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Description

TECHNICAL FIELD

[0001] The present invention belongs to the field of op-
tical devices, in particular in the field of manufacturing of
optical elements having a high refractive index (above
1.59).
[0002] More precisely, the present invention relates to
a method for the manufacturing of an optical element
having a refractive index above 1.59 by additive manu-
facturing to the optical element obtained by such a meth-
od and to an ophthalmic lens comprising such an optical
element.

BACKGROUND OF THE INVENTION

[0003] In ophthalmic industry, it is desirable to have
access to high refractive index polymers (i.e. above 1.59)
to reduce the thickness of the prescription lenses when
high diopter corrections are required.
[0004] Prescription plastic lenses exhibiting a high re-
fractive index are usually manufactured by casting meth-
ods involving very long polymerization cycles of liquid
monomer mixtures poured into a mould and hardened to
result in a solid polymerized material. In particular, after
filling with the liquid monomer mixture, the moulds are
exposed to a thermal process for many hours depending
on the nature of monomers. In the particular case of mon-
omer mixtures leading to polymers having a high refrac-
tive index, the process is very long and can last for up to
48 hours.
[0005] High refractive index material in ophthalmic in-
dustry are usually formed from reactions between epi-
sulfide and thiol monomers or isocyanate-alcohol or thiol-
isocyanate or thiol-alkene or thiol-alkyne or thiol-epoxy
or thiol-(cyano)(meth)acrylate or combination of these
later, regarding to chain growth polymerization and/or
step growth polymerization. Patents applications such
as for example EP 2 236 539, EP 2 980 113 or US
2016/0280840 describe polymerizable compositions
useful in a casting process for the manufacturing of op-
tical materials. Such mixtures of monomers are usually
very reactive, hence not stable in time and may release
a lot of heat resulting in a low shelf-life and in a risk for
health and explosion (run-away reaction) if not controlled.
[0006] In the specific case of photopolymerization,
several problems are to be considered. First of all, anionic
polymerization requires the generation of efficient photo-
base. This generally goes with the release of a gas (N2,
CO2) with can lead to optical defects in the final lens
material. Further, the heat released by photopolymeriza-
tion of monomers leads to i) optical defects due to rapid
polymerization and also to the movement of monomers
by heat convection, ii) anisotropic mechanical and ther-
mal properties, and iii) risk to initiate a thermal front of
polymerization (run-away reaction). Finally, the larger
optical material piece which must be casted, the more

difficult is control of heat release from polymerization and
formation of defects as well.
[0007] On the other hand, there is currently a craze for
material preparation processes by additive manufactur-
ing and it would be very interesting to benefit from the
advantages offered by this particular technology, espe-
cially from polymer jetting technology, in the manufactur-
ing of ophthalmic elements. In particular, it would be very
interesting to find high refractive index monomer com-
patible with additive manufacturing to be able to prepare
ophthalmic elements with this promising tool. Such mon-
omers must in particular react by a radical chain growth
polymerization process while at the same time having a
viscosity compatible with polymer jetting technology and
leading to a polymer having the desired high refractive
index.
[0008] However, it is very difficult to identify such mon-
omers, in particular to balance viscosity of polymerizable
composition and refractive index of final polymer. Acryl-
ic/methacrylic monomers are often used as reactive sol-
vents to lower viscosity but tends to decrease the refrac-
tive index of the corresponding final polymer. On the con-
trary, high refractive index monomers usually contain flu-
orene compounds or aromatic groups leading to highly
viscous systems not compatible with polymer jetting tech-
nology.
[0009] Therefore, there is a need for a method allowing
the manufacturing of ophthalmic elements having a high
refractive index which would be faster than the traditional
casting processes, leading to less defects and better iso-
tropic properties of final optical material, overcoming
problem of shelf-life and risk of run-away polymerization
reaction and with a high level of safety.
[0010] The Applicant has found that under certain spe-
cific selected conditions this need could be met using a
preparation process involving additive manufacturing.

