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A PHOTOCURABLE RESIN COMPOSITION FOR STEREOLITHOGRAPHIC
MANUFACTURING, THREE-DIMENSIONAL ARTICLES PRODUCED WITH
SAID COMPOSITION AND A RELATIVE MANUFACTURING METHOD.
DESCRIPTION

Technical Field

The present invention relates to a stereolithographic manufacturing method
using a liquid photocurable resin composition that has especially been
developed for stereolithography, to said photocurable resin composition and
to a three-dimensional article produced therewith.

State of the art

The stereolithography technology, the method for producing a three-

dimensional article by repeating the steps of curing a thin layer by supplying a
controlled amount of light energy (that can originate from a UV laser, a diode
laser, a UV lamp, a LED lamp etc.) to the photocurable liquid resin, the
distribution of the photocurable liquid resin in a thin layer on that cured
thin layer and the curing step of that layer by supplying a controlled amount
of light energy to the photocurable liquid resin, are known. It is described,
for example, in the following Japanese Patent publications: no. JP 56-144478,
no. JP 60-247515, no. JP 62-35966, and in the Patent publication
no. US 4,575,330.

Using this method, a three-dimensional article of interest can be made easily
and in a relatively short time even if the shape of the article is fairly complex.
With this technology very complex shaped three-dimensional articles such as
parts for functionality tests, resin master parts for casting and resin master
parts for moulds can be easily produced. But the surfaces of these parts
obtained by stereolithography show usually roughness and steps due to the
layer by layer building process and the curved curing shape produced by the
laser.

When the surface of the three-dimensional article shows roughness and thus
is less smooth, its appearance and its touch are not satisfying. Furthermore,
when the three-dimensional article is made by a transparent resin composition,
the transparency is not good because the light is scattered by the rough
surface portions. In case of an outer surface of the article, one can polish this
surface to make it smooth, but if the rough surface is inside of the structure it is
difficult or even impossible to polish it.
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The documents WO 2015/028855, US 6 413 698, WO 2014/078537 and
EP 0 802 455 disclose a photocurable resin composition for stereolithography
comprising polymerizable urethane-based compounds, mainly obtained by
the reaction of organic polyisocyanate with specific methacrilate compounds.
Further, the Japanese Patent publication no. 2005-336302 proposes to use a
mixture of a phenol compound and a polyether polyol compound to obtain a
smoother surface. In the Japanese Patent Publication no. 2008-100351, the
Inventor proposed to add a specific acrylate compound to an epoxy compound
based photocurable liquid resin composition and obtained a smoother surface.
These liquid resin compositions described in the previously cited two
documents are the mixtures of an epoxy compound and an acrylate compound
which use the reactivity difference between a radically polymerizable
compound and a cationically polymerizable compound.

As it is disclosed in these Japanese Patent publications no. 2005-336302 and
no. 2008-100351, it is known a technology to make the cured article surface
smoother by adding a specific compound in a hybrid photocurable liquid resin
composition consisting of an epoxy compound and an acrylic compound. But
this technology cannot be applied to a photocurable liquid resin composition
consisting only of a radically polymerizable compound because this Japanese
technology uses, as already said, the polymerization speed difference between
radical polymerization and cationic polymerization. To eliminate or to reduce
the roughness/steps between the layers, which is one of the weak points of
stereolithography, it is important to improve the quality, utility and mechanical
properties of the shaped article.

Presentation of the invention

An object of the present invention is to provide a method for producing three-
dimensional articles, which have less roughness on their surface and need no
or less polishing, by stereolithography in which a three-dimensional article is
produced by curing a photocurable resin composition layer by supplying, layer
by layer, a controlled amount of light energy to the photocurable liquid resin
layer to be cured.

A further object of the invention is to provide a corresponding photocurable
resin composition to be employed in this method and three-dimensional
articles obtained therewith.

