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Exanples 5, 7, and 8. In contrast, the same conpositions containing no

| atent radiation deflecting mitter [ER939%674Bd self |imting characteristics
regardi ng depth of photohardening, as illustrated by Exanples 2, 4, 6, and
9. The exanpl es of phot ohardenabl e conpositions given bel ow are for

illustration pucpegea 3MQ. (KispHendl-A-15 not be construed as restricting
the scope or i i s ipnvention. EXAMPLE 1 The foll oglg r%gl ngr edi ents
™ g

1ts,.qQf .t
wer &hi xed: 20 g}lggi@gb%t er diacrylate)
Benzi | di set hyl ket al 0.5 25
D azi de 1 Plex 66 is an ol igoner
- sold by RoehmGTE%ﬁ?’,‘y]l_)?atr?r%t%McﬁTA West CGernmany. It is represented by the for-
nul a 30 TMPTA F%JWQ"B??WF‘FAC%'\%'&@”T#IN stands for trimethyl ol
pr opane }ariacryl ate, and S for sulfur. The refractive index of the oligoner
35 is n=1.489. _The, di azi de was, .3,5-Bi s-(napht hoqui none di_gzi de-sul fonyl)
benzoi ¢ acid suBg??Egcﬁﬁemé&‘Ké'g% F-sgiéﬁ %and. This solthion contai ned
sonme undi ssol ved material (part of the diazide), but in general it was
cl ear. EXposur eqpys f scent lanp (UV 360 nm 300 mJ/[egr,) resulted in
asolid part whi E#‘\t’/\gg Jétuir)‘g)‘ﬁgl y light 40 scattering and Ii Eﬁn‘l deflecting in
general , due to(@atyl RNk Relynethegedlcahel) transl ates to good liniting
char- acter regarding the depth of photohardening. The newy fornmed phase
in this case a , (ni.tr n),. EXAMPLE 2 45 The followng ingredients
were i xed: P}Agée%%ggj"'{e,thyﬁ%%a)l 91% grams so
Benzi | diget hyl ket al 0.5 The phot ohar denabl e
conpgsi tion thu I . posure with fluorescented anp (UV 360 nm
300 mi/[err]) rgégiﬁ?g I'n %G?%Irqr&'ééart whi ch was al so cl easrd. Thi s
transl ates to péewtadigne/AN (33tdccopolymerdi ng the depth of

phot ohar deni ng. vb&c Lfpgbo @ fegegpwi ng i ngredients were m xed: 7 EP
0 393 67 Bl Celrad 3700 (bisphenol-A- glycidylether diacrylate)
50 granms 5 Et hoxyl ated TMPTA 20

[err] 10 Pl astitiPkasticided BC ds asméxrtyfe of Triethyleneglycél—di- 30

Triton X 100 - 0.4 15
(Cctyl phenol p%? rae%%e(rcsegl (?(?ﬁofi)i ggﬁ'z:”%l‘l:ene %%)I'ket al
1.6 20 HYCAR 1312%5 ch

Cragod ri " ' 30

otohardenable composition, thus made was clear. Upon exposure as described in Example 1 the
liquid solidified to a mass which was opaque. This translates to good self limiting character regarding depth
of photohardening.

35 EXAMPLE 4

The following ingredients were mixed:

N Celrad 3700 (Bisphenol A ] 50 g
' derived diacrylate)

pu Ethoxylated TMPTA 20
Plasticizer SC (Mixt.of esters) 30
50
Triton X 100 0.4
Benzildimethylketal | 1.6

85 .
The photohardenable compasition, thus made, was clear. Upon exposure as described in Example 1 the
liquid solidified to a mass which was only slightly opaque. This translates to lower limiting character regarding
depth of photohardening when compared to the sample of Example 3.



(But adi ene/ AN (33% copol ymer wviscosity 10000 cP [err}) 25 * Plasticizer SC
is a mxture of Triethyl enegl ycol - EP038867T4BE (C6) and di -caprylate (C8).

30 The phot ohardenabl e conposition, thus nade was clear. Upon exposure as
descri bed igkamppE®l e 1 the liquid solidified to a mass which was opaque.
This translates 10 good self limting character regardi ng depth of

phat ghar deni nyhe fallowibgiAdrbidntsweldgixddo! | owi ng i ngredi ents were m xed: 40

Cel™4d 3700 (Bisphenol A 50 g derived
di acryl ate) 45 a Et hoxyl at ed TMPTA

20 Plasticizer SEOMERYIACTHIRRE o <) 30 50
Triton X 100  CH3(CH3)CH[CH2]70COCK~CH; 80 gxams

Benzi | di met hyl ket al 1.6 55 The

phot ohar denabl e congosi tion, thus made, was clear. Upon exposure as

descri bdli i n ExBaprildinehyikatiad solidified to a mass which was only
slightly opaquepoXpssyiérneé Sintilecullar ReEnt | 286, 00p)Char actzy regarding
depth of photohardeni ng when conpared to the sanple of Exanple 3. 8 EP O
393 674 Bl EXANRBorarabisbiel Binbcdiftbr? thub Mae ks S04 SUpAR bbodlhe' Hoschibd HESUMAS i el ©

