- .- PHOTOSENSI TI VE RESI N COVPOSI TI ON FOR

’PHOTO&CAST MOLDI NG TECHNI CAL FI ELD The present
invention relates to a photosensitive resin conpositicn1f4%3 b3

phot o- cast - nol di ng, used in productlfn of duplicate nodel ng@&b@{

ol di ng, 5 BACKGROUND ART Smal | - nunber duplication

trial manufacture and_snmal | - anount production of duplicate node
have her et of or e been cond’ﬁﬁ@?%?jﬂé“ BOSESION FPBm a

silicone rubber with a naster nodel PENG her nosetting resin into
the nold in vacuum and thernDsettlng the cast resin. This .
thernosetting resin is ordinarily a two-pack type and the tinme from

m xi ng of the two packs to the start of setting (curing) is short;

therefore, thege.hav e obl enms that the casting of the 15
t her nosetting &5 I&ﬁg ﬁ?ﬁgﬁsilicone rubber - made nol d nust

be
d d i h f .th ' [ Susos
conduct ed vith care. cur g SrEREEY diverF iRy relats, to: acBRBEREESicive
generate def eCE«élégn' Hoﬁﬁgglﬁééﬁsfor phot$%a%@ ﬁ'@e%‘%@ Riobl ems that

the container use m XI Ng or- casting 0 rinoseftiing resin
nust be washedproduction of duplicate model by cast molding.

5 BACKGROUND ART
Small-number duplication of trial manufacture

model and small-amount production of duplicate model have
heretofore been conducted by producing a mold from a
silicone rubber with a master model, casting a

‘0 thermosetting resin into the mold in vacuum, and
thermosetting the cast resin. This thermosetting resin is
ordinarily a two-pack type and the time from mixing of the
two packs to the start of setting (curing) is short;
therefore, there have been problems that the casting of the

15 thermosetting resin into the silicone rubber-made mold must
be conducted in a short time and moreover, even if the
casting is conducted with care, curing starts during the
casting operation to generate defective in some cases.
There have alsoc been problems that the container used for

20 mixing or casting of the thermosetting resin must be washed
each time after the use before the resin is cured (this
requires a complicated operation) and, moreover, a long

time of about 2 hours is required for the heat-curing of



each time after the use before the resin is cured (this requires a

conpl i cated operation) and, noreover, a |ong time of about 2 hours is
required for the heat-curing of - 2-
the thernosetting resin (this restricts_the_tines of duplication per
day) . Meanwhi | e, JP- A-58-80587 di scl oses a nethod for
duplication of plastic case for watch by casting an 5 ultraviolet-curing
one- pack type §§ﬁthbermosetthngoxesinn(this resitdiing s ghe &imesnofarent nol d
made of a silicone, rubber or the like and applying an ultraviol et

li ght under vafdBication|pe¥dayhet hod, as the ultraviol et-curing resin,
there are used a synthetic resin (e}?. spiran resin) for cast nol ding
10 cont ai ni ng benzophendfReE ks 4R Aer58-8058dc diigrloses a method for

acel e al oL ol B LRL: HI°BE AL POLYESLEL, SR 8l o tngan 1 ve
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initiator. or the like &HA!ASH1y Iy Any hA4R62 AP QSR A uRBEROGatQlm.
In this method, as the ultraviolet-curing resin, there are
used a synthetic resin (e.g. spiran resin) for cast molding
10 containing benzophenone as sensitizer, a reaction
accelerator-containing unsaturated polyester resin, etc.
Further, JP-A-3-114711 proposes a method for
casting a photosensitive resin into a transparent silicone
rubber mold and applying an ultraviolet light to cure the
15 resin, wherein the photosensitive resin is a mixture of
diacrylate of bisphenol A-ethylene oxide adduct, acrylate
of phenyl glycidyl ether and a photopolymerization
initiator.
Further, JP-A-7-124962 proposes a method for
20 producing a plastic molded article, which method comprises
the steps of casting, into a transparent silicone rubber
made mold, an active energy ray-curing liquid resin
composition comprising a urethanepoly (meth)acrylate having
at least two {(meth)acryloyloxy groups, a particular diallyl
25 compound, an aliphatic polythiol compound having at least
two thiol groups, and an active energy ray polymerization

initiator, and irradiating the above liquid resin



20 producing a plastic nolded article, which nethod conprises t he
steps of casting, into a transparent silicone rubber made nol d, an
active energy ray-curing liquid resin conposition conprising a

ur et hanepol y(nmet h) acryl at e havi ng gt3lgast two (neth)acryl oyl oxy
groups, a particular diallyl 25 conpound; an aliphatic polythiol conpound
havi ng 7at | east two thiol groups, and an active energy ray

pol ymeri zat i on composiitiiphawdth andactieeli enérgy tiay dhpvaine qlial nasdim

- 3- conposition with an active energy ray to cure the resin

conposi tion. compositlon. Furthernore, the present applicant proposed a

phot osensitive resin congosition wherei n the crackkﬁ? 5 tendency, of the
above photosensitive resFREChermprey e Present Appligant,PXPLRTE 2

Tl ding | WEBOERERPLELYS RETERCHIGIE o HoNSTOTER UhCC iy OG0
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nodel because RB%“QHQL9§2§§%t§ﬁ&'JE”A”é§§i i&W?S rise to shrinkage during

ul travi ol et curing. shrinkage can be nmade up.for by making a
master model of larggii18id lfﬁﬁté”ﬁﬁhéié‘ﬁkd&ud@dﬁ%Pabaﬁ%nwbaaﬁﬂbe
nodel 15 for initial shape evaluation and a master nodel used for

are required to have a high dimensional accuracy, there
have remained a problem that the dimension of duplicate
10 model produced with a photosensitive resin is smaller than
the dimension of master model because the photosensitive
resin gives rise to shrinkage during ultraviolet curing.
The shrinkage can be made up for by making a master model
of larger size, but production of a trial manufacture model
15 for initial shape evaluation and a master model used for
duplication, in different dimensions results in low
efficiency, which has restricted the applications of such
an approach.
Duplicate models of trial manufacture model are
20 desired, in some cases, to have, for example, an opaque
white color such as possessed by ABS, depending upon the
application. However, addition of, for example, titanium
oxide, carbon black or the like to a photosensitive resin
in order to allow the resin to have an opague color results
25 in reduced photosensitivity, which restricts the maximum
possible thickness of duplicate model; thus, allowing a
photosensitive resin to have opaqueness with no problems

has been difficult. Coloring of duplicate model by coating



duplication, in different dinmensions results in | ow efficiency, which
has restricted the applications of such an approach.

Duplicate nodels of trial nmanufacture nodel are 20 desired, in sone cases,
to have, for exanple, an opaque whitg color such as possessed by ABS,
dependi ng upon the application. However, addition of, for exanple,
titani um oxi de, carbon black or the Iike to a photosensitive resin

in order to al Bé® BREOr bSPR condugeedn dPakfie hawarern.edra fradpriobleaguced
phot osensitivity, which restri¢ts the naxi num possi bl e t hi ckness of
dupl i cate nodei® £RAS, tAP| 6RRRENG Step Inytensafithe aumban ab

Opagueness Wi 2ot OBk Beeps alld e Thibl{ieY f1a 0l 19 2L dupt Lgat e

been conducted.  Thi. however, s _had probl ens LN that .the coat.ing
step increasesS ﬁglﬁgnﬁgﬁﬁb?dtdv F °C°&%ﬁkﬂ%ﬂiqﬁhﬂs §?§b§£%ék}°F%§ BRASHi ng,
f 1 aki ng, Orspeﬁbbﬂgbﬁﬁ coating applied, when occurring, nmakes the
dupl i cat e node 5T ook bad. When the photosensitive resin

conposition casted §héQ EnéidHAMRAUMSS P %o&npbagi:%ﬁdcaéeéa
curing of the resin conposition, wth an ultraviolet light emtted
froman exposugatapRagali&onbosebbhe s o BOUW S Sl dtedd,| B curing of
| the resin composition, with an ultraviolet light emitted
from an exposure apparatus whose light sources are provided
10 above and below the mold, such as used in production of
printing plate, there has been a problem in that the
portions of the resin composition corresponding to the
sides of model produced are not sufficiently cured,
generating defectives.
15 In producing a mold with a silicone rubber, a
long ﬁime of 10 hours or more is required to cure the mold.
Therefore, a silicone rubber curable in a shorter time has
been desired by model producers who wish to produce and
evaluate duplicate models in a period as short as possible
20 after the designing of trial manufacture model,

Objects of the present invention are to provide,
in a method for production of duplicate model by producing
an ultraviolet-transmittable silicone rubber-made mold
using a master model, casting a photosensitive resin

25 composition into the mold, and applying an ultraviolet
light to cure the resin composition, a photosensitive resin
composition for cast molding which enables production of a

duplicate model having high dimensional accuracy, high



10 above and bel ow the nold, such as used in production of printing

pl ate, there has been a problemin that the portions of the resin
conposition corresponding to the si des of nodel produced are not
sufficiently cured, generating deﬂgq;Lyes. 15 I n produci ng
a nold wwth a silicone rubber, a |l ong tinme of 10 hours or nore is
required to cure the nold. Therefore, a silicone rubber curable in a
shorter tinme hhardnessbaed cestkiow hesicdeings,odnderd sahe phohosenpibviivee
and eval uate duplicate nodels in a period as_short as_possible 20
after the desi §AfhY ePPeshiiomnifacaste madddng which enables (jects of
the present invention,are to provide, in a method for production of

dupl i cat e nodePTBYUBkbefuci g ultradiolat carigcet ofr §VER Bt HPE1SRFRCOoNe

r ubber - nade nol d usi ng_a naster del, castin hot psensi tive resin
25 conposi t | oRORAT REREPAITH, CRAE S S AN G Y6t PagPOSEt CRLCKREREN: 1o
cure the resin osi tilon, ot osensiti.ve resi . (o ki on for
cast npldin% mﬁ?ggPeﬁg%%gg %ﬁiéﬁ%ﬂqﬁﬁ§%ﬂt grventL ﬁpﬂﬁc59e8%§§§ﬁgh§ving hi gh
di mensi onal aC?H&EG%ené&é&b resin co: pqsition for cast molding wRich, is

har dness and crtacking resistance, and al so a photosensitive resin

conposi ti on f 0k ¢@ahl a0k oMU AN €8 dup1icatednelibeninby ulhpayi ol et
curing, of even a duplicate nodel having an opaque col or and yet a
| arge thicknesgperation in a short period. Still other object of the
present invention is to provide a method for production of
10 a duplicate model, which uses an exposure apparatus capable

of producing a completelycured three-dimensional model.

DISCLOSURE OF THE INVENTION
The present inventors found out that the above
objects can be achieved by allowing a photosensitive resin
15 composition to have an ultraviolet transmittance of 0.05 -
5% as measured at a 1-mm thickness. The present invention

has been completed based on the finding.

BRIEF DESCRIPTION OF DRAWING
Fig. 1 is a plan view showing the shape of the

20 master model used in Examples of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The photosensitive resin composition for cast
molding, used in the present invention is a photosensitive
resin composition having an ultraviolet transmittance of

25 0.05 - 5% as measured at a l-mm thickness.



