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(57) Abstract: Polymer izable liquid compositions of the
polyurethane type, consisting of two components (A) and
(B), wherein component (A) contains at least one cyclo-
aliphatic diisocyanate monomer or a mixture of one cyclo-
aliphatic diisocyanate monomer and a pre -polymer ob-
tained by reaction, in the presence ot an acid phosphate es-
ter catalyst, between said cyclo-aliphatic diisocyanate
monomer and one or more polyols having two or more hy-
droxy 1 groups per molecule and a molecular weight rang-
ing from 50 to 2,000 g/mole; the second component (B)
contains one or more polyols having a molecular weight
ranging from 50 to 2,000 g/mole and a functionality be-
tween 2 and 5; in the absence of polyalkoxylated tertiary
diamines and or- ganometallic catalysts, said components
(A) and (B) being present in a weight ratio which varies
from 1:1 to 2:1 and the process for the production of or-
ganic glass starting from polymerizable liquid composi-
tions of the polyurethane type.
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POLYMERIZABLE LIQUID COMPOSITION AND PROCESS FOR THE PRO-
DUCTION OF ORGANIC GLASS STARTING FROM POLYMERIZABLE LIQ-
UID COMPOSITIONS OF THE POLYURETHANE TYPE

The present invention relates to a polymerizable
liquid composition and a process for the production of
organic glass, having good optical and physico-mechanical
properties, starting from polymerizable liquid composi-
tions; it also relates to the organic glass obtained from
the polymerization of said compositions.

More specifically, the process for the production of
organic glass having good optical and physico-mechanical
properties, according to the present invention, is ap-
plied to polymerizable liquid compositions of the poly-
urethane type essentially consisting of two components of
which the first component (A) contains at least one cyc-
lo-aliphatic diisocyanate monomer or a mixture of one
cyclo-aliphatic diisocyanate monomer and a pre-polymer
obtained by reaction between said cyclo-aliphatic diiso-
cyanate monomer and one or more polyols, whereas the sec-
ond component (B) contains one or more polyols.

The state of the art already describes numerous ma-
terials which have been developed for applications in the
optical field, in particular for applications which re-
quire high transparency and the absence of colouring.

Mineral glass has been the most widely-used material in
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the past, but more recently, it has been substituted by
plastic polymeric materials which are lighter, have an
improved impact strength and are easy to produce.

There are various types of commercially available
polymeric materials, all having strong and weak points.
Thermoplastic materials such as polymethylmethacrylate
(PMMA) or polycarbonate (PC), for example, have the prob-
lem of low resistance to contact with most chemical prod-
ucts and solvents and a poor processability, as they tend
to melt during mechanical processing such as surfacing,
edging, drilling, grinding and polishing. Polycarbonate,
moreover, has a high birefringence and chromatic aberra-
tion phenomena which make it unsuitable for high-quality
optical applications.

For ophthalmic applications, in particular for the
production of eye-glasses, thermosetting organic glass
obtained from the polymerization of diethylene glycol
bis(allyl carbonate), known with the name of Allyl Digly-
col Carbonate (ADC) is of particular commercial interest
due to its specific mechanical properties of aging resis-
tance and processability, as described for example by F.
Strain, in “Encyclopedia of Chemical Processing and De-
sign”, First Edition, Dekker Inc., New York, Vol. 11,
page 452 onwards; and in “Encyclopedia of Polymer Science

and Technology” (1964), Vol. 1, page 799 onwards, Inter-
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science Publishers, New York.

The commercial success of ADC is due not only to the
good properties of the polymerized products, but also to
the production technique of the end-products, which is
relatively simple, known as casting or manual casting.

By operating with this technique, the liquid compo-
sitions containing the polymerization initiator are
poured into the cavity of a mould obtained by coupling
two elements generally made of glass, separated by a dis-
tancing gasket made of a suitable material.

The liquid compositions are then subjected to polym-
erization inside the mould by means of thermal treatment
with a gradual temperature increase, generally ranging
from 30°C to 110°C, with polymerization times which gen-
erally vary from 10 hours to 100 hours. At the end of the
above treatment, the moulds are opened and the polymer-
ized end-products are recovered.

The use of ADC, however, has various drawbacks which
make the production process of the end-products, based on
this composition, risky from the point of view of safety
and also economically onerous.

The polymerization reaction of ADC is in fact nor-
mally carried out in the presence of peroxide initiators
belonging to the group of dialkyl-peroxy dicarbonates,

such as diisopropylperoxy-dicarbonate (IPP).
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Solutions in which IPP is diluted in a variable con-
centration in the ADC monomer, are commercially avail-
able. This solution, which reduces the dangerocusness as-
sociated with the thermal instability of the peroxide,
does not, however, solve the problem of transportation
and storage of the peroxide at unfavourable temperatures
(i.e. at low temperatures). This solution also has the
disadvantage of considerably increasing the quantity of
initiator to be stored and managed daily and the operat-
ing costs.

In addition, once prepared, the solution of monomer
with the catalyst must be used in short times to avoid
premature polymerization reactions, or, again to avoid
this problem, the casting must be effected at a low tem-
perature (about 0°C).

It can be easily deduced that this critical aspect
represents a serious complication of the production proc-
ess described above.

Finally, although the organic glass deriving from
the polymerization of ADC has good optical and physico-
mechanical properties, as previously specified, over the
years the demand on the market for end-products having
further enhanced optical and mechanical properties has
increased considerably, in particular with reference to

transparency, high toughness and impact strength.
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There are also production processes of end-products
alternative to casting, such as UV-curing, which are much
more rapid and allow thermosetting organic glass to be
obtained starting from multifunctional acrylic or metha-
crylic monomers. This organic glass, however, has a low
impact strength and resistance to abrasion and poorer op-
tical properties with respect to that obtained by polym-
erization of ADC.

Materials having a high impact strength based on po-
lyurethane-urea polymers have recently been proposed,
specifically for the field of ophthalmic lenses and as an
alternative to polycarbonate, as described in US patent
6,127,505 and in international patent application
W003/044071.

The lenses produced with these materials, however,
still have, as in the case of polycarbonate, problems of
processing, poor colourability with the immersion tech-
nique and, in addition, the lenses obtained tend to be-
come yellow with time due to oxidation reactions.

In order to overcome the above disadvantages, how-
ever, patent application FR 2877006 claims the use of a
bicomponent polyurethane resin (called “PX521HT” commer-
cialized by the company Axson), comprising a component a)
based on isocyanate, consisting of a mixture of 4,4’-

methylene bis(cyclohexyl isocyanate) and a prepolymer of
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the above di-isocyanate and glycerol propoxylate and an
alcohol component b), consisting of a mixture of alkoxy-
lated glycerol etherate monomer and oligomer and at least
one polyalkoxylated tertiary diamine.

The above patent application describes the use of
this resin for the preparation of ophthalmic lenses by
means of manual casting processes or with the use of RIM
(Reaction Injection Molding) or RTM (Reaction Transfer
Molding) machines.

It is known, however, that one of the fundamental
requisites for the production on an industrial scale of
lenses without optical defects, such as flow lines, bub-
bles, stresses etc., 1is the perfect homogeneity of the
mixture of the two components, which is not easy to ob-
tain with the two components described in the patent ap-
plication in question, due to their poor chemical com-
patibility and high viscosity.

Homogeneous mixtures, in general and in particular
for the above components, are normally obtained in fact
after long mixing times at room temperature or in shorter
times at higher temperatures. These conditions are not
compatible with machines of the RIM or RTM type where the
mixing operation is effected in a few seconds.

For the manual casting process such as that used for

ADC, the stability in time of the polymerizable liquid
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composition becomes the critical parameter.

In the specific case of patent application FR’006,
the stability of the mixture of components (a) and (b),
defined with the term “pot-life”, i.e. the time interval
from the preparation of the mixture, in which its viscos-
ity remains sufficiently low to allow its use, is ex-
tremely low due to the presence in component (b) of at
least one polyalkoxylated tertiary diamine (see claims
and description) and phenyl mercury neodecanoate (as ob-
tained from the safety data sheets of the corresponding
commercial product (Axson)), well-known and effective po-
lymerization catalysts.

The polymerization reaction which is triggered as
soon as the two components a) and b) are in contact with
each other, accompanied by the rapid increase in viscos-
ity, makes both the homogenization of the solution and
the subsequent filling phase of the moulds extremely dif-
ficult and consequently with the composition according to
FR’'006 only a limited number of moulds can be filled mak-
ing the process incompatible with industrial productive
necessities.