Another object of the present invention is to provide a method of producing
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three-dimensional articles by layer by layer stereolithography, which not only
show less roughness on their surface and are smooth but which also show a
good transparency.
A further object is to provide a corresponding photocurable resin composition
to be employed in this method for producing articles with a good transparency
and relative three-dimensional articles obtained by this method.
An important object of the present invention is to provide a liquid photocurable
resin composition which is only based on a radically polymerizable compound,
and not for example also on cationically polymerizable compounds, and a
relative stereolithographic method and articles produced therewith.
The present Inventors have intensively studied so as to achieve the above
objects. As a result, they have found that using a specific (meth)acrylic
urethane compound in the photocurable resin composition for
stereolithography, in which a three-dimensional article is produced by
repeating the step of curing a thin layer by supplying a controlled amount of
light energy to the photocurable liquid resin, supplying a further photocurable
liquid resin as a thin layer adjacent to that cured thin layer, curing this
further thin layer by supplying the controlled amount of light energy in
the photocurable liquid resin, and repeating the forgoing steps reduces the
roughness of the surface of the cured article and increases the smoothness
improving appearance, touch and, in case the resin composition is transparent,
the transparency of the produced three-dimensional article.
The (meth)acrylic urethane compound present in the photocurable resin
composition of this invention is a urethane compound with photoreactive
functional (meth)acryl groups and is at least one of the compounds
represented by the following formula (1)
R*O-CO-NH-R%NH-CO-0-R-0-CO-NH-R*-NH-CO-OR* (1),
wherein R' is a finear or branched polytetramethylene glycol residue having
an average molecular weight from 200 to 3,000 g/mol; R? is a diisocyanate
compound residue; RY is a dilsocyanate compound residue being the same
as or different from R% and R* is selected from the group consisting of
AcrO-CH,-CHy-  (AcrO-CH,CH- (AcrG-CHL)C-CHy- ACrO-CHo-CHOH:—,
AcrQ-CH-CHC Hs~ and {AcrQ-CH2 3 C{CoHCHo- wherein Acr is CH=C(R)-
CO- and R is a hydrogen atom or a methyl group.
Thanks to this compound being part of the radical polymerizable liquid resin
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composition according to the invention, the surface of the three-dimensional

article obtained by using this composition becomes more smooth with less

rough portions. As a further result, the mechanical properties and the accuracy

of the article are improved.

One aspect of the present invention is directed to a liquid photocurable resin

composition for stereclithography, comprising:

{1y at ieast one radical polymerizable compound (A} represented by the
following general formula (1)

RAO-CO-NH-RZNH-CO-0-R-0-CO-NH-R*-NH-CO-OR* (1),

wherein R’ is a linear or branched polytetramethylene glycol residue
having an average molecular weight from 200 to 3,000 g/mol R? is a
diisocyanate compound residue; R® is a diisocyanate compound residue
being the same as or different from R*% and R* is selected from
AcrQO-CHz-CHo-, (AcrO-CHRLCH- (AcrO-CH,3C-CHz-, AcrG-CHo—
CHCHz—~, AcrO-CH.-CHCHs- and {AcrQ-CH,)C(CHs)CHy- wherein
Acris CHa=C({R)-CO-~ and R is a hydrogen atom or a methyl group,

(i) at least one radically polymerizable organic compound (B) different from
compound (A}, and

(i} & photosensitive radical polymerization initiator (C),

wherein the contert of said radical polymerizable compound (A) varies from

5% to 70% by weight based on the total amount of compounds {A) and (B).

Preferabiy, R is selected from AcrQ-CH,-CH,- and {AcrO-CHL)CH-. More

preferably, R is AcrO-CHa-CHp-.

Preferred R® and R® diisocyanate residues derive from the diisocyanate

compounds 2,2 4-trimethythexamethylens diisocyanats, isophorons

diilsocyanate, mela-xylene dilsocyanate, and diphenyimeathane diisocyanate,

particularly preferred R? and R® diisocyanate residuss derive from the

diisccyanate compounds 2,2 4-trimethyihexamethylene  diisocyanate and

isophorone diisocyanate.

The resin according to the invention is particularly suitable for use in a method

wherein a three-dimensional article is produced by curing that liquid

photocurable resin composition layer by layer by irradiating selectively with

light. The use of the liquid photocurable resin according to the invention in the

above stereolithographic method reduces the steps between the single layers

and/or surface roughness of the cured article.
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In a preferred embodiment of the invention, the liquid photocurable resin
composition for stereclithography according to the invention comprises 5-70
parts per weight of compound (A) and 30-85 parts per weight of compound (B)
based on the total amount of 100 parts per weight of compounds (A} and (B)
and further comprises 0.1-10 parts per weight of compound (C) based on the
iotal amount of 100 parts per weight of compounds (A) and (B).

