-1 TI TLE OF THE | NVENTI ON Anoryog-z2

Repl i ca Ml di ng BACKGROUND OF THE | NVENTI ON!' BPél d of
the I nvention This invention relates to a nethod for nolding replicas

..such as autonobile parts and househol d appliances. This invention also
relates to an apparatus for nolding such replicas. Prior Art In a

process for devel opi ng a new nodel of aulonobile part or househol d
appliance, a certain nunber of products nust be produced for the purpose of
confirm ng the outer appearance, shape and perfornmance. To this end,

vari ous procedures were developed in the prior art. Anong others, a

procedure of producing a precision part replica using a nold of silicone
rubber, known as a vacuun1casti?ﬁ?&ﬁiﬂgeaﬁﬁelﬁlggﬂﬂahly used in the art. In
this procedure, a pattern of noldi Rg,seEyiIMA ARga Master nodel is prepared
froma suitable material such as moo%, pl astics "and nmetal s by manual

nodel i ng or by neans of a machi ne tool (which can be controlled on the
basi s of three-dinensional CAD data). It v

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a method for molding replicas
such as automobile parts and household appliances. This

invention also relates to an apparatus for molding such
replicas.

Prior Art

In a process for developing a new model of automobile
part or household appliaﬁce, a certain number of products
must be produced for the purpose.of confirming the outer
appearance, shape and performance. To this end, various
procedures were developed in the prior art. BAmong others, a
procedure of producing a precision part replica using a mold
of silicone rubber, known as a vacuum casting procedure, is
widely used in the art. In this procedure, a pattern of
molding serving as a master model is prepared from a
suitable material such as wood, plastics and metals by
manual modeling or by means of a machine tool (which can be
controlled on the basis of three-dimensional CAD data). It
was recently developed to produce a master model by an
optical shaping system of irradiating a UV laser beam to a
photo~curable resin in accordance with three-dimensional CAD
data inputs.

In general, a replica is produced by birying the thus
obtained master model in an addition/heat curable liquid
silicone rubber composition, curing the silicone rubber
composition, removing the master model, casting a
thermosetting resin into the cavity in the cured silicone
rubber where the master model has been removed, heating the
thermosetting resin for curing. What is desired in the art



was recently devel oped to produce a naster nodel by an optical shaping
systemof irradiating a UV | aser beamto a photo-curable resin in
accordance with three-dinmensional CAD data inputs. In general, a
replica is produced by burying the thus obtained nmaster nodel in an
addition/ heat curable liquid silicone rubber conposition, curing the
silicone rubber conposition, renpving tte master nodel, casting a
thernosetting resin into the cavity in the cured silicone rubber where the
mast er nodel has been renobved, heating the thernosetting resin for curing.
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SUMMARY OF THE INVENTION

Therefore, an object of the invention is to provide a
method for molding a replica by forming a master model,
forming a mother mold of silicone rubber on the basis of the
master model, and casting a resin into the mold cavity to
form a replica, the method being improved such that the
replica can be briefly produced through a simple operatiomn.

Another object of the invention is to provide an
apparatus for molding a replica through a simple operation
with ease. .

We have found that when the mother mold is formed of a
photo-curable liquid silicone rubber composition and a
photo-curable liquid resin is used as the liquid resin to be
filled in the mold cavity to produce the replica, quite
unexpectedly, the photo-curable liquid resin filled in the
mold cavity can be photo-cured by performing light
irradiation from outside the mother mold formed of a
transparent cured product of the photo-curable liquid
silicone rubber composition. That is, the replica can be
briefly produced through a simple operation.

Accordingly, according to a first aspect of the
invention, there is provided a method for molding a replica,
comprising the steps of

forming a mother mold from a transparent cured product
of a photo-curable liquid silicone rubber composition, the
mother mold having a cavity corresponding to the outer
contour of an article to be duplicated,



nmaster nodel, and casting a resin into the nold cavity to forma replica,
the nmet hod being i nproved such that the replica can be briefly produced

t hrough a sinple operation. Anot her object of the invention is to
provi de an apparatus for nolding a replica through a sinple operation with
ease. We have found that when the nother nold is forned of a

phot o-curable liquid silicone rubber conpbsition and a photo-curable |iquid
resin is used as the liquid resin to be filled in the nold cavity to
produce the replica, quite unexpectedly, the photo-curable liquid resin

filled in the nold_.cay an_be .photo-cured h for | i ht
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} (a) filling a container having at least one light-
transmissive side surface with a photo-curable liquid
silicone rubber composition, submerging a master model in
the liquid silicone rubber composition, and irradiating
light to the liquid silicone rubber composition to cure the
composition to form a transparent silicone rubber part
having the master model embedded therein,

{(b) cutting the silicone rubber part into sections and
removing the master model therefrom, the sections when mated
constituting a silicone rubber mother mold having a cavity
corresponding to the outer contour of the master model,

(c) mating the sections of the silicone rubber mother
mold, £filling the cavity with a photo-curable liquid resin,
and irradiating light to the photo-curable liquid resin from
outside the mother mold, thereby curing the photo-curable
liguid resin within the mother mold to produce a replica,

(d) removing the replica from the silicone rubber
mother mold.

According to a third aspect of the invention, there is
provided an apparatus for molding a replica comprising

a mother mold having a cavity corresponding to the
outer contour of an article to be duplicated, said mother
mold being formed from a transparent cured product of a
photo-curable composition,

a means for casting or filling the mold cavity with a
photo-curable liquid resin, and

a means for irradiating light to the photo-curable

liquid resin from outside the mother mold thereby curing the
photo-curable resin.



curable liquid resin within the nother nold to produce a replica.

According to a second aspect of the invention, there is provided a nethod
for nolding a replica, conprising the steps of (a) filling a container
having at | east one light- transm ssive side surface with a photo-curable
liquid silicone rubber conposition, submerging a master nodel in the liquid
silicone rubber conposition, and irradiat%ng light to the liquid silicone
rubber conposition to cure the conposition to forma transparent silicone
rubber part having the master nodel enbedded therein, (b) cutting the
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According to d aspect of the invention, there is provided an
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IG. 1 Is a perspective view of a computer display

illustrating the three-dimensional computer-aided designing
(CAD) of a master model.

FIG. 2 illustrates the master model produced by the
three-dimensional CAD technique.

FIG. 3 illustrates the step of secondary curing ‘the
master model.

-,

FIG. 4 illustrates the step of taping the master model.
. FIG. 5 illustrates the master model secured to an
acrylic frame. _

FIG. 6 illustrates the step of deaerating a photo-
curable liquid silicone rubber composition.

FIG. 7 illustrates the step of pouring the silicone
rubber composition into the acrylic frame having the master
model secured therein.

FIG. 8 illustrates the step of deaerating the silicone
rubber composition in the frame.

FIG. 9 illustrates the step of irradiating light to the
silicone rubber composition to cure the composition.

FIG. 10 illustrates the step of cutting the cured
silicone rubber composition into two mold sections and
separating the mold sections, allowing the master model to
be removed therefrom.

FIG. 11 illustrates the step of secondary curing of the
silicone rubber mold sections.

FIG. 12 illustrates the step of deaerating a photo-
curable liquid resin.



-4- The master nodel is advantageously produced by an optica
shapi ng process of irradiating light to a photo- curable liquid resin
conposition in accordance with CAD data inputs regarding the shape and

di rensi ons of the master nodel designed by three-di nmensi onal CAD techni que,

thereby curing the resin conposition. BRI EF DESCRI PTI ON OF
THE DRAW NGS FIGS. 1 through 16 ilt¥strate an overall method for

nol ding a replica according to one enbodi ment of the invention. FIG 1
Is a perspective view of a conputer display illustrating the
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FIG. 17 is a perspective view of one exemplary replica.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the replica molding method of the
invention, a mother mold having a cavity corresponding to
the outer contour of an article to be duplicated is formed
from a transparent cured product of a photo-curable liquid
silicone rubber composition, the mold cavity is then filled
with a photo-curable liquid resin, and thereafter, light is
irradiated to the photo-curable liquid resin from outside
the mother mold for thereby curing the liquid resin within
the mother mold to produce a replica.

To obtain the mother mold, a pattern or master model is
first produced. BAny of conventional techniques used in thé
prior art replica molding method is applicable. The master
model may be made of wood, plastics, metals and composite
materials thereof. Useful master model configuring
techniques include carving of a wood block and machining of
a material by a machine tool. The material can also be
machined into the desired shape by computer-aided
manufacturing using three-dimensional CAD data. Further,
the master model may be produced by machining a plastic
material or assembling plastic material pieces.

Alternatively, the master model may be produced using
an optical shaping system wherein the information relating
to the position and shape of contour surfaces of the master
model is acquired by a three-dimensional CAD system, light
is selectively irradiated to a photo-curable liquid organic



separating the nold sections, allowi ng the master nodel to be renoved

t herefrom FIG 11 illustrates the step of secondary curing of the
silicone rubber nold sections. FIG 12 illustrates the step of
deaerating a photo- curable Iiquid resin. FIG 13

Il lustrates the step of casting the pho[g: curable liquid resin into the
silicone rubber nother nold. FIG 14 illustrates the step of
irradiating light to the liquid resin through the nother nold for curing to
forma replica. FIG 15 illustrates the step of separating the nold

sections aftefedite dom@Bbit {6 R AlHIA t368R, c8loMpdIilnlye toeRhk Cded Py
renoved t herefrom FLG..16 | | ust.rates the s#e of .seco darg curing
the replica. Shape @ngthe7bagis ‘b%erté}?edﬂ%\?émﬂ:b%o O‘gr?élréfgnﬁﬂﬁrf/ $¥bl i ca.
DESCRI PTI ON Crorfds iRRERERREDo BVBOBI HviENFS imens iduxbrseliapp .t o Thheopeptdla

mol di ng et Nogh B 4d1%sRUANEEOR né-d Tt iy BB 4 Bk 2143VhbYi1ap1e
corresponding to the outer _contour of an article to be duplicated 1s forned

from a transp@fentfRUes@Tpledut®l GSHdes- EUFLBN LY iRUEF &Pr v cBAEP r ubber
conposi tion, bjiecARET aayi Syai By tigpdn |Iredystéis ak plof Gkl saBLBok Oy d

resin, and tNELel} Qaiidil ¥k, Sohd " AUAARLR bBCa PR &S WY ol GHL
optical shaping system is most advantageous in that the time
required for the preparation is short. The preparation of a
master model by the optical shaping system has the
additional advantage that a master model which is corrected
for expected dimensional changes occurring in subsequent
steps can be easily prepared.

It is noted that the photo-curable liquid organic resin
composition used in the optical shaping technique may be
selected from the same as the photo-curable liquid organic
resin compositions to be described later.

The master model thus prepared is submerged in a photo-
curable liquid silicone rubber composition which is filled
in a container having at least one light transmissive side
surface. Light is irradiated to the silicone rubber
composition through the light transmissive side surface of
the container to cure the silicone rubber composition into a
transparent silicone rubber part in which the master model
is embedded and which is to serve as a mother mold. After
the silicone rubber part is fully cured (secondary curing),
it is cut into two sections, which are separated from each
other to allow the master model to be removed therefrom.
After removal of the master model, a cavity corresponding to
the outer contour of the master model is left behind in each
silicone rubber section. When the sections are mated
together, they form a silicone rubber mother mold defining a
cavity corresponding to the outer contour of the master
model.

Then, the mold sections are mated to form the silicone
rubber mother mold, and the mold cavity is filled with a
photo-curable liquid resin. Light is irradiated to the
liquid resin through the transparent silicone rubber mother



the nmother nold for thereby curing the liquid resin within the nother nold
to produce a replica. To obtain the nother nold, a pattern or naster
nodel is first produced. Any of conventional techniques used in the prior
art replica nmolding nethod is ‘applicable. The naster nodel may be nade of
wood, plastics, nmetals and conposite naterlals t hereof. Useful master nodel
conflgurlng t echni ques include carving off~a wood bl ock and machi ni ng of a
material by a machine tool. The material can also be nachined into the

desi red shape by conput er - ai ded manufacturing using three-di nensional CAD
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has the rubber compositions and photo-curable liquid resins. The

term “photo” is used in the same sense. Ultraviolet light
having a wavelength of 200 to 500 nm, especially ultraviolet
light having a wavelength of 300 to 400 nm is typically used
although the wavelength is not critical insofar as light has
a radiation curing ability. Light sources capable of
emitting such light include UV fluorescent lamps, high
pressure mercury vapor lamps, metal halide lamps, and xenon
lamps although the light source is not critical insofar as
it can emit actinic radiation capable of curing photo-
curable liquid silicone rubber compositions and photo-
curable liquid resins. UV fluorescent lamps are preferred
light sources because of the cost and ease of handling.

According to the invention, the mother mold is formed
of the photo-curable liquid silicone rubber composition as
mentioned above, which is advantageous in that the time
required to form the mother mold and hence, the replica is
significantly reduced, as compared with conventional
addition heat vulcanizable or room temperature vulcanizable
silicone rubber compositions.

The photo-curable .liquid silicone rubber composition is
preferably one which cures into a product (that is, mother
mold) having a Shore A hardness of 20 to 60, more preferably
30 to 50. With a mold hardness of less than 20 in Shore A,
there would be formed replicas of insufficient precision.
With a mold hardness of more than 60 in Shore A, it would
become difficult to remove a replica of complex shape such
as having inverted taper. The cured mold must be



addi ti onal advantage that a master nodel which is corrected for expected

di mensi onal changes occurring in subsequent steps can be easily prepared.