The pot-life of the mixture is therefore too limited
to allow a satisfactory industrial use of the same.

Analogous polymerizable compositions of the polyure-

thane type had already been described, for example in
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patents US 4,101,529 and US 4,808,690.

In the examples of these patents, polymerizable com-
positions without a catalyst, for improving the pot-life,
are described which, however, require polymerization
times and temperatures of 24-48 hours at 143°C and 18
hours at 160°C respectively, conditions which are not
compatible with the production of lenses on an industrial
scale.

US’'529 describes the use, in the presence of a po-
lymerization catalyst, of an acid phosphate ester, such
as acid stearyl phosphate, as pot-life extender, which,
when added to the polymerizable composition, facilitates
the casting process inhibiting the polymerization reac-
tion.

A subsequent patent, US 4,434,284, claims a casting
method in which the pot-~life of a polyurethane reaction
mixture is prolonged, said method consisting in melting
and dissolving the polyols with a higher melting point in
isocyanate at about 40°C in the absence of a catalyst and
subsequently adding the catalyst, such as for example
dibutyl tin dilaurate, dissolved in the polyol with a
lower melting point, at temperatures of about 15-18°C.

According to US’'284, the above method allows the
pot-life of the reaction mixture to be significantly im-

proved with respect to the known art which envisages the
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melting and mixing of the polyols with the catalyst and
subsequently the addition of isocyanate at temperatures
in the order of 80°C.

An expert in the field, however, can easily deduce
that the improvement in the pot-life is obtained to the
detriment of the viscosity of the mixture which becomes
extremely high and such as to not allow it to be used for
the preparation of lenses on an industrial scale.

An objective of the present invention is conse-
quently to overcome the drawbacks of the compositions and
processes acéording to the state of the art, by producing
new organic glass, without optical defects, having all
the favourable characteristics of some already-existing
materials, in particular the excellent optical proper-
ties, processability and dyeability of ADC polymers, but
at the same time having an enhanced toughness and impact
strength.

Furthermore, an objective of the present invention
is also to find a process for the pfoduction of organic
glass, i.e. end-products, starting from the new material,
which is simple and inexpensive, and can be applied on an
industrial scale.

The present invention allows both objectives to be
achieved. It relates, in fact, to a simple casting proc-

ess for the production of transparent end-products made
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of thermosetting plastic material of the polyurethane
type having excellent physico-mechanical properties
starting from polymerizable 1liquid compositions which
form a further object of the present invention.

This casting process can be effected manually or by
means of a mixing-dispensing machine.

A first object of the present invention therefore
relates to polymerizable liquid compositions of the poly-
urethane type consisting of two components (A) and (B),
wherein component (A) contains at least one cyclo-
aliphatic diisocyanate monomer or a mixture of a cyclo-
aliphatic diisocyanate monomer and a pre-polymer obtained
by reaction, in the presence of an acid phosphate ester
catalyst, between said cyclo-aliphatic diisocyanate mono-
mer and one or more polyols having two or more hydroxyl
groups per molecule and a molecular weight ranging from
50 to 2,000 g/mole; the second component (B) contains one
or more polyols having a molecular weight ranging from 50
to 2,000 g/mole and a functionality between 2 and 5; in
the absence of polyalkoxylated tertiary diamines and or-
ganometallic catalysts; said components (A) and (B) being
present in a weight ratio which varies from 1:1 to 2:1.

In one of the two components (A) and (B), or in
both, there is an acid phosphate ester catalyst and pos-

sibly other additives such as release agents, stabiliz-
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ers, bluing agents for the colour correction, etc.

Furthermore, a further object of the present inven-
tion also relates to a process for the production of or-
ganic glass which envisages a casting process and the po-
lymerization of polymerizable liquid compositions of the
polyurethane type, comprising the following phases:

a mixing phase (a) of components (A) and (B) in a
weight ratio which varies from 1:1 to 2:1, in the pres-
ence of an acid phosphate ester catalyst, wherein compo-
nent (A) contains at least one cyclo-aliphatic diisocy-
anate monomer or a mixture of a cyclo-aliphatic diisocy-
anate monomer and a pre-polymer obtained by reaction be-
tween said cyclo-aliphatic diisocyanate monomer and one
or more polyols having two or more hydroxyl gJgroups per
molecule and a molecular weight ranging from 50 to 2,000
g/mole; the second component (B) contains one or more po-
lyols having a molecular weight ranging from 50 to 2,000
g/mole and a functionality between 2 and 5; in the ab-
sence of pélyalkoxylated tertiary diamines and or-
ganometallic catalysts and possibly in the presence of
further additives;

a filtration phase (b) for eliminating possible dis-
persed contaminants, which is effected, alternatively or
additionally, on the single components (A) and (B) sepa-

rately before the mixing phase (a);
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a filling phase (c) of one or more moulds by filling
and subsequent polymerization of the liquid composition
by thermal treatment with temperatures ranging from 30 to
110°C and with polymerization times which vary from 1
hour to 30 hours, preferably from 3 to 20 hours.

An object of the present invention also relates to
the organic glass obtained by the casting process and po-
lymerization of said compositions.

Finally, a further object of the present invention
relates to the end-products or optical articles compris-
ing organic glass obtained by means of the casting proc-
ess and polymerization of the polymerizable composition,
such as, for example, ophthalmic lenses and solar fil-
ters, protective and safety screens, display windows,
manifolds and solar and photovoltaic panels, substrates
for optical disks, display panels and video-terminals.

It has in fact been surprisingly found that acid
phosphate esters which, as indicated in US patent
4,101,529, have the effect of extending the pot-life of
polymerizable compositions of the polyurethane type con-
taining a polymerization catalyst, are themselves effec-
tive polymerization catalysts, in the absence of any
other polymerization catalyst.

Acid phosphate esters are also well-known mould re-

lease agents which, when added to the polymerizable com-
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position, facilitate the detachment of the polymerized
end-product from the mould.

It has now been surprisingly found that they are
also effective polymerization catalysts of polyurethane
resins.

In processes according to the known art, tertiary
amines (for example triethylamine, tributylamine, N-
methyl morpholine, triethylene diamine, diamine bicyclo-
octane  (DABCO), triisopropanol amine etc.) or or-
ganometallic catalysts based on tin, titanium, mercury,
zinc, bismuth, =zirconium and mixtures thereof, as indi-
cated for example in US patent 6,590,057, are used as po-
lymerization catalysts.

Examples of the most commonly used metallic cata-
lysts are: dibutyl tin dilaurate, tetra ethyl titanate,
tetra n-butyl titanate, tetra isobutyl titanate, bismuth
versatate, bismuth stearate, bismuth neodecanoate, zinc
neodecanoate, phenyl mercury neodecanoate etc. and mix-
tures thereof.

Among these 6rganometallic catalysts, the most
widely-used for the numerous applications of polyurethane
resins are compounds of tin or mercury; this is due to
their particular characteristic of guaranteeing a suffi-
ciently long initial induction period in which the reac-

tion proceeds slowly, followed by a phase in which the
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reaction proceeds rapidly and for a sufficient time for
producing well-hardened polymeric articles.

It is well-known, however, that compounds based on
mercury, such as phenyl mercury neodecanoate, are highly
toxic, whereas in the case of tin-based catalysts such as
dibutyl tin dilaurate, the toxic effects of tin alkyl im-
purities present in the catalyst are known.

The acid phosphate ester catalyst according to the
present invention offers the advantages of catalysts
based on mercury and/or tin without having the undesired
effects of toxicity.

The catalytic capacity of acid phosphate esters in
the polymerizable liquid compositions of the present in-
vention is such as to allow a sufficiently long pot-life
of the mixture of the two components (A) and (B) for
guaranteeing a perfect homogenization of the mixture but,
at the same time, it enables the complete hardening of
the polymerized products, operating with polymerization
cycles at temperatures which are compatible with an in-
dustrial production in the same way and under the same
conditions as the most common and widely-used or-
ganometallic catalysts, such as for example phenyl mer-
cury neodecanoate.

According to the present invention, the acid phos-

phate ester catalyst can be present in component (A) or
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(B) or in both, and in component (A) it can be present
either in non-reacted form by means of simple mixing, or
in reacted form with the aliphatic diisocyanate, as
diisocyanate phosphate ester adduct.