SUMMURY OF THE INVENTION

[0011] A first object of the present invention is therefore
a method for the manufacturing of an optical element
having a refractive index above 1.59, said method com-
prising:

- a step of providing a predetermined build support,

- at least one step A of providing a predetermined vol-
ume of a liquid mixture of polymerizable compounds
on said support,

wherein

- the liquid mixture of polymerizable compounds com-
prises:

i) at least one compound C1 having at least one
alkynyl functional group or at least two functional
groups independently selected from the group
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consisting of alkenyl, isocyanato, episulfide and
epoxy functional groups,

ii) at least one compound C2 having at least two
terminal functional groups independently select-
ed from the group consisting of mercapto and
episulfide groups,
with the condition that at least one of C1 and C2
is different from a di-episulfide compound, and

iii) optionally at least one polymerization initiator,

and wherein said method further comprises:

- at least one step B of additively manufacturing said
optical element by depositing a plurality of predeter-
mined volume elements of said liquid mixture of po-
lymerizable compounds on said predetermined build
support,

- at least one step C of inducing partial polymerization
of the polymerizable compounds in said volume el-
ements at least until the gel point of said liquid mix-
ture of said polymerizable compounds is reached,

- a final step D of completing polymerization of the
polymerizable compounds in said volume elements
to form said optical element.

[0012] Thanks to this method and the judicious choice
of compounds C1 and C2 in the mixture of polymerizable
compounds, it is now possible to manufacture optical el-
ements having a refractive index above 1.59 by additive
manufacturing faster than by the traditional casting proc-
esses, with excellent optical properties and with a high
level of safety. In particular, the selection of monomers
compatible with addition polymerization and/or anionic
polymerization processes allow to control more easily
the viscosity of the mixture and improve compatibility with
polymer jetting technology. The implementation of the
method according to the present invention leads to two
main advantages:

- the mixture between the monomers C1 and C2 can
be done at the very last moment, thus overcoming
shelf-life issues,

- the predetermined volume of the mixture of polym-
erizable compounds (either in the form of droplet or
thin layer) is small, so that the heat generated by
polymerization is more efficiently dissipated in air.
Then, next volume of predetermined volume of the
mixture of polymerizable compounds will not be
heated by the polymerization reaction of the preced-
ing predetermined volume, thus avoiding any risk of
run-away polymerization reaction. Indeed, the run-
away polymerization appears as a danger for oper-
ators and for the process line due to a low shelf-life

and high heat releasing during monomer polymeri-
zation.

[0013] A second object of the present invention is an
ophthalmic element obtained according to the method
defined according to the above first object.
[0014] Finally, a third object of the present invention is
an ophthalmic lens comprising at least one ophthalmic
element as defined according to the above second object
or obtained according to the method defined according
to the above first object.