It is noted that the photo-curable |liquid organic resin conposition used in
the optical shaping technique nay be selected fromthe sane as the

phot o-curable liquid organic resin conpositions to be described later.

The master nodel thus prepared is subne?%éd in a photo- curable liquid
silicone rubber conmposition which is filled in a container having at | east
one light transm ssive side surface. Light is irradiated to the silicone
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Therefore, the silicone rubber composition is
preferably selected from photo-curable liquid silicone
rubber compositions which are curable upon exposure to light
into a cured product having a Shore A hardness of 20 to 60
and a transmittance of incident actinic radiation of at
least 10%T at a wall gage of 10 mm. Preferred are first to
third photo-curable liquid silicone rubber compositions to
be described below.
First photo-curable liquid silicone rubber composition

The first photo-curable liquid silicone rubber
composition is comprised of (i) 100 parts by weight of an
organopolysiloxane and (ii) 0.01 to 5 parts by weight of a
photo-initiator. The organopolysiloxane (i) consists of.

(A) 30 to 100% by weight of an organopolysiloxane of
the following average compositional formula (1):

RR'S10 . /2 eee (1)
wherein R, which is identical or different, is a substituted
or unsubstituted monovalent hydrocarbon group free of an
aliphatic unsaturated bond or an alkoxy group; R', which is
identical or different, is a photo-reactive group selected
from a (meth)acryloyl-containing group, vinyloxyalkyl group,
and epoxy-containing group; and letters a and b are positive
numbers satisfying 1.90 = a < 2.40, 0.0003 = b = 0.10, and
1.90 < a + b = 2.40, the organopolysiloxane containing at
least two photo-reactive groups in a molecule and having a
viscosity of 100 to 1,000,000 centipoise at 25°C, and



mold to cure the liquid resin within the nother nold. Thereafter, the cured
resin or replica is taken out of the nother nold. The replica is produced
in this way. In this case, it is preferable that the nmeans for filling
the nold cavity with the photo-curable liquid resinis provided with a
means for agitating and defoam ng the photo-curable liquid resin under a
reduced pressure, thereby obtaining a replica having no bubbl es therein.
The term"light" used herein designates actinic radiation capable of curing
phot o-curable liquid silicone rubber conpositions and photo-curable l'iquid

resins. The term™ S e [
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cured nold nusphenylethyl. The alkoxy groups represented by R are
preferably those having 1 to 8 carbon atoms, especially 1 to
4 carbon atoms, for example, methoxy, ethoxy, propoxy, and
butoxy. R is not limited to these unsubstituted monovalent
hydrocarbon groups and alkoxy groups, but includes
substituted ones of these groups wherein some or all of the
hydrogen atoms each attached to a carbon atom are replaced
by halogen atoms, cyano groups, alkoxy groups or the like,
for example, substituted hydrocarbon groups such as
chloromethyl, 3,3,3-trifluoropropyl, and cyanoethyl and
substituted alkoxy groups.

R' is a photo-reactive group selected from a
(meth)acryloyl-containing group, vinyloxyalkyl group, and
epoxy-containing group. The (meth)acryloyl-containing
:groups include (meth)acryloxyalkyl groups wherein the alkyl

moiety has 1 to 8 carbon atoms such as y-acryloxypropyl and

y-methacryloxypropyl. The vinyloxyalkyl groups include

those groups wherein the alkyl moiety has 3 to 8 carbon
atoms such as vinyloxypropyl. The epoxy-containing groups
include glycidoxyalkyl groups wherein the alkyl moiety has 3

to 8 carbon atoms such as y-glycidoxypropyl and (3,4-



-8 - transm ssive to actinic radiation in order that the photo- curable
liquid resin cast in the nold cavity be cured with the actinic radiation.
The cured nold should preferably have an actinic radiation transmttance of
at least 10% at a nold gage of 10 mm for exanple. Wth a transmttance of
| ess than 10%l, insufficient light is transmtted by a silicone rubber

not her nold having a wall gage of severalotens of mllinmeter so that the
photo-curable liquid resin in the nold cavity mght be insufficiently
cured, restraining renoval of the cured product fromthe nother nold.
Therefore, the silicone rubber conposition is preferably selected from

phot o- cur abl €RIXYGYELehex b kydbBEr RS niBe T b audit&l L aReieti diASe 2upon

exposure to |ighf a'a%enaaea;m@ds\mp%%cks__wayar@p&yﬂwl%néx{a@;l s, of 20 to

60 and a transnmittance of incident actiniC radiation of at'ledst 1090 at a
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silicone rubb LLi 1d ' I . FElr {,0- abl e
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phot 6- cu gui d
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or ganopol ysi | gxgdioptNg shilbkafed lated dotP@ulrably. Weighis elotadPBRAL-RNpk{at or .
The organopol ysi | oxXane (|§ consjsts of . aéA %0 %% 10%‘{0b |19ht pf an
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Rl err] R err] Sn¢jecular chain. (1)
The photo-reactive groups are classified in terms of
their reaction mode into two types, radical reactive groups
and cation reactive groups. Among the above-mentioned
photo-reactive groups, the (meth)acryloyl-containing groups
belong to the radical reactive groups while the vinyloxy-
alkyl and epoxy-containing groups belong to the cation
reactive groups. Among these, products cured through
cationic reaction leave in the cured silicone rubber
cationic residues, which can largely affect the heat
resistance of silicone rubber and hence, the effective life
of a mold. A choice of the radical reactive groups is
recommended from this aspect.
Letters a and b are positive numbers satisfying 1.90 =
a < 2.40, preferably 1.95 = a = 2.05, 0.0003 = b = 0.10,
preferably 0.0005 = b = 0.05, and 1.90 < a + b = 2.40,
preferably 1.96 = a + b = 2.1. The organopolysilokane of
formula (1) may be linear or branched. Its molecular chain
is end-blocked with a triorganosiloxy group which may or may
not contain one to three photo-reactive groups R' such as
R,Si0-, R'R,5i0-, R),RSiO-, and R!;SiO- groups.
The organopolysiloxane has a viscosity of 100 to
1,000,000 centipoise at 25°C, preferably 500 to 100,000
centipoise at 25°C. Organopolysiloxanes having a viscosity
of less than 100 centipoise fail to provide rubbery nature
and are brittle whereas organopolysiloxanes having a
viscosity of more than 1,000,000 centipoise are too viscous
to handle as a ligunid composition.
The organopolysiloxanes of formula (1) can be
synthesized by well-known methods. Organopolysiloxanes



wherein R which is identical or different, is a substituted or
unsubsti tut ed nonoval ent hydrocarbon group free of an aliphatic

unsat urated bond or an al koxy group; R err], which is identical or
different, is a photo-reactive group selected froma

(et h) acryl oyl -contai ni ng group, vinyloxyal kyl group, and epoxy-containing
group; and letters a and b are positive-ipunbers satisfying 1.90 [err] a <
2.40, 0.0003 [err] b [err] 0.10, and 1.90 < a + b [err] 2.40, the

or ganopol ysi | oxane containing at |east tw photo-reactive groups in a

nol ecul e and having a viscosity of 100 to 1,000,000 centi poi se at
25[err] C, andhaving an acryloyl group, for example, carmhe prepared(iy @ to
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romR and err], lar ratio + T) = 0.6 to
1.3, "and mol JFEPER 14 AGh FPa, EFRRGR das1GeReIE RS ST SPRS A bei ng
sol ubl e i n cofpersdtof Artaching! P-ddig10xgnBeRl ymidtdyare1ahof otguia (1)
constituting conponent (A), the nonoval ent hydrocarbon groups represented
by R are pref diabfynepigsiiovang termindtesamich at bninespasiidylygtotp 8

carbon at oms, ,£0p, 8% MY &hrdhhl qEhPEPRoBHGR 2SnBBhEXL 1ol MHe aPREPKLG
i sopropyl, butyl, isobutyl, tert-butyl, pentyl, hexyl, octyl, and decyl,

cycl oal kyl grefipeffecting agpdlldpaatidn dpritwaesl ehdygdrolyzatie pfoyps such as

nyl and tol vyl and ar al kyl s such as benzyl and
pheny a%ryloxypropylﬁéth%igggethoxysilane an% octamethylcyclo-

tetrasiloxane in the presence of a catalyst. By any of
these methods, a diorganopolysiloxane having an acryl group
introduced in a side chain is available and useful as
component (A).

The silicone resin (B) is a component for imparting
strength to the composition and concurrently increasing the
hardness thereof. More particularly, since the silicone
rubber composition as used herein cures into a product which
must subsequently transmit light, high loading of
reinforcing fillers used in conventional silicone rubbers is
impossible. For this reason, the silicone resin becomes
essential when it is desired to provide strength as typified
by tensile strength and tear strength. The silicone resin
has tri~ and tetra-functional siloxane bonds and is soluble
in component (A).

More illustratively, the silicone resin contains
RR'Si0,,, units (M), SiO, units (Q), and/or XSiO,,, units (T).
The silicone resin may further contain R,R'.0,,, units (D) in a
mqlecule. R and R!' are as defined above, and X is R or R'.
Letters p and q each are equal to 0, 1, 2 or 3 and satisfy p
+ g = 3. Letters s and t each are equal to 0, 1 or 2 and
satisfy s + t = 2.

The molar ratio of M unit to T and Q units combined,
that is, M/(Q + T) is from 0.6 to 1.2, preferably from 0.7
to 1.1. Silicone resins with a molar ratio M/(Q + T) of
less than 0.6 are insoluble in component (A) and not

reinforcing, or become white turbid and less transmissive to



phenyl et hyl . The al koxy groups represented by R are preferably those having
1 to 8 carbon atons, especially 1 to 4 carbon atons, for exanple, nethoxy,
et hoxy, propoxy, and butoxy. Ris not limted to these unsubstituted
nonoval ent hydrocarbon groups and al koxy groups, but includes substituted
ones of these groups wherein sonme or all of the hydrogen atons each
attached to a carbon atom are repl aced by _hal ogen atons, cyano groups,

al koxy groups or the like, for exanple, substituted hydrocarbon groups such
as chloromethyl, 3,3,3-trifluoropropyl, and cyanoethyl and substituted

al koxy groups. Rlerr] is a photo-reactive group selected froma

(et h) acryl oylli-ghant aknmobagrmatpo vi/gl 6xyal & Iinagreowpanahd?2 |pmestsont ai ni ng
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groups wherei'n the al ky nol ety has to carbon atons such as

y- acryl oxypr ogpintsgingye iR Hacr yl oxypropyl . The vi nyl oxyal kyl groups
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preferably 2 SERFARPOREIELABE o- r Hife GARFSD photo-reactive group R
is in the range of 0.01 to 0.1 mol, preferably 0.02 to 0.08
mol per mol of silicon atom contained in the silicone resin.
A silicone resin with a R' content of less than 0.01 mol is
not incorporated in crosslinkages, resulting in a cured
product retaining surface tack. A silicone resin with a R
content of more than 0.1 mol is too hard and results in a
cured product losing elasticity and becoming brittle.
The silicone resin is synthesized, for example, by

hydrolyzing y-acryloxypropyltrimethoxysilane and tetra-

methoxysilane in such a ratio as to meet the above-mentioned
composition. Alternatively, the silicone resin can be
obtained by reacting residual silanol of a conventionally
prepared silicone resin with y-acryloxypropyltrimethoxy-
silane or chlorosilane.

The blend of components (A) and (B) is 30 to 100% by
weight, especially 50 to 90% by weight of component (A) and
0 to 70% by weight, especially 10 to 50% by weight of
component (B) provided that thé total of components (A) and
(B) is 100% by weight. Component (B) need not be added in
some applications where no strength is necessary.
Compositions containing more than 70% by weight of component
(B) have an increased viscosity, cease to be liquid, and
cure into brittle parts which are practically unacceptable.