Preferably, the liquid photocurable resin composition for stereoclithography
according o the invention further contains, as compound (D), from 5 to 60
parts per weight based on 100 parts per weight of compounds (A}, (B) and (C),
one or more fillers and/or modifier resing,

Preferably, the liquid photocurable resin composition according to the invention
does not contain other polymeric compounds than compounds (A) and (B),
and optionally (D).

Another aspect of the invention concerns the liquid photocurable resin
composition for stereolithography according to the invention which is cured
and shaped into an article which has a surface roughness Ra, determined
according to the JIS B0O601 method, which is smaller than 0.4 pm.

Another aspect of the invention relates to the use of a compound of the
following formula (1):

R*O-CO-NH-RZ*-NH-CO-0-R-0-CO-NH-R>-NH-CO-OR* (1),
whereinR' is a linear or branched polytetramethylene glycol residue having
an average molecular weight from 200 to 3,000 g/mal; R? is a diisocyanate
compound residue; R® is a dilsocyanate compound residue being the same
as or different from R% and R*® is selected from the group consisting of
AcrQ-CH-CHo- {AcrO-CH:),CH-,  {AcrO-CH23C-CHz~ AcrQ-CHo~CHCH;3~,
AcrQ-CHy-CHCHs- and (AcrQ-CHLLC{CHCH,- wharein Acr is CH=C(R)-
CO- and R is a hydrogen atom or a methyl group in a stereoclithographic
PrOCEss.

Furthermore, the invention refers to a use in a stereclithographic process
wherein the stereolithographic process is a layer-by-layer stereclithographic
pracess, in particular a process comprising the steps of accommodating a
layer of a liguid photocurable resin composition comprising compound (A) in a
shaping container having a light permeable bottom face and of irradiating that
taver from the bottom of the container for curing the laver, and repeating thase
steps accommodating further layers of a liquid photocurable resin composition
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comprising compound (A) between the bottom of said container and the last
cured layer, in order to produce a stersolithographically shaped article.

This use leads to less pronounced steps between the single layers and/or
reduces surface roughness of the cured article.

More specifically, the present invention also relates to a three-dimensional
article produced by stereolithography which has a smooth surface with little
roughness and therefore has a good transparency.

Another aspect of the invention refers to a method for producing a three-
dimensional article by stereolithography wherein the three-dimensional arlicle
s produced from a liquid photocurable resin composition according o the
invention which is cured layer by layer by iradiating the lavers selectively with
fight. The liquid photocurable resin composition according to the invention
permits to reduce the steps between single layers and/or surface roughness of
the cured article.

In a preferred embodiment of the invention, the method for producing a three-
dimensional article comprises the steps of accommodating a layer of the
iquid photocurable resin composition in a shaping container having a light
permeable bottom face and of irradiating that layer from the bottom of the
container, of curing the layer and of repeating these steps accommodating
further lavers of the liquid photocurabile resin composition io be cured between
the bottom of said container and the last cured layer, in order to produce a
stereclithographically shapead article.

Another aspect of the invention refers to a three-dimensional article obtained
from the liguid photocurable resin composition according to the invention,
by the use according o the invention, or by the method according o the
nvention.

Preferably, the thres-dimensional article has a surface roughness Ha,
determined according to the JIS BO601 method, which is smaller than 0.4 um.
The three-dimensional article of the present invention has a good appearance
and a smooth touch because the surface of the object is less rough thanks
to the influence of the compound (A) contained in the liquid photocurable resin
composition.

Furthermore, in case the resin composition is transparent, the produced three-
dimensional object has good transparency because the surface, not only
the external one but also the internal one, of the three-dimensional object is
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smooth caused by the influence of said compound (A).

The three-dimensional article of the present invention has a smooth surface
so that any long time consuming post-processing steps like polishing can be
avoided. In case that a polishing process should be necessary for some
reason, the process will be more simplified because the roughness is less
pronounced than in articles produced according to the state of the art,
especially if the resin does not exploit the hybrid nature of resins which are
radically and cationically polymerizable.

Description of preferred embodiments of the invention

In the following description, the Applicant provides more detailed embodiments
of the invention.