[err] 15 ui; }:%F:gid to a mass which was opaque. This translat Oto%o% f Iimiting character reganiing depth
ni

Benzi | di met|

Pol ystyrene mol ecurar Vi ght 250, 000) 20 The
phot ohar denghpLE®MPOSi tion, thus made was cl ear. Upon exposure as
described iTm EXanple 1 the 15 liquid solidified to a nmass which was
opaque. 2dhi s fheFbBwWing Rgredishtdpdmisedt f |1 m ting character regarding depth of
phgt ohar deni ng. EXAMPLE 6 20 The follow ng ingredients were m xed:

| sodecyl acryl ate [ser 99 g 25
BenziIdinethylkethOHLCYlacrylate 1 The

phot ohar denabl e c&RpdéSHs) GhlCRA0CAGHECE\as cl ear. Upon expo®¥r@ as

describ@® in Exanple 1 the 30 liquid solidified to a mass which was al so
clear. This translate or self limting character regardjng depth of

t.0 po
phot ohar deni ng. ERRRP éd*mgghylketaﬂhe following ingredients were nixed:

Met hyl net hacr¥l ate ) 70 glr ans
Cl BA GEl GY .CG lgrdenable composition, thus made, was clear. Upon exposure as described in Ex;g 9 th&o
nq%ru
ht

Pol yst yl’?%n éiqul.& i ?ﬁ}? ap\ass which was also clear. This translates to poor self limiting character reg

250000) C EAP 80369 is an acet ophenone derivative with a norpholino
substituentey dp g7 The phot ohardenabl e conposi tion, thus nade was dear.
Upon exposure—as described in Exanple 1 the liquid solidified to a nmass

which Wgs OpaghiBonowig Mgrbdiéhiledd fitedt © g00d sel f limting character regarding
dept h

Methylmethacrylate : 70 grams
CIBA GEIGY CG 250369 4.17
s @ Polystyrene (Molecular 30

Weight 250000)

CIBA GEIGY 250369 is an acetophenone derivative with a morpholino substituent. -

45 The photohardenable composition, thus made was clear. Upon exposure as described in Example 1 the
liquid solidified to a mass which was opaque. This translates to good self limiting character regarding depth
of photohardening.

EXAMPLE 8

50

The following ingredients were mixed:

Methylmethacrylate 80 grams
55 CIBA GEIGY CG 250369 4.17
Polystyrene , 20

(Molecular Weight 250,000)
9



of phot ohardeni ng. EXAMPLE 8 50 The follow ng ingredients were m xed:

Met hyl met hacryl at e _ EP 0393 674 B1 80 grans 55
Cl BA CElI GY CG 250369 4. 17

Pol ystyrene  The photohardenable composition, thus made was clear. Upon exposure as described Gh Example 1 the
(Mol ecul ar \iguig Bblidifiodto@QkYss whichias@patila Thié draflatelicegdol ediftiting eriandatefregarding depth
conpoyi ti on, ofphdéhartedi®y. Wwas cl ear. Upon exposure as described in Exanple 1
the liquid solidified to a mass whi ch was opaque. This translates to good
self |imsai nEXAMPAE&Ct er regardi ng depth of photohardening. 5 EXAMPLE 9
The follow ng ingredients were m xed: 10 Met hyl et hacryl ate
96 Cl BA GElI GY U’ ibgigdgredients were mixed: _ 4.17 The
phot ohar denabl e conposition, thus made, was dear. Upon exposure as
described in Exanple §etRg1dexhddJdlafesol idified to a massggrhi ch was al so
clear. TH?s translates to poor self Iinmting character regardi ng depth of
phot ohar deni ng. O ai ne18R Ge1dY row 1269369r accurately fabri agtirng an

i ntegral three dinmensional object from successi ve | ayers of a pho-

fgggr_ dg?agl ;ﬂ|9'lr UI d ;%fﬁ \iﬁ OQSICO?% msadﬁg ear gopﬁ( osfl\‘ g%rs?c bednggéglf alggjb“ﬁf
t he Iayer’ of , ‘3% gﬁ ' alrex osure L}o ?I v %5 P
di ation; (c) | ntroduci ng a new I ayer of photohardenabl e I | qui d onto the

| ayer previously exposed to actinic radi- ation; and (d) photohardening at
| east a portéigime®f the new liquid layer by exposure to actinic radiation,

w t h.thegzgequirenment that the photohardenabl e conposition conprises an

et hyl gni cal |4 UX\AdhddiTéacdrapenignedting #ntegral three dandabiiaDdblddfoni sQEcessive thyérs balphat
radi ati on def | aetiardegabliditiiecompbditionlcarhpeisihg thagtegtaf:on def | ecting matter being