The first composition is based on (i) an organopoly-
siloxane consisting of the above-mentioned components (A)
and (B) and (ii) a photo-initiator. The photo-initiator is
to trigger reaction of component (i) upon light exposure to
create a three-dimensional linkage, forming a rubber

molding. Among the above-mentioned photo-reactive groups,



groups represented by R err] should be contained in a nolecule. Wth | ess
than two photo-reactive groups represented by R err], organopol ysil oxanes
are not curable. It is noted that Rlerr] may be attached to a silicon atom
at an end of or intermedi ate a nol ecul ar chain. The phot o-reactive
groups are classified in ternms of their reaction node into tw types,

radi cal reactive groups and cation reactiye groups. Anong the
above- ment i oned phot o-reactive groups, the (neth)acryl oyl -containing groups
bel ong to the radical reactive groups while the vinyloxy- alkyl and
epoxy-contai ni ng groups belong to the cation reactive groups. Anong these,
product s cur ezh tdrgangipod gt i bokane ez niony |(eavd)aarybey btawectasiningone r ubber

cationic resi dusigs \de@ta a8 &@w@# yu?JJu%t rtatﬁcaﬁaicea@éi&; 3Meeedt gh!icone
rubber and hence, th ective choice of the radical
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2.05, 0,000 f ®
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nol ecul ar chakBetbphéithel)! oméhoae;rn@f@nmbhawxgﬁm whi ch may or
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or ganopol ysi | GRzhazeks, B-Heddydiacgtophanone o 4-1ne(t@wleget99mmpm.se3-at
25[err] C, prefanabl cohHehohal, QQ&etﬁsﬂfaMoiﬁ;e%n%S[ 8Lbkémo- _
Or ganopol ysi | oxanes having a osi t | ess than 10 cent oise fail to
provi de rubbePySHaPRPRONSM PAREGES 22 EB DGR P dﬂ@&ﬁ(’iﬁgpﬁg?? an¥s havi ng
a Vviscosity wcethoxgb¢hzoplen@ie 0@ methylpenzsepiEmmwneqo 4v-chtons- to handl e
oe sy e SEREEbEL Ry -t EsmEARRsl e st ot 2 (1) can
enzylbenzophenone, —chloroxanthone, 3,9~dichloroxanthone,
3-chloro-8-nonylxanthone, benzoin, benzoin methyl ether,
benzoin butyl ether, bis(4-dimethylaminophenol) ketone,
benzyl methoxyketal, and 2-chlorothioxanthone. Useful known
examples of the cationic photo-polymerization initiator
include diazonium salts such as 4-morpholino-2,5-
dimethoxyphenyl diazonium fluoroborate, and iodonium salts
such as a diphenyl iodonium salt of arsenic hexafluoride and
an octoxyphenylphenyl iodonium salt of antimony
hexafluoride.
The photo-initiator (ii) is added in an amount of 0.01
to 5 parts by weight per 100 parts by weight of component
(i), that is, components (A) and (B) combined. Since the
silicone rubber composition must play the role of
transmitting light at the end of curing, the addition of
photo-initiator (ii) which essentially absorbs light becomes
a negative factor with respect to light transmission.
Therefore, the photo-initiator (ii) should preferably be
added in a minimum amount enough for the composition to
cure, more preferably in an amount of 0.01 to 0.5 part by
weight per 100 parts by weight of component (i). Less than
0.01 part of photo-initiator (ii) is insufficient to cause
the silicone rubber composition to cure or to form a mold.
With more than 5 parts of photo-initiator (ii), the silicone
rubber composition would cure into a mold which is less



havi ng an acryl oyl group, for exanple, can be prepared by a nethod of
attachi ng y-acryl oxypropyltrinethoxysilane to a diorganopol ysil oxane
termnated with a hydroxydi methylsilyl group at each end through

deal cohol ysi s condensation, a nethod of attaching

y-acryl oxynet hyl di met hyl silanol to a diorganopol ysiloxane term nated with
a trinmethoxysilyl group at each end through deal cohol ysis condensati on, and
a method of effecting equilibration between a hydrolyzate of y-

acryl oxypr opyl net hyl di met hoxysi | ane and oct anet hyl cycl o- tetrasil oxane in
the presence of a catalyst. By any of these nethods, a diorganopol ysil oxane
havi ng an acrytanpmogsivet todutelk isp gheitde éhagntime dsaitidbheiand useful as
conponent (A)subsequehRecirih§OHE €18SighdtBlchgaBlE OFRONERL theh tR®arting
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resin contai n§TVR 2P PEEtererr] Thi (X 9aRpPPe P¥3rUriitd)(Q, and/ or
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above, and X is R o
the following "average compositional formula (2):

R.R’;S10,, .4,/ cee (2)

wherein R, which is identical or different, is a substituted
or unsubstituted monovalent hydrocarbon group free of an
aliphatic unsaturated bond or an alkoxy group; R?, which is
identical or different, is an aliphatic unsaturated group
selected from an alkenyl group and an oxygen atom-containing
aliphatic unsaturated group; and letters c and d are
positive numbers satisfying 1.90 = c < 2.40, 0.0003 s d =
0.10, and 1.90 < ¢c + d = 2.40, the organopolysiloxane
containing at least two aliphatic unsaturated groups in a
molecule and having a viscosity of 100 to 1,000,000
centipoise at 25°C, and

(D) 0 to 70% by weight of a silicone resin comprising
R R’ SiO,,, units (M), SiO, units (Q), and/or ¥SiO,,, units (T)
wherein R and R® are as defined above, letters p and g each
are equal to 0, 1, 2 or 3 and satisfy p + g = 3, Y is
selected from R and R?, molar ratio M/(Q + T) = 0.6 to 1.2,
and molar ratio R?*/Si = 0.01 to 0.10, the silicone resin
being soluble in component (C). The composition further
contains

(E) an organosilane or organosiloxane containing at
least two mercapto groups in a molecule in such an amount
that the equivalent of mercapto group may be 0.1 to 20

relative to the aliphatic unsaturated group supplied from
components (C) and (D).



Letters p and q each are equal to O, 1, 2 or 3 and satisfy p + q =
Letters s and t each are equal to O, 1 or 2 and satisfy s +t = 2.

The nolar ratio of Munit to T and Qunits conbined, that is, M(Q+ T)
from0.6 to 1.2, preferably fromO0.7
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r ei nf orcing,

- 12- i ght .

reducti on of
In order that
integrated wi

or become white turbid and-1®ss transm ssive to
A nmolar ratio M(Q + T) of nore than 1.2 suggests a

silica structure, failing to provide the reinforcing effect.
silicone resin (B) exert the relnforC|n%teffect it must be
r(2)hi & 28a3%n, silicone

th cdfpdhenProagopelesilaxgae PAKEHEUID

rR[eSI n] (B) gUSdeﬂlafeHI FolryRCOA Bl f.aln@tot:ampefgs&ime gm@upst, repriesert egeb_y _
err as does anen content .0 oL O-reac I ou IS 1IN
the range of %4 o ugs%ﬁ%raﬁ(ﬁf%@% ?eﬁeﬁﬁé@ Erﬁmbémnﬁl 8? n‘lﬁpmtﬁ

silicon atom mwal g gen ahemsidntramdngegl Aphat i Iumn:@ra@sﬁnqmum a

Rerr] COMenﬁr@feﬂa‘i’ﬁ% hB30ng- Pledmio ichirBBh hEGRS P

resulting in

a content of ﬂiﬁQPQIﬁﬁ?mﬁ 1 HEpmPp

| osi ng el asti
synt hesi zed,
and tetra-

@ée%‘ia'l'l‘ ;Chogsl ¢ nkages,

is

to 1.1. Silicone resins with a nolar
T) of less than 0.6 are insoluble in conponent (A) and not

I ng r n h
cured product ret eﬁgﬂg urface tack. Si BCO e resin wt

d 95AHP r’é%Qﬁ%sffﬁ%d
mn¢yudauhﬂheugm1ggowp$tsdah as VLnYhe gllykompxopesyh,iand

ﬁ @jﬁ”@ﬁen?ioﬁ%gﬁﬁgﬂr i ﬁEXEQfé{tE’if@SJcﬁbhﬁ%hoxySI | ane

ove-nenti oned

l.ane to neet
v1nyloxyalkyl groups) such as allyloxypropyl, and alkenyloxy

groups such as propenoxy.

At least two, preferably 2 to about 10, aliphatic
unsaturated groups represented by R’ should be contained in a
molecule. With less than two aliphatic unsaturated groups
represented by R?, organopolysiloxanes are not curable. It
is noted that R?® may be attached to a silicon atom at an end
of or intermediate a molecular chain.

Letters ¢ and d are positive numbers satisfying 1.90 =
c < 2.40, preferably 1.95 = c¢ = 2.05, 0.0003 =sd = 0.10,
preferably 0.0005 = d = 0.05, and 1.90 < c + d = 2.40,
preferably 1.96 = c + d = 2.06. The organopolysiloxane of
formula (2) may be linear or branched. Its molecular chain
is end-blocked with a triorganosiloxy group which may or may
not contain one to three aliphatic unsaturated groups R? such
as R,5i0-, R’R,8i0-, R’,RSiO~, and R*,SiO- groups.

The organopolysiloxane of formula (2) has a viscosity
of 100 to 1,000,000 centipoise at 25°C, preferably 500 to
100,000 centipoise at 25°C. Organopolysiloxanes having a
viscosity of less than 100 centipoise fail to provide
rubbery nature and are brittle whereas organopolysiloxanes
having ‘a viscosity of more than 1,000,000 centipoise are too
viscous to handle as a liquid composition.

Like the silicone resin (B), the silicone resin (D) is
a component for imparting strength to the composition and
concurrently increasing the hardness thereof. More
particularly, since the silicone rubber composition as used
herein cures into a product which must subsequently transmit
light, high loading of reinforcing fillers used in
conventional silicone rubbers is impossible. For this

€ufed product-



conposition. Alternatively, the silicone resin can be obtained by reacting
residual silanol of a conventionally prepared silicone resin with

y-acryl oxypropyl tri net hoxy- silane or chlorosilane. The bl end of
conponents (A) and (B) is 30 to 100% by wei ght, especially 50 to 90% by
wei ght of component (A) and O to 70% by wei ght, especially 10 to 50% by
wei ght of conponent (B) provided that thegtotal of conponents (A) and (B)
is 100% by wei ght. Conponent (B) need not be added in sonme applications
where no strength is necessary. Conpositions containing nore than 70% by
wei ght of conponent (B) have an increased viscosity, cease to be |iquid,
and cure intocawson.| shpapibicpieciregia praenee f£3seniiddc¥peablie. is The
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acet ophenone, LpF e D héfeng, eB@hz%’E)%é?ﬂj’r?é t?aHtrhblr or 3 and satisfy p
+ g = 3. Letters s and t each are equal to 0, 1 or 2 and
satisfy s + t = 2.

The molar ratio of M unit to T and Q units combined,
that is, M/(Q + T) is from 0.6 to 1.2, preferably from 0.7
to 1.1. Silicone resins with a molar ratio M/(Q + T) of
less than 0.6 are insoluble in component (C) and not
reinforcing, or become white turbid and less transmissive to
light. A molar ratio M/(Q + T) of more than 1.2 suggests a
reduction of silica structure, failing to provide the
reinforcing effect.

In order that silicone resin (D) exert the reinforcing
effect, it must be integrated with component (C) after
crosslinking. For this reason, silicone resin (D) must
partially contain an aliphatic unsaturated group represented
by R* as does component (C). The content of aliphatic
unsaturated group R’ is in the range of 0.01 to 0.1 mol per
mel of silicon atom contained in the silicone resin. A
silicone resin with a R? content of less than 0.01 mol is not
incorporated in crosslinkages, resulting in a cured product
retaining surface tack. A silicone resin with a R® content
of more than 0.1 mol is too hard and results in a cured
product losing elasticity and becoming brittle.

The silicone resin is synthesized, for example, by
hydrolyzing vinyltrimethoxysilane and tetramethoxysilane in
such a ratio as to meet the above-mentioned composition.
Alternatively, the silicone resin can be obtained by
reacting residual silanol of a conventionally prepared
silicone resin with vinyltrimethoxysilane or chlorosilane.
Furthermore, the silicone resin can also be obtained by



fl uorene, benzal dehyde, anthraqui none, triphenyl am ne, carbazol e,

3- net hyl acet ophenone, 4-net hyl acet ophenone, 3- pentyl acet ophenone,

4- met hoxyacet ophenone, 3-brono- acetophenone, 4-allyl acet ophenone,

p- di acet yl benzene, 3- met hoxybenzophenone, 4-nethyl benzophenone, 4-chl oro-

benzophenone, 4,4-dinethoxybenzophenonqw 4-chl oro-4- benzyl benzophenone,

3-chl oroxant hone, 3, 9-di chl or oxant hone,” ‘3- chl or o- 8- nonyl xant hone, benzoi n,

benzoi n nmethyl ether, benzoin butyl ether, bis(4-dinethylam nophenol)

ket one, benzyl nethoxyketal, and 2-chl orot hi oxant hone. Useful known

exanpl es of thirealkOng Cratlant 914 Yietéeadedt@hxy $1iTanat and i realctdeg di azoni um

salts such .as 4 dQQi’yi %%ﬁé fl ét}gﬁgylpqen b, £li:a20RkeRyfHl-uor oborate, and
| O

i odonium salts such as’ a oni'um sa t of arseni ¢ hexafl uori de and
an octoxyphen9+$ﬂéﬁﬁPerodon|un1sa|t of antinmony hexafl uori de. The
photo-initiator (id¢ompesemdddd)i andn(HnmedatblsndgdOguch ¢-hgtpelre H1bydwei ght

per 100 parts1Qyzowoghbo%)fbycm@m@ntespéciantyhab t6,9030 ?ﬁ& 68) and (B)

conbi ned. Since the cone o SItIO a | e of
transmtting Fl % nd o cﬁJr%l ?1’ %) %lnalg' o tb)t SBin tiator

(ii) which es@@nw:eeutyoabwrmemagm) t?éeah%%d taaﬁeb%& |t\Péa?-a‘éﬁ or with
respect to |i gbhpctuteartsm(eslm (DThes efoarepy twed ghlRot ocdmpiche it O(TD)(I i) should

preferably be poaddag ) 8aSd R TLATOHRR ERCHE LREcd Ny SORBRRAL kD 1O

cure, nore pre I'n_an amnount of . _%% %%t per 100
parts by wei gFFF'CS?s%‘ﬁ’npoﬁ%‘ﬁ?°s(31t)1°nie‘é%ntFFrﬁﬁnq (5“"(51a gﬁ?’f BROtD9Hi t i at or
(ii) is insuffdfcremportemtc &b chaviehensindreened rulsresitynpeisei om keo cure or
to forma ol d.jquY¥} led®Pegré hadtd bRaEL e PhrPHGhOohNhte Jikcfédliy t he
silicone rubber conpqﬁjtlon woul d cure into a nold which is |ess

unaccepta

Contained as component (E) in the second composition is

an organosilane or organosiloxane containing at least two,

preferably 2 to about 50, mercapto groups in a molecule.