5 O her object of the present invention is to provide a phot osensi tive

resin conposition for cast nolding which is suitabl e for production of
a duplicate nodel in a sinple operation in a short period. Still other
obj ect of the present invention is_tg provide a nmethod for production
of 10 a duplicate nodel, which uses an exposure apparatus capable of
producing a conpletelycured t hr ee- di nensi onal nodel . DI SCLOSURE OF
THE | NVENTI ON he uh’q@\ﬁr@@é“mtrlamsmtt@ﬁgcmmﬁe@ﬁ@dt hat inheh@bove

obj ects can be achieved b all owj ng .a photosensitive resin 15 conposition
to have an uItPﬁ??SPEtl?V%%Eh@?t%ﬁuﬁ?ﬁﬁlQPQEfﬁom the sBtde pdasBed at a

1-mm t hi ckness. The t jnvention has been cq Ieted based on the
findi ng. ﬁFﬁ%B%ES%% BV SRAKEE transmlssfn% B 1is a plan
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photosensitive resin composition for cast—molding adjusted
to a thickness of 1 mm. More specifically, the ultraviolet
transmittance is obtained from B’ + A’ X 100, provided that

10 the intensity of ultraviolet ray before incidence to the
photosensitive resin composition for cast-molding adjusted
to an optical path length of 1 mm is defined as A’ and the
intensity of ultraviolet after transmission through the
optical path is defined as B’.

15 In actual measurements thereof, the intensity A
of the ultraviolet ray which passes through two sheets of
soda~lime glass each onto which a polyester film is
laminated is first determined and then the photosensitive
resin composition for cast-molding is interposed between

20 those two sheets of soda-lime glass each onto which the
polyester film is laminated to determine to intensity B of
the ultraviolet ray after it passes through those sheets.
The ultraviolet transmittance is obtained from B + A X 100
using these intensities A and B.

25 The ultraviolet absorber added to the
photosensitive resin composition to control its ultraviolet

trasmittance can be any as long as it has absorption in an



- 6- The ultraviolet transmttance referred to in the
present invention is obtained fromthe ratio of the I ntensity of
ultraviolet after transm ssion to the intensity of ultraviolet before
i nci dence when the 5 ultraviolet ray which an ultraviolet fluorescent

| anp of central wavelength of 360 - 370 nmemts is shed on a

phot os€nsitive resin conposition for cast-nolding adj usted to a

t hi ckness of 1uhbrawbekelpeegioralang ishaisgd byvbeliey dissofivedsarttance is
obtained fromB, [err] A X 100, provided that 10 the intensity of

ul traviol et ragiseersediridechatwaansitive yesiosenspppisipasi nIn the
conposition for cast-npl di ng, adj usted to an optical path length of 1
mmis defined BECRENHNHNYHRELON, §¥fTefsiqoppomng) whaghohas af tew

transm ssion th optical path.s I ne
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ultraviolet ray after it passes through those sheets. ul travi ol et
transmttance pe Obédi e thd nOMBRFiId: Absokber. using these intensities

A and B. 25 The ultraviol et absorber added to the

The ultraviolet absorber includes a benzotriazole

10 type ultraviolet absorber, a benzophenone type ultraviolet
absorber, a cyanocacrylate type ultraviolet absorber, etc.
Specific examéles of the ultraviolet absorber are 2-(2°'-
hydroxy~-5'-methylphenyl}benzotriazole, 2-{2'-hydroxy-5'-
tert-butylphenyl)benzotriazole, 2-(2'-hydroxy-3'-tert-

15 butyl-5'-methylphenyl)-5-chlorobenzotriazole, 2-{(2'-~
hydroxy-3',5'-di~tert-butylphenyl)-5-chlorobenzotriazole,
2-{2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole, 2,4~
dihydroxybenzophenone, 2-hydroxy-4-methoxybenzophenone,
2,2'-dihydroxy-4-methoxybenzophenone, 2,2-dihydroxy-4,4'-

20 dimethoxybenzophenone and 2-ethylhexyl-2-cyano-3,3'-
diphenyl acrylate.

Besides the above compounds, there can also be
used commercial dyes and pigments, having absorption in
an ultraviolet region.

25 Many of the duplicate models produced by photo-
cast-molding are required to have a color such as opaque
white, black or the like in place of water white. To

respond to such a reguirement, it is preferable to use, as



phot osensitive resin conposition to control its ultraviolet

trasmttance can be any as long as it has absorption in an

-7- . ultraviolet region, and is used by being dissolved or

di spersed in the photosensitive resin coqp%sLtion. In the pr esent

I nvention, even a conpound which has a | ow ultravi ol et absorptivity by
itsel f but, when dispersed_in 5 the photosensitive resin conposition, can
reflect or a3 arieavarlett taapsmat tRngat conprobling cagenise ierRlaricun

| ower the ultraviolet, transmttance of the conposition, can be used as
an ultraviol et JEFPEE or & material cappble of Myetuetingswt MRAqUR| udes a
benzotri azol e %Pgﬁﬁ e ultraviol et absorber, a benzophenone type

ul travi ol et E ber, a cyanoacrylate type ultraviol et absorber, etc.

Speci fic exanpl es of the rayiolet absorber are 2-(2'- \
hydr oxy-5' - met hyl pheny! )bgir"}%o 1423 ‘6%%?3"2-"(’“2"“3% -grcontrolling agent

tert-butyl ph t i s 2= - -3 - - ST,

but yi -5 ot iy ERORVE) - SroRrar 5508 B, TAE P I¥E S SHL anstimipity, gn o
Jdi-tert-butyl PhenylikySoenbot BREZOLT §38P! fate moddl (GhedWHIDXE Dot an
-di-tert-anyl phenyl ) benzotriazole; 2, 4- di hydroxybenzophenonge,

2- hydroxy- 4- net bpuwden£ephengnsr a coldr 2 b NYIEOXf-diihoxesRanzaphengne,
2, 2-di hydroxy-4,4"'- 20 dlnethoxybenzophenone and

2- et hyl hexyl - 2- egapelditin earbonatié pheayhesiony |latd®oxide, magnesium

carbonate, magnesium oxide, zinc oxide and the like.

10 Titanium oxide, carbon black, etc. can also be used as an
ultraviolet transmittance-controlling agent; however, since
they have a high ultraviolet absorptivity, they cannot be
added in such an amount that sufficient opaque feeling or
sufficient coloring is obtained; therefore, they must be

15 wused in combination with a dye or the like when coloring is
desired as well,

For coloring of a duplicate model, it is also
effective to use a compound capable of changing its color
or developing a color upon irradiation with an ultraviolet

20 light. A leuco dye is particularly preferable because its
combination use with a compound generating an acid upon
irradiation with an ultraviolet light can develop a dark
color. A leuco dye is almost water white and per se can be
used as an ultraviolet transmiptance—controlling agent and,

25 after the'application of ultraviolet light, can produce a
light~impermeable black color by the action of an acigd

generated. 1In general, the timing at which a compound



Besi des the above conpounds, there can al so be used commerci al dyes
and pignents, having absorption in an ultraviolet region. 25

Many of the duplicate nodels produced by phot o- cast-nol ding are
required to have a col or such as opaque_ _ white, black or the like in

pl ace of water white. To respond to such a requirenent, it is
preferable to use, an ultraviolet transmttance-controlling

agent, a colorﬂﬁﬁpag{e bl eveReTking mn agidl uwwopnirsasiabicauviity an
f L ng. . ) T | t i ol et . .
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sufficient coloring is obtained; therefore, they nust be 15 wused in
combi nati on wi tiiteadyelet thrensmieraten £OI0d RFdsent photosensitive
resin composition cast into a mold is kept substantially in
the range specified by the present invention while the
10 photosensitive resin composition is photo-cured by
photopolymerization, and color development takes place by
subsequent continued ultraviolet application or by
additional ultraviolet application to a duplicate model
taken out of the mold; as a result, curing in a large
15 thickness is achieved favorally even when an ultraviolet
transmittance-controlling agent is used which can be
colored in an almost completely light-impermeable black
color.
The leuco dye includes 3-butylamino-é6-methyl-7-
20 anilinofluoran, 3-diethylamino-6-methyl-7-anilinofluoran,
3-diethylamino-6-methyl-7-xylidinofluoran, 3-{4-
diethylamino-2-ethoxyphenyl) -3-(l-ethyl-2-methylindole-3-
yl)-4-azaphthalide, etc. 3-Butyl-6-methyl-7-anilinofluoran
is most preferable in view of the black color obtained.
25 As the compound generating an acid upon
irradiation with an ultraviolet light, there can be used
commercial photo-induced cationic polymerization initiators

such as triarylsulfonium hexafluorophosphate and the like.



desired as well. For coloring of a duplicate nodel, it is

al so effective to use a conpound capabl e of changing its color or
devel oping a color upon irradiation with an ultraviolet 20 light. A

| euco dye is particularly preferable bec eits conbi nation use with
a conpound generating an acid upon iI'rradiation with an ultraviol et

|l i ght can devel op a dark color. A leuco dye is alnost water white and
per se can be used A8 bhe wltzanislat thransnittance-controllling agent
and, 25 after the application of ultraviolet |jght, can produce a ]

|i ght - i nper meaBEETE| HBACBOFBR BLVE RN RRABiE dfhife aGed cium 2EE§. 1Pn
general, the timng at mhicg a conpound

-9- (capaPP8toPyeferaPi®i ng an acid upon irradiation with an

ultraviolet |ight actual& ge er%#es an acid, is |later than the timng
at whi ch a photopol yneri %fi% TR T 62T OnatfbﬁﬁéﬁiéeaFf Sgﬁefgt g a
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pol ymeri zat i on ener ree radi erefore, the
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conposi tion cast into a nold is kept substantiall'y in fhe range
speci fied by thecBheseBhetr8Vest 4 08 Mohd erdditestl ForPRasenShidiveatesi n
conposition is photo-cured by phot opol yneri zati on, and col or

devel opnent t aiedepl peedli¥ed by photo-cast-molding has a beige to opaque
white color or a black color.

10 The inorganic filler such as calcium carbonate or
the like has no particular restriction as to the shape as
long as it is dispersible in the photosensitive resin
composition, and a particulate or fibrous inorganic filler
can be used. The particulate inorganic filler preferably

15 has a particle diameter of ordinarily 10 pm or less. A
particulate inorganic filler of large particle diameter,
when mixed into the photosensitive resin composition and
stored, tends to settle. Therefore, a particulate
inorganic filler having an average particle diameter of 5

20 pm or less, preferably 2 um or less is suitable. The
fibrous inorganic filler preferably has a fiber thickness
of 1 um or less and a fiber length of 5 um or more because
the photosensitive resin composition for cast molding
containing such a fibrous inorganic filler is unlikely to

25 cause settling when stored for a long period. A fibrous
inorganic filler having a fiber thickness of 0.2 um or less

and a fiber length of 15 um or more is more preferable.



subsequent continued ultraviolet application or by addi ti onal

ultraviolet application to a duplicate nodel taken out of the nold; as
aresult, curing in a large 15 thickness is achieved favorally even when
an ultraviol et transmttance-controlling agent is used which can be
colored in an al nost conpletely Ilght-lnﬂngeable bl ack col or

The | euco dye includes 3-butyl am no-6-nethyl-7- 20 anilinofluoran,

3-di et hyl am no- 6- net hyl - Tnaviiéw nof | ther asettling tendency of the inorganic
3-di et hyl am no- 6- et hyl - 7-xyl i di nof | uoran, 3-(4-

di et hyl ami no- 2 fadA6exy fRefly| Fadciumetanomte) Hy ithivihatosensitive resin
yl)-4-azaphthalide, etc. 3-Butyl-6-methyl-7-anilinofluoran I S nost
preferable in FOBROSLLLAR EPﬁthQE@tﬁaQﬁﬂ@9¥Q&ﬁg dring storageps & he

conpound gener an,acid u irradiation with an ul,traviol et
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and the lik
the ultraviole ontrol I'ing agent which can give an
opaque white, %5%%?3§ c%%ggﬁg % nost preferable. Use

of cal ci um carbonate or ﬁvéﬁuﬁﬂeﬁyﬁufﬁr?d}agarﬁ&lflrlq\é'rolc%htalned in the

transmttance-controlling agent to
photosensitive resin composition has caused settling, the

composition becomes usable by restirring.