The three-dimensional article of the present invention is preferably produced
by repeating the step of curing a thin layer by supplying a controlled amount
of light energy to the photocurable liquid resin, supplying the photocurable
liquid resin on that cured thin layer, curing this further thin layer by supplying
a controlled amount of light energy to the photocurable liquid resin, and
repeating the forgoing steps up to obtain the desired article.

During this process of layer-by-layer building, the surface roughness and/or
steps between single layers are reduced by the effect of compound (A)
contained in the photocurable liquid composition. The detailed mechanism
of the effect of this compound (A) is still unknown but it is supposed that the
molecule structure of said compound (A) effects the way of light transmission
based on the structure or crystallization of the cured article.

In the present document “surface of the three-dimensional article” means
the outer surface of the, but also the surface which is in contact with, the non-
cured liquid resin composition during the building process of stereolithography.
Said compound (A) shows its technical effect (surface smoothing), which is the
core of the present invention, when it is used in amounts from 5 to 70 weight %
based on the total amount of compounds (A) and (B). Preferably, it is used in
amounts from 10 to 50 weight % based on the total amount of compounds (A)
and (B). Outside of the above mentioned range, the effect of smoothing the
surface is not satisfying. Furthermore, compound (A) can be selected from
bi-functional compounds and multi-functional compounds, depending on the
expected or desired grade of its effect.

Compound (A) is obtained by the reaction of 2 mol of a hydroxyl group
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containing (meth)acryl compound with 1 mol of an isocyanate terminated
polytetramethyleneglycol compound which is the result of the reaction of 1 mol
of linear or branched polytetramethyleneglycol compound with 2 mol of a
diisocyanate compound.

Examples of the hydroxyl group containing (meth)acryl compound include,
but are not limited to, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 2-hydroxy butyl (meth)acrylate, glycerine di(meth)acrylate,
trimethylolpropane di(meth)acrylate and pentaerythritol trimeth)acrylate.
Examples of the diisocyanate compound include, but are not limited to,
tolylene diisocyanate, hexamethylene diisocyanate, 2,2,4-
trimethylnexamethylene diisocyanate, isophorone diisocyanate, meta-xylene
diisocyanate, and diphenylmethane diisocyanate.

Polytetramethylene glycol residues defining the formula (I) of compound (A)
have an average molecular weight from 200 to 3,000 g/mol and the chain
can be linear or branched. Preferably, polytetramethylene glycol residues
which have an average molecular weight from 400 to 2,000 g/mol are used.
If the average molecular weight is less than 200 g/mol, it is difficult to obtain
the surface smooth effect, while if it is over 3,000 g/mol the compound has a
high viscosity or is solid so that it is less suitable for the stereolithographic use
of liquid resin composition according to the present invention.

As compound (B) of the present invention, thus as a radical polymerizable
organic compound different from compound (A), every kind of radical
polymerizable and cross-linkable compound can be used. Examples include,
but are not limited to, (meth)acrylate, unsaturated polyester, urethane
(meth)acrylate other than compound (A), and polythiol compounds. Among
them, compounds that contain at least one (meth)acryl group are preferably
used, and examples for compound (B) include compounds obtained by
reacting epoxy compounds and (meth)acrylic acid, alcohol family (meth)acrylic
ester, urethane (meth)acrylates other than compound (A), polyester
(meth)acrylate and polyether (meth)acrylate.

As the compound obtained by reacting an epoxy compound and a
(meth)acrylic acid, it can be used a (meth)acrylate compound obtained by the
reaction of aromatic epoxy compounds, alicyclic epoxy compounds or aliphatic
epoxy compounds with (meth)acrylic acid. Examples are (meth)acrylate
compounds obtained by the reaction of aromatic epoxy compounds with
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(meth)acrylic acid including a (meth)acrylate compound obtained by the
reaction of glycidyl ether, which is obtained by the reaction of a bisphenol
compound such as bisphenol A, bisphenol S or their alkylene oxide adducts
with an epoxidizing agent, such as epichlorohydrin, with (meth)acrylic acid.

As the (meth)acrylic acid esters of alcohols, it can be used a (meth)acrylate
compound obtained by the reaction of aromatic alcohols, aliphatic alcohols
and alicyclic alcohols having at least one hydroxyl group in the molecule and/or
their alkylene oxide adducts with (meth)acrylic acid.