DETAILED DESCRIPTION

[0015] According to the invention, and as it is well
known by one skilled in the art, the "gel point" corre-
sponds to an abrupt change in the viscosity of the liquid
mixture of polymerizable compounds. At the gel point,
the liquid mixture undergoes gelation as reflected in a
loss in fluidity. This definition can also be found in the
IUPAC Goldbook according to which the gel point is the
point of incipient network formation in a process forming
a chemical or physical polymer network (https://gold-
book.iupac.org/html/G/GT07535.html).
[0016] As already mentioned, a high refractive index
in the sense of the present invention is a refractive index
above 1.59, more preferably equal or above 1.64, and
even more preferably equal or above 1.67.
[0017] Examples of suitable alkenyl compounds as
compounds C1 include polyenes, especially vinylic pol-
yenes such as divinylbenzene and allylic polyenes such
as diallyl phthalate, diallyl isophthalate, diallyl cyanurate,
diallyl isocyanurate, pentaerythritol diallyl ether, trimeth-
ylolpropane diallyl ether, glycerin diallyl ether, bisphenol
A diallyl ether, bisphenol F diallyl ether, ethylene glycol
diallyl ether, diethylene glycol diallyl ether, triethylene gly-
col diallyl ether, propylene glycol diallyl ether, dipropyl-
ene glycol diallyl ether and tripropylene glycol diallyl
ether, 1,3,5-triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-tri-
one, 2,4,6-triallyloxy-1,3,5-triazine, trimethylolpropane
triallyl ether, pentaerythritol triallyl ether, diallyl carbon-
ate, di(ethylene glycol) bis(allyl carbonate), and mixtures
thereof.
[0018] Examples of suitable compounds having one
alkynyl functional group and useful as compounds C1
include pentinyl alcohol, butinyl alcohol, propargyl alco-
hol and esters based on such alcohols. Suitable com-
pounds may be selected from: 1,3,5-cyclohexanetricar-
boxylic acid; 1,3,5-tri-2-propyn-1-yl ester; 1,2-cyclopen-
tanedicarboxylic acid; 1,2-di-3-butyn-1-yl ester; 1,2,3-
propanetricarboxylic acid; 1,2,3-tri-2-propyn-1-yl ester;
butanedioic acid esters; 1,4-di-3-butyn-1-yl ester; and
butanedioic acid, esters, 1,4-di-2-propyn-1-yl ester.
[0019] Examples of suitable compounds having two
isocyanato functional groups and useful as compounds
C1 include monomers selected from symmetric aromatic
diisocyanates such as 2,2’-methylene diphenyl diisocy-
anate (2,2’ MDI), 4,4’ dibenzyl diisocyanate (4,4’ DBDI),
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2,6 toluene diisocyanate (2,6 TDI), xylylene diisocyanate
(XDI), 4,4’ methylene diphenyl diisocyanate (4,4’ MDI) ;
asymmetric aromatic diisocyanates such as 2,4’ Methyl-
ene diphenyl diisocyanate (2,4’ MDI), 2,4’ dibenzyl diiso-
cyanate (2,4’ DBDI), 2,4 toluene diisocyanate (2,4 TDI) ;
alicyclic diisocyanates such as 1,3-bis(isocyanatome-
thyl)cyclohexane, isophorone diisocyanate (IPDI), 2, 5
(or 2, 6)-bis(iso-cyanatomethyl)-Bicyclo[2.2.1]heptane
(NDI) and 4,4’ Diisocyanato-methylenedicyclohexane
(H12MDI) ; and aliphatic diisocyanates such as hexam-
ethylene diisocyanate (HDI) and mixtures thereof.
[0020] Examples of suitable compounds having two
episulfide functional groups and useful as compounds
C1 include monomers selected from bis(2,3-epithiopro-
pyl)sulfide, bis(2,3-epithiopropyl)disulfide, bis[4-(beta-
epithiopropylthio)phenyl]sulfide, and bis[4-(beta-epithio-
propyloxy)cyclohexyl]sulfide.
[0021] Examples of suitable compounds having two
epoxy functional groups and useful as compounds C1
include monomers selected from 2,2’-(1,4-phe-
nylene)bis(oxirane) (CAS 16832-58-9); 2,2’-bis(4-glyci-
dyloxyphenyl)propane (CAS 1675-54-3); 7-oxabicyc-
lo[4.1.0]heptane 3-carboxylic acid, 3,3’-(9H-fluoren-9-
ylidenedi-4, 1-phenylene) ester (CAS 1175589-95-3);
Bis(4-(oxiran-2-ymethoxy)phenyl)methane (CAS
2095-03-6); Tris(4-hydroxyphenyl)methane triglyci-
dylether (CAS 43224-82-4); Bis(2,3-epoxypro-
poxy)naphthalene, in particular 1,6-Bis(2,3-epoxypro-
poxy)naphthalene (CAS 27610-48-6) and mixtures
thereof.
[0022] Among these compounds C1, 2,5- (or
2,6)-bis(iso-cyanatomethyl)-Bicyclo[2.2.1]heptane
(NDI); 1,3-bis(isocyanatomethyl)cyclohexane; 4,4’-Di-
isocyanato-methylenedicyclohexane; xylylene diisocy-
anate; bis(2,3-epithiopropyl)sulfide and bis(2,3-epithio-
propyl)disulfide are particularly preferred.
[0023] Examples of suitable compounds useful as
compounds C2 include monomers selected from pen-
taerythritol tetrakis mercaptopropionate, pentaerythritol
tetrakis mercaptoacetate, ethylene glycol bis(3-mercap-
toproprionate), tetraethylene glycol bis(3-mercaptoprop-
rionate), bis(2-mercaptoethyl)sulfide, bis(2-mercaptoe-
thyl)disulfide, bis(β-epithiopropyl)sulfide, bis(β-epithio-
propyl)disulfide, 2,5-dimercaptométhyle-1,4-dithiane, 4-
mercaptomethyl-3,6-dithia-1,8-octanedithiol, 4-mercap-
tomethyl-1,8-dimercapto-3,6-dithiaoctane, 2,5-dimer-
captomethyl-1,4-dithiane, 2,5-bis[(2-mercaptoethyl)thi-
omethyl]-1,4-dithiane, 4,8-dimercaptomethyl-1,11-
dimercapto-3,6,9-trithiaundecane, 4,7-dimercaptome-
thyl-1,11-dimercapto-3,6,9-trithiaundecane, 5,7-dimer-
captomethyl-1,11-dimercapto-3,6,9-trithiaundecane
and mixture thereof.
[0024] According to a preferred embodiment of the
present invention, the liquid mixture of polymerizable
compounds is selected from mixtures comprising:

- at least one compound C1 as defined above and at
least one compound C2 comprising two mercapto

groups, or

- at least one compound C1 in which at least one of
the two functional groups is an epoxy group and at
least one compound C2 in which at least one of the
two terminal functional groups is an episulfide group.

[0025] The weight ratio of compound C1/compounds
C2 in the liquid mixture of polymerizable compounds may
vary from about 10 to 0.1 and preferably from about 8 to
0.15, so as to respect stoichiometric ratio of polymeriz-
able functions after mixing.
[0026] The liquid mixture of polymerizable compounds
may further comprise one or more additional monomers
selected from compounds comprising at least one func-
tional group chosen among secondary amino, acrylic and
esters groups. More specifically, when this additional
monomer is a compound comprising at least one sec-
ondary amino group, then the C1 compound is a com-
pound comprising two isocyanato functional groups.
[0027] The liquid mixture of polymerizable compounds
may also further comprise nanoparticles (fillers), espe-
cially silica but also high refractive index (high means
>1.6) nanoparticles such as alumina, or very high refrac-
tive index (very high means >1.8) nanoparticles such as
titanium oxide, zirconium oxide, tantalum oxide, tin oxide,
tungsten oxide, zinc oxide, zinc sulfide or mixtures there-
of.
[0028] According to a preferred embodiment of the
present invention, the polymerization initiator is chosen
among double metal cyanides (DMC) catalysts, thermal
catalysts, photobase generators (PBGs), radical photo-
initiator and photo-acid generators (PAGs).
[0029] DMC catalysts are non-stoichiometric complex-
es of a low molecular weight organic complexing agent,
and optionally other complexing agents, with a double
metal cyanide salt, e.g. zinc hexacyanocobaltate.
[0030] Photobase generators are photolatent catalysts
able to release a strong base and a radical upon irradi-
ation with an active energy ray. They are generally cho-
sen among benzoin carbamates, o-nitrobenzylcar-
bamates, o-acyloximes, ammonium salts, formamides,
nifedipines, amineimides, α-aminoketones, o-car-
bamoyloximes and sulfonamides.
[0031] Suitable examples for a photobase generator
include: m-nitrophenyl carbamate, 3,5-dimethoxybenzyl
carbamate, α-methylnitropiperonyl carbamate, o-ni-
trobenzyl carbamate, 9-anthrylmethyl N,N-diethylcar-
bamate, 3,4-dimethoxy-6-nitrobenzyl carbamate, phe-
nyl(o-nitrophenyl)methyl carbamate, 2-(2-nitrophe-
nyl)ethyl carbamate, 6-nitroveratryl carbamate, 4-meth-
oxyphenacyl carbamate, 3,5-dimethoxybenzoin car-
bamate. Other suitable photobase generators are dis-
closed in International Application WO 2017/099130 and
are able to release 1,5-diazabicyclo[4.3.0]non-5-ene
(DBN).
[0032] Photoacid generators are photolatent catalysts
able to release a strong acid and a radical upon irradiation
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with an active energy ray. They are generally chosen
among oniums salts. Suitable examples for a photoacid
generator include:

- salts of aryldiazonium or diaryliodonium or triarylsul-
fonium or triarylselenonium or triarylphosphonium
that contain complex halides such as BF-

4, SbF-
6,

AsFe-, B(CeF5)-
4 or PF-

6 as counter ions,

- iron arene complexes that contain complex halides
such as BF-

4, SbF-
6, AsFe-, B(CeF5)-4 or PF-

6 as
counter ions,

- dialkylphenacyl sulfonium salts that contain complex
halides such as BF-

4, SbF-
6, AsFe-, B(CeF5)-4 or PF-

6 as counter ions,

- 2-nitrobenzylester of carboxylic acids or 2-nitroben-
zylester of sulfonic acids,

- sulfones compounds which generate sulfinic acid
upon irradiation,

- triarylphosphates, imino sulfonates, trichloromethyl-
I,3,5-triazines, N-hydroxyimide sulfonates and/or

- mixtures thereof.

[0033] Radical photo-initiator are photolatent catalysts
able to release a highly reactive radical species upon
irradiation with an active energy ray
[0034] According to a preferred embodiment of the
present invention, the polymerization initiator is present
is said predetermined volume in a concentration ranging
from about 0.01. to 5 wt.%, in particular from 2.5 to 4.5%
by weight, more particularly from 3.0 to 4.0% by weight,
based on the total weight of said predetermined volume.
[0035] The predetermined volume is preferably a drop-
let or a layer. This predetermined volume is small and
thus the heat generated by polymerization is more effi-
ciently dissipated in air than with usual casting process-
es.
[0036] According to a preferred embodiment, said pre-
determined volume is a droplet whose size is chosen so
as to avoid self-induced polymerization, preferably any
run-away polymerization reaction. The size of the drop-
lets may vary from about 1 to 60 mm, preferably from
about 5 mm to 45 mm, and more preferably from about
15 mm to 35 mm.
[0037] According to a first and preferred embodiment
of step B, and with reference to figure 1 annexed, step
B of additively manufacturing can be carried out with a
jetting system 1 comprising at least two compartments
2,2’ and one jetting head 3, a first compartment 2 con-
taining at least one compound C1 and a second com-
partment 2’ comprising at least one compound C2, the
optional polymerization initiator being present either in
the first or the second compartment 2,2’ and mixing of

compound C1 with compound C2 is made at the level of
the jetting head 3. According to this embodiment, the
liquid mixture of compounds C1 and C2 is jet printed on
a predetermined build support 4, for example in the form
of droplets 5.
[0038] As an alternative the device represented on fig-
ure 1 may also comprise several jetting heads to form a
row of heads (not represented), thus increasing produc-
tivity.
[0039] According to a second embodiment of step B,
and with reference to figure 2 annexed, step B of addi-
tively manufacturing can also be carried out with a jetting
system 1 comprising at least two jetting heads 3,3’, a first
compartment 2 containing at least one compound C1 and
a second compartment 2’ comprising at least one com-
pound C2, the optional polymerization initiator being
present either in the first or the second compartment 2,2’,
compound C1 being dropped through a first jetting head
3 and compound C2 being dropped through a second
jetting head 3’, and mixing of compound C1 with com-
pound C2 is made in air just after jetting either at the level
of the jetting heads 3, in flight or on said support 4 either
at the same time of sequentially.
[0040] According to the present invention, steps A, B
and C are repeated several times before performing final
step D, to build a tridimensional material.
[0041] Final step D of completing polymerization can
be carried out either by applying radiations or by applying
a thermal treatment.
[0042] When final step D is carried out by applying ul-
traviolet radiations, it can be performed in an UV oven or
by exposition to an arc lamp emitting from 250 to 355 nm
wavelength with a power between 20 to 160 W/cm.
[0043] When final step D is carried out by applying a
thermal treatment, it can for example be performed in an
oven or by exposition to an infrared light source. Typical
temperature ranges from 60°C to 120°C, for a cure cycle
during from 30 minutes to 24 hours.
[0044] The ophthalmic element obtained according to
the method defined above according to the first object of
the present invention can be used for the manufacturing
of an ophthalmic lens, in particular prescription lenses.
[0045] The ophthalmic lens may then be coated with
one or more functional coatings selected from the group
consisting of an anti-abrasion coating, an antireflection
coating, an antifouling coating, an antistatic coating, an
anti-fog coating, a polarizing coating, a tinted coating and
a photochromic coating.
[0046] The invention will now be described in more de-
tail with the following examples which are given for purely
illustrative purposes and which are not intended to limit
the scope of the invention in any manner