This organosilane or organosiloxane (E) is a crosslinking .

component which reacts with aliphatic unsaturated groups in

components (C) and (D) to form a rubbery elastomer. Aany

desired compound may be used insofar as it contains in a

molecule at least two mercapto groups, for example,

mercaptoalkyl groups represented by ~(CH,),~SH wherein r is 1

to 6, such as y-mercaptopropyl. To maintain light

transparency, the compound should have a silane or siloxane
bond well compatible with the organopolysiloxane.

Illustrative examples of the organosilane or organo-
siloxane (E) are linear, cyclic or branched organopoly-
siloxanes of the following formulae.

CHzCH;SH CH,CH,CH,SH CLLCLLSI{
Sl— —f&— s'i—o—-}-ﬁ
OCH, OCH; i, .
CHzCHzCHzSH CHzCHzCHzSH
CH: OSL(CHJ)J
?Hg (I:H; \ CoHs
HSCaH@FO*{r%FO 1 H ‘—}v SiCH,SH
()(;l {l (;H1 4qf'{5 /]P(Ag




-14- transm ssive to light so that a long tine is taken in subsequent
curing of the photo-curable resin within the nold, that is, the resulting
nold is an inadequately light transm ssive nold. Second photo-curable

liquid silicone rubber conposition The second photo-curable liquid
silicone rubber conposition is conprised of (iii) an organopol ysil oxane and
(iv) a photo-initiator. The organopol ysilBexane (iii) consists of (O

poly, oxane.gf the follow ng average
FLPY ﬁm_ f%mﬂ&Qﬁw]
-

(2) mherer ¢ Is a substituted or
unsubsti tuted nD h grwégﬂbqplgégﬂgH § of an aliphatic unsaturated
bond or an alkoxy group R2 Ich 1s 1dentic or different, is an
al i phatic unsaturated group sel ected fronran alkenyl group and an oxygen

30 to 100% by weigfat n,or
conposi ti onal Gﬁﬁ gff _

at om cont ai ni ng a¢th ns gLa e Hﬂ né etters ¢ and d are
positive nunbe&g\1 _ki gé*ﬂ rr]tc < Hﬁ 0003 [err] d [err] 0.10,
and 1.90 < c + &k containi'ng at | east two
al i phatic unsatumaﬁﬁd gnQu s gHan & ving a viscosity of 100 to
1, 000, 000 centi poi se at 25[err]C and (D) to 70% by wei ght of a

S|I|cone resin conprising Rerr]Rerr]Sigerr] units (M, SiJerr] units
(Q, and/or YSi KLHa its (T) wherein R and Rl err] are as defined above,
|l etters p and 8 to 0, 1, 2 or 3 and satisfy p+q =3, Yis
selected from err ) Iar ratio M(Q+ T) = 0.6 to 1.2, and nolar
ratio R err]/Si Q: 1 td«0.10, the silicone resin being soluble in

conponent (C). Th%;nggoibkhﬂf?éurféEﬂér %O@Eaéﬂslnteger d&Ektaﬂegégafos'lane

or organosi | oxane "‘contai fi
X, vy and v are 1ntegers inclusive of 0, and z and w are

integers of at least 2.

These organosiloxanes may be used alone or in admixture
of two or more.

As component (E), linear compounds are often used
because of ease of synthesis as mentioned above although
compounds of the structure containing Q units, for example,

a hydrolyzate of y-mercaptopropyltrimethoxysilane and

tetramethoxysilane may also be used.

Component (E) is blended in such an amount that the
equivalent of mercapto group may be 0.1 to 20, preferably
0.5 to 4.0, relative to the aliphatic unsaturated group
supplied from components (C) and (D). Insufficient curing
occurs with less than 0.1 equivalent whereas beyond 20
equivalents, the crosslinking agent becomes excessive, also
leading to insufficient curing.

The second composition is based on (iii) an organopoly-
siloxane consisting of the above-mentioned components (C)
and (D), component (E), and (iv) a photo-initiator. The
photo-initiator is to trigger reaction of component (iii)
upon light exposure to create a three-dimensional linkage,
forming a rubber molding. Examples of the photo-initiator
include acetophenone, propiophencne, benzophenone, xanthol,
fluorene, benzaldehyde, anthraquinone, triphenylamine,
carbazole, 3-methylacetophenone, 4-methylacetophencne, 3-
pentylacetophencone, 4-methoxyacetophenone, 3-bromo-



| east two nmercapto groups in a nolecule in such an anount that the

equi val ent of nercapto group may be 0.1 to 20 relative to the aliphatic
unsaturated group supplied from conmponents (C) and (D)

-15- In the organopol ysil oxane of formula (2), Ris as defined for
Rin the first conmposition. Rerr] is at |east one aliphatic unsaturated
group selected froman al kenyl group andgan oxygen atom contai ni ng

al i phatic unsaturated group, preferably having 2 to 10 carbon atons,
especially 2 to 6 carbon atons. Exanples of the group represented by R err]
i ncl ude al kenyl groups such as vinyl, allyl, propenyl, and hexenyl,
aIkenyloxyal@thgpbap@n%¢N%ﬁ4&l§3?§eéﬁeh%ﬁﬁﬂﬁ}\Hﬂ%%ﬁﬁﬁyﬂ}mﬁﬂzﬁﬁeouﬁs) such as
al I'yl oxypr oplethofé¢ bahk@gméx@mé gmouaanmsénmpn@rn@aenoxycnloro- At | east two,
preferably 2 .to abg df QQ- ﬁ aturq{ %roHps %e ented by
Rierr] shoul dP85&°P ﬁP%P%E f M5 eEY %nz FRRHC allphatlc
unsat urat ed greowzydbeepopserined BVCRﬂerp¥anthqpﬁno@oByQutbk@wmxannhenﬂot
curable. It ig diﬁ%:%gt gbgé r%iﬁ.ﬁ{rlno%y B@n%iﬁc%ztoqnaméthyf%@rom at an

end of or interne | ecul ar, chai.n. tters_c and are
positive anﬁRﬁQ¥Q%§tPnginﬁth?Ex)H%?K#rd&mﬁﬁﬁwlﬁﬁlﬁﬂBQFBPéb|§eﬁ9%ﬁ3 [err] ¢
[err] 2.05, Gd&a(y3 methbxgkétrl ) dhdla-cplefethﬂdgaﬂ&hﬁﬁ@S [err] d [err]
0.05, and 1.90 < r} 4 r r apl [ etrd, 2. 06.
The or ganopol ysi | g];(haengmkggf o?%rtu ;onzp ﬁr}'é %E x?&egglr!{gar ]lg?nguﬁﬁe%l% (f d

nol ecul ar chat®h I Pa&H§- BYOEREQPVMHQ? éoprPéFE%h@%|WQ%&PtgP6u6°WPWQﬂPﬁnay or
may not conta(iiione tsintBr €Re aéiPitaineC rubbat Utadyssh igrioupauRE epIiy St

role of transmitting light at the end of curing, the
addition of photo-initiator (iv) which essentially absorbs
light becomes a negative factor with respect to light
transmission. Therefore, the photo-initiator (iv) should
preferably be added in a minimum amount enough for the
composition to cure, more preferably in an amount of 0.01 to
0.5 part by weight per 100 parts by weight of component
(iii). TLess than 0.01 part of photo-initiator (iv) is
insufficient to cause the silicone rubber composition to
cure or to form a mold. With more than 5 parts of photo-
initiator (iv), the silicone rubber composition would cure
into a mold which is less transmissive to light so that a
long time is taken in subsequent curing of the photo-curable
resin within the mold, that is, the resulting mold is an
1nadequate1y light transmissive mold.

Third photo-curable liquid silicone rubber composition

The third photo-curable liquid silicone rubber
composition is comprised of an organopolysiloxane consisting
of _

(C) 30 to 100% by weight of an organopolysiloxane of
the following average compositional formula (2):

RR’S10 . 42 e (2)
wherein R, which is identical or different, is a substituted
or unsubstituted monovalent hydrocarbon group free of an
aliphatic unsaturated bond or an alkoxy group; R*, which is

identical or different, is an aliphatic unsaturated group



as RBSIO, Rerr]Rerr]SIO, Rerr]RSIO, and Rerr]SiO groups. The
or ganopol ysi | oxane of fornmula (2) has a viscosity of 100 to 1,000, 000
centipoise at 25[err]C, preferably 500 to 100,000 centipoise at 25[err]C
Or ganopol ysi | oxanes having a viscosity of |less than 100 centipoise fail to
provide rubbery nature and are brittle whereas organopol ysil oxanes having
a viscosity of nore than 1,000,000 centiygoi se are too viscous to handle as
a liquid conposition. Like the silicone resin (B), the silicone resin
(D) is a conponent for inparting strength to the conposition and
concurrently increasing the hardness thereof. Mdre particularly, since the
silicone rubbelectapofidn ain adkesgll ghauEiandc anesxygén at@u-adundiaintingh nust

subsequent | ¥ 158RIALE uddfitrac0lrb0RMl fih ledi@il 87 Gh8Ggfdad ors used in

conventi onal |cone r ers 1 s I'npossi
- 16- reas@nSlthtee sk sagdisfiybagohe0 essert |2a|40wh@n0W3 is desired to

provide st rerogtlb aﬁnaypléd ed by tgershl go stireéwqiﬁa;a@aagouyauéﬁx?@gt h. The
silicone re5|n oxane dsr and i s sol ubl e

tri

i n conponent €$alnlng %ﬁji§§ﬁqlﬁ¥Pr§E39é?§l tqﬂfiﬁqra58ﬂegfg%?§1%ﬂaﬁtalns
Rlerr] R err] Siofkeniy andtsayfivg aSiv@sersityndd slqQte ar@LOr0MSi err] units
(T). The siliLQRe Heshnyfaysddrt contain Rlerr]Rlerr]Jerr] units (D) in
a nolecule. R anngFerrL are aséﬂﬁﬁlned above, and Y is Ror Rerr].
Letters p and q ed® Ar&%edPdibY LIt o 8y SBLIGRPS AGSIMy CRUPLES LG,
Letters s andk R’ saof), arrﬂteqqal) t 916, uhies 2opncasBtdrsveie, + dnits2.(T) The
ol ar rat'("%;éﬁéi%'k Sgd iug}e agnhgflﬁéﬁﬂgﬂy%g letters p and g each

are equal to 0, 1, 2 or 3 and satisfy p + q = 3, Y is

selected from R and R?, molar ratio M/(Q + T) 0.6 to 1.2,

and molar ratio R*/Si = 0.01 to 0.10, the silicone resin

being soluble in component (C). The composition further

contains

(F) an organohydrogenpolysiloxane of the following

average compositional formula (3):

RHSi0, . ¢/ cee (3)
wherein R, which is identical or different, is a substituted
or unsubstituted monovalent hydrocarbon group free of an .
aliphatic unsaturated bond or an alkoxy group, letters e and
f are.positive numbers satisfying 0.70 = e = 2.69, 0.01 = £
= 1.20, and 1.5 = e + £ = 2.7, the organohydrogenpoly-
siloxane containing at least two SiH groups in a molecule,
in such an amount that 0.4 to 10 SiH'groups are available
per aliphatic unsaturated group supplied from components (C)
and (D), and

(G) a catalytic amount of a platinum catalyst for
effecting hydrosilyiation between the aliphatic unsaturated
groups in components (C) and (D) and the SiH group in
component (F) upon light exposure.

The identity and blending proportion of components (C)
and (D) are as described in conjunction with the second
composition.

In addition to components (C) and (D), the third

composition contains an organohydrogenpolysiloxane of



that is, M(Q+ T) is fromO0.6 to 1.2, preferably fromO0.7 to 1.1. Silicone
resins with a nolar ratio M(Q + T) of less than 0.6 are insoluble in
conmponent (C) and not reinforcing, or beconme white turbid and | ess
transmssive to light. A nolar ratio M(Q + T) of nore than 1.2 suggests a
reduction of silica structure, failing to provide the reinforcing effect.
In order that silicone resin (D) exert -he reinforcing effect, it nust be
integrated with conponent (C) after crosslinking. For this reason, silicone
resin (D) nust partially contain an aliphatic unsaturated group represented
by Rlerr] as does_ conponent . The content. of aliphatic unsaturated group
Rerr] is |anﬁﬁuiﬁngg)cﬁs(quPOPSHB (Fhol Pef REL2BPIEIXIAPIYom cont ai ned
in the siliceigokené Nserved ldsCc@nerbesi Mming aa;eEiz gont eMdejoilngss than 0.01

nmol is not inc in cr sI nkage I n ured product
retai ni ng suPVgé g%ﬁgk % é rég 5“%8§1¥51 ﬁfgg%ht@bf of nore than 0.1
mol is too h@@ecaﬁdcabhnlqkaghﬁtGCCune@t$waﬁﬁﬂngnqyﬁﬁngne¢@m@¢n§np¢ dRd

beconm ng britdhe(p) in tHdGEddne@NBEr €fd Npl &k Tk l&a%azyek f'csa:r wheaaple, by
hydrol yzi ng vinyltrinethoxysilane and tetranet Oxysi such a ratio

as to nmeet tREOBBEIRI BT P8 EOFB * n& F§ ?erthe silicone
resin can be obtaﬁmedobmulaeaktaﬁg:messddeilnadzmuﬂ Rofinafoomwbmt jIonal | y

prepared si |Leqz‘%'%‘%sr 8ShAa W LAy &/ igudilehi v BEh RS 'saé%‘is‘iglﬁ&' QIP5id ane.