More specifically it can be used, for example, 2-ethylhexyl (meth)acrylate,
2-hydroxyethyl  (meth)acrylate, 2-hydroxypropyl (meth)acrylate, lauryl

(meth)acrylate, stearyl (meth)acrylate, isooctyl (meth)acrylate,
tetranydrofurfuryl (meth)acrylate, isobornyl (meth)acrylate, benzyl
(meth)acrylate, 1,4-butanediol-di(meth)acrylate, 1,6-hexanediol-

di(meth)acrylate, diethylene glycol-di(meth)acrylate, triethylene glycol-
di(meth)acrylate, neopentyl glycol-di(meth)acrylate, polyethylene glycol-
di(meth)acrylate, polypropylene glycol-dilmeth)acrylate, trimethylolpropane-tri
(meth)acrylate, pentaerythritol-triimeth)acrylate, dipentaerythritol-
poly(meth)acrylate [dipentaerythritol-penta(meth)acrylate, dipentaerythritol-
hexa(meth)acrylate, etc.], ethoxylated pentaerythritol-tetra(meth)acrylate and
(meth)acrylates of an alkylene oxide adduct of a polyhydric alcohol such as
diols, triols, tetraol and hexaol.

Among them, (meth)acrylates having two or more (meth)acryl groups in one
molecule obtained by reaction of a polyhydric alcohol and (meth)acrylic acid
are preferably used.

The expression (meth)acryl or (meth)acrylate means methacryl or acryl or
methacrylate or acrylate, methacryl and methacrylate being preferred.
Preferred are compounds (B) which are not epoxy based, to avoid any hybrid
character of the photocurable resin composition.

Furthermore, as the urethane (meth)acrylate compounds other than the
compound (A), for example, (meth)acrylates obtained by reacting a hydroxyl
group-containing (meth)acrylic acid ester with an isocyanate compound can be
used. A preferred example of said hydroxyl group-containing (meth)acrylic acid
esters is 2-hydroxyethyl(meth)acrylate. Further, as said isocyanate compound,
polyisocyanate compounds having two or more isocyanate groups in one
molecule, such as tolylene diisocyanate, hexamethylene diisocyanate, 2,2,4-
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trimethylnexamethylene diisocyanate, isophorone diisocyanate, meta-xylene
diisocyanate, diphenylmethane diisocyanate and trimer of isophorone
diisocyanate, are preferred.

Furthermore, as the above-mentioned polyester (meth)acrylates, it can be
used polyester (meth)acrylates obtained by the reaction of a hydroxyl-
containing polyester and (meth)acrylic acid.

Furthermore, as the above-mentioned polyether (meth)acrylates, it can be
used polyether (meth)acrylates obtained by the reaction of a hydroxyl-
containing polyether and (meth)acrylic acid.

It is possible to use, as the photosensitive radical polymerization initiator (C),
any polymerization initiator capable of initiating a radical polymerization of
the radical polymerizable organic compound when irradiated with light.
Examples of the photosensitive radical polymerization initiator include phenyl
ketone compounds, such as 1-hydroxycyclohexyl phenyl ketone, benzyl or
its dialkyl acetal compounds, such as benzyl dimethyl ketal and benzyl-3-
methoxyethyl acetal, acetophenone compounds, such as
diethoxyacetophenone, 2-hydroxymethyl-1-phenyl-propan-1-one, 4'-isopropyl-
2-hydroxy-2-methyl-propiophenone, 2-hydroxy-2-methyl-propiophenone,
p-dimethylaminoacetophenone, p-tert-butyl dichloroacetophenone, p-tert-butyl
trichloroacetophenone and p-azide-benzalacetophenone, benzoin or its alkyl
ether compounds such as benzoin, benzoin methyl ether, benzoin ethyl ether,
benzoin isopropyl ether, benzoin n-butyl-ether and benzoin isobutyl ether,
benzophenone compounds such as benzophenone, 4,4-bis-(N,N’-
dimethylamino)benzophenone and 4,4'-dichloro-benzophenone, thioxanthone
compounds such as thioxanthone, 2-methyl thioxanthone, 2-ethyl
thioxanthone, 2-chloro thioxanthone and 2-isopropylthioxanthone, and the like.
The photocurable resin composition of the present invention can further
contain photosensitizers (polymerization promoters) and/or reactive diluents.
Examples of photosensitizers include amine compounds such as
triethanolamine, methyl diethanolamine, triethylamine, and diethylamine
thioxanthone, derivatives of thioxanthone, anthraquinone, derivatives of
anthraquinone, anthracene, derivatives of anthracene, perylene, derivatives
of perylene, benzophenone, benzoin isopropyl ether and the like.

