis(2-methylpropionitrile), meso-1,2-dibromo-1,2-
diphenylethane, tretraalkyl-1,2-diphenylethanes.
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[0060] Examples of cationic Initiators that can be used for the purpose of the present invention
are lodonium derivatives.

[0061] When a thermal initiator I1s used, a thermocurable composition comprising a polyester
and a thermal initiator 1s prepared, wherein said Initiator i1s preferably present in an amount of
from 0.3 wt% to 8 wt%, more preferably from 0.5 wt% to 5 wt%, based on the weight of the

thermocurable composition.

[0062] According to a second preferred embodiment, the cured polymer material of the coating
IS obtained by UV-curing the polyester of the present invention, particularly in the presence of a
photoinitiator. Conventional photoinitiators can be used In the present invention. Examples of
suitable photinitiators include benzophenone- and/or acetophenone derivatives, such as alpha-
hydroxy alkylphenyl ketones, benzoin alkyl ethers and benzil ketals, monoacylphosphine
oxides, and bisacylphosphine oxides. Preferred photoinitiators are 1-hydroxycyclohexyl phenyl
ketone, 2-hydroxy-2-methyl- 1-phenyl-propan-1-one, and diphenyl(2,4,6-trimethylbenzoyl)
phosphine oxide.

[0063] VWhen a photoinitiator 1s used, a UV-curable composition comprising a polyester and a
photoinitiator is prepared, wherein said photoinitiator is present in an amount of from 0.3 wt%
to 8 wt%, more preferably from 0.5 wt% to 5 wt%, based on the weight of the radiation curable
composition.

[0064] The radiation curable coating compositions of the present invention (hereinafter
referred to also as curable compositions) can also Include other conventional additives In
effective amounts. For example, additives such as stabilizers, levelling agents, adhesion

promoters chain transfer agents, colorants Including pigments and dyes, viscosity adjusters,
wettabllity adjusters, adhesion promoters and the like can be used.

[0065] The curable composition of the present invention can be prepared by mixing the
components with any suitable method known in the art.

[0066] After curing, the polymers obtained have mechanical properties, elasticity and adhesion
properties which make them suitable as coating layers for optical fibres. Particularly, the cured
polymer materials of the present invention have modulus of elasticity (E') and glass transition
temperature which fulfill the requirements for use as primary coating layers, secondary coating
layers or single coating layers. Preferably, the coating materials of the present invention are
used as primary coating layers and single coating layers.

[0067] VWhen used as primary coating layer, the cured polymer material of the present
Invention preferably has a modulus of elasticity (E') at 25°C of from 0.01 to 5 MPa, more
preferably of from 0.05 to 5 MPa, and a glass transition temperature (Tg) of -20°C at most,

preferably of -30°C at most.

[0068] VWhen used as single coating layer, the cured polymer material of the present invention
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preferably has a modulus of elasticity (E') at 25°C of from 20 to 100 MPa, more preferably of
from 30 to 80 MPa, and a glass transition temperature (Tg) of 20°C at most, preferably of 0°C
at most.

[0069] VWhen used as secondary coating layer, the cured polymer material of the present
iInvention preferably has a modulus of elasticity (E') at 25°C of from 500 to 2000 MPa, and a
glass transition temperature (Tg) greater than 50°C.

[0070] When the polyester of the present invention Is used to form a primary coating on an
optical fibre, a secondary coating surrounding said primary coating can also be applied using
the polymer materials conventionally used Iin the art for the manufacturing of secondary
coatings, for example a UV curable acrylate secondary coating.

[0071] A secondary coating usable In the fibre of the present invention in combination with a
thermally curable primary coating can comprise a polymer selected from: methacrylate
polymer, acrylate polymer and mixtures thereof. In particular, the secondary coating comprises
urethane acrylate polymers which can be obtained, for instance, by radiation curing a radiation
curable composition comprising an oligomer having a backbone derived from
polypropylenglycol and a dimer acid based polyester polyol. A material suitable for the
secondary coating of the optical fibre of the invention iIs disclosed in W0O2012036546 or iIs
marketed by DeSolite® 3471-2-136.

[0072] The manufacturing of the coated optical fibre according to the present invention can be
carried out according to known techniques. For example, after drawing of the optical
waveguide a primary coating can be applied by passing the optical waveguide through a sizing
die and a reservoir containing the curable composition according to the present invention.
When a thermally curable composition Is used, the application can advantageously be done
when the optical waveguide has a suitable temperature, e.g. from 150°C to 300°C, so as to
exploit the heat of the drawn optical waveguide to obtain the final cured polymer material.
When a radiation curable polymer or composition is applied, the application step is followed by
radiation curing (e.g. by UV or IR) of the applied composition so as to obtain the final polymer
material. In the case of deposition of both a primary and a secondary coating, the latter Is
applied on the primary coating before or after the curing of the secondary coating (by
techniques known as wet-on-dry or wet-on-wet deposition).

[0073] An optical fibre thus produced may be used in the production of optical cables. The
fibore may be used either as such or in the form of ribbons comprising several fibres combined
together by means of a common coating.