Furthernore, the silicone resin can al so_be obt ai ned
-17 - hydmlzyfigngpﬁﬁF%Fa@rlés]S' or® €efr def hoky&h ISarte aﬁdz?eactl ng
preferably 0.02 = £ = 1.1, and 1.5 = e + £ = 2.7, preferably

1.9 =e + £ = 2.4. This organohydrogenpolysiloxane may be
linear, branched, cyclic or three-dimensional network
insofar as it has at least 2 SiH groups, preferably at least
3 SiH groups, more preferably 3 to about 100 SiH groups
(hydrogen atoms each attached to a silicon atom). It is
understood that SiH groups may be present at an end of or
intermediate a molecular chain.

The organohydrogenpolysiloxane usually has a viscosity
of about 2 to 1,000 centipoise at 25°C.

The organohydrogenpolysiloxane is blended in such an
amount that 0.4 to 10 SiH groups, preferably 0.8 to 4 SiH
groups are available per aliphatic unsaturated group .
supplied from components (C) and (D). Insufficient curiné
occurs with less than 0.4 equivalent whereas beyond 10
‘equivalents, the crosslinking agent becomes excessive, also
leading to insufficient curing.

Further blended as component (G) in the third
composition is a platinum catalyst. The platinum catalyst
is preferably a photo~functional platinum catalyst which can
give a sufficient pot-life in that after all the above-
mentioned components are combined, no curing is induced
until preparatory steps necessary to fabricate a silicone
rubber mother mold such as mixing and casting steps are
completed. Examples of the photo-~functional platinum

catalyst include (m~diolefin)(o-aryl)platinum complexes as

disclosed in JP-A 168061/1984 corresponding to USP 4530879
and platinum compounds controlled with azodicarboxylic acid



the hydrolyzate with 1,3-divinyl-1,1,3,3-tetranethyl- disil oxane.
Conmponents (C) and (D) are bl ended such that the blend is 30 to 100% by
wei ght, especially 50 to 90% by wei ght of conponent (C) and 0 to 70% by
wei ght, especially 10 to 50% by wei ght of conponent (D) provided that the
total of conponents (C) and (D) is 100% by wei ght. Conponent (D) need not
be added in sone applications where no s44ength is necessary. Conpositions
cont ai ning nore than 70% by wei ght of conmponent (D) have an i ncreased

viscosity, cease to be liquid, and cure into brittle parts which are
practically unacceptab

l.e. Qont ai ne omonent (E) in the second
conposi tion &S tEES0A§aAbSFIAIRY 8?;5%%&??%55% &&H&%Hg’ﬂél%‘i F2astE t wo,
preferably 2 46d0838ut BDsonesefapt argr pdpsinum scongagdse cothrel bedyaniasi | ane

or organosi | ©aiEhck$va &85 diKisN@nCaBPESEy MYt Bnbeasqs Wi th
al i phatic unsaturated gr_oups I n conpaonents (C) and (D), to forma rubbery

el ast omer. ARFIddRREddEBRPR IfaPcHe GSEBTF R Hlatdnup ety in a
nol ecul e at |@EaSded ifepEaps-aigyidadbl ef o gandentesimer captopl &ying oups

represented by .- er.r] ryl- rel ' 6, such as
y- mer capt opro%‘ayﬁa.lg?o T }r}%gi #T%%%%t %ggg%aég%%ei,%'h_e conpound shoul d have
a silane or siloxd&Rmpeeeatuwét) ESnpkandsde 1p ehcahal Brihmnsyngsi Pokame.

Il Tustrative gyawliesooh,bbe ppEANSEIdARA 19 aB6GEND0 tcSiﬂOQXPPﬁi 6F) are
| inear, cyclic é)g.nbrmarrln%r%gg organopol y- siloxanes of the follow ng
formul ae. [erPjaeind : -18- [err]

It is understood that the first to third compositions
mentioned above may further contain fumed silica,
transparent glass beads, and quartz glass powder insofar as
the light transmission effect is not impaired. Also a
hydrosilylation controlling agent may be blended in the
third composition.

The liquid silicone rubber composition preferably has a
viscosity of about 100 to 1,000,000 centipoise at 25°C, more
preferably about 1,000 to 100,000 centipoise at 25°C.

When a mother mold is fabricated from a photo-curable
liquid silicone rubber composition as mentioned above, a
master model fabricated in the master model forming process
mentioned above is first placed in a container which is
desirably constructed of light'transmissive members, for
example, members of transparent resins such as acrylic
resins and polycarbonate resins and members of transparent
inorganic materials such as glass and synthetic quartz, and
a liquid silicone rubber composition is then introduced into
the container. Alternatively, a liquid silicone rubber
composition is first introduced into a container and a
master model is then submerged in the ligquid composition.
Thereafter, light is irradiated to the liquid silicone
rubber composition through the container for curing the
composition. By deaerating in vacuum the liquid silicone
rubber composition prior to the curing step, there can be
obtained a more precise silicone rubber mother mold. In the
light irradiating step, light sources are preferably placed
such that the silicone rubber composition is exposed to



In the fornmulae, letter uis an integer of at least 3, x, y and v are

integers inclusive of 0, and z and w are integers of at |east 2. These
or ganosi | oxanes nmay be used al one or in adm xture of two or nore. As
conponent (E), linear conpounds are often used because of ease of synthesis

as nentioned above al though conpounds of the structure containing Qunits,
for exanple, a hydrolyzate of y-nercaptoptopyltrinethoxysilane and

t et ramet hoxysi |l ane nay al so be used. Conmponent (E) is blended in such
an anmount that the equival ent of mercapto group may be 0.1 to 20,
preferably 0.5 to 4.0, relative to the aliphatic unsaturated group supplied
from conponentightCyinandl (@} redtyiswist Wwhiegaby ctie ntldeomes rubbér | ess than 0.1

equi val ent Wﬂ%%lQ@BQnéagob@qml\@rﬁﬁ?san&hﬁrféﬂ.%ﬁ'du%bng agent becones
excessive, alsoleading to insufficient cur cond conposition

is based on (iii) ¥ &"§aRBPBPSS IQﬁ%%%Qt&Bﬂs?ﬁf|¢EP%ﬁlWﬂﬁglﬁbBQe nti oned
conponents ( Quming () theospbimnte (dmbbeandofipeyiighotis- iisi ef fdotivelhe

phot o-ini ti atgg d&/érot Bl Qggfaéé—‘a&é t%i% %ﬁl&@&?&%béx‘ dohpdeP: b oY

exposure to create a ree-di nmensi ona
the contalner with a light transmlss1ve lid of the same

material as above. Also, the silicone rubber mother mold
may be provided in the curing step with a runner for
subsequently introducing a photo-curable liquid resin into
the silicone rubber mother mold. At the end of curing, the
master model has been embedded in the silicone rubber part.
The cured silicone rubber part is cut into sections, which
are separated from each other, allowing the master model to
be removed therefrom. Then the cured silicone rubber
sections are mated to construct a silicone rubber mother
mold in which a cavity corresponding to the outer contour of
the master model is defined. If the runner is not
previously provided in the silicone rubber mother mold, the
silicone rubber may be machined to form such a runner during
or after the cutting step.

No particular limit is imposed on the composition of
the photo-curable liquid resin which is cast into the
silicone rubber mother mold and cured with light to form a
replica according to the invention. Although many well-
known photo-curable liquid resins are useful, preferred are
radical polymerization type liquid resin compositions
comprising as essential components (1) a low molecular
weight compound having at least one ethylenically
unsaturated bond, an oligomer thereof or a mixture thereof
and (2) a photo-initiator capable of absorbing actinic
radiation to initiate polymerization.

The low molecular weight compound having an
ethylenically unsaturated bond and the ocligomer as component
(1) are those containing a group capable of addition
polymerization such as acryloyl, methacryloyl and vinyl
groups in a molecule.

Examples of the low molecular weight compound having an
ethylenically unsaturated bond include hydroxyalkyl



form ng a rubber nol ding. Exanples of the photo-initiator include

acet ophenone, propi ophenone, benzophenone, xanthol, fluorene, benzal dehyde,
ant hraqui none, triphenyl am ne, carbazol e, 3-nmethyl acet ophenone,

4- met hyl acet ophenone, 3- pentyl acet ophenone, 4-net hoxyacet ophenone,

3- br ono- -19- acet ophenone,

4-al |l yl acet ophenone, p-di acetyl benzene, -34-net hoxybenzophenone,

4- met hyl benzophenone, 4-chl oro- benzophenone, 4, 4-di net hoxybenzophenone,
4- chl oro-4- benzyl benzophenone, 3-chl oroxant hone, 3, 9-di chl or oxant hone,
3-chl or o- 8- nonyl xant hone, benzoin, benzoin nethyl ether, benzoin butyl

et her, bi s(4-verhsdnylaresophdnatyy katesnsuchbengyhydeoxysdhlydt al , and

2-chl or ot hi oxgat (lNGr1ate andN8cPPPIQs | Niydrak9bropy) hetmddgdakd anganount
of 0.01 to 5 garts b mel%ht eé ioo Qﬁ&;s b%.melﬁht iﬂ conpogent (rii).
Since the sil PEHRAYbEST 85%%8 Y190 FFSCLPAPeRRC oSt A ansni tti ng

i ght at the enacxflanes mycht he atblylermn gifycphotiomebhadmtlate( iand whi ch
essentially a i ghty ti ' i ght
Cr anarm asi on Rerny el G REROTERe S IRt diharfabepLte pETHaCTY 1SR
added in a ni KPREASENDIANE SHIGGR AbRetPRCTIIRASs ARAOALRGE AN nor e
prgfﬁrab}y inpamY@ﬂipﬁﬁgyﬂéd&.@lybﬁlodfméfﬂacdylawehghhdp@iadﬁ%ldm@@t?gb¥ .
wei ght of conponen : rt A -{nitiator (iv) is
insufficient £3 §5%}§%i%‘#2e gslilyl%’l%ilo%gﬁrgﬁg%%y%%ﬁpggﬁ ?Q%E?%i%her’e or to forma
nmol d. Wth nodéprapnlengghveadf dansthacryiateatand diaprylakesili cone rubber

conposi ti on WekhdrepyEerdt@yrdDldd nebhabry Fatlee Shd HAREH BSte/E d1kaneght SO

that a diol dimethacrylates and diacrylates such as butanediol
dimethacrylate and diacrylate, hexanediol dimethacrylate and
diacrylate, nonanediol dimethacrylate and diacrylate;
trimethylolpropane trimethacrylate and triacrylate,
dimethacrylates and diacrylates of diols obtained by adding
ethylene oxide or propylene oxide to a bisphenol skeleton;
N-substituted acrylamides such as N-methylolacrylamide,
diacetoneacrylamide, and N,N-dimethylacrylamide; N-
substituted methacrylamides such as N,N-dimethylmeth-
acrylamide; styrene and divinyl benzene.

Examples of the oligomer having an ethylenically
unsaturated bond include unsaturated polyurethanes and
unsaturated polyesters.

The unsaturated polyurethanes are obtained by reacting
a diol compound, a diisocyanate compound, and a compound
having both a hydroxyl or amino group and an ethylenically
unsaturated bond. They usually have a number average
molecular weight of about 800 to 30,000 as measured by gas
permeation chromatography (GPC) using polystyrene as a
standard. Examples of the diol compound include polyether
diols such as polyethylene glycol, polypropylene glycol, and
polytetramethylene glycol, and polydiols such as poly-
propylene glycol adipate diol, polyneopentyl glycol adipate
diol, and polycaprolactone diol. The diols compounds
usually have a number average molecular weight of about 400
to 3,000. Examples of the diisocyanate compound include
toluylene diisocyanate and hexamethylene diisocyanate.
Examples of the compound having both a hydroxyl or amino



long tine is taken in subsequent curing of the photo-curable resin within
the nold, that is, the resulting nold is an inadequately |ight transm ssive

nol d. Third photo-curable liquid silicone rubber conposition The
third photo-curable liquid silicone rubber conposition is conprised of an
or ganopol ysi | oxane consi sting of (© 30 to 100% by wei ght of an
or ganopol ysi | oxane of the follow ng aveffge conpositional fornula (2):
Rlerr[]Rerr]Sigerr] ... (2) wherein R, which is identical or

different, is a substituted or unsubstituted nonoval ent hydrocarbon group
free of an aliphatic unsaturated bond or an al koxy group; Rerr], whichis
i dentical or giiduperedt ani sthylenigeidyi angasarared depogt duyglude 2- :

- 20- sel eqf ﬁ&gﬁwm AbkRLYE ﬁ@&nanchl%gezl@&%@%éﬁ Ding

al i phatic uns roup; and Jetters_c and are positive nunbers
satisfying 1.RRFHaGTyLa e<a2d4®chﬁ¥ﬁﬁI3Hﬂ%ﬂpfoay{%ﬁ?]g%YQHi T9R8-1.90 < c + d
[err] 2.40, tmutnuquyamel;ﬁdlmdfymaﬁgnupuhyengyhenéen&ycdhmmoabkphat|c
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silicone resi#acEpMR8-sing Rlerr]Rerr]Siqerr] units (M, Siderr] units

(Q, and/or YSi ( erkid uh¥dturatrd polyesters are obtained by effecting
dehydration condensation between a dicarboxylic acid and a
diol to form polyesters while the polyesters are tailored to
be unsaturated by the following means. For example, a
dicarboxylic acid having an unsaturated bond such as fumaric
acid and maleic acid is used as at least part of the
dicarboxylic acid. Alternatively, a methacryloyl or
acryloyl group is introduced into the polyesters utilizing a
terminal carboxyl or hydroxyl group.