The content of compound (C) in the composition of the present invention,
based on the total amount of 100 parts per weight of compounds (A) and (B)
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of the composition, is usually from 0.1 to 10 parts per weight, preferably from
0.2 to 7 parts per weight, more preferably 0.5-5 parts per weight.

If the content of compound (C) is less than 0.1 parts per weight based on 100
parts per weight of compounds (A) and (B), the radiation-curability of the resin
composition is low and it is difficult to manufacture a three-dimensional article
having sufficient mechanical strength. On the other hand, if it exceeds 10 parts
per weight, in the case of the resin composition for stereolithography, it
becomes difficult to control the proper light transmission properties and the
accuracy of the obtained three-dimensional article is reduced.

The photocurable resin composition of the present invention can further
contain a compound (D) consisting of one or more fillers and/or one or more
modifying resins. In this case, compound (D) can be used from 5 to 60 parts
per weight based on the total amount of the compounds (A), (B) and (C).
As the filler, inorganic particles/powders such as silica, glass, ceramics
or metal powders can be used. As the modifying resin, thermoplastic resins,
thermosetting resins, rubber resins and elastomeric resins can be used.
Among these, silica particles, glass powder or glass particles and ceramic
powder/particles such as zirconia, alumina and titanium oxide are preferably
used. The size of these particles should be smaller than the layer thickness.
Preferably, the size is from a few tens of nm to several um.

In the three-dimensional article of the present invention (without any polishing
process), the surface roughness Ra is generally 0.4 um or less, preferably
0.3 um or less, more preferably 0.2 um or less. These surface roughness
values are less than those obtainable in three-dimensional articles obtained
by stereolithography using conventional compositions known in the state of
the art, which generally vary from 0.5 um to 1.0 um. The surface roughness Ra
in this document is intended to be determined according to the JIS B0601
method.

By using the photocurable resin composition according to the invention,
a three-dimensional article in the sense of the present invention is produced.
As the method of fabrication, the conventional stereolithography method can
be used, where a three-dimensional object is produced by repeating the step
of curing a thin layer by supplying a controlled amount of light energy to the
photocurable liquid resin, supplying the photocurable liquid resin on that cured
thin layer and curing this new thin layer by supplying the controlled amount
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of light energy in the photocurable liquid resin from above, or by the so-called
regulated liquid surface stereolithography, in which a liquid photocurable resin
composition is accommodated in a shaping container having a light permeable
bottom face and repeating the step of curing a thin layer by supplying a
controlled amount of light energy from the bottom across the bottom face,
supplying further photocurable liquid resin between that cured thin layer and
the bottom face, forming a thin layer of liquid photocurable resin, and curing
this thin layer by supplying the controlled amount of light energy to the
photocurable liquid resin. In the present invention the latter method
embodiment is preferred because it better realizes the effect of compound (A),
namely clearly higher surface smoothness and less surface roughness. In case
the resin composition is transparent, the three-dimensional object produced by
the above mentioned method has better transparency than the conventional
one.

A three-dimensional article obtained by the above mentioned method should
preferably be cleaned. As a cleaning agent, alcohol-based organic solvents,
such as isopropyl alcohol and ethyl alcohol, and/or ketone-based organic
solvents, such as acetone, ethyl acetate and methyl ethyl ketone and/or
aliphatic organic solvents such as terpene can be used.

After cleaning, it is preferable to perform post-curing by heat irradiation or
light irradiation. Post-curing completely cures the surface, as well as it cures
unreacted resin composition which may have remained inside the three-
dimensional article.