[0074] The present description shows only some embodiments of a coated optical fibre
according to the Invention. Suitable modifications can be made to these embodiments
according to specific technical needs and application requirements without departing from the
scope of the invention.
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[0075] The following examples are provided to further illustrate the invention.

EXAMPLES

Synthesis of the polyester polymer

[0076] Polyester polymers according to the present invention were prepared using the
following procedure. A reaction mixture was prepared by mixing at ambient temperature (25°C)
a triglyceride, a polyol and a transesterification catalyst. The reaction mixture was heated and
allowed to react for a given time. Comparative samples (marked by an asterisk * in the table)
were also prepared using the same procedure. The chemical composition of the reaction
mixture and the transesterification reaction conditions (curing temperature and curing time)
used for each sample are reported in Table 1.

TABLE 1
Reactants Reaction conditions
| atal st |
Sample Qll (mel of Polyol (mol) | C y Temperature _Reactlon
triglycerides) (Mol%?) t|me (hours)

0§§0§§0§50‘50‘50‘50‘50‘50‘50\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Tung 0|I (1.0) D|pentaerythr|tol 150

Tung oil (1.0)] TMPE 1014 (2.0) EZ(E);II())

AR R R R R R R R I AR R R R R R R I I I I I I I T T T T T T T N T e e e e e )

| . DBTL |
DBTL

‘CQCCQCCQCCQCCQCCQCCQCCQCCMCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQ\\QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC.QCCQCCQCCQCCQCCQCCQCCQCCQCCQ.CQCCQCHCCQCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

DBTO
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Reactants Reaction conditions

Catalyst { Temperature { Reaction
time (hours)

N

Oil (mol of
triglycerides)

Polyol (mol)

S N o A A o o A A N N A A T A S A A A A A A A N N N A T T S e e e e e e e T e T e e e e e e e e e e e e e
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P[TMPdiPG)-
AA/PA] (2.0)

A based on the total moles of the fatty acids present in the triglycerides of the
reaction mixture;

- Tung oll: a-eleostearic acid 82 wt%, linoleic acid 8 wt%, palmitic acid 5 wt%, oleic
acid 5 wt%, weight percentages referred to the weight of the oll;

- Linseed oll: a-linolenic acid 55 wt%, oleic acid 20 wt%,. linoleic acid 15 wt%,
palmitic acid 7 wt%, stearic acid 3 wt%, weight percentages referred to the weight
of the oll;

- Olive oll: oleic acid 70 wt%, linoleic acid 15 wt%, palmitic acid 13 wt%, stearic
acid 1 wt%, weight percentages referred to the weight of the oll;

- TMPE 170: Trimethylolpropane ethoxylate (average number molecular weight
(Mn) = 170);

- TMPE 450: Trimethylolpropane ethoxylate (Mn = 450);

- TMPE 1014: Trimethylolpropane ethoxylate (Mn = 1014);

- P[TMPdIPG)-AA/PA]: poly[trimethylolpropane/di(propylene)-alt-adipic acid/phthalic
anhydride]polyol (CAS No. 68133-07-3).

- DBTO: dibutyltin (1V) oxide;

- DBTL: dibutyltin dilaurate.
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Tung oll (1.0)

[0077] Comparative Sample 12 resulted to be too heterogeneous to provide a coating for
optical fibres. Without wishing to be bound to such theory, this could be due to the substantial
lack of aliphatic chain comprising at least two conjugated double bonds in the linseed oll used
as reactant A.

[0078] Also comparative Sample 11 resulted to be too heterogeneous to provide a coating for
optical fibres, possibly for the same reasons set forth in connection with the failure of
comparative Sample 12.

[0079] From the above samples 1-9 and comparative sample 10 films have been obtained
using an automatic coater with micrometric blade settled in order to obtain film thickness from
50 to 200 microns. The films were thermally cured by heating at a temperature within the
range from 220°C to 280°C for a curing time within the range from 5 min to 60 min In the
absence of any Initiator. The temperatures and times provided In Table 2 are an example of
suitable curing conditions.

[0080] The modulus of elasticity (E') at -30°C, +25°C and +100°C and the glass transition
temperature of each of the cured film as determined by means of DMTA analysis are compiled
In Table 2. Comparative results obtained on films of commercial primary coating C1 (DP1014-



DK/EP 3487828 T3

XS by DSM) and single coating SC (3471-3-14 by DSM) compositions are also reported In
Table 2. The curing conditions for the reference coating were as indicated by the supplier.
TABLE 2

0§§0‘50‘50‘50‘50QQCQQCQQCQQCQQCQQCQQC\. §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§
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Curing conditions (°C - +100°C { on-set point
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270°C - 30 min ' 5849 | 2323 | 2315 3492 |
270°C - 30 min 66.65 | 0.6478 i 0.7707 -39.67

270°C - 45 min 1 0.6336 { 0.0712 | 0.08009 -51.18
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[0081] As shown by the above results, the cured polymers based on the polyester derivatives
of the present invention have adequate mechanical properties for use as primary coating and
single layer coatings for optical fibres.