Examples of the dicarboxylic acid include unsaturated
dicarboxylic acids such as fumaric acid and maleic acid,
saturated dicarboxylic acids and aromatic dicarboxylic acids
such as adipic acid, sebasic acid, azelaic acid, isophthalic
acid, and terephthalic acid. Examples of the diol include
ethylene glycol, propylene glycol, hexane diol, diethylene
glycol, polyethylene glycol, and polypropylene glycol.

To introduce an ethylenically unsaturated bond
utilizing a terminal carboxyl or hydroxyl group, esterifica-
tion may be carried out using a compound having both a
hydroxyl group and an ethylenically unsaturated group such
as 2~hydroxyethyl methacrylate and acrylate, 2-hydroxypropyl
methacrylate and acrylate, and a compound having both a
carboxyl group and an ethylenically unsaturated group such
as methacrylic acid and acrylic acid.

Various well-known photo-initiators may be used as the
photo-initiator (2) capable of absorbing actinic radiation
to initiate polymerization. Examples include benzoin
derivatives such as benzoin methyl ether, benzoin isopropyl

ether, benzoin isobutyl ether, benzoin n-butyl ether, -
methylolbenzoin methyl ether, a-methoxybenzoin methyl ether,

and a-ethoxybenzoin ethyl ether; l-hydroxycyclohexylphenyl-



wherein R and R2 are as defined above, letters p and q each are equal to O,

1, 2 or 3 and satisfy p + g =3, Yis selected fromR and R2, nolar ratio
M(Q+ T =0.6to 1.2, and nolar ratio Rerr]/Si = 0.01 to 0.10, the
silicone resin being soluble in conponent (C). The conposition further

cont ai ns (F) an organohydrogenpol ysi | oxane of the foll ow ng average
conpositional fornmula (3): Bserr]Herr]Sigerr]

(3) wherein R, which is identical or different, is a substituted or
unsubsti tuted nonoval ent hydrocarbon group free of an aliphatic unsaturated
bond or an al koxy group, letters e and f are positive nunbers satisfying
0.70 [err] e §egstdplen®@ge endllftkeniyX-Y-eiippthylaningrropys3-perr] e + f [err]

2.7, the Orgaﬁ@%bﬁgryﬁ%&ggbxe si | oxane containing at least two SiH groups in
a nDIecuIe in such an anount .that 0.4

(%g rgg S, are avallable per
al i phatic unsaturaT%ﬁiQHQﬁﬂ§l§6ﬁbFF%ﬁ *%cﬂﬁ ﬁﬁbﬁ& g % Y AMeRE
(G a catal yt isiaiountpadiymerpkatiomm mm%/ghotoncuaéde@llmne rubber

hydrosilyl ati e ph r d ‘s (C3
org (5 1 S e s S o ot

i dentity and BREABI&G-IFETOEESER hrelb%mwléc)ls aﬂatleara@S&@ed
described in ggniHechéd sH thathenkecwedkerr Anighti magnreach the Ivigaddi tion

{0 component o reelnantsl Dradi el tle EPFRAFIAN EORLLATeA bucn

organohydrogenpo SI|O
condltlons, the photo -initiator is generally added in an

amount of at least 0.1% by weight, preferably at least 1% by
weight based on the total weight of the photo-curable liquid
resin composition. A too much amount of the photo-initiator
would give rise to the trouble that a longer exposure time
is necessary because the intensity of light reaching the

~ interior of the photo-curable liquid resin is further
reduced and that the photo-curable liquid resin is not cured
in some areas if the master model is of a unique shape. For
this reason, the amount of the photo-initiator used is
usually limited to 8% by weight.

In addition to these essential components, a stabilizer
such as well-known thermal polymerization inhibitors may be
added to the photo-curable liquid resin composition in order
to render the composition stable during preparation or
storage. Further, other additives such as mold release
agents and plasticizers may be added to the photo-curable
liquid resin composition if desired.

Besides, well-known photo-curable liquid resins of the
cationic photo-polymerization type may also be used. The
photo-curable liquid resin of this type is generally defined
as comprising as essential components (1) a low molecular
weight compound having a cationically polymerizable group
such as epoxy and vinyl ether groups in a molecule, an
oligomer thereof or a mixture thereof and (2) a cationic
photo-polymerization initiator capable of generating an acid
upon exposure to actinic radiation.

Examples of the low molecular weight compound having an
epoxy group in a molecule include diglycidyl ether, glycerin
triglycidyl ether, tris(hydroxyphenyl)propane triglycidyl



-21- formula (3) as conponent (F). This organohydrogenpol y- sil oxane
serves as a crosslinking agent for undergoing hydrosilylation with the

or ganopol ysi | oxane, nore specifically aliphatic unsaturated groups in
conponents (c) and (D) in the presence of the platinumcatal yst for thereby
pronoting crosslinking to forma rubbery el astoner. In formula (3), R
is as defined for Rin formula (1). Lettgrs e and f are positive nunbers
satisfying 0.70 [err] e [err] 2.69, preferably 1.0 [err] e [err] 2.0, 0.01
[err] f [err] 1.20, preferably 0.02 [err] f [err] 1.1, and 1.5 [err] e + f
[err] 2.7, preferably 1.9 [err] e + f [err] 2.4. This
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combi ned, no gakd MiGidrSdenddaesn é&ﬁdiypheﬁgabﬁé@fhédcﬂﬁ%mngﬁﬁﬁsafy to
fabricate a siligcone as._m Xxi qﬁﬁand casting steps

are conpl et e t’é&oe{%ll‘?g‘a%iu?ﬁ é?)‘no?so ]fsuNc?{iﬁ‘oﬁﬁ?W!blleﬁ Tat al yst include
(n-di ol efi n) (0- ar yF) penenadm tbeappexes-aurable liquid resin of the

cationic photo-polymerization type has the nature that
curing reaction hardly occurs with light of lower intensity.
Therefofe, when a photo-curable liquid resin is fed into the
mother mold of photo-cured silicone rubber to form a
replica, a photo-curable liquid resin of the cationic photo-
polymerization type can be used only under certain limited
conditions including the wall gage of the mold and the shape
of the master model. In this respect, the radical
polymerization type is advantageous.

The photo-curable liquid resin to be cast should
desirably have a lower viscosity, preferably less than about
200 poise at 20°C, more preferably less than 120 poise at
20°C in order that bubbles entrained during working steps
escape and the liquid resin spread throughout the cavity of
the photo-cured silicone rubber mother mold. It is noted
that the viscosity of the photo-curable liquid resin can be
lowered by blending a larger proportion of the low molecular
weight compound. It is also effective to add liquid
plasticizers such as silicone o0il in such an amount as not
to affect the remaining properties. If the photo-curable
liquid resin has a higher viscosity, its working viscosity
can be lowered by elevating the temperature upon casting.
However, since the photo-curable liquid resin can degrade at



di sclosed in JP-A 168061/ 1984 corresponding to USP 4530879 and plati num
conpounds controlled with azodi carboxylic acid

-22- esters as disclosed in JP-B 50375/1988 corresponding to USP
4640939. Al so useful are plati numconpounds controlled with optical active
di ket ones such as benzoyl acet one and acetyl ene di carboxylic acid esters and
pl ati num catal ysts included in photo-deggadabl e organic resins. The

platinumcatalyst is not linmted to these exanpl es. Component (G is
bl ended in a catalytic anmount, often about 1 to 2,000 ppm especially about
10 to 200 ppm of platinum netal. It is understood that the first to
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as used in the fabrication of the photo-cured silicone

rubber mold is convenient in that both the preparation of

the mold and the preparation of replicas can be carried out

with the same exposure apparatus.

By deaerating in vacuum the photo-curable liquid resin

prior to the curing step, there can be obtained a more
precise replica.

EXAMPLE

Examples of the invention are given below by way of

illustration and not by way of limitation. All parts are by
weight.

Preparation of a master model

Using a computer 3 as shown in FIG. 1, three-
dimensional CAD data of a master model 1 as shown in FIG. 2
having a shrinkage factor of a photosensitive resin taken
into account were produced. At the same time, data
regarding a support portion 2 for maintaining strength upon
preparation of the master model 1 by means of an optical
shaping machine were produced. The master model 1 was
prepared by inputting the three-dimensional CAD data into an
optical shaping system “SOLIFORM” manufactured by Teijin
Seiki K.K., supplying a photo-curable resin TSR800, and
irradiating UV laser beams at a pitch of 5 uym. To complete
curing of the master model 1, the master model 1 was exposed
to UV from a UV fluorescent lamp 4 as shown in FIG. 3 for
carrying out secondary curing.



I horganic materials such as glass and synthetic quartz, and a |liquid
silicone rubber conposition is then introduced into the container.
Alternatively, a liquid silicone rubber conposition is first introduced
into a container and a nmaster nodel is then subnmerged in the liquid
conposition. Thereafter, light is irradiated to the liquid silicone rubber
conposi tion through the container for cugdng the conposition. By deaerating
in vacuumthe liquid silicone rubber composition prior to the curing step,
there can be obtained a nore precise silicone rubber nother nold. In the
light irradiating step, light sources are preferably placed such that the
si licone rublmEliconposubben danmsieied hnd molding of a mother mold

-23- light in gl.l .directions whereby t silicone rubher conpasition can
be uniformy and %ﬁﬂéFPyecﬁ?BEﬁr mOtheEgPOEﬁﬁ T DEEPICFr BIERS i TP ai r from
i nhi biting th®ldevwing cbmpbeitsidrisc@nenduBber conposition, it is effective

to cover the sl Aacqrab1the;gidd GONS HHBL NGO RAsRIHIsIRibA Ahe contai ner
with a light Transmssive T1d of the sane material as above. Also, the

silicone rubber notRaMPeSLyiaByA DA REEPASEdi by t kendimang Sspaptai of a
runner for SUDSRAHYIPOYybRLERAME | BibckaaN @i en Careiilya dindehg1588b%, i Nto the
silicone rubber nother nBId. A¢ﬂ%g§}end of Curlqﬁ? t@gl%%stﬁr nodel has
been embedded3TIR ¥ P8RS ¢ VIRG @ VHRECE e P5il%%¢ 8RR rubber part
is cut into seentiipwmisenhkitcR58¢e 3% Eaxdtsedif posibiednotdesin abhsiwiing he
master nodel &p de-cageygdsiderefean sTHen tha ubethitsi GaNg hopber
sections are mated ngggﬁétru%ﬁ ( s?}ﬁcoﬁé rupber tother ~ . ,

ratio of the total of CH,=CH(CH,),510,,, and (CH,),Si0O,,, units

to the Si0, units of 0.8, having a vinyl group equivalent of

0.9 mol/100 g, and soluble in the dimethylpolysiloxane, 7

parts of a mercapto-containing organopolysiloxane of the

following formula (1) having a viscosity of 30 centipoise at

25°C, and 0.4 part of 2,2-diethoxyacetophenone.

e
Me,SiO — (SliO).,— SiMe;
C:H.SH

. (1)

- Photo-curable liquid silicone rubber composition B
A composition B was prepared by blending 50 parts of a
polydimethylsiloxane blocked with a group of the followihg
formula (2) at each end and having a viscosity of 1,000
centipoise at 25°C, 50 parts of fumed silica, and 2.0 parts
of 2,2-diethoxyacetophenone.

? Me ﬁnde
CHz-""-CHCOCHz[iO"SliO— cee (2)
Me OMe

The support portion 2 was removed by cutting from the
master model 1 obtained in the Preparation of a master
model, obtaining a master model from which a replica was to
be duplicated. A piece of tape 5 was attached to a region
of the master model 1 where an opening or window was located
as shown in FIG. 4.



nmbld in which a cavity corresponding to the outer contour of the naster
nodel is defined. If the runner is not previously provided in the silicone
rubber nother nold, the silicone rubber may be machined to form such a
runner during or after the cutting step. No particular limt is

| nposed on the conposition of the photo-curable liquid resin which is cast
into the silicone rubber nother nold and;gured with light to forma replica
according to the invention. Al though many wel |- known photo-curable liquid
resins are useful, preferred are radical polynerization type liquid resin
conpositions conprising as essential conponents (1) a | ow nol ecul ar wei ght
conpound havi ng ata |faste @ndnedhyhirti calghptoreatabht edlidudrd sidicohé goner
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shown in FIG. 6 for removing the air dissolved in the
silicone rubber composition, the deaerated silicone rubber
composition A was cast into the acrylic frame 6 in such a
manner that there were entrained as few bubbles as possible
as shown in FIG. 7 until the frame 6 was fully filled with
the silicone rubber composition. The acrylic frame 6 filled
with the silicone rubber composition A was placed in the
vacuum tank 7 again whereupon deaeration was performed as
shown in FIG. 8. ,

The frame 6 filled with the silicone rubber composition
A was placed in a rectangular exposure chamber where 40-W
fluorescent lamps 8 emitting UV at a center wavelength of
370 nm were disposed at six side walls as shown in FIG. 9.
In this condition, the silicone rubber composition A was
exposed to UV for 10 minutes. The cured silicone rubber
mold having the master model 1 embedded therein was taken
out of the acrylic frame. Using a surgical knife, the
silicone rubber mold 9 was cut into two sections, cavity and
core sections whereupon the master model 1 was removed
therefrom as shown in FIG. 10. The cavity and core sections
of the silicone rubber mold 9 were again exposed to UV for 5
ninutes under the UV fluorescent lamps 8 for promoting
curing as shown in FIG. 11. At this point, the silicone
rubber mold 9 had a surface hardness of 34 as measured by a
JIS A scale hardness meter and faithfully reproduced the
negative pattern of the master model 1.