10 The inorganic filler such as calcium carbonate or
the like is added in an amount of 3 - 20 parts by weight
per 100 parts by weight of the photosensitive resin
composition so that the resulting mixture has an
ultraviolet transmittance specified by the present

15 invention. With an amount smaller than that, no sufficient
opaqueness is obtained; with an amount larger than that,
the resulting duplicate model has a small elongation at
break and tends to crack, or is not sufficiently cured at
thick portions. A preferable amount is 5 - 15 parts by

20 weight.

A dye or the like can be used in combination with
an inorganic filler such as calcium carbonate or the like
to allow a duplicate model obtained to have a controlled
color.

25 Obtainment of the photosensitive resin
composition for cast molding according to the present
invention by adding an inorganic additive to a photo-

sensitive resin composition can be conducted by adding an



duplicate nodel to have a color is particularly useful because there

Is a strong request for that a duplicate nodel produced by

phot o- cast - nol di ng has a bei ge to opaque white color or a black color.
10 The inorganic filler such a? cal ci um carbonate or - t he

| i ke has no particular restriction as to the shape as long as it is

di spersible in the photosensitive resin conposition, and a particul ate

or fibrous inoiparganic|fekler to gamhntasansitive pesticebapesitbdogani c
filler preferabli 15 has a particle diameter of ordinarily 10 [err]mor
less. A parirved e shrgng and [dispession, gerphyt pddangdi anet er

when m xed into the photosensjtive resin_conposition and stored, tends

to settle. ThetBPHPEq 15 (R athen 2 PhQ%ﬂ%@&ﬁPGIVPIF@FiﬁaGPﬁgoﬁﬁtbQErage
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settling when store ong peri od. brous I 'norgani c
having a fiberpibbakeesssodyr 0.2 [err]mor |ess and a fiber |ength of
15 [err]mor nore is nore preferable. In view of the

settling tendency of theriédnastic additive is not substantially

soluble in the photosensitive resin composition and

10 reflects or scatters an incident light; thereby, the
photosensitive resin composition is made opaque. Calcium
carbonate, magnesium carbonate, magnesium hydroxide,
magnesium oxide, etc., which have low ultraviolet
absorptivity, scatter an ultraviolet light applied to

15 reduce ultraviolet transmittance and can allow a
photosensitive resin composition to have a desired
ultraviolet transmittance. The scattered ultraviolet light
is absorbed by the photopolymerization initiator contained
in the photosensitive resin composition and contributes to

20 the initiation of the curing reaction of the composition.
As a result, even the thick portions of the resin
composition can be cured and an opaque and thick duplicate
model can be obtained by the curing. Thus, contradictory
properties can be accompanied together favorably. Calcium

25 carbonate is particularly preferable because it can provide
a duplicate model having an completely opaque color and a
desired ultraviolet transmittance.

Duplicate models have a thickness of ordinarily 2



filler (e.g. calciumcarbonate) in the photosensitive resin

conposition for photo-cast-nolding during storage, a fi brous inorganic
filler is superior to a particulate or 5 spherical inorganic filler
because the forner has a | ower segt%éng t endency. Even
when the inorganic filler contained int phot osensitive resin
conposi‘tion has caused settling, the conposi tion becones usabl e by
restirring. 10 3 mm and, imheoniehaagas,c aboited suéhmms c@hei ppesenbonat e
or the like is added in an amount of 3 - 20 parts by_wei ght per
100 parts by vehgwresensithiergasisenonposd ties for casgorpbddingofidBo that
the resulting mxture has an ultraviolet trapnsmttance specified by
the present 1BYOfRGR R i Giplickte modednd@vingnghrsr 2t RRACKREES - no

suf ficient opaqueness i s qbt%ined; wi th an anmpunt Iarger t han, t hat,
the resulting duplicate SHERAIHRILY s RaPPOEPSRBEL FOKC aFeS1T CHRRAR P
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greatly at the light-incidence surface of the
10 photosensitive resin composition casted into a mold and at
the ingide of the resin composition, wvarious portions of
the resin composition are cured in greatly different times,
that is, peripheral portions are cured first and the resin
volume reduced as a result of curing and shrinkage is made
15 up for through the center of uncured portion and, as a
result, the duplicate model formed retains the original
dimension of the master model.

The dimensional error of duplicate model is
required to be in a range of £ 0.3% relative to the master

20 model. This requirement can be met with the present resin
composition.

The ultraviolet transmittance of the present
photosensitive resin composition for cast molding is in a
range of 0.05 - 5%. The transmittance is preferably 0.2 -

25 3% because such a transmittance enables production of a
duplicate model of large thickness in a short curing time
with an intended dimensional accuracy being maintained.

The present photosensitive resin composition for



sensitive resin conposition can be conducted by addi ng an

- 12 - inorganic filler to a photosensitive resin conposition,

foll owed by stirring and di spersion, or by adding an i norgani c

addi tive when a photosensitive resin conpgsition I s produced by m xing
I ndi vi dual conponents. At that tine, 5 mxing wwth heating is possible
because the viscosity of t he photosensitive resin conpositjon is
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photopplynerizgﬁéogsgééﬁiég(goﬂggﬂéﬁgygi in the photosensitive resin
conposition and contributes to 20 the initiation of the curing reaction of

the conposition. As(1g r£pdiimeaveF 80e thbcBoponbleaslat wabghtesin
conposition can be cured and an opaque and thick duplicate
having ethylenically unsaturated bond in the molecule, and
(2) an ethylenically unsaturated compound having

10 & molecular weight of smaller than 800.

This photosensitive resin composition ordinarily contains a
photopolymerization initiator.

As the polymer of 800 - 9,000 molecular weight
having ethylenically unsaturated bond in the molecule,

15 there can be mentioned an unsaturated polyurethane, an
unsaturated polyester, etc. An unsaturated polyurethane is
preferred from the standpoint of the balance of hardness
and cracking resistance.

The unsaturated polyester is obtained by

20 dehydration condensation reaction of a diol compound with
at least one dicarboxylic acid compound that contains a
dicarboxylic acid compound having an ethylenic unsaturated
bond.

The unsaturated polyurethane is obtained by

25 reacting a diol compound with a diisocyanate compound and
then reacting therewith a compound having hydroxyl or amino
group and ethylenically unsaturated bond or a compound

having isocyanate group and ethylenically unsaturated bond.



nodel can be obtained by the curing. Thus, contradictory properties
can be acconpani ed together favorably. Calcium 25 carbonate is

particularly preferable because it can provide a duplicate nodel
havi ng an conpl etely opaque color and a _desired ultraviol et

transm ttance. Duplicate %édels have a thickness of
ordinarily 2 - 13 - - 3 mMmand, in
sone cases, about 4 - 6 Fmnmthheongaassnwhich coprdsessifires spsihesizing
conposition for cast .nolding can produce a duplicate nodel having_such

a thickness. @ polyurethane gyingianylisoqyanadeogaesi ke epeli ferminal
conposition 5 for_cast nolding, having an ultraviolet transmttance of

0.05 - 5% as nBBSuFBERaFeachingn tthiviiess qampesng a@mmeab@droxylrrsaeﬁp
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peri pheral portions are cured first e resin me~redlced as a
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uncured portion and, as a result, the duplicate nodel forned retains
the original group, in order to make easy its reaction with the

polyurethane having an isocyanate group at each terminal
10 and complete the reaction in a short time while suppressing
the side reaction. The compound having hydroxyl group and
ethylenically. unsaturated bond is added so that the number
of hydroxyl group is ordinarily about 2 - 5 times the
number of isocyanate group. As a result, there is obtained
15 a mixture of a polyurethane having ethylenically
unsaturated bond and an excessive hydroxyl group-containing
ethylenically unsaturated compound.
In the process which comprises first synthesizing
a polyurethane having a hydroxyl group at each terminal and
20 then reacting it with a compound having isocyanate group
and ethylenically unsaturated bond, the compound having
isocyanate group and ethylenically unsaturated bond is
added so that the number of isocyanate group becomes
generally equal to or smaller than the number of hydroxyl
25 group of the polyurethane. At that time, it is preferable
to add, as a diluent, a component not taking part in the

urethanization and thereby reduce the viscosity of the



di mensi on of the master nodel. The di nensi onal error of
duplicate nodel is required to be in a range of 0.3%relative to the
master = 20 nodel. This requirenment can be net with the present resin
conposi tion. The uItravaI%t transm ttance of the present
phot osensitive resin conposition for cast nmolding is in a range of
0.05 - 5% The transmttance is preferably 0.2 - 25 3% because such a
transmttance eeabkésnpspsten; oinofrder to ehghliec ateasimdelstdfrriiaggend
thickness in a short curing tinme W th an intended di mensi onal accuracy
bei ng mai nt ai né4ppress the side rqa@tmresemhqshdmﬁsémmun@ NeyiAg
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and conpoun havi
ol ecul ar wei glt-gf  smal l er than 800. Thi s photosensitive resin
conposition ordinarily contains a

As the diol compound, there can be mentioned
compounds having two hydroxyl groups in the molecule, for

10 example, polyester diols such as poly(propyleneglycol
adipate) diol, poly(neopentylglyvcol adipate) diol, poly-
caprolactone diol, polyvalerolactone diol and the like, and
polyvether diols such as polyethylene glycol, polypropylene
glycol, polytetramethylene glycol and the like.

15 The molecular weight of the diol compound is
ordinarily about 400 - 2,000 and, in order to obtain a
tougher cured product, is preferably about 500 - 1,000.

As the diisocyanate compound, there can be
mentioned compounds having two isocyanate groups, for

20 example, tolylene diisocyanate, hexamethylene diisocyanate,
xylylene diisccyanate and isophorone diisocyanate. Of
these, tolylene diisocyanate is preferred because a hard
and tough cured product can be obtained easily without
increasing the viscosity of the polymer excessively.

25 As the compound having hydroxyl group and
ethylenically unsaturated group, there can be mentioned,
for example, hydroxyethyl acrylate, hydroxypropyl

acrylate, hydroxyethyl methacrylate, hydroxypropyl



phot opol yneri zation initiator. As the polymer of 800 - 9,000
nol ecul ar wei ght havi ng ethylenically unsaturated bond in the

nol ecule, 15 there can be nentioned an unsaturated pol yurethane, an

unsat urated pol yester, etc. An unsaturat pol yur et hane is preferred
fromthe standpoint of the bal ance of ﬁaﬁ ness and cracki ng

resi st ance. The unsaturated polyester is obtained by 20
dehydr ati on comdthsatybate ea+metriyafolaaliydlarddsoped ywixyiethyleneat glgael one
di carboxylic acid congound that contains a di car boxylic acid conmpound
havi ng an et hymenpsethsarviatedand polyaxypropylene glycol meaoug§htur at ed
pol yur et hane i s obtai ned bg 25 reacting a _diol conpound with _a

di i socyanat e c8fpBiABeandOt thesqe hydrptiaidwhoiesRecEyaagsngbond havi ng
Egdroxyg or an%§8¥ﬁ %éggp %59 %%B%lenicall i@t rat ed ,bond _or a
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group and ethyLgnfal! ¥ high hardness can be obtained.