[0082] Comparative Sample 10 partially degraded under cross-linking conditions even when
lower cross-linking temperatures were employed. Without wishing to be bound to such theory,
this could be due to the fact that glycerol i1s thermally unstable below 300°C. In particular,
glycerol has a weight loss greater than 2 wt% at a temperature of about 200°C.
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Patentkrav

1. Optisk fiber, der omfatter:

- en optisk balgeleder, der omfatter en glaskerne omgivet af en glasbeklaed-
ning;

- en coating, der omgiver den optiske balgeleder, omfattende et haerdet poly-
mermateriale omfattende en polyester, der er opnaet ved esterificering af: en
reaktant A udvalgt blandt en syre, en triglycerid eller en blanding af triglycerider
med en alifatisk C16-C24-kaede omfattende mindst to konjugerede dobbeltbin-
dinger; og en polyol fremstillet af mindst en monomer omfattende mindst 3
hydroxylgrupper, hvor polyolen er termisk stabil op til 300 °C (reaktant B), hvor
der med termisk stabil menes, at nar polyolen opvarmes op til 300 °C, ved
atmosfaerisk tryk og 1 luft, har den et vaegttab fra O vaegt-% til 2 vaegt-% af sin
vaegt.

2. Optisk fiber ifglge krav 1, hvor det haerdede polymermateriale er et termisk
haerdet polymermateriale haerdet ved termisk straling.

3. Optisk fiber ifalge krav 1, hvor reaktant A er en monocarboxylsyre.

4. Optisk fiber ifelge krav 1, hvor reaktant A er en syre udvalgt blandt alpha-
eleostearinsyre, calendinsyre, punicinsyre eller licansyre.

5. Optisk fiber ifalge krav 1, hvor reaktant A er en blanding af triglycerider, der
indeholder mindst 70 veegt-%, baseret pa den samlede vaegt af blandingen af
alifatiske C1e6-Co4-kaeder omfattende mindst to konjugerede dobbeltbindinger.

6. Optisk fiber ifelge krav 1, hvor reaktant B er en polyol fremstillet af mindst
en monomer omfattende fra 3 til 9 hydroxylgrupper.

7. Optisk fiber ifelge krav 1, hvor hydroxylgrupperne af polyolmonomeren er
primaere hydroxylgrupper.
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8. Optisk fiber ifelge krav 1, hvor reaktant B er udvalgt blandt: glyceroletho-
xylat, glycerolpropoxylat, trimethylolpropanethoxylat, dipentaerythritol og blan-
dinger deraf.

9. Optisk fiber ifalge krav 1, hvor esterificeringen udfares | naervaer af en kata-
lysator udvalgt blandt tin- eller titankatalysator.

10. Optisk fiber ifelge krav 1, hvor coatingen er udvalgt blandt: primaer coating
0g enkelt coating.

11. Optisk fiber ifelge krav 1, hvor coatingen er en primaer coating, som er
omgivet af en sekundaer coating, hvor den sekundaesre coating omfatter en po-
lymer udvalgt blandt: methacrylatpolymer, acrylatpolymer og blandinger deraf.

12. Fremgangsmade til coating af en optisk fiber, omfattende:

- tilvejebringelse af en optisk balgeleder, der omfatter en glaskerne omgivet af
en glasbeklaedning;

- anvendelse af en stralingshaerdbar coatingsammensaetning pa beklaednin-
gen, hvor coatingsammensaetningen omfatter en polyester, der er opnaet ved
esterificering af: en reaktant A udvalgt blandt en syre, en triglycerid eller en
blanding af triglycerider med en alifatisk C1s-C24-kaede omfattende mindst to
konjugerede dobbeltbindinger, og en polyol fremstillet af mindst en monomer
omfattende mindst 3 hydroxylgrupper, hvor polyolen er termisk stabil op til
300 °C (reaktant B), hvor der med termisk stabil menes, at nar polyolen opvar-
mes op til 300 °C, ved atmosfaerisk tryk og i luft, har den et vaegttab fra O vaegt-
% til 2 vaegt-% af sin vaegt, hvor esterificeringen udfgres | naervaer af en kata-
lysator,

- heerdning af den stralingshaerdbare coatingsammensaetning til tvaerbinding
af polyesteren og dannelse af coatingen.

13. Fremgangsmade til coating af en optisk fiber ifalge krav 12, hvor reaktant
A er en syre med mindst en alifatisk C16-C24-kaede omfattende mindst to kon-
jugerede dobbeltbindinger, og forholdet mellem reaktant A og reaktant B er et
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mol af reaktant A for hver hydroxylgruppe, der indgar i reaktant B.

14. Fremgangsmade til coating af en optisk fiber ifalge krav 12, hvor reaktant
A er en triglycerid eller blanding af triglycerider, der omfatter mindst en alifatisk
C16-Co4-kaede omfattende mindst to konjugerede dobbeltbindinger, og reaktant
A bringes til at reagere med reaktant B i et molforhold A/B inden for omradet
fra 1:1 til 1:3, hvor A er udtrykt som antal mol af triglycerider med mindst en

kaede, der omfatter mindst to konjugerede dobbeltbindinger, og B er udtrykt
som antal mol af polyol.
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