In the preferred latter case, which offers the best
results for the pot-life of the mixture of the two compo-
nents (A) and (B), the acid phosphate ester is previously
reacted with the diisocyanate at temperatures generally
ranging from about 20°C to about 100°C for times of about
1 hour to about 10 hours.

Alternatively, the acid phosphate ester can be sub-
sequently dosed in the mixture of the two components (A)
and (B), obtaining however, with the same final concen-
tration, a significant reduction in the pot-life.

In addition to the catalytic effect, the acid phos-
phate esters also maintain the function of mould release
agent which is effectively manifested when the polymeri-
zation reaction, known as casting and described above, is
carried out in moulds produced in various materials such
as, for example, metallic or, in the case of the produc-
tion of ophthalmic lenses, glass.

Should the adhesion of the end-product to the mould
be too high, producing a high percentage of damaged
moulds in the final opening phase, a further addition of

other well-known mould release agents such as alkyl phos-
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phates, silicone agents, non-ionic fluorinated surface-
active agents, is possible according to the present in-
vention.

It has also been found that a further extension of
the pot-life of the polymerizable composition of the pre-
sent invention can be obtained with the addition of amine
compounds and more preferably sterically hindered amines,
commercially known as light stabilizing additives with
the name of HALS.

The polymerizable liquid compositions according to
the present invention therefore allow articles having ex-
cellent optical and physico-mechanical properties to be
produced on an industrial scale by means of simple and
inexpensive casting techniques also in glass moulds.

The casting technique in moulds with which the or-
ganic glass according to the present invention is ob-
tained starting from polymerizable liquid compositions of
the polyurethane type, can be of the manual type, exactly
like that described and used for ADC, or with the use of
mixing-dispensing machines.

The two techniques for obtaining optical articles
starting from the polymerizable compositions according to
the present invention are briefly described hereunder.

Manual casting

The manual casting process for the production of or-
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ganic glass according to the present invention comprises
the following phases:

a) mixing of the two components (A) and (B) in a
suitable weight ratio.

Additives such as the acid phosphate ester catalyst,
UV-absorbers, dyes, mould release agents of the present
invention etc., can be added in this step, if they have
not been previously added to the single components (A)
and/or (B). As already indicated, the phosphate ester
catalyst can be present in component (A) either in non-
reacted form by means of simple mixing, or in reacted
form with the aliphatic diisocyanate.

The mixing phase a) 1is effected at a temperature
close to room temperature, i.e. ranging from 20°C to 40°C
and at an absolute pressure ranging from 5 to 10 mbar un-
til a homogeneous and limpid mixture is obtained.

It normally requires a time ranging from about 10
minutes to about 3 hours in relation to the composition
itself, the temperature and type of mixer used.

During the mixing under vacuum, there is the com-
plete degassing of the solution to guarantee the produc-
tion of bubble-free polymerized optical articles.

After the mixing phase a), the process envisages a
filtration phase b) for eliminating possible dispersed

contaminants, which would jeopardize the optical quality
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of the end-product. Filters which can be used for the
purpose are filters of the cartridge type made of poly-
propylene or nylon with a porosity of 0.5-1 microns abso-
lute.

Alternatively or additionally, the filtration can be
effected on the single components separately before the
mixing phase.

This is followed by the filling phase c¢) of the
moulds by filling and polymerization of the liquid compo-
sition by thermal treatment with temperatures ranging
from 30 to 110°C, preferably from 40°C to 100°C and with
polymerization times which normally vary from 1 hour to
30 hours, preferably from 3 to 20 hours.

The casting can be effected using moulds of various
materials such as for example glass or metals.

Glass moulds are traditionally used for ophthalmic
lenses, those made of metal, however, offer various ad-
vantages such as for example an improved capacity of dis-
persing the heat deriving from the polymerization reac-
tions.

Suitable metallic moulds can be made of stainless
steel, nickel, aluminum, copper, chromium, silver and
gold.

The manual casting technique applied in the process

according to the present invention is entirely similar to
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the casting technique used in the case of the ADC monomer
but, with respect to this, the casting and polymerization
process according to the present invention offers the ad-
vantage that the preparation of the polymerizable compo-
sition is effected at temperatures close to room tempera-
ture.

Casting with mixing-dispensing machines.

As already mentioned, as an alternative to manual-
type casting, the casting of the polymerizable composi-
tion of the present invention can also be carried out us-
ing a mixing-dispensing machine.

A scheme of the apparatus is provided in Figure 1.

The machine essentially consists of:

- Two stirred tanks R(A) and R(B) for the two compo-
nents (A) and (B) respectively. The two tanks are
equipped for the degassing of the liquids under vac-
uum;

- Two membrane pumps which allow the passage, sepa-
rately, of the two degassed liquids through appro-
priate filters made of polypropylene, not shown in
the figure;

- Two storage tanks S(A) and S(B) for the storage of
the two filtered and degassed components;

- Two gear pumps with a variable ratio fed by gravity

by the two tanks S(A) and S(B), not shown in figure
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1;

- A Twinmixer gun, not shown in the figure;

- A mixer M which mixes the two liquids at the outlet
of the gun and supplies the mixture thus obtained
directly to the mould filling section S.

With the exception of the two stirred tanks R(A) and
R(B), all the other parts described above can be housed
in a compact machine with limited dimensions, capable of
mixing the two components (A) and (B) with a varying ra-
tio as desired and at different temperatures, and dis-
tributing the polymerizable mixture also at a variable
distribution rate, operating under the conditions envis-
aged in the process phases according to the present in-
vention.

The casting process with a mixing-dispensing machine
as described above, consists of the following operations:

feeding the two components (A) and (B) by means of

lines (1) and (1’) into the two respective stirred
tanks R(A) and R(B). Additives such as UV stabiliz-
ers, dyes, mould release agents, etc., if not previ-
ously dissolved in the single components, can be
added in this step in one of the two tanks or in
both; the acid phosphate ester catalyst, on the
other hand, is already present in component (A)

which is preferably a mixture of a cyclo-aliphatic
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diisocyanate monomer and the prepolymer obtained by
reaction, in the presence of an acid phosphate ester
catalyst, between said cyclo-aliphatic diisocyanate
monomer and one or more polyols having two or more
hydroxyl groups per molecule and a molecular weight
ranging from 50 to 2,000 g/moles;

degassing the liquids at about 40-60°C for about two
hours under vacuum and under stirring;

transferring the degassed liquids through lines (2)
and (2’') into the two storage tanks S(A) and S(B) by
means of membrane pumps, with passage through poly-
propylene filters having a porosity of 1 micron;
dosing the two components (A) and (B) according to
the weight ratio selected, by means of two gear
pumps, from which they are sent separately through
the respective tubes (3) and (3’) to the Twinmixer
gun and from this to the mixer M, which distributes
the homogeneous polymerizable mixture thus obtained
to the filling section of the moulds S.

The temperature in the transfer and dosage phases of

components (A) and (B) described above and the distribu-
tion rate are selected on the basis of the physico-
chemical properties of the composition used, the type of

optical article to be produced and its complexity.

For the casting and polymerization of the 1liquid
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composition, the same considerations and conditions de-
scribed above for casting of the manual type, are valid.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

As already specified, the present invention relates
to a casting and polymerization process of polymerizable
liquid compositions of the polyurethane type for the pro-
duction of organic glass having good optical and physico-
mechanical properties.

The polyurethane polymerizable 1liquid composition
according to the present invention consists of component
(A) and component (B).

Component A

Component (A) of the polymerizable composition ac-
cording to the present invention contains at least one
cyclo-aliphatic diisocyanate monomer or a mixture of a
cyclo-aliphatic diisocyanate monomer and a prepolymer ob-
tained by reaction, in the presence of an acid phosphate
ester catalyst, between said cyclo-aliphatic diisocyanate
monomer and one or more polyols having two or more hy-
droxyl groups per molecule and a molecular weight ranging
from 50 to 2,000 g/mole, preferably from 100 to 1,000
g/mole.

When the cyclo-aliphatic diisocyanate is present in
component (A) of the polymerizable composition according

to the present invention only in monomeric form, the fi-
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nal weight percentage of free isocyanate groups in said
component (A) varies from approximately 20% to approxi-
mately 50% by weight with respect to the total weight of
component (A) and preferably from 25% to 40% by weight
with respect to the total weight of component (A).