As the compound having isocyanate group and
ethylenically unsaturated group, there can be mentioned,

10 for example, a compound obtained by adding a diisocyanate
compound to a compound having hydroxyl group and
ethylenically unsaturated group, at a 1:1 ratio.

The thus obtained unsaturated polyurethane is
desired to have a polystyrene-reduced number-average

15 molecular weight of 800 - 9,000 as measured by GPC. A
smaller molecular weight is advantageous because it can
give a photosensitive resin composition of lower viscosity;
however, a molecular weight of smaller than 800 is not
preferred because with such a low viscosity, the resulting

20 photosensitive resin composition gives a cured duplicate
model which is hard, brittle and low in toughness and which
easily cracks when the unnecessary portions are cut and
removed.

With a large molecular weight, toughness of cured

25 AJuplicate model is easy to obtain; however, with a
molecular weight of larger than 9,000, the resulting
photosensitive resin composition has a high viscosity, it

is difficult to cast the resin composition into all the



unsat urated bond so that the nunber of hydroxyl group becones
excessive relative to the nunber of isocyanate group, in order to nake
easy its reaction with the pol yur et hane havi ng an i socyanate group at
each termnal 10 and conplete the reactign in a short tinme while

suppr essi ng t he side reaction. Thé &gnﬁound havi ng hydroxyl group and
ethylenically unsaturated bond is added so that the nunber of hydroxyl
group is ordi nportjonboof @ mokltiamed thee cured dupddicase modeyahase group.
As a result, there is obtained 15 a mxture of a pol yurethane having

et hyl eni cal | y undesinshierprenenoirs dml hardnasss dnge shyfdieignt hardness

gr oup-cont ai ni ng .ethylenically unsaturated conpound. I n
t he process mhFéhOEBﬁﬁﬁﬁégs ¢¥¢¥st synt hesi zing a pol yur et hane having a
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taking part inabbelamidelr &1 HCEE S2dd &R, Bk dd1enE R Jiadiehg 1kl yThag a8, t X-Of
t he reaction system in order to enable easier stirring and
(2-methoxyethyl)acrylamide, N-methylolmethacrylamide, N,N-
dimethylmethacrylamide and the like; hydroxyalkyl
10 methacrylates or acrylates such as hydroxyethyl
methacrylate or acrylate, hydroxypropyl methacrylate or
acrylate, and the like; polyoxyethylene glycol
dimethacrylates or diacrylates, such as ethylene glycol
dimethacrylate or diacrylate, diethylene glycol
15 dimethacrylate or diacrylate, tetraethylene glycol
dimethacrylate or diacrylate, and the like; polyoxy-
propylene glycol dimethacrylates or diacrylates, such as
propylene glycol dimethacrylate or diacrylate, dipropylene
glycol dimethacrylate or diacrylate, tripropylene glycol
20 dimethacrylate or diacrylate, and the like; butanediol
dimethacrylate or diacrylate; hexanediol dimethacrylate or
diacrylate; nonanediol dimethacrylate or diacrylate;
trimethylolpropane trimethacrylate or triacrylate; and
diacrylates or dimethacrylates, each having a bisphenol A
25 skeleton.
of these, N-methylolacrylamide and N-methylol-

methacrylamide are preferred in order to allow a duplicate



suppress the side reaction. Wen the conpound havi ng | socyanat e group

and ethylenically unsaturated bond is added in excess, it is necessary
to add,. after the 5 conpletion of the reaction, a conpound having active
hydrogen (e.g. hydroxyl group) to elimnate the isocyanate group.
As the diol compound, there can be nentioned conpounds havi ng two

hydr oxyl groups in_the nplecule, for 10 exanple, pol¥§;ter diol s such as
I
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di i socyanate is preferred because a hard and tough cured product can
be obtai ned eapirbpanet bpifethacry €€y, td1ee \GiSGeH1ley whlent e pel yner

excessively. 25 As the conpound havi ng hydroxyl group and
et hyl eni cal | y desaredatedpgodupe & hehictessndie iventvesried compositdonesdnpl e,
hydroxyet hyl acryl ate, hydroxypropyl
low viscosity and further obtain a duplicate model of high
10 elongation, hardness, etc. A diacrylate or dimethacrylate
having a bisphenol A skeleton is suitable when it is
desired to obtain a duplicate model having high hardness
and heat resistance while allowing the model to retain
toughness. These ethylenically unsaturated compounds are
15 ordinarily used in combination of two or more kinds.

The polymer of 800 - 9,000 molecular weight
having ethylenically unsaturated group in the molecule and
the ethylenically unsaturated compound are used in
proportions of generally 100 parts by weight {(the former)

20 and 60 - 200 parts by weight (the latter).

As the photopolymerization initiator used in the
photosensitive resin composition, there can be used a known
photopolymerization initiator which, when absorbing an
ultraviolet light of 300 - 400 nm wavelength, can generate

25 a free radical and give rise to polymerization. Specific

examples of the photopolymerization initiator are benzoin

derivatives such as benzoin methyl ether, benzoin ethyl



acryl ate, hydroxyethyl nethacrylate, hydroxypropyl

- 17 - nmet hacryl ate, N-nethyl ol acryl am de, pol yoxyet hyl ene gl ycol
nononet.hacryl ate and pol yoxypropyl ene gl ycol nononeth- acrylate. O
these, hydroxyethyl methacrylate and _ ,diydroxypropyl nethacrylate are
preferred in view of the 5 hardness an& t oughness of pol yner obt ai ned,
and " hydroxypropyl methacrylate is nost preferred because a

pol ymer of higﬁtﬁ§¢dnb§§zéaﬁ bsopbopy heether, benzoin isogwnlhetdempound
havi ng i socyanate group and et hyl eni cally unsaturated group, there can
be menti oned, fG‘Z%fLBr nsRuEBl eethek orpompihnin lranap sy gg% er, oO-
di i socyanat e conpound,to a coppound havi ng hydroxyl, group _and
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because with such a | ow viscosity, e resultl _ _ nsitive resin
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| ow i n toughness and which easi |y cracks when the unnecessary portions

are cut and curing rate and large thickness.
The amount of the photopolymerization initiator

10 used can be an amount capable of initiating polymerization
effectively, but is ordinarily 0.1 - 10% by weight based on
the total amount of the photosensitive resin composition.
When the amount is less than 0.1% by weight, the efficiency
of photopolymerization initiation is low, the curing of the

15 photosensitive resin composition particularly at the
interface with the silicone rubber (mold) is insufficient,
and the duplicate model obtained has, in some cases,
stickiness on the surface. Conversely, when the amount is
too large, the duplicate model obtained has reduced

20 mechanical properties. The amount is preferably 0.5 - 4%
by weight, more preferably 1 - 2.5% by weight.

It is possible to further add, to the photo-
sensitive resin composition, a stabilizer such as known
thermal polymerization inhibitor or the like to secure the

25 stability of the photosensitive resin composition during
production or storage. Examples of such a stabilizer are

p-methoxyphenol and 2,6~di-tert-butyl-p-cresol.



renoved. Wth a | arge nol ecul ar wei ght, toughness of cured

25 duplicate nodel is easy to obtain; however, with a nol ecul ar
wei ght of larger than 9,000, the resulting phot osensitive resin
conposi tion has a high viscosity, it _ 21i§ difficult to cast the resin
conposition into all the - 18 -
portions of a nold, and the cured duplicate nodel has undesirabl e

properties in hardness (Fee sehohesanaitisadmesdn compesabiannbay, et c.

As the ethylenicgally,unsaturated conpound, there 5 _can be ntioned, for
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the |ike; polyoxy ene glyco acrylates o ylates, such

as ethylene gl ¥ggl photodbiBi PHGE VH&d & UYorHAGhlod! @andit Yhere ghyeok1115
di ret hacryl ate or diacrylate, tetraethylene glycol di met hacryl ate or

di acryl ate, andhkhgottkénspef ey -silicone rubber mold. The viscosity of

the photosensitive resin composition can be lowered by
increasing the content of the ethylenically unsaturated

10 compound {(use of a liquid ethylenically unsaturated
compound is particularly effective). A liquid
ethylenically unsaturated compound having a low molecular
weilght can greatly reduce the viscosity of the
photosensitive resin composition. Addition of a liguid

15 plasticizer, for example, a silicone o0il in such an amount
that the other properties of the photosensitive resin
composition are not substantially impaired, is also
effective for the viscosity reduction.

when the photosensitive resin composition for

20 cast molding has a high viscosity, the viscosity can be
reduced at the time of casting, by heating the composition.
The temperature to which the resin composition is heated,
must be carefully selected so that the resin composition
causes no qguality deterioration because the resin

25 composition may cause quality deterioration depending upon
the temperature level.

The silicone rubber used as a mold in the present

invention can be any silicone rubber as long as it can



propyl ene glycol dinethacrylates or diacrylates, such as propyl ene

gl ycol dinethacrylate or diacrylate, dipropylene gl ycol dinethacryl ate
or diacrylate, tripropylene glycol 20 dinethacrylate or diacrylate, and
the |ike; butanedi ol di met hacryl ate gr_diacrylate; hexanedi ol

di met hacryl ate or di acryl ate; nonané&di ol di nethacryl ate or diacryl ate;
trimethyl ol propane trinmethacrylate or triacrylate; and di acryl ates or
di et hacr yl at esranasht hani whteabicldtendght . 23 slogimetrorial room of

t hese, N-nethyl ol acryl am de and N-net hyl ol - met hacryl am de are
preferred i n ofg@peratureofi@mbde p(RTE: &ransparent silicone rubber is

- 19 - nodel_, obt ai ned to have hi gh hardness and heat resistance
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further obtain a duplrica o ongation, hardness, etc. A

di acryl ate of gheEbBaREIL 86 resin ML foRienGhap Slsohehgn 5 sui table

when it is desired to obtain a duplicate nodel having high hardness
The room temperature-curable RTV silicone rubber

is a two-pack type requiring complicated handling and,

10 moreover, needs one night for curing. Meanwhile, the
ultraviolet-curable silicone rubber is preferable because it
is a one-pack type and easy to handle, is cured in a short
time {about 10 - 20 minutes), and can be made into a mold
in a short time.

15 The silicone rubber is classified into an
addition type and a condensation type depending upon the
curing mechanism. The condensation type is not preferable
with respect to the dimensional accuracy because low-
molecular compounds are formed during condensation and,

20 when they leave the reaction system, rubber shrinkage
occurs at the same time with rubber curing. Therefore, the
addition type causing no shrinkage is preferred.

The present photosensitive resin composition for
cast molding can produce a duplicate model having a high

25 dimensional accuracy of 0.3% or less. When a higher
dimensional accuracy is required depending upon the shape

of master model or the application of duplicate model



and heat resistance while allowing the nodel to retain t oughness.
These ethylenically unsaturated conpounds are 15 ordinarily used in

conbi nati on of two or nore kinds. The pol yner of 800 - 9,000
nmol ecul ar wei ght havi ng ethyl eni cal Iy5 unsaturated group in the
nol ecul e and the ethylenically unsaturated conpound are used in

proportions of generally 100 parts by weight (the forner) 20 and 60 - 200
parts by wei ghlo%(ttal%@eldat i&ris effective that ee thrgaitops atemhiah e
initiator used iin.t phot osensitive, resin_conposition, there can be
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n-butyl ether, [err nethy oI enzoi n e oxyben20|n
met hyl et her, amﬁahoxyben20|n et hyl et her and the i ke;
1-hydroxycyc|ohexy|phenylacetophenone and 1- 5

benzyl - 1- di met hyl am nopropg| s Pt s ohigkeettone o tHeril38S@xpansion

[ err]-met hoxybenzoin nmethyl ether is particularly preferred because it

can produce eveoeffdeiedtdfialriat Pat®ae! tigdn Mt of the photosensitive
resin composition for cast molding. Therefore, the

10 photosensitive resin composition cast into a silicone
rubber mold is cured in a state that the mold is swollen to
a size larger than the size of the master model.