EXAMPLES

1. Chemicals used

[0047] Optical materials were prepared from:
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- a first composition comprising 50.6 g of bisisocyana-
tonorbonane (CAS No. 74091-64-8) as compound
C1, 1.8 g of Seesorb 701 (CAS No. 2440-22-4), and
0.04 g of dimethyltin dichloride as a thermal catalyst
(CAS No. 753-73-1);-
a second composition comprising 23.9 g of pentaer-
ythritol tetrakis (3-mercaptopropionate) (CAS No.
7575-23-7) and 25.3 g of 2,3-bis((2-mercaptoe-
thyl)thio)-1-propanethiol (CAS No. 131538-00-6) as
compounds C2; and

- 2 g of 9-anthrylmethyl N,N-diethylcarbamate (CAS
No. 1228312-05-7) solubilized in 2 g of ethyl acetate
as photobase generator.

2. Preparation of an optical element

[0048] Optical element was built on a PMMA substrate
by stacking multiple flat layers with different diameters,
yielding a plano-convex structure.
[0049] High-end inkjet printer was used to precisely
control drop placement.
[0050] First composition, second composition and
photobase generator were stored in three compartments
and mixed at the level of jetting head, which jets drops.
[0051] A UV pinning unit working at 250-355 nm was
used to reach gel point for each drop.
[0052] After deposition of all droplets into a tridimen-
sional material, full polymerization was reached by curing
the element in an oven during 12h at 80°C.
[0053] Resulting optical material had satisfactory fea-
tures (transparency, mechanical properties) to be used
as an ophthalmic lens.

Claims

1. A method for the manufacturing of an optical element
having a refractive index above 1.59, said method
comprising:

- a step of providing a predetermined build sup-
port,
- at least one step A of providing a predetermined
volume of a liquid mixture of polymerizable com-
pounds on said support,

wherein

- the liquid mixture of polymerizable compounds
comprises:

i) at least one compound C1 having at least
one alkynyl functional group or at least two
functional groups independently selected
from the group consisting of alkenyl, isocy-
anato, episulfide and epoxy functional
groups,

ii) at least one compound C2 having at least
two terminal functional groups independ-
ently selected from the group consisting of
mercapto and episulfide groups,
with the condition that at least one of C1 and
C2 is different from a di-episulfide com-
pound, and
iii) optionally at least one polymerization in-
itiator,

and wherein said method further comprises:

- at least one step B of additively manufacturing
said optical element by depositing a plurality of
predetermined volume elements of said liquid
mixture of polymerizable compounds on said
predetermined build support,
- at least one step C of inducing partial polym-
erization of the polymerizable compounds in
said volume elements at least until the gel point
of said liquid mixture of said polymerizable com-
pounds is reached,
- a final step D of completing polymerization of
the polymerizable compounds in said volume el-
ements to form said optical element.

2. The method according to claim 1, wherein com-
pounds C1 are monomers chosen in the group com-
prising 2,5- (or 2,6)-bis(iso-
cyanatomethyl)-Bicyclo[2.2.1]heptane ; 1,3-bis(iso-
cyanatomethyl)cyclohexane; 4,4’-Diisocyanato-
methylenedicyclohexane; xylylene diisocyanate;
bis(2,3-epithiopropyl)sulfide and bis(2,3-epithiopro-
pyl)disulfide.