In the case of mixtures of cyclo-aliphatic diisocy-
anate monomer and a prepolymer, the weight ratio between
the two species is such that the final weight percentage
of the free isocyanate groups in said component (A) var-
ies from 20% to 30% by weight with respect to the total
weight of component (A).

Non limiting examples of cyclo-aliphatic diisocy-
anate monomer of component (A) of the composition accord-
ing to the present invention are: cyclohexane diisocy-
anate, methyl cyclohexane diisocyanate, bis(isocyanate
methyl)cyclohexane, 4,4'-methylene bis(cyclohexyl isocy-
anate), 4,4'-isopropylidene bis(cyclohexyl isocyanate),
4,4'-dicyclohexylmethane diisocyanate),
bis(isocyanatecyclohexyl)methane,
bis(isocyanatecyclohexyl) -2, 2-propane,
bis(isocyanatecyclohexyl)-1,2-ethane, 3-isocyanate me-
thyl-3,5,5-trimethylcyclohexyl isocyanate commonly known
as isoforondiisocyanate, 2,5(6) diisocyanatemethylbicy-
clo(2,2,1)heptane and octahydro-4,7-methano-1H-

indendimethyldiisocyanate.
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The cyclo-aliphatic diisocyanate monomer of component (A)
of the composition of the present invention is preferably
selected from 4,4’'-methylene bis(cyclohexylisocyanate)
and bis(isocyanatemethyl) -cyclohexane.

The polyol used for the synthesis of the prepolymer
of component (A) is at least a polyol having two or more
hydroxyl groups per molecule and a molecular weight rang-
ing from 50 to 2,000 g/mole, preferably from 100 to 1,000
g/mole.

Polyols which can be used for the purposes of the
present invention are simple polyols such as, for exam-
ple, ethylene glycol, diethylene glycol, triethylene gly-
col, tetra-ethylene glycol, propylene glycol, dipropylene
glycol, tripropylene glycol, tetrapropylene glycol, 1,3-
propanediol, 1,4-butanediol, neopentylglycol, 1,6~
hexanediol, trimethylolpropane, ditrimethylol propane,
glycerin, pentaerythrite, dipentaerythrite etc., or they
can be selected from groups consisting of polyester poly-
ols, polycaprolactone polyols, polyether polyols, poly-
carbonate polyols or mixtures thereof, and in the case of
several polyols, these are independently selected from
the groups indicated above, described for example in High
Polymers, Vol. XVI; “Polyurethane Chemistry and Technol-
ogy”, of Saunders and Frisch, Interscience Publishers,

New York, Vol. I, pages 32-42, 44-54 (1962) and Vol. II,
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pages 5-6, 198-199 (1964); and “Developments in Polyure-
thanes”, Vol. I, J.M. Burst, ed., Applied Science Pub-
lishers, pages 1-76 (1978).

The polyester polyols are preferably selected from
esters of polyols having from 2 to 10 carbon atoms, such
as, for example, ethyleneglycol, propyleneglycol, di-
ethyleneglycol, 1,4-butanediol, neopentylglycol, 1,6-
hexanediol and dicarboxylic acids having from 4 to 10
carbon atoms such as, for example, adipic acid, succinic
acid and sebacic acid. Among these, the most preferred
are adipic esters of 1,4-butanediol, 1,6-hexanediol and
1,10-decanediol.

The polycaprolactone polyols are preferably reaction
products of E-caprolactone with a low-molecular-weight
polyol having from 2 to 10 carbon atoms preferably se-
lected from 1,4-butanediol, 1, 6-hexanediol, 1,10-
decanediol and neopentylglycol.

The polyether polyols are preferably polytetrame-
thyleneglycol (PTMG) or the condensation product of a po-
lyol, more preferably glycerin or trimethylolpropane,
with ethylene oxide and/or propylene oxide having a mo-
lecular weight ranging from 200 to 1,000 g/mole or mix-
tures thereof.

The polycarbonate polyols are preferably aliphatic

polycarbonates containing 1,4-butanediocl, 1,6-hexanediol,
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1,10-decanediol, trimethylolpropane or neopentylglycol
units.

The synthesis of the prepolymer of component (A) is
carried out at temperatures ranging from 60 to 100°C, by
progressively adding the polyol to the cyclo-aliphatic
diisocyanate in an inert nitrogen atmosphere, in the
presence of an acid phosphate ester catalyst. The reac-
tion trend is followed by determining the concentration
of residual isocyanate by titration. The quantity of po-
lyol reacted is such that the final weight percentage of
free isocyanate groups in component (A) ranges from 20%
to 30% by weight with respect to the total weight of com-
ponent (A), corresponding to a final concentration of
cyclo-aliphatic diisocyanate monomer dgenerally ranging
from 70% to 97% by weight with respect to the total
weight of component (A).

The use of a diisocyanate in monomeric form, or pre-
valently monomeric as previously specified, allows poly-
merizable compositions to be obtained, with very low vis-
cosity values with respect to analogous products of the
known art and this characteristic, combined with the high
pot-life of the same composition allows perfectly homoge-
neous mixtures of the various components to be obtained
and consequently the production of defect-free optical

end-products on an industrial scale.
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This characteristic is essential in particular for
the production process of organic glass by means of the
manual casting technique, object of the present inven-
tion, as it allows the filling of a considerable number
of moulds in short times, thus satisfying the fundamental
requisite at the basis of an industrial production.

Component (B)

Component (B) of the polymerizable composition ac-
cording to the present invention consists of one or more
polyols having a molecular weight ranging from 50 to
2,000 g/mole and preferably from 100 to 1,000 g/mole and
a functionality ranging from 2 to 5 and preferably be-
tween 2 and 3.

The polyols of component (B) are selected from the
polyols already listed in the definition of component (A)
above.

The polyol of component (B) can be indifferently the
same as or different from that used for the synthesis of
the prepolymer of component (A).

The organic glass or optical articles according to
the present invention are prepared by the polymerization
reaction of components (A) and (B) according to suitable
weight ratios generally ranging from 1:1 and 2:1, in the
presence of appropriate catalysts and other additives de-

scribed hereunder.
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Catalyst

As already specified, the catalyst used for the pro-
duction process of organic glass according to the present
invention is selected from compounds belonging to the
group of acid phosphate esters.

Preferred catalysts are monoesters and diesters of
phosphoric acid or mixtures thereof which are capable of
catalyzing the polymerization reaction and completing it.

They are respectively represented by formulae (I},

R+ow+o_ﬂ//

Formula (I)

wherein R is an alkyl group with from 1 to 10 carbon at-
oms, R; is an alkyl group having from 1 to 3 carbon atoms

and n can be 0, 1 or 2, and formula (II)

« —Fonrs o

P OH

R __FOR—+_ o Formula (II)

wherein R, and R, are alkyl groups having from 1 to 10
carbon atoms, R; and Rs are alkyl groups having from 1 to
3 carbon atoms and m and p can be 0, 1 or 2.

Non-limiting examples of acid phosphate monoesters

having formula (I) are: methyl phosphate, ethyl phos-
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phate, isopropyl phosphate, butyl phosphate, octyl
phosphate, decyl phosphate, dodecyl phosphate, stearyl
phosphate, methoxyethyl phosphate, ethoxyethyl phos-
phate, propoxyethyl phosphate, butoxyethyl phosphate,
pentyloxyethyl phosphate, isodecyloxyethyl phosphate,
methoxypropyl phosphate, ethoxypropyl phosphate, pro-
poxypropyl phosphate, butoxypropyl phosphate, and mix-
tures thereof.

Non-limiting examples of acid phosphate diesters
having formula (II) are: dimethyl phosphate, diethyl
phosphate, diisopropyl phosphate, dibutyl phosphate, di-
octyl phosphate, bis(2-ethylhexyl) phosphate, diisodecyl
phosphate, methoxyethyl-ethoxyethyl phosphate, meth-
oxyethyl-propoxyethyl phosphate, ethoxyethyl-propoxyethyl
phosphate, ethoxyethyl-butoxyethyl phosphate, di(methoxy-
ethyl) phosphate, di(ethoxyethyl) phosphate, di(propoxy-
ethyl) phosphate, di(butoxyethyl) phosphate, di(hexyloxy-
ethyl) phosphate, di(decyloxyethyl) phosphate, di(meth-
oxXypropyl) phosphate, di (ethoxypropyl) phosphate,
di (propoxylpropyl) phosphate and mixtures thereof.