Meanwhile, the cured photosensitive resin composition shows
small shrinkage even when its temperature decreases.

15 rTherefore, the shrinkage of the resin composition appearing
during its curing is made up for and a duplicate model of
high dimensional accuracy can be obtained.

The silicone rubber is cured generally at 25 -
40°C because this curing temperature can be easily kept

20 constant. The silicone rubber mold is used desirably at a
temperature of 80°C or less because the silicone rubber
mold is easy to handle for cast molding at such a
temperature.

Too large a temperature difference between during

25 mold production and during cast molding may allow the
duplicate model obtained to have a dimension larger than
the dimension of the master model. Therefore, the

temperature difference between during mold production and



curing rate and | arge thickness. The amount of the
phot opol yneri zation initiator 10 used can be an anount capabl e of

i nitiating polynerization effectively, but is ordinarily 0.1 - 10% by
wei ght based on the total amount of ;5he photosensitive resin

conposi tion. When the anmount is less 'than 0.1% by wei ght, the
efficiency of photopol yneri zation initiation is |ow, the curing of the
15 phot osensi t $¥EiRE s¢aSte MHEIng dwstade determyngd fReal aPPYAPE+RERe with
the silicone rubber (nold) is insufficient, and the duplicate nodel
obt ai ned has, Fa¥®ne cases, stickiness on the surface. Conversely,

when the amount is 00 Jl.arge, the dupli,cate el obt ai ned s, r.educed
20 mechani cal properti esté.herfjré‘gi’%ol?ﬁflrlc? ngfie}abpgggc_)gu;na%can Q% i ght ,
nore preferably 1.- 2.5% | ght.. : | Sshhl e

further add, t%st %mﬁﬁ%?dgy‘§§1q§éﬁéﬁpiy thgﬁﬁlggn%%gP?igg,§g85ta%??i%%r

such as kno " vavel el RolyREZdd oRdanll R LAk Baukeedbi»&fnaﬁiﬁycure

the 25 stabi e photosensitive resin conposition during

production or 3k84age. clXaiP! &6 HotHsehsa tShRDIbsZAl 808h as ultraviolet
p- met hoxyphenol and 2, 6-di-tert-butyl-p-cresol.

- 21 - fluorescdie TH OSERF-Hre@sies Me@ORYSLuNP) Ra8ad halide
viscosity of 300 p or less, preferably 200 p or |ess, nore pref erably
150 p or | ess hampP[eetidC kaomg hat titee ldike .bubbl es
In production of duplicate model, it is necessary
10 that an ultraviolet light is applied, for photocuring, from
six directions (above and below, left and right, and front
and back), unlike the case of printing plate production or
resist baking. Therefore, the light sources are desired to
be provided at the above six positions. The number of
15 1light source positions can be reduced by the use of a
reflector but, even in that case, the shape and position of
reflector are desired to be determined so that a light can
be applied from the above six direction. The light
application only from two directions {above and below) as
20 in printing plate production is not preferred because
curing becomes insufficient at the portions of the
photosensitive resin composition corresponding to the side
of duplicate model obtained, generating defectives.
When a large duplicate model is produced by
25 photocuring, it is preferable that a resin is irradiated in
a cylindrical exposure apparatus having light sources at

above, below, left and right, or a resin is irradiated



whi ch come to be contained in the photosensitive resin 5 conposition
during the operation, can be easily renoved and t he phot osensitive
resin conposition can be filled into all the portions of the silicone
rubber nold. The viscosity of the p gsensitive resin conposition can
be | owered by I ncreasing the content of the ethylenically unsaturated
10 corfpound (use of a liquid ethylenically unsaturated conpound is
particul arly effdds Peingaplagendon a ceryvgyeniealthe vhide v awpveshpsund
having a | ow nol ecul ar .Wwei ght_can greatly reduce the viscosity of the
photosensitivet#@%@ﬁmﬁﬁhﬁgéPPQS%?a%dﬂFQ?%%r%fa@Pﬁﬁ%ﬁﬂﬁi 15 plasticizer,

for exanple, a silicone uch an_anmount t hat t he ot.her

[ .
propert s 01 “the photos 18 F0E TSI TR Gifosie GrerSimatvencien
subs [ ispaj | . . ' _
When the pho¥o§%£§FF§§QaF§§?na§8ﬁﬁﬁg?$i%ﬁg cﬁﬁééﬂﬁlﬁé¥§9y§§ﬁ§}nﬁxﬁﬁgggﬁhigh
Mot vag. e ot SEREEs" e pmops LM BGA LA, WOl S Srodic

heating the conpositi enper at e res _
conposition is jhedRdon is nBUSkeBerfaf&d Utd Yrneleahadnixd hat the resin
conposition causes no quality deterioration because the resin 25
conposi tion may cause quzhtied€AEly Orp ite qaneRditndie@tion, the
tenperature |evel. The silicone rubber used as a nold in the
pr esent | measliremenanolieudhyasiodl epneranditert aascd aeg adnduatad as
follows.
10 There were prepared two 4 mm-thick soda-lime

glass sheets each onto which a 12 pm-thick polyester film
was adhered tightly. The two glass sheets were piled and
placed below a light source comprising ten 60-W ultraviolet
fluorescent lamps (10R, a product of Phylips) having

15 central wavelength of 370 nm placed horizontally. Below
the two glass sheets was placed a sensor, i.e. an
ultraviolet intensity tester (UV LIGHT MEASURE, MODEL UV-
MO2, a product of ORC) to measure an ultravioclet intensity
A, which was 4.9 mW/cm?.

20 Next, on the polyester film of one glass sheet
used above was placed a 1 mm-thick teflon-made spacer.
Inside the space was poured a photosensitive resin
composition for cast molding. Thereon was laminated
another glass sheet also used above so that the polyester

25 film of this glass sheet came in contact with the photo-
sensitive resin composition, whereby the photosensitive

resin composition was allowed to have a thickness of 1 mm.



- 22 - transmt an ultraviolet light. A comrercial room

tenperature-curable (RTV) transparent silicone rubber is ordinarily
used. A translucent silicone rubber or an ultraviolet-curable silicone
rubber may al so be used as 51long as it HLan transmt an ultraviolet |ight
of such an anmount that is required for the curing of the

phot osensitive resin conposition for cast nolding. The room

t enper at ur e- curBilsl ¥eRMItINGi dendnatpbers placed below-phe lehgyrrnenfianasy
conplicated handling and, 10 noreover, needs one night for, curing.
Meanwhi | e, the L11ght SOUXEE SPefteagrEs| @nsult&wr%b@rtewp%ff’er alfihe

because it pack type and ea o hangdl e |s cured | short
ti me (about 10“l§ﬁ?Wﬁ4LﬁF fanéﬁgtﬁaﬁcﬁewﬁ%dé ??ETF%P q& short

time. 15 The silicone rubber is classified |nto an

addition type and a condensation type depending upon the curing
mechani sm Theﬂ§§%§ §ns tron type is not preferable wWth respect to the
di mensi onal accura ecause | ow nol ecul ar conpounds are forned

during condgnsation and, ng"i‘ﬂsr‘aﬁhﬁﬁslrﬁ £ {%céﬁ%d&” EXSRMa
2 e

shri nkage occurs at the same tine curing Therefore the
addi tion type GHiYkM:g0 o9lr lanlsﬁagel 8sPERORAT 84 . Fig, 1 and by curhhfy Pegsent

phot osensitive resin conposition cast nol di ng can produce a
dupl i cat e nodel4d®ay,i Bg roochi gemperature-curing transparent silicone rubber
(KE-1606, a product of SHIN-ETSU KAGAKU KOGYO K.K.)} which
had been degassed under vacuum, a mold for cast molding was
10 produced.
Into a 2-liter separable flask was fed 1,000 g of
a polycaprolactonediol having a molecular weight of 500.
Thereto was added 410 g of tolylene diisocyanate to give
rise to an urethanization reaction to obtain a polymer
15 having isocyvanate group at both terminals. Then, 410 of 2-
hvdroxypropyl methacrylate (307 g of 410 g was added as a
dilution monomer) was added to react with the isocyanate
group of the polymer, whereby was obtained a urethane
polymer of 8,000 number-average molecular weight having
20 methacrylate group at both terminals. There were mixed 120
g of the polymer (120 g contained 20 g of 2-hydroxypropyl
methacrylate as dilution monomer), 20 g of N-methylol-
acrylamide, 20 g of methacrylamide, 40 g of 2-hydroxypropyl
methacrylate, 5 g of a-methoxybenzoin methyl ether, 0.2 g
25 of 2,6-di-tert-butyl-p-cresol and 20.5 g of calcium

carbonate having an average particle diameter of 0.7 um



25 di mensi onal accuracy of 0.3%or |ess. Wen a higher di mensi onal

accuracy is required dependi ng upon the shape of master nodel or the
application of duplicate nodel - 23 -
obtained, it is effective that the temperngture at which the

photosensitive resin conposition for cast nolding is cast into a nold
and is-cured by the application_ of an ultraviolet light, is kept

hi gher by 50[ el PPELER g%@% (t:mﬁqetwehsatmtupé @tl ucHupka EpPg¥eone
rubber is cured to_forma e silicgne rubber has
a thermal expafsKoh- Wher%%%fV?%lQPﬁa¥%ﬁ4I%/Hn9§$§9n§ﬁ§ﬁvﬁh£Fsép t he

phot osensi tive onposi ti o st .ol gqs Ther ef or.e

photosensitivecP@QPﬁlgbﬁBog?flfﬁﬁ%dg qyﬁ%%nﬁﬂ COSlFMngrSRDPdan
di t hat | | t th h

ci'76 of "the' madbeb mouBF epﬁr%%%%%f"% Feqihy compeh TibR LA Lo v esi n

conpositi OnSSh ray olégsgfaﬁ%ﬁ 3 DED WA Jd feiRekabyr § decreases.

15 Therefore, r|n resin composition appearing during
its curing is gﬁg@kﬂe8§05fapqmg dupl i cate nodel of hi gh di nensi onal
accuracy can be obtai ned. The silicone rubber is cured

Eenerally at 25 - 4fe hstestsseridiitd vl add nt eopebstitienceasbregnsd! y
ot to 40°C and degassed under reduced pressure with stirring,
and then poured into the above-produced silicone rubber
10 mold heated to 65°C. The silicone rubber mold was placed
in an exposure apparatus having 40-W ultraviolet
fluorescent lamps (having a central wavelength of 370 nm)
provided at above, below, left, right, front and back, and
was subjected to ultraviolet irradiation for 10 minutes.
15 Then, the mold was opened to take out a duplicate model
consisting of a cured photosensitive resin composition.
The duplicate model had a vellowish opaque white
color and was opague. It had a Shore D hardness of 83 at
20°C and caused no cracking when cut by a nipper.
20 The dimensions of the duplicate model at the

given sites were measured by the use of a slide calipers.

The results are shown in Table 1.