Also, a silicone rubber mold was similarly prepared
using the photo-curable liquid silicone rubber composition
B. This silicone rubber mold had a surface hardness of 5%



di acryl ate, diethylene glycol dinethacrylate and diacrylate, tetraethylene
gl ycol dinethacryl ate and di acryl ate; pol yoxypropyl ene gl ycol

di mret hacryl ates and di acryl ates such as propyl ene glycol dinethacrylate and
di acryl ate, dipropylene glycol dinethacrylate and diacrylate, tripropyl ene
gl ycol dinmethacrylate and diacryl ate; al kane- di ol dinethacryl ates and

di acryl ates such as butanedi ol di net hacr 1ate and di acryl ate, hexanedi ol

di net hacryl ate and di acryl ate, nonanedi 6f “di net hacryl ate and di acryl at e;
trimethyl ol propane trinethacrylate and triacrylate, dinethacrylates and

di acryl ates of diols obtained by addi ng et hyl ene oxi de or propyl ene oxide
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hydroxyl or agroop at each end, and further reacting the oligomer with

410 g of 2-hydroxypropyl methacrylate.

A liquid photo-curable resin composition C having a

viscosity of 80 poise at 20°C was obtained by mixing 120 g

of the unsaturated polyurethane, 40 g of 2-hydroxypropyl

methacrylate, 20 g of N-methylol acrylamide, 20 g of

methacrylamide, 5 g of a-methoxybenzoin methyl ether, and

0.2 g of 2,6-di-t-butyl-p-cresol.

Photo-curable resipn composition D

An unsaturated polyester having an acid value of 35 mg
'KOH/g was obtained by mixing 430 g of diethylene glycol, 124
g of fumaric acid, 310 g of isophthalic acid, and 140 g of
itaconic acid and effecting dehydrating condensation
reaction.

A liquid photo-curable resin composition D having a
viscosity of 120 poise at 20°C was obtained by mixing 100 g
of the unsaturated polyester, 20 g of hydroxypropyl meth-
acrylate, 10 g of diacetone acrylamide, 10 g of diethylene

glycol dimethacrylate, 3 g of a-methoxybenzoin methyl ether,

and 0.2 g of 2,6-di~t-butyl-p-cresol.

The liquid photo-curable resin composition C was
preheated at 40°C and deaerated under vacuum with stirring
as shown in FIG. 12. The two sections of the photo-cured



- 25- group and an ethylenically unsaturated bond include 2- hydroxyet hyl
net hacryl ate and acryl ate, 2-hydroxypropyl nethacrylate and acryl ate,

pol ypropyl ene gl ycol nono- nethacrylate and acryl ate, polyethyl ene glycol
nono- met hacrylate and acryl ate, am noethyl nethacrylate and acryl ate.

The unsaturated pol yesters are obtained by effecting dehydration
condensation between a dicarboxylic acid;and a diol to form polyesters
while the polyesters are tailored to be unsaturated by the foll ow ng neans.
For exanple, a dicarboxylic acid having an unsaturated bond such as fumaric
acid and maleic acid is used as at |east part of the dicarboxylic acid.
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I ncl ude benzokgt as a replica 10 as shown in FIG. 15. To complete the
curing of the replica 10, the replica was placed in a
rectangular exposure chamber where 40-W fluorescent lamps 8
emitting UV at a center wavelength of 370 nm were disposed
at six side walls as shown in FIG. 16. 1In this condition,
the replica 10 was exposed to UV for 5 minutes.

The replica had a Shore D hardness of 82 degrees at
20°C and faithfully reproduced the original shape.

A replica was similarly produced using the liquid
photo-curable resin composition D. This replica had a Shore
D hardness of 65 degrees at 20°C and faithfully reproduced
the original shape.

A replica 11 of a screw shape as shown in FIG. 17 was
produced by the same procedure as above. For comparison
purposes, a replica 11 was produced by a prior art vacuum
casting method. The time required for the production of the
replica was compared between the inventive method and the
prior art method. The results are shown in Table 1.



derivatives such as benzoin nethyl ether, benzoin isopropyl ether, benzoin

| sobutyl ether, benzoin n-butyl ether, [err]- nmet hyl ol benzoi n net hyl
et her, [err]-nmethoxybenzoin nmethyl ether, and [err]-ethoxybenzoi n et hyl
et her; 1-hydroxycycl ohexyl phenyl - - 26-

acet ophenone and 1-benzy|-1-dinethylaninog;opyl-p- nmor phol i noket one.
The photo-initiator is used in an effect? anopunt to initiate

pol ynmeri zati on. Since photo-cured silicone rubber is used as the nold,
light irradiated toward the cast photo- curable liquid resin through the

nmold is partially absorbed by the nold only weaker |ight may reach
the liquid resin. In order that the Ilagg%é225|n cure under such

conditions, tlhe photo-initiator [s gengf@l ¥rtddded §J n an afRubionof at |l east
0.1% by weighHt, preferably at |epst 96day owitgld based on the total weight
of the phot o-JcHL AR Be Tda UL 0 nb &S mé:c%gp%' bt Qasdicl ORITUELL GREHINE OT THe
photo-lnltlatsteégg Lve i se 19, d.he, ' oubl ) osure tine
i S necessary u e intensily of Iight reachl n#‘teh% 9 ﬁt“é’rrl 12 of the
phot o- cur abl g |QQUI Lesin is fujther reduced and tfat g &e phbt o- cur abj e

liquidresinjisgnotigeuged i n somg"eéas bire thaés st =‘1’°r|’fﬁ'éf=?al'°“f‘% =02 &runj que
shape. For thjQvERaROfaget Bamanount of the photo-inijiator used is usually
.o 0
[imted to SN LI 1 icone mold) (BITRAT AT, IR LDES e S SOIpoTe} s, @
stabilizer spgh as,Melds kpown theiqml DAliYORS LésHek P dub hiOis PR¥ePP
. (room temperature composition | composition
atmosphere) Working time = 13 hr. |Working time = 15 min.
Making of replica Use thermosetting Use photo-curable
steps of FIGS. 12-16 liquid urethane resin |liquid resin
Working time = 1 hr. Working time = 10 min.
Total working time 49 hr. ~12.5 hr.

There has been described a method for molding a replica
by curing a photo-curable liquid silicone rubber composition
to form a transparent mother mold with a wall having a
thickness of several millimeters or several hundred
millimeters, casting a photo-curable liquid resin into the
mother mold, and irradiating light to the liguid resin
through the mold wall. Replicas can be fabricated by simple
steps and within a short time.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto in the light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described.



added to the photo-curable liquid resin conmposition in order to render the
conposition stable during preparation or storage. Further, other additives
such as nold rel ease agents and plasticizers may be added to the
photo-curable liquid resin conposition if desired. Besi des,

wel | - known photo-curable liquid resins of the cationic - -

phot o- pol yneri zati on type may al so be used. The photao- -wféwff“qu"?ésin
of this type is generally defined as cGPrﬁTi sing as e%ﬁ%ﬂ l’ jﬂs
(1) a low nol ecul ar wei ght conpound having a cationi e DG e

group such as epoxy and vinyl ether groups in a nolecule, an oligoner

t hereof or a E%Kfﬁgg thereof and (2) a cationic photo-polynerization
initiator capable of generating an acid upon exposure to actinic

radi ation. Exanpl es of the | ow nol ecul ar wei ght conpound havi ng an
epoxy group im.a nBl esthed 64 wmaaddhgl ¥ cielylicat heompgliyieg i the tategsy ofdy|
ether, tris(hydroxyphenyl)propane triglycidy
-2 7- et her, an gﬁlp]o%%c‘fsm 0 eé:i Ir‘l‘(_e);ligb%&?rgaictﬁrr?nsgaﬁgpg‘/h?/%% ppnr?gr‘llglt
(e.g., bisphenrél 8)phptoraysriabilieoddtpddi #11x3anso eRa@PREC B Higghethe
mol ecul ar vei ginepmOEd AWUAINREA BYviERCEd I dhshdnalivigy dbi endhen@lr wi th
epi chl orohydrin while ghanlégi he m rgtlo.%gf reaction conditions. Also
useful are ol CQBHBRE R \fi‘rhga cé'ﬁo%? é?o PPLHiaS%ed by reacting an ol i goner
havi ng a doubl e bofidlhité eheercici dasuth witpex qiaitice-cachble Exbgqpids of t he
cationic photq@sgghygﬁaization initiator include diazoniumsalts such as 4-
irradiating light to the photo-curable liquid resin
from outside the mother mold, thereby curing the photo-
curable liquid resin within the mother mold to produce a
replica.

2. A method for molding a replica, comprising the steps of

(a) filling a container having at least one light-
transmissive side surface with a photo-curable liquid
silicone rubber composition, submerging a master model in
the liquid silicone rubber composition, and irradiating
light to the liquid silicone rubber composition to cure the
composition to form a transparent silicone rubber part
having the master model embedded therein,

' (b) cutting the silicone rubber part into sections and
removing the master model therefrom, the sections when mated
constituting a silicone rubber mother mold having a cavity
corresponding to the outer contour of the master model,

(c) mating the sections of the silicone rubber mother
mold, £illing the cavity with a photo-curable liquid resin,
and irradiating light to the photo-curable liquid resin from
outside the mother mold, thereby curing the photo-curable
liquid resin within the mother mold to produce a replica,

(d) removing the replica from the silicone rubber
mother mold.

3. The method of claim 2 wherein the master model is
produced by an optical shaping process of irradiating light
to a photo-curable liquid resin composition on the basis of
CAD data regarding the shape and dimensions of the master



nmor phol i no- 2, 5- di met hoxyphenyl di azoni um fl uoroborate, iodoniumsalts such
as a di phenyl iodoniumsalt of arsenic hexafluoride.and.an.

oct oxyphenyl phenyl i odoni um salt of antinmony hexaflu r mell “known
inthe art. In general, the photo-curable Ilqug EB !mw! tionic
phot o- pol yneri zati on type has the nature that curin occurs
with light of Iower intensity. Therefore,. when a photo- cur abl & I|qU|d resin
is fed into the nother nold of photo- cured silicone rubber to forma

replica, a photo-curable liquid resin of the cationic photo- polynerization
type can be used only under certain limted conditions including the wall

gage of the rmudélara@stltjﬁeahapetr&feet-lmmgasieﬁam@hm tdohntius, r esoealy the
radi cal polynerlzatgﬁ ge IS advg&}ageous The photo curable l'iquid
resin to be cA¥ShIIdreadli TAMIP 42 a | ower viscosity, preferably |ess

t han about 200 poise at 20[err]C, nore preferably less than 120 poise at

20(err]Cin of der ihandinBll 67 SD4 17! NGmheuihnGnuCL Kt A HBPS 1R ECARE AN
the liquid reS|n‘%Prea rougﬂout he cawtg8 e photo cu?e i cone
o]

rubber not her? ntf %WQtPslHOP rangg qfhe 0y 3?9 2®f t he phot o- curable

liquid resin can be |owered by bIendlng a larger proportion of the | ow

mol ecul ar  wes ght 'gkgé@%m\ d bl l: Sé’ »ﬂ{}é‘:%%‘ \éﬁen?r?%’lel#teq}“l‘l

plasticizers such I cone 0| ? t he
remai ni ng pr ope¥dyekengyh ﬂﬁetBﬁOF%PQﬂnQHMZQO tPqaf@ RBsin has a hlgher
viscosity, its working V|5005|ty can be | owered by el evating the

t enperature upon c stln ver nce the hat o- curable I|qU|d resin
can degrade a? E‘ é%ratus“%or mofélng a ﬂilca COBPTis

a mother mold having a cavity corresponding to the
outer contour of an article to be duplicated, said mother
mold being formed from a transparent cured product of a
photo~curable composition,

a means for casting or filling the mold cavity with a
photo-curable liquid resin, and

a means for irradiating light to the photo-curable
liquid resin from outside the mother mold thereby curing the
photo~curable resin.

7. The apparatus of claim 6 wherein said mother mold is
formed from a transparent cured product of a photo-curable
liquid silicone rubber composition.

8. The apparatus of claim 6 wherein said casting means
includes a means for agitating and defoaming said photo-
curable liquid resin under a reduced pressure.

9. The apparatus of claim 6 wherein said light irradiating

means irradiates light having a wavelength in the range of
200 to 500 nm.



el evated tenperatures, the tenperature should be belowthe limt at which
such degradation occurs. The |ight source used for the curing of the
photo- curable liquid resinis to emt actinic radiation capabl e of
‘inducing radiation curing. Commonly used |ight sources include |anps
emtting ultraviolet light having a wavel ength of 200 to 500 nm preferably
300 to 400 nm such as UV fluorescent |amps, high pressure nercury vapor

| anps, netal halide | anps, and xenon | anps. Using the sanme |ight source as
used in the fabrication of the photo-cured silicone rubber nold is
conveni ent in that both the prepar aREBRIGA MAEDENEJ and the preparation of
replicas can be carried out with the same exposure apparatus. By
deaerating in vacuumthe photo-curabl e Jdsqh@rresin prior to the curing
step, there can be obtained a nore precTse replica.