The catalyst used in the process according to the
present invention is preferably selected from Cg mono-
ester of phosphoric acid, C;, monoester of phosphoric
acid, Cg diester of phosphoric acid, C;o diester of phos-

phoric acid and/or mixtures thereof. Particularly pre-
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ferred is a mixture of Cg, Cip monoesters and diesters of
phosphoric acid, wherein the monoesters are about 40% by
weight and the diesters are about 60% by weight.

According to the present invention, the concentra-
tion of acid phosphate ester can vary from 0.2% to 3% by
weight with respect to the total weight of the composi-
tion and preferably from 0.4% to 2% by weight with re-
spect to the total weight of the composition.

The acid phosphate ester as catalyst can be present
in component (A) or (B) or in both, and in component (A)
it can be present either in non-reacted form (dissolved)
or in reacted form with the cyclo-aliphatic diisocyanate.

In the latter case, the acid phosphate ester is pre-
viously reacted at temperatures ranging from about 20°C
to about 100°C for times of about 1 hour to about 10
hours, in an inert atmosphere with the cyclo-aliphatic
diisocyanate monomer or with a mixture of cyclo-aliphatic
diisocyanate monomer and prepolymer obtained as described
above.

Alternatively, the acid phosphate ester can be sub-
sequently dosed in the mixture of the two components (A)
and (B).

In order to obtain the maximum extension of the pot-
life, the acid phosphate ester catalyst is preferably in-

corporated in the polymerizable composition of the pre-
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sent invention in the form previously reacted with the
diisocyanate.
Additives

Further additives can be incorporated in component
(A) or in component (B) or in both before the mixing
phase or they can be added during the mixing phase of the
two components.

Non-limiting examples of these additives are release
agents such as alkyl phosphates, or non-ionic fluorinated
surface-active agents, dyes, including photochromatic
dyes, bluing agents, UV absorbers of the family of ben-
zotriazoles, IR absorbers, antioxidants, such as for ex-
ample the commercial product Irganox 1135 of Ciba.

A further improvement in the mechanical properties
such as hardness, impact strength and resistance to abra-
sion can be obtained by the addition of inorganic nano-
particles based on salts, or preferably based on zinc ox-
ide, cerium oxide, silicon oxide, aluminum oxide, tita-
nium oxide or zirconium oxide.

In particular, it has been surprisingly found that
the addition of amines and more particularly tertiary
amines and, specifically, sterically hindered amines,
commercially known as light stabilizing additives with
the name HALS, allow a further extension of the pot-life

of the polymerizable composition of the present invention
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to be obtained, which, as will be illustrated in the fol-

lowing experimental examples, can be modulated in rela-

tion to their concentration.

Amine compounds which can be used for the purposes
of the present invention are tertiary aliphatic amines
such as, for example: triethylamine, benzyldimethylamine,
n-methylmorpholine, dimethylcyclohexylamine, di-
methylethanolamine, dimethylaminoethoxyethanol, trietha-
nolamine, dimethyldipropylenetriamine, pentamethyldi-
ethylenetriamine, bis(2-dimethylaminoethyl) ether.

Among amine products, sterically hindered amines
known as HALS and in particular liquid tertiary amines
are preferred, such as for example:

e Methyl 1,2,2,6,6-pentamethyl-4-piperidinyl sebacate;

e Mixtures of Methyl 1,2,2,6,6-pentamethyl-4-piperidinyl
sebacate and Bis(1,2,2,6,6-pentamethyl-4-piperidinyl)
sebacate;

e Bis(1l,2,2,6,6-pentamethyl-4-piperidinyl) sebacate;

e Bis(2,2,6,6-tetramethyl-1-(octyloxy)-4-piperidinyl)
sebacate.

According to the present invention, the concentra-

tion of sterically hindered tertiary amine can vary from

[

0,3% to 3,0% by weight with respect to the total weight
of the composition and, preferably, from 0,5% to 2% by

weight with respect to the total weight of the composi-
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tion.

With respect to the above concentrations, the addi-
tion of said amine compounds does not jeopardize the op-
tical and physico-mechanical properties of the polymer-
ized products of the present invention as will be demon-
strated in the following experimental examples.

With the polymerizable liquid composition according
to the present invention, it is therefore possible to
produce, on an industrial scale, articles having excel-
lent optical and physico-mechanical properties by means
of simple and inexpensive casting techniques also in
glass moulds.

An object of the present invention also relates to
the organic glass obtained by means of the casting and
polymerization process of said compositions.

Finally, a further object of the present'invention
relates to end-products or optical articles comprising
organic glass obtained with the casting and polymeriza-
tion process of the polymerizable composition according
to the present invention, as previously described, such
as for example ophthalmic lenses and solar filters, Fres-
nel lenses, protective and safety screens, display win-
dows, solar and photovoltaic manifolds and panels, sub-
strates for optical disks, display panels and video-

terminals, optical guides, components for mobile tele-
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phones, transparent tubes.

These optical manufactured products or articles can
also be produced by processing with tools starting from
blanks or semi-finished products.

Said optical manufactured products or articles can
be surface hardened with scratch-proof coatings or they
can be made anti-reflective with the techniques and mate-
rials normally used for ADC end-products.

As previously specified, the very low viscosity val-
ues of the polymerizable compositions according to the
present invention combined with the high pot-life of the
composition itself allows perfectly homogeneous mixtures
of the various components to be obtained, and conse-
quently the production of defect-free optical manufac-
tured products, on an industrial scale.

This characteristic is particularly essential for
the production process of organic glass by means of the
manual casting technique, object of the present inven-
tion, as it allows the filling of a considerable number
of moulds in short times, thus satisfying the fundamental
requisite at the basis of an industrial production.

At the same time, the process according to the pre-
sent invention does not have the disadvantages of the
polyurethane and polyurethane-urea systems currently

available which require the use of sophisticated and ex-
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pensive mixing machines.

The polyurethane thermosetting plastic materials,
i.e. the organic glass obtained with the process accord-
ing to the present invention, have excellent optical
properties and an excellent processability, similar to
those which characterize ADC polymers but, with respect
to the latter, they have a much higher impact strength
and toughness. These characteristics make the material
suitable for the production of complex end-products which
cannot be obtained with ADC polymers.

The quantity of catalyst and additives in the proc-
ess according to the present invention is optimized so as
to obtain a sufficiently long pot-life of the solution
and a reduced polymerization time in the mould which is
economically advantageous, as will appear evident from
the following experimental examples.

In these examples, flat sheets and ophthalmic lenses
were prepared with the casting technique in moulds assem-
bled as previously described and using, according to the
cases, gaskets made of plasticized polyvinylchloride,
ethylene-vinylacetate copolymer (EVA), low density poly-
ethylene (LDPE), or any other suitable material, compati-
bly with the processing conditions.

The polymerizable liquid compositions were then sub-

jected to polymerization by means of thermal treatment in
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a forced circulation oven, with a gradual temperature
rise as described in the following experimental examples.

The physico-mechanical properties were determined on
the polymerized products or organic glass thus obtained;
in particular, the following characteristics were deter-
mined:

(a) Optical characteristics

Refraction index (n®,,): measured with an Abbe re-

fractometer (ASTM D-542);

- Yellow index (YI), (ASTM D-1925), determined with a
Macbeth 1500 Plus spectrophotometer and defined as:

YI = 100/Y - (1.277X - 1.062Z)

- Light transmittance (ASTM D-1003), determined with a
Macbeth Colour i5 spectrophotometer, and expressed as a
tristimulus value Y;

- Haze % (ASTM D-1003), determined with a Macbeth Col-
our i5 spectrophotometer.

(b) Physical and mechanical characteristics

- Density: determined with hydrostatic scales at a
temperature of 20°C (ASTM D-792);

- Rockwell hardness (M) measured with a Rockwell du-
rometer (ASTM D-785);

- Unnotched Izod impact strength (ASTM D-256 modi-
fied);

- Deflection temperature under 1load 1.82 MPa (HDT)
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(ASTM D-648) .

(c) Dyeability

The capacity of the material of adsorbing a dye on
the surface was determined by the immersion of a neutral
lens in an aqueous bath in which the dye BPI gray was
dispersed.