Examples 2A and 2B
Two photosensitive resin compositions for cast
25 molding were obtained in the same manner as in Example 1

except that the addition amount of calcium carbonate was



20 constant. The silicone rubber nold is used desirably at a

tenperature of 80[err]C or |ess because the silicone rubber nold is
easy to handle for cast nolding at such a t enper at ur e.

Too large a tenperature difference bet \/_\p(é during 25 nold production and
during cast nolding may all ow the d %I i cate nodel obtained to have a
di mensiron | arger than t he di nension of the master nodel. Therefore,

t he t enpechtngeddi f Theepbet heeneini vk rfemimulahpeediduoniso wexed

- 24 - during cast nolding nust be determned in an appropriate

range. subjectefetpi gast soetdingsiy the e ARINRT & 1Be Exgpple

as long as it can emt an ultraviolet Iight of 300 - 400 nm . 5 wavel engt h.

There can be uded Fhei GREVIBIRG WP diwaligate modgise¥ane Qathgpgave.

hot osensi ti ve resin, ¢h a | traviol et fluorescent |a

IE\i gh- ;S)r eglsulr\é W@chbﬁﬁ‘eggﬁﬁ?siﬁgai:ﬁﬂ;‘ﬁ@gmate oG-S %%ﬁ?n “]efﬁbnl%ﬁfi Be tPfke.
I n productign of duplicate.,node it is cess t hat..an .ul .ol et
i gﬁt is appli &5e £ rapﬁgif'gguf;?%@?eﬁbm‘ﬂ?e rs%%(lytcﬁ Eagrc it%lr?s‘&( alg‘ovwg%g'r?dll'

below, left and right, and front and back), unlike the case of
printing plate production or resi st baking. Therefore, the |ight
sources are desired to be provided at the above six positions. The

nunmber of



15 light source positions can be reduced by the use of a refl ector

but, even in that case, the shape and position of reflector are
desired to be determned so that a |ight can be applied fromthe above
six direction. The Iight applicatLoagogly fromtwo directions (above
and below) as 20 in printing plate producCtion is not preferred because
curing ‘becones insufficient at the portions of the phot osensi tive
resin composition corresponding to the side of duplicate nodel
obt ai ned, generating defectives. Wien a | arge duplicate nodel
i s produced by 25 pheteetrHRgr—H—+s—prefergble—that—a—+psin is irradiated
in a cylindrical exposure dpparatus haviing |ight soufces at
above, below, left and right,, on g,res nois irra%%a e%%
. . [ o~ o~ . .
- 25 - whi | e bei ng Elgced qQn a~cohveyar |orothel | idke and noved in
t he above cylindrical exposur8 dppaiit UsS oy o an o o [The node for
carrying out the preésent g avient ijorfY S he¢r efnaff er*depcri bed nore
specifically with refﬁreﬁk@ 51to Exappl es and Conparatije Exanples.
However, the presen{ S % 2-¥nventlion islnot restrict [ hese Exanpl es.
Incidentally, in thergt At} i nyention measur ement pf ul traviol et
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10 There were prepared two 4 nmmthick soda-line gl ass sheets

each onto which a 12 [err]mthick polyester film was adhered tightly.
The twq gl ass sheets were piled and pl aced bel ow a |ight source
conprising ten 60-Wultraviol et fluqrescent |anps (10R, a product of
Phyl i ps) having 15 central wavel ength of 370 nm pl aced horizontal ly. Bel ow
the two gl ass sheets was placed a sensor, i.e. an ul travi ol et
intensity testBkagpplel 3 GHT MEASURE, MODEL UV- NDZ a pr oduct of CFKD
to neasure an ultraviolet intensity A, which was_4.9 nmWNcnP.

Next, on the polyester f3¥rﬁ%ﬁngnﬁ§-@ﬁﬁ%@ﬁﬁﬁeéheet Oﬁséa Eﬁoﬁez%dﬁmd¥d%ed a

1 nn}thlck t ef | on- made. sp nsi de the space was

photosen5|t|vemWeéFHlene%%hpo%l§%¥ﬁFqQﬁ ?ﬁ?ﬁ?ﬁﬁEQ&ﬂn&aSTEEPQHﬁeaaén the
| ted th | h d_ab t hat, . .th t

[ilmof this PSS SHBREE et EEOiRt w (IRA REOpiseacLcive BERIRP Ve 2
resin compo gb§8999§9§k§ Erﬁkﬁﬁ%ﬁ$%?Q%§” Wired int8StReCRBRESLAEKON was

allowed to

26 - The LeBYLLLOg {@%Pﬁfm VB BB, I8 2RQY BB AARES as

l'ight source t asure an u intensity B. ul travi ol et
transmttance yasgdghgidi Ded &S &3£é§dﬂt/\d<éaﬁbletely cuEéa”Bbﬁq&e

sheet-1like duplicate model was obtained.

Example 4 .

10 There were reacted 300 g of a poly-1,4-butylene
glycol adipate diol having a molecular weight of 510 as
determined from the hydroxyl value, 52.5 g of a
polypropylene glycol having a molecular weight of 960 as
determined similarly, and 173 g of tolylene diisocyanate,

15 to obtain a polymer having isocyanate group at both
terminals. Then, 303 g of 2-hydroxypropyl methacrylate
(202 g of 303 g was added as a dilution monomer) was added
to react with the isocyanate group of the polymer, whereby
was obtained a urethane prepolymer of 2,300 number-average

20 nmolecular weight having methacrylate group at both
terminals.

There were mixed 124 g of the prepolymer (124 g
contained 24 g of 2-hydroxypropyl methacrylate as dilution
monomer), 26 g of 2-hydroxypropyl methacrylate, 7 g of

25 tetraethylene glycol dimethacrylate, 15 g of a reaction
product [3002M (trade name), a product of Kyoeisha Chemical

Co., Ltd.] of a bisphenol A-propyvlene oxide adduct and



5 By using an ABS-nmade naster nodel having a 2-mm t hi ckness
and a shape as shown in Fig. 1 and by curing, at 40[err] C, a room
tenperature-curing transparent silicone rubber (KE- 1606, a product of
SHI N- ETSU KAGAKU KOGYO K. K. ) whi ch gﬁd been degassed under vacuum a
mol d for cast molding was 10 produced. Into a 2-liter
separable flask was fed 1,000 g of ol ycaprol act onedi ol having a

mol ecul ar wei ggﬂygp.dzbomethacryﬂ@m@,t G \ﬁi@é)u?dé’ddﬁr@téloéﬁ’ -BoPhrEKé -

di i socyanate to give rise to an urethanjzation_reaction to btalﬂ

pol yner 15 hé@?ﬁﬁph§B€9§n§¥@ Yroup ot %ﬂﬁ1¢%7§ﬁ%ﬁﬂ§@§yl‘?ﬁ&ﬁesﬁiﬁ o? EY

hyd | nethacrylale (307 g of. 410 dd
monoer) s aNBEE FBUPeBEO R {POLHE 95 G e aephgecaesngf-tm BEFSfter

o et ar- el gRETRETRESR 20 Tie: FERSTE TG oty M RorA ot BaPE o Ther e
were m xed Zoflbroug 8%1.'5acryl %Wa#zﬁﬁiz@é&qnha'(% a0 811\ y aNprodhlcFOl

2- hydr oxypr dpy e as I on ‘nononer

acryl am de, 20 Q ﬂErHSt @é‘fﬁi’ﬁzﬁr@:ge 4% 9 Ho %‘ﬂﬁéqho’é)/%%)blsensa.];lve

nmet hacryl ate, 5 a- met hoxybenzoi n nethyl et her

2,6-di-tert- bukéblﬁ E6@85851 86N 260 G AGiIHgM hav1n@abbﬂﬂébasﬂ@y|6ﬁ an
average particle dianeter of 0.7 [err]m

- 27 - 100 p at 20°C. This photosensitive resin composition for

cast molding had an ultraviolet transmittance of 1.2%.

10 The above photosensitive resin composition was
heated to 40°C and degassed under reduced pressure, and
poured, under reduced pressure, into a transparent silicone
rubber mold of 65°C produced in the same manner as in
Example 1. The mold inside was returned to normal

15 pressure. Then, on and beneath the silicone rubber mocld
were placed an ultraviolet absorber-free polymethyl
methacry;ate sheet of 10 mm in thickness {(DELAGLAS K, color
No. 3002, a product of Asahi Chemical Industry Co., Ltd.),
and the sheets were fixed to the mold by the use of a

20 transparent tape. The silicone rubber mold supported by
the polymethyl methacrylate sheets were placed in an
exposure apparatus having 40-W ultraviolet fluorescent
lamps provided at above, below, left, right, front and
back, and was subjected to ultraviolet irradiation for 10

25 minutes.

After the irradiation, the mold was opened to

take out a duplicate model consisting of a cured



[ Softon 3200 (trade nane), a product of Bi hoku Hunka Kogyo K K1,

wher eby was obtai ned a photosensitive resin conposition for cast
nol di ng, having a viscosity of 80 p at 20[err] C. The photosensitive
resin conposition had an 5 uItravioIQt3bransnittance of 0.57% as neasured
at a t hi ckness of 1 nm The photosensitive resin
conposi‘tion was heat ed to 40[err] C and degassed under reduced pressure
with stirring, photosendithea pesiedcodmbes ithioraboviheprduildedits modele hadbber
10 nold heated to 65[err]C. The silicone rubber nold was pl aced in
an exposure appavafllswhahi ogadle Whilte awwloetand was lomrescentIt! duads a
(having a central wavel ength of 370 nn provi ded at above, bel ow,

left, right, fﬁ@@treaﬁdhaﬁgugsan@f 84 ama0°iErst tashaesl gia wickiiag when
irradiation for 10_mnutes. 15 Then, the nold was opened to take out a
dupl i cat e nodelcut by 8oR4PBEY¥ng of a cured photosensitive resin

conposition he duplicate node ad a yell ow sh opaque
whi te 2ol or and was TP aetRensg tons, o %réél %Mem agat

i mens! on of  EASth B PR, BeRDdBFaat ey "t HOERE @ Aigs extiReiPed by
th f j l: i The . | t h [ ble 1.
Exanpl s 2A andopetd iRE68s of ehifubfieed (B AR ibol khel mame. ¢ o

cast 25 nol di g r%x%b@é”fd LE (t)h@?s_arga Jgnner as in Exanple 1
1o ta i

except that the addition anoun ci um'car bonat e was

Example 5
10 A photosensitive resin composition for cast
molding was obtained in the same manner as in Example 1
except that 20.5 g of calcium carbonate was changed to
0.041 g of 2-(2'-hydroxy-3'-tert-butyl-5'-methylphenyl)-5~
chlorobenzotriazole. This photosensitive resin composition
15 had an ultraviolet transmittance of 0.92%.

The resin composition was heated to 50°C and
degassed under reduced pressure with stirring, then poured
into the same silicone rubber mold as used in Example 1,
heated to 65°C, and subjected to ultraviolet irradiation in

20 the same manner as in Example 1.

The resulting duplicate model was subjected to
dimensional measurement at the given sites. The results
are shown in Table 2.

The duplicate model had a Shore D hardness of 82

25 at 20°C and caused no cracking when cut by a nipper.