3. The method according to claim 1 or 2, wherein com-
pounds C2 are monomers chosen in the group com-
prising pentaerythritol tetrakis mercaptopropionate,
pentaerythritol tetrakis mercaptoacetate, ethylene
glycol bis(3-mercaptoproprionate), tetraethylene
glycol bis(3-mercaptoproprionate), bis(2-mercap-
toethyl)sulfide, bis(2-mercaptoethyl)disulfide, bis(β-
epithiopropyl)sulfide, bis(β-epithiopropyl)disulfide,
2,5-dimercaptométhyle-1,4-dithiane, 4-mercap-
tomethyl-3,6-dithia-1,8-octanedithiol, 4-mercap-
tomethyl-1,8-dimercapto-3,6-dithiaoctane, 2,5-
dimercaptomethyl-1,4-dithiane, 2,5-bis[(2-mercap-
toethyl)thiomethyl]-1,4-dithiane, 4,8-dimercaptome-
thyl-1,11-dimercapto-3,6,9-trithiaundecane, 4,7-
dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaun-
decane, 5,7-dimercaptomethyl-1,11-dimercapto-
3,6,9-trithiaundecane and mixture thereof.

4. The method according to any one of the preceding
claims, wherein the liquid mixture of polymerizable
compounds is selected from mixtures comprising:

- at least one compound C1 and at least one
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compound C2 comprising two mercapto groups,
or
- at least one compound C1 in which at least one
of the two functional groups is an epoxy group
and at least one compound C2 in which at least
one of the two terminal functional groups is an
episulfide group.

5. The method according to anyone of the preceding
claims, wherein the polymerization initiator is chosen
among double metal cyanides catalysts, thermal cat-
alysts, photobase generators, radical photo-initiator
and photo-acid generators.

6. The method according to anyone of the preceding
claims, wherein the polymerization initiator is
present is said predetermined volume in a concen-
tration ranging from 0.01%. to 5 weight%, based on
the total weight of said predetermined volume.

7. The method according to anyone of the preceding
claims, wherein said predetermined volume is a
droplet or a layer.

8. The method according to anyone of the preceding
claims, wherein said predetermined volume is a
droplet whose size is chosen so as to avoid self-
induced polymerization, preferably any run-away po-
lymerization reaction.

9. The method according to claim 8, wherein the size
of the droplet ranges from 1 mm to 60 mm.

10. The method according to anyone of the preceding
claims, wherein said step B of additively manufac-
turing is carried out with a jetting system (1) com-
prising at least two compartments (2,2’) and one jet-
ting head (3), a first compartment (2) containing at
least one compound C1 and a second compartment
(2’) comprising at least one compound C2, the op-
tional polymerization initiator being present either in
the first or the second compartment (2,2’) and mixing
of compound C1 with compound C2 is made at the
level of the jetting head (3).

11. The method according to anyone of claims 1 to 9,
wherein said step B of additively manufacturing is
carried out with a jetting system (1) comprising at
least two jetting heads (3,3’), a first compartment (2)
containing at least one compound C1 and a second
compartment (2’) comprising at least one compound
C2, the optional polymerization initiator being
present either in the first or the second compartment
(2,2’), compound C1 being dropped through a first
jetting head (3) and compound C2 being dropped
through a second jetting head (3’), and mixing of
compound C1 with compound C2 is made in air just
after jetting either at the level of the jetting heads (3),

in flight or on said support (4) either at the same time
of sequentially.

12. The method according to anyone of the preceding
claims, wherein steps A, B and C are repeated sev-
eral times before performing final step D, to build a
tridimensional material.

13. The method according to anyone of the preceding
claims, wherein said final step D of completing po-
lymerization is carried out by applying ultraviolet or
by a thermal treatment.

14. An ophthalmic element obtained according to the
method defined in anyone of the preceding claims.

15. An ophthalmic lens comprising at least one ophthal-
mic element as claimed in clam 14 or obtained ac-
cording to the method defined in anyone of claims 1
to 13.
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