For this purpose, the lens was immersed in said dye
bath for 30 minutes at a temperature of 80°C and, after
rinsing with demineralized water, the transmittance of
the lens was determined by measuring the chromatic coor-
dinate Y as described by CIE (1931) Standard Observer.

(d) Chemical resistance

The formation of defects in samples of flat plates
was evaluated after immersion for 5 minutes in the fol-
lowing solvents: acetone, ethyl alcohol, H;SO, (aqueous
solution at 40%) and NaOH (aqueous solution at 10%).

The advantages deriving from the casting and polym-
erization process of the polymerizable compositions ac-
cording to the present invention with respect to proc-
esses and compositions of the known art which in some
cases are provided for comparative purposes, are evident
from the following examples.

EXAMPLE 1
The compositions from nr. 1 to 3 were prepared ac-

cording to the present invention, consisting of Compo-

-37-



WO 2010/043392 PCT/EP2009/007389

nents (A) and (B) in the quantities indicated in Table 1.

Component (A)

Component (A) is obtained by reacting for 3 hours at
90°C and 5 mbar of pressure:
5 - 4,4'—methy1ehe bis (cyclohexyl isocyanate)

- varying quantities of catalyst consisting of a mix-
ture of Cg and C,;, monoesters and diesters of phos-
phoric acid, wherein the monoesters are about 40% by
weight and the diesters are about 60% by weight.

10 Component (B)

Component (B) is obtained by mixing at 25°C and 5
mbar of pressure:
- propoxylated trimethylolpropane, having a hydroxyl
number equal to 530 mg KOH/g and nominal molecular
15 weight equal to 310 g/mole;
- anthraquinone dye C.I. Solvent Violet 13, (solution

at 0,01% in the polyol).

20

25
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Table 1

Composition n° 1 2 3
4,4’-methylene 1315

Component (A) bis(cyclohexyl isocyana- 1310 | 1303

. te), g

(reaction prod.)

Catalyst, g 15 20 27
ropoxylated trimethylol- [ 997

Component B) |1 PO y 997 | 997
propane, g

(mixture) .
Solvent Violet 13, g 3 3 3

Weight ratio Comp.(A)/Comp.(B) 1.33/1 | 1.33/1 | 1.331

15

20

25

Casting

(manual casting)

1,330 g of component (A)

(B) previously prepared,

jacketed flask,

stirrer,

about 1 hour at an absolute pressure of 5 mbar.

and 1,000 g of component
were charged into a two-necked
equipped with a thermometer and magnetic

and the whole solution was mixed at 25°C for

The degassed and limpid polymerizable solutions thus

obtained were poured

into nickelated

stainless

steel

moulds and subjected to polymerization in a forced circu-

lation oven with a gradual temperature increase from 40°C

to 95°C in 15 hours

2 hours,

(precisely from isotherm to 40°C for

followed by 3 hours in isotherm at 95°C).

temperature rise from 40 to 95°C in 10 hours,

Flat sheets having a thickness of 3 mm and 5 mm
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and neutral lenses having a thickness of 2 mm were pre-
pared with the compositions of Table 1, on which the
characteristics indicated in Table 2 were determined.

For comparative purposes, the properties of the ADC
polymer obtained by polymerization as previously de-

scribed, are also indicated.

Table 2
Composition n° 1 2 3 ADC
Density, 20°C, g/ml 1.115 | 1.115 | 1.116 | 1.311
YI® 021 | 019 | 0.23 | 1.20
Light Transmittance, Y 92.5 92.5 92.5 92.5
Haze, % 0.21 0.24 | 0.18 | 0.13
Rockwell Hardness® 100 | 100 | 101 | 98
Izod impact strength, KJ/m? 132 140 135 25
HDT, °C 74 76 76 58
n®,, 1.506 | 1.506 | 1.506 | 1.500
Dyeability, Y 282 | 242 | 261 | 389
Acetone
Chemical resistance (defects) C2HsOH No No No No
H2SO4
NaOH
8} gheet thickness = 5 mm

The transparent polyurethanes according to the pre-

-40-



WO 2010/043392 PCT/EP2009/007389

10

15

20

25

sent invention show optical and physico-mechanical prop-
erties equal to or higher than those of the ADC polymer
and much better Yellow Index (YI) and Light transmittance
values with respect to those of the polyurethane-urea
systems of the known art.
EXAMPLE 2

The compositions from nr. 4 to 6 were prepared ac-
cording to the present invention, consisting of Compo-
nents (A) and (B) in the quantities and under the condi-
tions indicated in Table 3.

Component (A)

Component (A) is obtained by the reaction of 4,4'-
methylene bis(cyclohexyl isocyanate) with 3% by weight of
catalyst consisting of the mixture of monoesters and
diesters of phosphoric acid of Example 1, under different
reaction conditions.

Component (B)

Component (B) is obtained by mixing at 25°C and 5
mbar of pressure:
- propoxylated trimethylolpropane;
- Trimethylol propane;
- Solvent Violet 13 (solution at 0,01% in the polyol);
- tertiary amine: mixture of 25% Methyl 1,2,2,6,6-
pentameth§1—4-piperidinyl sebacate and 75%

Bis(1,2,2,6,6-pentamethyl-4-piperidinyl) sebacate.
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The same table also indicates, for comparative pur-
poses, composition nr. 7 according to the present inven-
tion without addition of the tertiary amine.

Table 3

Composition n° 4 5 6 7

4,4’-methylene
bis(cyciohexyl isocya- 1358 1358 1358 1385
Component (A) |nate), g

(reaction prod.) |Catalyst, g 42 42 42 15

1hr at ihrat | 1hrat | 1hrat
30°C 40°C 50°C 50°C

Reaction conditions

ropoxylated trimethy-
propoxy y 894 894 894 877

lolpropane, g
C t(B
omponent (B) Trimethylol propane, g 73 73 73 73
(mixture) i
Solvent Violet 13, g 3 3 3 3
Tertiary amine, g 30 30 30 -
Weight ratio Comp. (A)/Comp. (B) 1.411 1.4/ 1.4/1 1.4/1

The polymerizable compositions from nr. 4 to nr. 7
according to the present invention were prepared by mix-
ing Components (A) and (B) for about 2 hours at 30°C and
5 mbar of pressure.

The initial viscosity and the viscosity at time in-
tervals after the preparation at the same temperature
were measured on the degassed and limpid solutions thus
obtained, obtaining the values indicated in the graph of

Figure 2.
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From the graph it can be seen that it is possible to
vary the stability of the mixture according to the pre-
sent invention by modifying the reaction conditions of
the acid phosphate ester with the diisocyanate.

In particular, it is evident from the graph of Fig-
ure 2 that with Composition nr. 6, even 3 hours after the
preparation of the mixture, the increase in viscosity is
extremely limited.

From comparing the viscosity trends of compositions
6 and 7 of Figure 2, the stabilizing effect of tertiary
amine 1is also evident, even though the content of cata-
lyst in the latter is only equal to about 1/3 of that of
Composition 6.

Flat sheets and neutral lenses were prepared with
the liquid compositions from nr. 4 to nr. 6 of Table 4 of
the present invention, according to the manual casting
process described in Example 1, but with a polymerization
cycle of 20 hours from 40°C to 95°C in 15 hours (specifi-
cally: isotherm at 40°C for 2 hours, rise from 40 to 70°C
in 10 houré, rise from 70 °C to 100°C in 3 hours, iso-
therm at 100°C for 3 hours).

In this case, glass moulds normally adopted for the
casting of ADC lenses were used, without revealing break-
ages of the moulds due to excessive adhesion.

The properties of the polymers obtained are indi-
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cated in Table 4,

PCT/EP2009/007389

where it can be seen that transparent

polyurethanes according to the present invention show ex-

cellent optical and physico-mechanical properties,

com-

pletely analogous to those obtained with the polymeriz-

able compositions of Example 1 of the present invention.

Table 4

Composition n° 4 5 6
Density, 20°C, g/ml 1.116 | 1.116 | 1.116
Y@ 022 | 020 | 0.28
Light transmittance, Y 92.5 92.5 92.4
Haze, % 0.12 0.16 0.13
Rockwell hardness® 102 102 101
Izod impact strength, KJ/m? 139 135 129
HDT, °C 82 81 81
n°,, 1.506 | 1.506 | 1.506
Dyeability, Y 27.2 26.1 27.0

Acetone
Chemical resistance (de- |C;HsOH No No No
fects) H>SO4

NaOH

(@) gheet thickness = 5 mm

EXAMPLE 3

The compositions from nr. 8

to

cording to the present invention,

nents (A) and (B)
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tions indicated in Table 5.