- 28 - changed. The photosensitive resin conpositions were

subjected to cast nolding in the sane manner as in Exanple 1. The
resulting two duplicate nodels were both opaque. The di nensions of the
duplicate nodels were nmeasured by the _5;4se of a slide calipers. The
results are shomn in Table 1. - 29 - [err]

- 30 - Exanp By using an ABS-made sheet of 50 nm x
20 M x 6 ?ﬁﬁR#WﬁQﬂ&ﬁé@?ﬁm@&fsﬁl|cone rubber nold was produced in the
sanme nmanner as in Exanple The phot osensitive resin np03|t|on of

Exanpl e 1 was poured i nfboPPREOSSPgikAYe resin comp031tlon 2 £5F

molding was produced in the same manner as in Example 1
except that no calcium carbonate was added. This

5 composition had an ultraviolet transmittance of 6.3%.
Using the composition, a duplicate model was produced in
the same manner as in Example 5. The results of
dimensional measurement of the duplicate model at the given
sites are shown in Table 2. The photosensitive resin

10 composition had an ultraviolet transmittance of 6.7%.

Examples 6A and 6B
Two photosensitive resin compositions for cast
molding a and b, having different ultraviolet
transmittances, were produced in the same manner as in
15 Example 5 except that the addition amounts of the
ultraviolet absorber, 2-(2'~hydroxy—3‘-tert—butyl~5'~
methylphenyl)-5-chlorobenzotriazole were changed to 0.082 g
and 0.123 g, respectively. Using these photosensitive
resin compositions for cast molding, two duplicate models A
20 and B were produced, respectively, in the same manner as in
Example 5 and subjected to dimensional measurement at the

given sites. The results are shown in Table 2.



subj ected to ul
1. As a result,
was obt.ai ned.

traviolet irradi

ation,

a conpletely cured opaque

Exanpl e 4

10

in the sane nanner

as

in Exa

npl e

sheet -1i ke duplicate nodel
There were reacted 300 g of a

§I having a nol ecul ar wei ght of 510
deternined fromthe hydroxyl val é "52.5 g of a pol ypr opyl ene
gl ycol ‘having a nol ecul ar wei ght of 960 as determ ned simlarly, and
173 g of tolylene diisocyanate, 15 toTebil&i n2a pol yner having i socyanate
group at both termnals. Then, 303 g of 2-hydroxypropyl nethacrylate

pol y-1, 4- butyl ene
as

gl ycol adi pate di

(202 g of 303 of was added as ajdilution noner ) was added to react
with the isocyanate group of theY GF?ner ﬂﬁ%%ﬁ. qiions o AURIHCH
ur et hane prepollymer of 2,300 nii %ﬁ) QHSRﬁﬁiyﬂ. QaV|rg
met hacryl ate grjoup at bot h Ett nals Upper Ligure: yi|xed
124 g of the prlepol yner (124 g| ™ 88ﬁ?ql&¥aﬂbih§”5ﬁ’2 bliin Fbﬁ
nmet hacryl ate as| dil ution nnﬁgﬁe 1ydr9;ypropy|
nmet hacrylate, 749 of 25 tetraethvlene vcoI dlnPthacrvIate. 18 g of |a
reaction priodgel b BOG2M (t radegngpe), @fy Kfgoei shag CGheni cq
Co., Ltd.] of 4 blspﬁ%nol A- pr ppyl ené OX|de qﬂ .20 0.17
- 31 -
Example 6A 0.22 119. 59.49 29.96
0.18 0.18 0.13
Example 6B 0.06 119.83 59.55 29.97
0.13 0.08 0.10
Comparative 6.7 119.50 59.37 29.88
Example 1 0.42 0.39 0.40
Dimensions of 120.00 59.60 30.00
master model

Example 7
A photosensitive resin composition was obtained

by mixing 100 g of diacrylate of a diol (an adduct of
bisphenol A and 4 moles of ethylene oxide}, 50 g of a
diacrylate obtained by adding 2-hydroxyethyl acrylate to
both terminals of hexamethylene diisocyanate, and 6 g of o~
methoxybenzoin methyl ether. Using the composition, a

measure having outer dimensions of 5 cm X 5 cm X 4 cm

(height) and a wall thickness of 3 mm was produced in 20
10 hours by three-dimensional molding, and was used as a
master model. The master model was set in the center of a

box having intermnal dimensions of 13 cm X 13 cm X 13 cm



glycidyl nmethacrylate, 3 g of 2, 2-dinethoxy-2-phenyl - acet ophenone and
0.2 g of 2,6-di-tert-butyl-p-cresol. They were made into a solution to
obtain a photosensitive resin conposition. The conposition was m xed
with 17 g of 5 fibrous caIC|un1carbona5% [Wscal A (trade nane), a
product of Maruo Cal cium Co., Ltd.] fo obtain a photosensitive

resin conposition for cast nDIdlng havi ng a viscosity of 100 p at
20[err]C. This (bﬁwbﬁénsmﬁbd#éc&@s&w?t@“rﬁ@sm-@hltbr transpaasttnol di ng had
an ultraviolet transmittance of 1.2% 10 The above

phot osensi t i vePPE¥Ratechprrihaeyiate sheetheppsaindngoper plLEraNdodehassed
under reduced essure, and poured, under reduced pressure, into a
transparent siPPES rubber nold of 65[err]C produced in the sane
manner as in Exanpl e The l.d in turned to. ornal 15

presFure._ Then, on andzP 1 ﬁﬁi&ggngﬁiﬁégeﬁDFamDOSl b@ﬁfwﬁﬁaced
Chi ckness ( eiﬁi@,&%@ g 3 R 5068 aﬁ%&n%%ﬁ%#b%ﬁ?ﬁ?fﬁ%ﬁﬁe%&%’a
Industry Co., L8 Yerminal QQ%ﬁh&anﬁﬁ&§ bg§ix8gfgg theBRLdaby the use

of a 20 transparent t ape. e silicone’ru Support d by t he
pol ymet hyl netgageysate shesicoogs %ﬂolzc”s@%d i1D0AR of si2XBASHELCGEPAT B US

havi ng 40-Wul travi ol et tT uor escent ~ lanps provided at above, bel ow;
left, right, fpenhetideryloxhtdoyiaidmsthoxyljieahed 1o gl bFavinl et
irradiation for 10 25 m nutes. After the irradiation, the

nmol d was openeditotoate, 30 g of 2-ethylhexyl 2-trimethoxysilyl-
10 propionate, 50 g of a mercapto group-containing
organopolysiloxane represented by the following formula, 20

g of diethoxyacetophenone and 5 g of dibutyltin dilaurate.

CoH4SH
(CH3)2—(in)nSiO(CH3)3
CH;

{(wherein n is an integer at which the compound of the
formula has a viscosity of 35 p at 25°C).
15 The photocurable silicone rubber composition was
| poured into the above box. The box was placed in the same
exposure apparatus as used in Example 1 and subjected to
ultraviolet irradiation for 20 minutes.
After the irradiation, the cured silicone rubber
20 was opened to take out the master model. The inside of the

resulting mold was subjected to post-irradiation for 5



take out a duplicate nodel consisting of a cured

- 32 - phot osensitive resin conposition. The duplicate nodel had

a yell owmi sh opaque white col or and was opaque. It had a Shore D
hardness of 84 at 20[err]C and caused nosgracki ng when cut by a

ni pper. 5 The di nensi ons of the duplicate nodel at the

given sites were neasured by the use of a slide callper

shri nkages of Ph@uﬂﬁﬁl+%a§¥@rﬁﬁmﬁ RIS WSO AP & Lal$me Whereby a |W°§9aﬁﬁre 1
and 0.08 - 0.2 e 5 10 A phot osensitive resin

conposi tion foFaﬁﬁs?Oldlngﬁ%$% HEIEESDDt ai ned in the sane manner as in

Exanple 1 except t elz‘%e“?%lgeb%{%ﬁ%%% 48 h? %%ngt ﬁfﬂg&aﬁ?@fged to

0.041 g of 2-(2'-hydroxy- | pheny
chl or obenzot 11 agebfiea Tt ShAPAOSENSIdMEd GRIRKATMONELLAR oESsohagsan

ul travi ol et transn1t ance i n conp05|t|on

was heat edt%]o é@EekﬁzlEe&nﬁlrom th@%?&&%&zlu%ﬁjué edyeed pregsure with

stirring, en poured into the sane silicone rubber nold as used in

Exanmple 1, pollgpt6fylené5hBy¢d L harricthss Wl ested@deO mdlllecalael @eight of
irradiation in 20 the same manner as in Exanple 1.
950 as determined from the hydroxyl value, and 371 g of
tolylene diisocyanate, to obtain a polyurethane having
isocyanate group at both terminals. The polyurethane was

10 reacted with 345 g of 2-hydroxypropyl methacrylate to
obtain an unsaturated polyurethane having a polystyrene-
reduced number-average molecular'weight of 5,800 as
measured by GPC, wherein the chain was extended by urethane
bond.

15 There were mixed 116 g of the above unsaturated
polyurethane (116 g contained 16 g of 2-hydroxypropyl
methacrylate as dilution monomer), 91 g of 2-hydroxypropyl
methacrylate, 25 g of diacetonediacrylamide, 2.6 g of G-
methoxybenzoin methyl ether, 0.2 g of 2,6-di-tert-butyl-p-

20 cresol, 11 g of a leuco dye (3-dibutylamino-é6-methyl-7-
anilinofluoran) and 11 g of a photo-induced acid-generating
agent (triarylsulfonium hexafluorophosphate), whereby was
obtained a photosensitive resin composition for cast
molding, having a viscosity of 60 p at 20°C and an

25 ultraviolet transmittance of 2.2% as measured at l-mm
thickness.

The photosensitive resin composition for cast

molding was degassed at 40°C under reduced pressure, then



The resulting duplicate nodel was subjected to di nensi onal neasur enent

at the given sites. The results are shown in Table 2.

The duplicate nodel had a Shore D hardness of 82 25 at 20[err]C and caused
no cracki ng when cut by a nipper. - 33 -
Conparati ve Exanple 1 A phgtosen5|t|ve resin conposition for
cast : nol di ng was produced in the sane nmanner as in Exanple 1

except that noPerrefluintar boaarleovasnaldiie andriiudb]eddedofposiltivenindgtan
ultraviolet transm_ttance of 6.3% ng the conposition, .a duplicate
nodel was prod&EEédFﬂtlon f?ﬁelgéﬁﬁnﬁﬁﬁhéwlé§m1@aE%aﬁﬁP@eg aphdnr B¥arpdeot
di mensi onal negsure g% t he du ate nmpdel at t sites are
shown in Tabl el2. FhHE ’Bﬁ o@%ﬁs‘?@ r"'é%itr?' e.L(?”&oﬁpg’é’PilGﬁtﬁaH‘o&fﬂr

ultraviolet transm.t es 6A.a

gm?fphotosensiFP9§l§é§?ﬂ egn%o§?¥?QHRP9QRS%a§§give reﬁﬁPdFﬁ@pﬁséﬁ&OB havi ng
25 in 15 Bambe L}ﬁé%%‘é%i?etﬁ@%"heé&ég%ﬁ ol 58y QohE S AT
ul travi ol et ab%ﬂﬁ??&teé ng_ a&&aﬁl gﬁf%h r %S minutes, the

met hyl phenyl ) oro enzo rirazol e were c ange
mold turned completely black. The duplicate model had a
Shore D hardness of 82. The duplicate model was subjected

to dimensional measurement at the given sites and the

10 results are shown in Table 3.