EXAMPLE Exanpl es of the invention are given bel ow by way of
I llustration and nq:leptixic\é@yaeé &6mécﬁtay0@ur&hb Qaéﬁét@f&l&blﬁeﬂ.gaﬁld
Preparation of a mast'er nopde a_co as shb in FIG 1

t hr ee- dlnens$¥%&9°W§ABuBB?5 %?mEPﬁﬁiﬂﬂér HD&@leaa%r%ﬂﬁRﬁFePﬁ BPEReD  nhaving
a shrinkage fandld mviagphotasiesidornmspeadingakenthe rduteac contburest a
produced. At tRe, SaMe JdaTe. cQéI:fn%“ gﬁ{o‘l' ”Qﬁgaﬁfé’pﬂ&uﬂ?rﬁfe ?.51 %nE8rthe

mai nt ai ni ng stren upon” prepar ans of an
optical shapi®et ity napd bFEﬁE&R&%“gTHégﬁﬁsF@rthﬁxﬁﬂq@EQm§§SIBrepared by
i gpotf} tF iogﬁ/l the tﬁf@ﬁgtdlﬁmnmbmaawam daet;aLnda@Ocaﬂ b@Ffammlcaaﬁgpwgssmgbem

" ' nanu acture L el suppl yi ng a phot o-curabl e
resin TSR800, it ad ¥F;§g Lgh?§%€$' eans at a pitch of 5 [err]m To.
conpl ete curing of the naster nodel 1, the nmaster nodel 1 was exposed to
W froma UV fluorescent lanp 4 as shown in FIG 3 for carrying out

secondary curiig.qgure 14



--29- Silicone rubber conposition and nol ding of a nother nold

Silicone rubber nother nolds were prepared using the follow ng conpositions
A and B. Photo-curable Iiquid silicone rubber conposition A A
conposition A was prepared by blending 75 parts of a dinethyl pol ysi | oxane
bl ocked with a vinyldi methyl siloxy group at each end and having a viscosity
of 100, 000 centipoise at 25[err]C, 25 parts of a silicone resin consisting
of CH err]=CH(CH err])[err]Sierr], (CHerr])[err]SiJerr], and SiJerr]
units in a nolar ratio of the total of CHerr]=CH(CH err])[err]Si(Jerr] and
(CHerr])[err]SiJerr] units to the SIQ2 units of 0.8, having a vinyl group
equi valent of 0.9 nol/100 g, and sol ubl/@ in the dinethyl polysil oxane, 7
parts of a mercapto-containing organopol ysil oxane of the follow ng formula
(1) having a viscosity of 30 centipoise at 25[err]C, and 0.4 part of

2, 2- di et hoxyacet ophenone. [err] Phot o-curable liquid silicone rubber
conposition B A conposition B rgpared by bl ending 50 parts of a
pol ydi met hyl si | oxane bl ocked with b "of the follow ng fernula (2) at

each end and havi.ng a viscosity of 1,000

A
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centipoise at 25[err]C, 50 parts of funed silica, and 2.0 parts of

-2, 2-di et hoxyacet ophenone. [err] The support portion 2 was
renoved by cutting fromthe master nodel 1 obtained in the Preparation of
a master nodel, obtaining a master nodel fromwhich a replica was to be
duplicated. A piece of tape 5 was attached to a region of the master nodel
1 where an opening or wi ndow was | ocated as shown in FIG 4.

- 30- A frame 6 into which a photo-curable liquid silicone rubber
conposition was to be cast was prepared using a UV- transm ssive acrylic
resin. As shown in FIG 5, the naster n%ggl 1 was placed in the acrylic
frame 6 and secured thereto such that the master nodel 1 was spaced a gap
of 20 to 30 nmfromthe acrylic frame 6. After the photo-curable
liquid silicone rubber conposition A wf:‘gsiviyusly deaerated in a vacuum
tank 7 as shown in FIG 6 for renoving®t #%¥ di ssolved in the silicone
rubber conposition, the deaerated silicone rubber conposition A was cast
into the acrylic frame 6 in such a -

7 T\




manner that there were entrained as few bubbles as possible as shown in
FIG 7 until the frame 6 was fully filled with the silicone rubber
conposition. The acrylic frame 6 filled with the silicone rubber
conposition A was placed in the vacuum tank 7 agai n whereupon deaeration
was performed as shown in FIG 8. The frame 6 filled with the silicone
rubber conposition A was placed in a rectangul ar exposure chanber where
40-Wfluorescent lanps 8 emtting W at a center wavel ength of 370 nm were
di sposed at six side walls as showmn in FIG 9. In this condition, the
silicone rubber conposition A was exposgsl to U for 10 m nutes. The cured
silicone rubber nold having the nmaster nodel 1 enbedded therein was taken
out of the acrylic frame. Using a surgical knife, the silicone rubber nold
9 was cut into two sections, cavity and core sections whereupon the naster
nodel 1 was renoved therefromas shown in FIG 10. The cavity and core
sections of the silicone rubber wer e agai n exposed to W for 5

m nut es under the W quoresceJ;]‘Ei; 8 for pronmpting curing as shown in
FIG 11. At this point, the silicone rubber nold 9 had a surface hardness
of 34 as neasured by a JI'S A scale hagrdness neter and faithfully reproduced
the negative pattern of the naster del 1. Al so, a silicone rubber
nold was simlarly prepared using the photo-curable |liquid silicone rubber
conposition B. This silicgne rubbec nol d haP a surface hardness of 55

0| -

FIG.6
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as nmeasured by a JIS A scale hardness neter and faithfully reproduced the

negative pattern of the naster nodel 1. Phot o- curabl e resin and nol di ng
of a replica Repl i cas were produced using the follow ng photo- curable
resin conpositions C and D. Photo-curable resin conposition C An

unsat ur at ed pol yuret hane having a nethacrylate group at each end and a
nunber average nol ecul ar wei ght of 8,000 was obtained by reacting 1,000 g
of pol ycaprol actone diol having a nol ecul ar weight of 500 with 410 g of
tol yl ene diisocyanate to forman oligonmer blocked with an isocyanate group
at each end, and further reacting the éﬁigoner with 410 g of

2- hydr oxypropyl nethacryl ate. A |iquid photo-curable resin conposition
C having a viscosity of 80 poise at 20[err]C was obtai ned by m xing 120 g
of the unsaturated pol yurethane, 40 g of 2-hydroxypropyl nethacrylate, 20 g

of N-nmethylol acrylamde, 20 g ofFﬁEgEFczylanide, 5 g of

[ err]-nmet hoxybenzoi n nethyl ether® 0.2 g of 2,6-di-t-butyl-p-cresol.
Phot o- curabl e resin conposition D An unsat urated pol yester having an
acid value of 35 ng KOH g was obtai ned by m xi ng 0 g of diethylene
glycol, 124 g of fumaric acid, 310 g of isophtharﬁg\asL%i and 140 g of
itaconic acid and effecting dehydrating condensati on reagtion. A

|'i qui d. phot o-curable resin conpositﬂon D havj a viscofity of 120 poise at
20[err] C was obtained by m xi ng 100{g of the¢/uns pol yester, 20 g of
hydroxypropyl neth- acrylatd, 10 g of diaceffohe acr ide, 10 g of

di et hyl ene gl ycol dinethacryl atd, 37g of |a- ek hoxyHhenzoi n net hyl ether,
and 0.2 g of 2,6-di-t-butyl-|p-criesol.

resin conposition C was6 -~
A
::::::% [] 4///'
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preheated at 40[err] C and deaerated under vacuumw th stirring as shown in
FIG 12. The two sections of the photo-cured
- 32- silicone rubber nold 9 (obtained fromthe photo-curable |iquid
silicone rubber conmposition A) were nated to define the cavity, into which
the liquid photo-curable resin conposition C was cast as shown in FIG 13.
The nold 9 filled with the liquid photo-curable resin conposition C was
pl aced in a rectangul ar exposure chanber where 40-Wfl uorescent |anps 8
emtting UV at a center wavel ength of 370 nm were di sposed at six side
walls as shown in FIG 14. In this condition, the liquid photo-curable
resin conposition C was exposed to W HdP 10 mi nutes. Thereafter, the
nold 9 was opened and a cured product of the liquid photo-curable resin
conposition C was taken out as a replica 10 as shown in FIG 15. To
conplete the curing of the replica 10, th‘:liziigﬁ was placed in a
rect angul ar exposure chanber where 40-Wflu eont lanps 8 emtting UV at
a center wavel ength of 370 nm were di sposed at six side walls as shown in
FIG 16. In this condition, the replica 10 was exposed to UV for 5 m nutes.
The replica had a Shore D hardness of 82 de s at 20[err]C and faithfully
reproduced the original shape. A repla s simlarly produced using
the liquid photo-curable resin c ositi . ?ﬁ??x(gﬁgica had a Shore D
har dness of 65 degrees at 20[err] hful |y repreduced the origina
shape. Areplica 11 of a screw e as spomn in FIG 17 was
0| [°
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produced by the sane procedure as above. For conparison purposes, a
replica 11 was produced by a prior art vacuum casting nethod. The tine
required for the production of the replica was conpared between the
inventive nmethod and the prior art nethod. The results are shown in Table

1. ' - 33-

Table 1 Prior art | nventi on
vacuum casti ng Maki ng of master nodel Machining of plastic Opt i cal
shapi ng steps of FIGS. 1-3 mat eriglg Use photo-curable X =
70 mMm l'1°"quid resin Z = 100 mm

Wrking time = 35 hr. Wrking time = 12 hr. (average gage 2 mm) Maki ng of
silicone nold Use addition-curable Use photo curable steps of FIGS. 4-11

liquid silicone rubber liquid silicone r er (room tenperature
conposition conposition Eﬁ; working time = 13 hr
Wrking time = 15 m n. Making of lca LBe t her nosetti ng Use
phot o- curabl e steps of FIGS. 12-16 liquid urethane resin <iquid resin
Wrking tinme = 1 hr. Wrking tine = 10 min. Total working tinme

49 hr. -12.5 hr. Tlrex e has been described a nethod for
nol ding a replica by curing a photo- e liquid silicone rubber

COI’TpOSI tion 8
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to forma transparent nother nold with a wall having a thickness of several

mllimeters or several hundred mllineters, casting a photo-curable |iquid
resin into the nother nold, and irradiating light to the liquid resin
through the nold wall. Replicas can be fabricated by sinple steps and
within a short tine. Al t hough sone preferred enbodi nents have been

descri bed, many nodifications and variations nmay be nade thereto in the

| ight of the above teachings. It is therefore to be understood that within
t he scope of the appended clains, the invention may be practiced otherw se
than as specifically described. CLAI VEB: 1. A nmethod for

mol ding a replica, conprising the steps of formng a nother nold from
a transparent cured product of a photo-curable Iiquid silicone rubber
conposition, the nother nold having a cavity corresponding to the outer
contour of an article to be duplic d filling the nold cavity with a
phot o-curable liquid resin, and iiﬁaq ali ng light to the photo-curable
liquid resin from outside the nother npD d, t ereby curing the photo-
curable liquid resin within the nother nold to produce a replica.

C
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2. A nmethod for nolding a replica, conprising the steps of (a)
filling a container having at |east one light- transm ssive side surface
with a photo-curable liquid silicone rubber conposition, subnmerging a
master nodel in the liquid silicone rubber conmposition, and irradiating
light to the liquid silicone rubber conposition to cure the conposition to
forma transparent silicone rubber part having the master nodel enbedded

t herei n, (b) cutting the silicone rubber part into sections and
renoving the master nodel therefrom theé/%ections when mated constituting
a silicone rubber nother nold having a cavity corresponding to the outer

contour of the master nodel, he sections of the silicone
rubber nother nold, filling t he caV| 'fggphoto-curable liquid resin,
and irradiating light to the photo-curable quU|d resin from outside the
not her nol d, thereby curing the photo-curable liquid resin within the
not her nold to produce a replica (d) renmoving the replica fromthe
silicone rubber nother nold. ) The nethod of claim2 wherein the

master nodel is produced by an optical sh ng process of irradiating
light to a photo-curable Iiquid re5|n conposition on the basis of CAD

data regardi ng the shape and di pensi the -
- 35-
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nodel desi gned by three-di nensi onal CAD techni que, thereby curing the resin
‘conposi tion. 4, The nmethod of claim1l wherein the irradiated |ight has

a wavel ength in the range of 200 to 500 nm 5. The nethod of claim 2
wherein the irradiated |ight has a wavelength in the range of 200 to 500
nm 6. An apparatus for nolding a replica conprising a not her nold

having a cavity corresponding to the outer contour of an article to be
duplicated, said nother nold being formed froma transparent cured product
of a photo-curabl e conposition, a means for casting or filling the
nold cavity with a photo-curable quuic%resin, and a neans for
irradiating light to the photo-curable 4%uid resin from outside the nother
nol d thereby curing the photo-curable resin. 7. The apparatus of claim
6 wherein said nother nold is formed froma transparent cured product of a
photo-curable liquid silicone rubber conposition. 8. The appar at us of
claim®6 wherein said casting neans includes a neans for agitating and

def oam ng said photo- curable liquid resin under a reduced prgssure. 9.
The apparatus of claim6 wherein said |light irradiating neans irradiates

i ght having a wavelength in the range of 200 to 500 nm