Component (A)

Component (A) is obtained by the reaction of 4,4'-
methylene bis(cyclohexyl isocyanate) with 3% by weight of
catalyst consisting of the mixture of monoesters and
diesters of phosphoric acid of Example 1.

Component (B)

Component (B) is obtained by mixing at 50°C and 5
mbar of pressure:
- propoxylated trimethylolpropane;
- Trimethylol propane;

- Solvent Violet 13 (solution at 0,01% in the polyol) ;

tertiary amine: mixture of 25% Methyl 1,2,2,6,6-

pentamethyl-4-piperidinyl sebacate and 75% Bis(1,2,2,6,6-

pentamethyl-4-piperidinyl) sebacate.

The same table also indicates, for comparative pur-
poses, the comparative composition C.C.1. which uses the
catalyst phenyl mercury neodecanoate of the known art in-
stead of the acid phosphate ester of the present inven-

tion.
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Table 5
Composition n° 8 9 10 |[C.C.1.
4,4’-methylene
5 bis(cyclohexyl isocy- | 1309.5 | 1358 | 1406.5 | 1400
Component (A) anate), g
(reaction prod.) Catalyst, g 405 | 420 | 435 | -
] . thrat (1 hrat | 1hrat
Reaction conditions -
30°C |30°C 30°C
propoxylated
. 894 894 894 |923.8
10 trimethylolpropane, g
Trimethylol propane,
Component (B) g 73 73 73 73
(mixture) Solvent Violet 13, g 3 3 3 3
Tertiary amine, g 30 30 30 -
Phenyl Mercury 0.2
15 Neodecanoate, g ’
Weight ratio Comp. (A)/Comp. (B) 1.35/1 | 1.40/1 | 1.45/1 (1.40/1
The polymerizable compositions from nr. 8 to 10 according
to the present invention and the comparative composition
20 C.C.1l. were prepared by mixing the two Components (A) and

(B)

mbar of pressure.

in different ratios for about 2 hours at 30°C and 5

The initial viscosity and the viscosity at time in-

tervals after the preparation at the same temperature

25 were measured on the degassed and limpid solutions thus
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obtained, obtaining the values indicated in the graph of
Figure 3.

From the graph of figure 3, it can be seen that it
is possible to vary the stability of the mixtures accord-
ing to the present invention by modifying the weight ra-
tio between Component (A) and Component (B), maintaining
the increase in viscosity, however, within favourable
values.

The comparative composition C.C.1. containing the
mercury-based catalyst, on the contrary, shows a signifi-
cant increase in the viscosity with time, which limits
the possibility of using it with the manual casting tech-
nique.

A further comparative test was effected with compo-
sition nr. 9 according to the present invention and the
comparative composition C.C.1., whose result is indicated

in Table 6.

Table 6
Composition n° 9 C.C1.
Mixing time Components(A)+(B), hours 2 2
Injection time of mixture in the moulds, hours 3 3
N° lenses injected (temperature 30°C) 210 88

With the polymerizable composition according to the

present invention, it was possible to inject, in 3 hours,
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210 semi-finished lenses having a diameter of 75 mm ac-
cording to the glass mould casting process previously de-
scribed, registering a significant slowing-down of the
mould filling operation only towards the end of this pe-
riod of time, whereas with the composition containing the
catalyst of the known art based on mercury, under the
same conditions, it was possible to inject a much lower
number of lenses due to the rapid increase in viscosity.
EXAMPLE 4

The polymerizable composition nr. 11 was prepared,
according to the present invention, consisting of Compo-
nents (A) and (B) in as indicated in Table 7.

Component (A)

Component (A) is obtained by the reaction of 4,4'-
methylene bis(cyclohexyl isocyanate) with 3% by weight of
bis(2-ethylhexyl) phosphate.

Component (B)

Component (B) is obtained by mixing at 50°C and 5
mbar of pressure:
- propoxylated trimethylolpropane;
- Trimethylol propane;
- Solvent Violet 13 (solution at 0,01% in the polyol);

- tertiary amine: mixture of 25% Methyl 1,2,2,6,6-

pentamethyl-4-piperidinyl sebacate and 75% Bis(1,2,2,6,6-

pentamethyl-4-piperidinyl) sebacate.

-48-



WO 2010/043392 PCT/EP2009/007389

10

15

20

25

Table 7

Composition n° 11

4.4’-methylene

bis(cyclohexyl isocyanate), 1358
Component (A) g
(reaction prod.) Bis(2-ethylhexyl) 42
phosphate, g
Reaction conditions 1 hrat 30°C
propoxylated trimethylol- 894
propane, g
Component (B) Trimethylol propane, g 73
(mixture) -
Solvent Violet 13, g 3
Tertiary amine, g 30
Weight ratio Comp. (A)/Comp. (B) 1.41

The polymerizable composition nr. 11 according to
the present invention was prepared by mixing the two Com-
ponents (A) and (B) for about 2 hours at 30°C and 5 mbar
of pressure.

Semi-finished monofocal lenses having a diameter of
75 mm were prepared with this composition according to
the glass mould casting technique previously described

with the yields indicated in Table 8.
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Table 8
Composition n° 11
N° of moulds filled 40
N° of lenses obtained 40
N° of defect-free optical lenses 40
N° of broken/damaged moulds 0
As can Dbe observed, with the polymerizable

composition of the present invention defect-free optical
lenses were obtained in all cases and there was no broken
or damaged mould in the opening phase.
EXAMPLE 5

The polymerizable composition nr. 12 was prepared,
according to the present invention, consisting of Compo-
nents (A) and (B) in as indicated in Table 9.

Component (A)

Component (A) was prepared by the reaction of 4,4'-
methylene bis(cyclohexyl isocyanate), bis(2-ethylhexyl)
phosphate and diethylene glycol (DEG).

2096 g of 4,4'-methylene bis(cyclohexyl isocyanate
(8 moles) and 65 g of bis(2-ethylhexyl) phosphate where
charged at room temperature into a three-necked jacketed
flask, equipped with a thermometer and magnetic stirrer.

A vacuum of about 2 mbar, broken with anhydrous
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nitrogen was then applied. This operation was repeated 3
times in order to create an inert atmosphere.

74.2 g (0.7 moles) of diethylene glycol were then
added slowly under stirring and a nitrogen head at 90°C.

The reaction was carried out at this temperature for
about 6 hours, controlling the content of residual
isocyanate groups with time, by means of titration.

At the end of the reaction, the reaction mixture was
cooled and filtered on a 1 micron polypropylene filter
thus obtaining about 2230 g of a liquid product having a
viscosity at 25°C equal to 75 cSt.

The product thus obtained is a mixture of 4,4’'-
methylene bis(cyclohexyl isécyanate) monomer as main
component, the remaining part consisting of adducts of
said cyclo-aliphatic diisocyanate with DEG and with bis-
(2-ethylhexyl)phosphate.

Component (B)

Component (B) is obtained by mixing at 25°C and 5
mbar of pressure:
- propoxylated trimethylolpropane;
- Solvent Violet 13 (solution at 0,01% in the polyol);

- tertiary amine: mixture of 25% Methyl 1,2,2,6,6-

pentamethyl-4-piperidinyl sebacate and 75% Bis(1,2,2,6,6-

pentamethyl-4-piperidinyl) sebacate.
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Table 9

Composition n° 12

4, 4'-methylene bis(cyclohexyl iso-
cyanate) + DEG + bis(2- 750
ethylhexyl) phosphate, g

Component (A)
(reaction prod.)

propoxylated trimethylolpropane,

482
Component (B) 9
(mixture) Solv. Violet 13, g 3
Tertiary amine, g 15
Weight ratio Comp. (A)/Comp. (B) 1.5/1

Flat sheets and neutral lenses were prepared with
the liquid composition nr. 12 according to the manual
casting process described in Example 2, obtaining the re-
sults indicated in Table 10, where it can be seen that
the transparent polyurethane obtained shows optimum opti-
cal and physico-mechanical properties, completely analo-
gous to those obtained with the compositions of the pre-

vious examples.
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Table 10
Composition n° 12
Density, 20°C, g/ml 1.115
v @ 0.21
Light transmittance, Y 92.5
Haze, % 0.1
Rockwell Hardness® 101
Izod impact strength, KJ/m? 145
HDT, °C 76
n°,, 1.506

@) sheet thickness = 5 mm

Semi-finished monofocal 1lenses were also prepared
with the 1liquid composition nr. 12, wusing a mixing-
dispensing machine, operating according to the conditions
previously described.