Table 3

Ultra- Dimensions of duplicate

violet model at given sites

trans- Upper figure: dimension (mm)

mittance | Down figure: shrinkage (%)

(%)

width Depth Height
Example 7 2.6 49.91 49.92 39.92
0.18 0.16 0.20

Dimensions of 50.00 50.00 40.00
master model

This application is based on Japanese Patent
Application No. 08-205466 filed on July 17, 1996, No. 08-
205467 filed on July 17, 1996, No. 08-252894 filed on

September 25, 1996, No. 08-205468 filed on July 17, 1996



and 0.123 g, respectively. Using these photosensitive resin
conpositions for cast nolding, tw duplicate nodels A 20 and B were

produced, respectively, i'n the same nanner as in Exanpl e 5 and

subj ected to di nensional neasurenent at tQF given sites. The results
are shown in Table 2. - 38 - - 34 -

Tabl e 2 Utra- D mensi ons of duplicate

vi ol et nmodelandt Ngi.vop-855444 filed on February 25, 199ansthe coppents
figure: dinension (nm m ttance Down fi gure:
shrinkage (% of which are in their entirety incorpcrated herieinto by ¢
Exampl e 5 0.92 119. 77 59. 48 29. 95

0.19 0. 20 referentea. Exanpl e 6A 0.22 119.78 59. 49
29. 96 0. 18 0. 18 0. 13

Exanpl e 6B 0. 06 119. 83 59. 55 29. 97

0.13 0.08 0. 10 Conpar ati ve 6.7 119. 50 59. 37
29. 88 Example 1 0.42 0. 39 0. 40

D nensi ons of 120. 00 59. 60" 30. 00 mast er nodel

Exampl e 7 A photosensitive resin conposition was obtai ned



by m xing 100 g of diacrylate of a diol (an adduct of bi sphenol A and
nol es of ethylene oxide), 50 g of a 5 diacryl ate obtai ned by addi ng

2- hydr oxyet hyl
di i socyanat e,

_ and 6 g of a- nmet hoxybggzoi n net hyl ' e
conposition, a measur e havi ng outer dinensions of”Em MIﬁﬂﬂﬁﬂﬂlﬂ cm
(hei ght) and a wall thickness of 3 mmwas produced in=+2U0¢ +0Y

t hr ee- di nensi oRBAT nb$ FIREMEN L Sas used as a mast er nodel . The master

nodel was set
cmx 13 cmx 13*cm

(hei ght),

acrylate to both term nal s of hexamethytene———

in the center, of a , .box having in i i
A photosensitive re%Xn gompégigféng%g§q§éggs of 13

L PR SHEE: Mt A0 SR B €l L ENSRAE W DELMERE YD 05 -
phot ocur abl e sg i&QQ§e£éﬁ¥$§ §QQPQ§%&Q? fg% esg? produced by m xi ng 1, 000
g e

of a di met hyl pol' yST |I'oxane

group, havisg Vi '
aer ogel , 1’7519 2. % Pide

di octoate, 30 goPhirgeddydieiyd td Wl NOXY@iikhl contlifk0RNONBE fav DOl gt Of

avin WO rmnals bl ocked wi th hydroxyl

é@hs@t@gglBe§5n255ﬁbéé%iiéﬂof8r0@0?&|!Ca

of nethacr%ioxypropy trimethoxysilane, 10 g of tin

a mercapto group-containing or ganopol ysi | oxane represented by the
foll ow ng fornygbgerB8r. g of diethoxyacet ophenone and 5 g of dibutyltin

di | aur at e.

10

15

20

25

3. A photosensitive resin composition for cast
molding according to Claim 1, which contains an inorganic
filler.
4, A photosensitive resin composition for cast
molding according to Claim 3, wherein the inorganic filler
is at least one compound selected from the group consisting
of calcium carbonate, magnesium carbonate, magnesium
hydroxide and magnesium oxide.
5. A photosensitive resin composition for cast
molding according to any one of Claims 1 - 4, which
contains a compound changing its color or developing a
color upon irradiation with an ultraviolet light.
6. A photosensitive resin composition for cast
molding according to any of Claims 1 - 5, which contains:

a photopolymerization initiator generating a free
radical upon irradiation with an ultraviolet light,

a leuco dye, and

a compound generating an acid upon irradiation
with an ultraviolet light.
7. A photosensitive resin composition for cast

molding according to any of Claims 1 - 6, which contains a

This Sheet Has Been Replaced
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[err] (wherein n is an integer at which the conpound of the

formul a TN i of 35 p at 25[err]C. 15 The
phot ocu‘“mm”nmi%“nﬁbber conposition was poured into the above box.
The box waset pliaced s e sane exposyre apparatus as used in Exanple 1
and subjected to ultraviol et irradifai®n for 20 m nutes.

After the irradiation, the cured silicone rubber 20 was opened to take out
t he master nodeblyhke bhAsBde of 9100 molemsldr iwej ol dawdsgsubj ected to
post-irradiation for 5 - 36 -

m nutes in theethwdenipatly cunppamrata] it dby thewicd ecoile and east
mol di ng was obt ai ned. There were reacted 680_g of a

pol ycaprol -  ethyéephedldy wasaburatred\eomnmndbeding: awdiogdRCUSRT500 as

5 determ ned fromthe hydroxyl value, 450 g of a pol ypr opyl ene gl ycol
havi ng an aver ¥§&9he| e€ufBRrl iRy ghranf800. 950 as deternined fromthe

Bg?;ﬁ?gih;ﬁéuﬁ§v?28 371 ﬁ éﬁotosenéf%f@éﬂyéé¥ﬂ %%%%%%? gbnt%o%bgggg a

molding according to Claim 7, which further contains a
photopolymerization initiator.

9. A photosensitive resin composition for cast
molding according to Claim 8, wherein the polymer is an

10 unsaturated polyurethane or an unsaturated polyester.
-
This Sheet Has Been Replaced

IR
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i socyanate group at both termnals. The pol yurethane was 10 reacted with
345 g of 2-hydroxypropyl nethacrylate to obt ai n an unsat ur at ed
pol yur et hane havi ng a pol ystyrene- reduced nunber - average nol ecul ar
wei ght of 5,800 as measured by GPC, wherein the chain was extended by
ur et hane bond. 15 There were m xed 116 g of the above
unsat ur-at ed pol yuret hane (116 g contai ned 16 g of 2-hydroxypropyl
nmet hacryl ate as dilution nmononer), 91 g of 2-hydroxypropyl
nmet hacryl ate, 25 g of diacetonedi acrylamde, 2.6 g of a-
met hoxybenzoin nmethyl ether, 0.2 g of 2,6-di-tert-butyl-p- 20 cresol, 11 g
of a leuco dye (2BATRALTY! ami no- 6- et hyl - 7- ani | i nofl uoran) and 11 g of
a phot o-i nduced aci d-generatin agent (triaryl sulfonium
hexaf | uor ophosphat ), wher ebBHGIASENSITIVEOBESINNGOMPAS PHONJRsi ti ve resin
conposition for cast mol di ng, hBNQTAgCASTyMADINGty of 60 p at 20[err]C
and an 25 ultraviolet transmttance of 2.2% as neasured at 1-mm
t hi ckness. The photosensitive resin conposition for cast
ol di ng was degassed at 40ptiotbeetBieivecddstl PORSSsL€ion hEsr cast
- 37 - poured into the above nold, and subjected to ultraviol et
i rradi ation formdDdingnutwislahr Halse anandteranbeleastransmatphece of 0.0Fhe
nol d was opened to take out a duplicate nold

5% as measured at a l-mm thickness.

(Figure 1)



consisting of a cured photosensitive resin conposition. 5 The duplicate

nodel had a slightly dark gray col or. Wen subjected to
post-iyradiation for further 10 m nutes, the nol d turned conpletely
bl ack. The duplicate nodel had a Shore D hardness of 82. The duplicate
nodel was subj ected to di nensional neasurenent at the given sites and
the 10 results are shown in Table 3.

Table 3 Utra- D nensi ons of duplicate

vi ol et nodel at given sites trans- Upper
figure: dinension (mj) - m ttance Down fi gure:

shri nkage (% Wdth Dept h Hei ght
Exampl e 7 2.6 49. 91 49. 92 39.92

0.18 0.16 0. 20 Di mensi oris ~of 50. 00 50. 00
40. 00 mast er nodel This application is based on
Japanese Pat ent Application No. 08-205466 filed on July 17, 1996, No.
08- 205467 filed on July 17, 1996, No. 08-252894 filed on

Sept enber 25, 1996, No. 08-205468 filed on July 17, 1996

FIG. 1




- 38 - "and No.. 09-055444 filed on February 25, 1997, the contents of
whichare i'n their entirety incorporated hereinto by reference.

-39- WHAT IS CLAIMED TSI T, A photosensitiv F
for cast nﬁim TV ai ns (1) a

an unsatur ” & or an

whi ch has a* nfl e¢ul &r sweight of 800 -

et hylenically unsaturated bond in the-nggecul e,
et hyl eni cal | y unsaturated conpound which has a nol ecul ar

wei ght of WHATU8aOLAMED i8id (3) a photiopol ynerization
I nitiator which absorbs an ultraviolet |ight of a
wavel engt h f 300- 404 phatasedsithwnregineimiasitionf foe cagt atbldiag. which contains

and has an u!travi olet transmttance of 0.05 to 5% as neasured
at a 1-mmthickness,(1) a polymer selected froM&ire iuRsdtuitiéd) polviupdthanedfor(dn and

(2) is 100/60 to 100/ 200. A phot 0SENSTTTVE resin conposition
for cost nolding accordi ﬂmshmrﬁb@'dﬂvesﬁer thcﬁrhﬁjatrﬁbl@éulﬁf‘w&dﬂt%f'ﬁoel
absor ber. 3. A phot osensitive resin conposition T or cast nol di ng

according to Claim 1, vdyg s & O3k P
phot osensitive resin conposition di ng accorolng

(2)___an ethylenically unsaturated compound which has a molecular
wejght of less than 800, and.

(3) _a photopolymerization initiator which absorbs an ultraviolet light

nd can generate z free radical,

and has an ultraviolet transmittance of 0.05 to 5% as measurad

at 2 1-mm thickness,

wherein a weight ratio _of (1) and (2) is 100/6Q to 100/200.

2. A photosensitive resin composition for cost molding according to Claim

1, which contains an ultraviolet absorber. _

3. A photosensitive resin composition for cast molding according to Claim
1, which contains an inorganic filler.

4, A photosensitive resin compasition 'for cast molding according to Claim
3, wherein the inorganic filler is at least one compound selected from the group

consisting of calcium carbonate, magnesium carbonate, magnesium hydroxide and

magnesium oxide.



3, wherejn the,inorganic filler is at |east one compound selected fromthe

group - consisting of cal cium carbonate, nagnesium aé 8 M m

hydroxi de and  magnesi um oxi de. - 40 - LPLACEMENT SWeET

photosensitive resin conposition for cast nolding a ,c% LY -H)8/08f
“goi T g ppyNg a

Cains 1. - 4, which contains a conpound changing it

col or ugﬂm 'Wﬂﬁl'ﬂm th an ultraviolet light. {6.

phot osengh el BBE M ddbosi ti on for cast 4wlLdi ng ag¢cording o any—of
Cains 1 - 5 whié&h tontains: a phot og¢l yneri zation initfator
generating a free radical upon irradiation wth an ultravrorer tight,

a leuco dye, and . a conmpound generating an acid upon
irradiation vgth an ul taghetedensitive @i composition for cast molding according to any one

of Claims 1 - 4, which contains a compound changing its color or developing a color
upon irradiation with an ultraviolet light.
6. A photosensitive resin composition for cast molding according to any of
Claims 1 - 5, which contains:

a photopolymerization initiator gene,gating a free radical upon irradiation
with an uitraviolet light,

a leuco dye, and

a compound generating an acid upon irradiation with an ultraviolet light.