Suitable light sources to produce the three-dimensional article can be
ultraviolet rays, electron rays, X-rays, gamma rays and microwaves and
among them ultraviolet rays and light in the near UV which have a 300-450 nm
wavelength are preferably used from the effective and economical point
of view. In this case, as a light source, a laser beam (for example, from a
semiconductor excitation solid laser capable of emitting ultraviolet light,
an Ar laser, a He-Cd laser, an ultraviolet laser), a high-pressure mercury lamp,
an ultrahigh-pressure mercury lamp, a low-pressure mercury lamp, a xenon
lamp, a halogen lamp, a metal halide lamp, an ultraviolet LED lamp, an
ultraviolet fluorescent lamp, and the like can be used.

To form each cured resin layer to produce the cured article, it is possible to
employ the light converted to a spot shape, such as a laser beam, and using a
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line drawing method, or light passed through a planar drawing mask formed
by arranging a plurality of micro-optical shutters such as a liquid crystal shutter
or a digital micro-mirror device (DMD).

Features described with reference to one aspect of the invention may be
transferred mutatis mutandis to any other aspect of the invention.

Description of preferred examples

The present invention will be specifically described below by way of Examples,
but the present invention is not limited to these Examples.

In the following Examples, the measurement of the surface roughness Ra of
the three-dimensional articles obtained by stereolithography according to the
invention was carried out as follows: the surface roughness Ra was obtained
based on the JIS BO601 method using the measurement value from a surface
shape measuring device, here DEKTAKS by ULVAC Co., Ltd.

The liquid photocurable resin compositions were prepared as follows: the liquid
resin compositions of Examples 1-6 and of Comparative Examples 1-2 were
prepared mixing the compounds based on the formulations shown in Table 1.
The mixtures were stirred at room temperature for 3 hours using a stirring
container.
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Table 1
Compound Ex. 1| Ex.2 | Ex.3 | Ex 4 | Ex 5| Ex 6 Comp. Comp.
Ex. 1 Ex. 2
A | UA-1" 50 10 20 10 80
UA-2? 40
UA-3° 40
B | B-1* 25 65 30 65 80
B-2° 30 30 25
B-3° 25 25 30 30 25 25 20 20
C | Initiator” 2 2 2 2 2 2 2 2
D | Silica 50
particles®
Parameter
Viscosity mPa | 4800 | 900 | 3000 | 3100 | n.d. 5800 500 7000
* S
Modelling Good | Very | Good | Good | n. d. Good Very Bad
good good
Surface Very | Very | Very | Very | Very Very Bad Bad
smoothness good | good | good | good | good good
Surface 0.3 0.2 0.2 0.3 0.3 0.1 1.0 0.6
roughness/
[pm]
Transparency | Very | Very | Good | Good | Very | Opaque Bad Bad
good | good good
Accuracy Very | Very | Very | Very | Very Very Mediocre | Mediocre
good | good | good | good | good good
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The amounts indicated in Table 1 are expressed as parts per weight.

1

UA-1 = urethane dimethacrylate (“UA-160TMM’, manufactured by Shin
Nakamura Chemical Co., Ltd.)

UA-2 = urethane dimethacrylate (“UA-150TMM’, manufactured by Shin
Nakamura Chemical Co., Ltd.)

UA-3 = urethane dimethacrylate (“UA-L160TMM’, manufactured by Shin
Nakamura Chemical Co., Ltd.)

B-1 = urethane dimethacrylate (“U-2TH’, manufactured by Shin Nakamura
Chemical Co., Ltd.) obtained by the reaction of 1 mol of 224-
trimethylhexamethylene diisocyanate with 2 mol of 2-hydroxyethyl
methacrylate

B-2 = neopenthylglycol dimethacrylate (“NK-NPG’, manufactured by Shin
Nakamura Chemical Co., Ltd.)

B-3 = triethyleneglycol dimethacrylate (“NK-3G’, manufactured by Shin
Nakamura Chemical Co., Ltd.)

Initiator = Irgacure® TPO (BASF)

Silica particles = Admafine Silica (Admatechs), average particle diameter
S um.

By using the compositions of the present invention, it is possible to produce a
three-dimensional article with little roughness on the surface, excellent surface
smoothness and high dimensional and shape precision.