Glass moulds normally adopted for the casting of ADC
lenses were used for the above test.

At the end of the polymerization, lenses having a
diameter of 75 mm were obtained with the yields indicated

in Table 11.

Table 11
Composition n° 12
N° of lenses injected (Temperature 40°C) 20
N° of lenses obtained 20
N° of defect-free optical lenses 20
N° of broken/damaged moulds 0
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The results of the above Table confirm that with the
polymerizable composition of the present invention de-
fect-free optical lenses can be produced with very high
yields by means of the casting technique with a mixing-
dispensing machine using normal glass moulds.

EXAMPLE 6

The compositions nr. 13 and 14 were prepared accord-
ing to the present invention, consisting of Components
(A) and (B) in the quantities and under the conditions
indicated in Table 12.

Component (A)

Component (A) is obtained by the reaction of 4,4'-
methylene bis(cyclohexyl isocyanate) with 3% by weight of
catalyst consisting of the mixture of monoesters and
diesters of phosphoric acid of Example 1.

Component (B)

Component (B) is obtained by mixing at 50°C and 5
mbar of pressure:
- propoxylated trimethylolpropane;
- Trimethylol propane;
- Tetraethylene glycol (Composition n° 13)
- Tripropylene glycol (Composition n°® 14)

- Solvent Violet 13 (solution at 0,01% in the polyol);
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- tertiary amine: mixture of 25% Methyl 1,2,2,6,6-
pentamethyl-4-piperidinyl sebacate and 75% Bis(1,2,2,6,6-

pentamethyl-4-piperidinyl) sebacate.

Table 12
> Composition n° 13 14
4.4’-methylene
bis(cyclohexyl isocyanate), | 1456.5 | 1416
Component (A) 9
(reaction prod.) Catalyst, g 43.5 44
: " 1hrat | 1hrat
Reaction conditions 30°C 30°C
propoxylated trimethylol- 666 686
10 propane, g
Trimethylol propane, g 106 80
Component (B) Tetraethylene glycol, g 194 -
(mixture) -
Tripropylene glycol - 200
Solvent Violet 13, g 3.5 3.5
Tertiary amine, g 30.5 30.5
Weight ratio Comp. (A)/Comp. (B) 1.5/1 1.46/1
15
The polymerizable compositions nr. 13 and 14 accord-
ing to the present invention were prepared by mixing the
two Components (A) and (B) for about 2 hours at 30°C and
5 mbar of pressure.

20 The initial viscosity and the viscosity at time in-
tervals after the preparation at the same temperature
were measured on the degassed and limpid solutions thus
obtained, obtaining the values indicated in the graph of
Figure 4.

25 From the graph of figure 4, it can be seen that the
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addition of glycol allows a further reduction in the vis-
cosity of the polymerizable composition and a further in-
crease in the pot-life according to the objectives of the
present invention.

Flat sheets and neutral lenses were prepared with
the polymerizable composition nr. 13 according to the ma-
nual casting process described in Example 2.

The properties of the polymer obtained are indicated
in Table 13, where it can be seen that the transparent
polyurethane according to the present invention shows op-
timum optical and physico-mechanical properties and in

particular an excellent impact strength.

Table 13
Composition n° 13
Density, 20°C, g/ml 1.113
Y1® 0.32
Light transmittance, Y 92.5
Haze, % 0.15
Rockwell Hardness® 101
Izod impact strength, KJ/m? 180
HDT, °C 78
n°,, 1.508
Dyeability, Y 22.5

@) gheet thickness = 5 mm

-56-



WO 2010/043392 PCT/EP2009/007389

10

15

20

25

CLAIMS

1. Polymerizable 1liquid compositions of polyurethane
type made up of two components (A) and (B), where compo-
nent (A) contains at least one cycloaliphatic diisocy-
anate monomer or a cycloaliphatic diisocyanate monomer
mixture and a prepolymer obtained by reaction, in pres-
ence of an acid phosphate ester catalyst, between said
cycloaliphatic diisocyanate monomer and one or more poly-
ols having two or more hydroxy groups per molecule and a
molecular weight comprised between 50 and 2000 g/mole;
the second component (B) contains one or more polyols
having a molecular weight comprised between 50 and 2000
g/mole and a functionality between 2 and 5; in absence of
polyalkoxylated tertiary diamines and metal organic cata-
lysts, said components (A) and (B) being present in
weight ratio varying between 1:1 and 2:1.

2. Polymerizable compositions according to claim 1,
characterised by comprising an acid phosphate ester cata-
lyst and possibly further additives such as release
agents, stabilisers, optical brighteners for adjusting
colours.

3. Polymerizable compositions according to any one of
the preceding claims, characterised by comprising a cata-
lyst selected from among phosphoric acid monoester Cg,

phosphoric acid monoester Cio, phosphoric acid diester Cg,
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phosphoric acid diester C;, and/or their mixtures, pref-
erably a mixture of phosphoric acid monoesters and diest-
ers Cg and C,o wherein the monoesters are about 40% by
weight and the diesters are about 60% by weight of said
mixture.

4. Polymerizable compositions according to any one of
claims 2 or 3, characterised in that the phosphate acid
ester is present in component (A) or (B) or in both, and
present in component (A) in a reacted or unreacted form
with the cycloaliphatic diisocyanate.

5. Polymerizable compositions according to any one of
the preceding claims, characterised by comprising ali-
phatic tertiary amines such as pot-life extenders of the
polymerisable mixture, preferably sterically hindered
amines.

6. Method for producing organic glass providing for a
process for casting and polymerising polymerisable liquid
compositions of the polyurethane type, comprising the
following steps:

a step a) for mixing components (A) and (B) at a weight
ratio varying from 1:1 and 2:1, in presence of an acid
phosphate ester catalyst, wherein component (A) contains
at least one cycloaliphatic diisocyanate monomer or a
mixture of a cycloaliphatic diisocyanate monomer and a

prepolymer obtained by means of the reaction between said
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cycloaliphatic diisocyanate monomer and one or more poly-
ols having two or more hydroxy groups per molecule and a
molecular weight comprised between 50 and 2000 g/mole;
the second component (B) containing one or more polyols
having a molecular weight comprised between 50 and 2000
g/moles and a functionality between 2 and 5, in absence
of polyalkoxylated tertiary diamines and metal organic
catalysts and possibly in presence of further additives;
a filtering step b) for eliminating possible dispersed
contaminating agents, which alternatively or additionally
is performed on single components (A) and (B) separately
before the mixing step a);

a step c¢) for filling one or more moulds by injection and
subsequent polymerisation of the liquid composition for
heat treatment at temperatures varying from 30 to 110°C
and with polymerisation times varying from 1 hour to 30
hours, preferably from 3 to 20 hours.

7. Method according to claim 6, characterised in that
the catalyst is selected from among a phosphoric acid
monoester Cg, phosphoric acid monoester C,o, phosphoric
acid diester Cs, phosphoric acid diester C;, and/or their
mixtures, preferably a mixture of phosphoric acid mono-
esters e diesters Cz, Cip, wherein the monoesters are
about 40% by weight and the diesters are about 60% by

weight of said mixture.
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8. Method according to any one of claims 6 or 7, char-
acterised in that the phosphate acid ester is present in
reacted form with the cycloaliphatic diisocyanate.

9. Method according to any one of claims 6-8, charac-
terised in that present are aliphatic tertiary amines,
preferably sterically hindered amines.

10. Organic glasses obtainable by means of the method
according to one of claims 6 - 9.

11. Optical manufactured products or items obtainable
from the processing of organic glasses according to claim
10.

12. Optical manufactured products or items according to
claim 11, such as ophthalmic lenses and solar filters,
Fresnel lenses, protective and safety shields, inspection
holes, collectors and solar photovoltaic panels, sub-
strates for optical discs, display panels and visual dis-
play units, optical guides, components for mobile phones,

transparent pipes.
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Viscosity at 30°C, cSt
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Example 6: Viscosity versus time
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