Industrial applicability

The composition of the present invention is suitably used for stereolithography.
The composition of the present invention is suitably used in applications where
the smoothness of the surface is particularly necessary, and where high
precision is needed.
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CLAIMS

1 A liquid photocurable resin composition for  stersolithography,
COMprising:

{1y at ieast one radical polymerizable compound {A) represented by the

following general formula (1)

RAO-CO-NH-RZNH-C0-0-R"-0-CO-NH-R*-NH-CO-OR* (1),
wherein R' is a linear or branched polytetramethylene glycol residue

having an average molecular weight from 200 to 3,000 g/mol R is a

diisocyanate compound residue; R® is a diisocyanate compound residue

baing the same as or different from R%: and R* is selected from

AcrO-CHa-CHo- (AcrO-CHRLCH- (AcrO-CHL)C-CHy-, AcrO-CHo—

CHCH3—~, AcrO-CH-CHCH~ and (AcrO-CHy),C{CoH:)CH,~ preferably

from AcrQ-CH,-CHy- and {(Acr(-CH,),CH-, more preferably is AcrG-CHo-

CHo- whersin Acr is CH=C{R}-CO- and R is a hydrogen atom or a

methy! group;

(iy at least one radically polymerizable organic compound (B) different from
compound (A}, and

(i} a photosensitive radical polymerization initiator (C),

wherein the content of said radical polymerizable compound (A) varies from

5% to 70% by weight based on the total amount of compounds {A) and (B).

2y The liguid photocurable resin composition for stereclithography
according to claim 1, characierized in that i comprises 5-70 parts per waight
and 30-95 parts per weight based on the total amount of 100 parts per weight
of compounds (A} and (B) and that it further comprises 0.1-10 parts per weight
of compound (C) based on the total amount of compounds (A} and (B).

3y The lquid photocurable resin composition for stereolithography
according to clam 1 or 2, characterized in that it further contains as
compound (D) from 5 to 80 paris per weight based on 100 paris per weight
of compounds (A}, (B} and (T}, one or more fillers and/or modifier resins.

4} Liquid photocurable resin composition for stereolithography according
to anyone of the claims from 1 to 3, which in its cured form has a surface
roughness Ra, determined according to the JIS B0601 method, which is
smaller than 0.4 um.

5) Use of a compound (A) of the following formula (1)

R'Q-CO-NH-R?-NH-CO-0-R-0-CO-NH-R*-NH-CO-OR* (1)



WO 2017/130153 PCT/IB2017/050449
17

wherein R' is a linear or branched polytetramethylene glycol residue having
an average molecular waight from 200 fo 3,000 g/mol; R? is a diisocyanate
compound residue; R® is a diisocyanate compound residue being the same as
or different from R?, and R is selected from the group consisting of AcrO-CHy-
CHp- (AcrO-CH)CH- (AcrO-CHy)C-CHy- AcrQ-CH~CHCH3~, AcrO-CHa-
CHC,Hs- and (AcrO-CHLC{CoH)CH,-, wherein Acr is CH=C{R)}-CC- and
R is a hydrogen atom or a methyl group in a stereclithographic process.

6} Use according to claim &, characterized in that the stergolithographic
process is a layer-by-layer sterechthographic process, in particular a process
comprising the steps of accommodating a layer of a liquid photocurable resin
composition comprising compound {A) in a shaping container having a light
permeable boltom face and of radiating that layer from the bottom of the
cortainer curing the layer and repeating these steps accommodating further
layers of liquid photocurable resin composition comprising compound {A)
between the botiom of said container and the last cured layer to produce a
stereoscopically shaped article.

7} Method for producing a three-dimensional article by stereolithography,
wherein the three-dimensional article is produced from a liquid photocurable
resin compaosition aecording to anyone of the claims from 1 to 4 which is cured
laver by layer by irradiating the layers selectively with light.

8) Method for producing a three-dimensional article according to claim 8,
comprising the steps of accommeodating & layer of the liguid photocurable resin
composition in a shaping container having a light permeabie bottom face and
of radiating that layer from the bottom of the container curing the layer and
repeating these steps accommodating further layers of liquid photocurable
resin composition 10 be cured between the bottom of said container and the
last cured layer to produce a stereoscopically shaped article.

9} A three-dimensional article obtained from the liguid photocurable
resin composition of anyone of the claims from 1 {0 4, by the use according to
anyong of the claims 5 or 6, or by the method according to anvone of the
claims from 7 to 8.

10} A three-dimensional article according o claim 8, characterized by
a surface roughness Ra, determined according to the JIS B0O601 method,
which is smaller than 0.4 um.
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