I n sol ution w t hiapfotriing leyao ofa photolrardeaabid ligaighar at i ng i nto a separate phase
upon phot ohar denib)ghotdherdening:at least & pertion dfithe dayky] of pliolohgrdéneble tiquidtbg exposurmioactinic ra-
radi ati o®% the sdigéanat e phase having a first index of refraction and the
rest of the phot (hiatretiupingia rawtiayersf ehatahardenable iuid ontodheriayer nreyisusiixpesed fozgtinjcapdi-
and wherein the a#8@Mdte val ue of the difference between the first index of

refracti on and t k@ Phafshgrdeningatlegst g porfienraf ﬁ'@t“P‘{ﬁPﬂ"S’E!aVe’ by exposyrg radiatiop,3yith the
0.0L. 2. The net FPGH'"’B?"‘&'I‘%?“HP&“ é’raE'P ﬁ° wprisagan eg'ﬁ?: é"%sa'é'@éewwm
repeated® 3. The? 'atwh " 't?ﬂt ‘ﬁcﬁ}?"? ing f3e
formof a beam gnwi " :ﬁ’ "t° f;x t §t°."f‘s
N e g '"m i §§ e e e
6. The nethod of oﬁe%l dm exof ction

met hod ofgzcl ai m % Siheh 0lo1. e beam | S a %ﬁgct' rga" tent ansprirche

1. Verfahren zur genauen Her st el | ung elnes |ntegralen dr el di mensi onal en

Cegenst andess aughe #idingd SFRBAFT, Whéreih Qﬁﬁbﬂ@%n@@gérﬁ Qﬁﬁ%&sﬂéﬁﬁﬁeamm ohar t bar en

fl Gssi gen Zusammenset zung, urnfassend die Schritte (a) Blldens einer
et aus &l nme mehed 6ridialnt B Mher8in telabtmf!ratieBbr is in3fe form of a bednh)) Phot ohdrt ens
&t ens el nes Tells der Schicht aus photohfrtbarer -Fl fssigkeitdurch

Bel i cht en mi4. dhbimethed bfelaint2, whérbin thg sefacate dhiast i§ & basens ei ner neuen Schi cht

aus photohdrtbarer Flflssigkeit auf die Schicht, die zuvor durch ak-
5. The method of claim 2, wherein the separate phase is a Ilquid.

‘45 6. The method of claim 2, wherein the separate phase is a solid.

7. The method of claim 3, wherein the beam is a light beam.

50 Patentanspriiche

1. Verfahren zur genauen Herstellung eines integralen dreidimensionalen Gegenstandes aus aufeinander-
folgenden Schichten einer photoh#rtbaren fllissigen Zusammensetzung, umfassend die Schritte des:
(a) Bildens einer Schicht aus einer photohértbaren Fllssigkeit;
55 {b) Photohértens wenigstens eines Teils der Schicht aus photohértbarer Fliissigkeit durch Belichten mit
aktinischer Strahlung;
(c) Einfiihrens einer neuen Schicht aus photohartbarer Fliissigkeit auf die Schicht, die zuvor durch ak-
tinische Strahlung belichtet wurde; und
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tini sz:he Strahl ung belichtet wiurde; und 10 EP O 393 674 Bl The
phot ohar denabl e conposi tion, thus nERE3&MAB1 ear. Upon exposure as
described in Exanple 1 the liquid solidified to a mass which was opaque.

Thi's transl at fif ghGotbRisRabRbrhpdskioh, thuslglade!at 16drUpoh BGdurt d3UedtAtitllh Bhmple 1 the
phot ohar denigii@solifified t- XMl Which wasiébakue! THRkeRGatbd 8 bdIsBiinftingBkefacts r6g8kinglddpth
Met hyl met hast pyotohér@ening. 96 CIBA CEl GY 250369
4. %/ The phot ohar denabl e conposition, thus made, was clear. Upon exposure
as descra beekamMPLESanpl e 1 the 15 liquid solidified to a nmass which was al so
clear. This translates to poor self limting character regardi ng depth of
phot ohar deni nthe f@pwingriggredients were mirsdhod f or accurately fabricating an
integral three dinmensional object fromsuccessive |ayers of a pho-

t ohardenable Iiquid ising the steps of:qda) formng a

| ayer of® a phot ohar dlgna el ?’ggfgﬂ%) phot ohar deni ng at9 east a portion of

the layer of photohagtenadsreyl cqu2sb3sy exposure to actinig, -
diation; (c) i nt roduci ng a new I ayer of phot ohar denabl e liquid ont o] the

| ayer previ ou bzwds to actinic ra Lon:; and hqt:é d

S i e R sl S

et hyl eni caeﬁ b“ unsa uPat ed nononer, a phot0| n| t [ ator and a Iatent
radi ation deflecting matter, the Iatent radi ati on deflecting matter bei ng

i n sol uti orgi¥mshi N t he corrposition, and separating into a separate phase
upon phgs ohardening the com position by subjecting it to the actinic
radi_ation, £ henstieatoPdcduritBi}abricaityg iaf GitegraflthréSdimérisidfx otfdct froaf suctebsive yats of alphe
rest of the phokababeGuetopisiiiosdonpiingltid\stepgota second i ndex of refraction,
and wher ei n t he(apiosinglatisyemd b piotahérdénable ijufdf er ence bet ween the first i ndex of
refracti on and (hehowkardanig atrisheta mftion effthedgyier of iphdddhardenable liquidby gxpesuret attinizma-
0.01. 225 The nedistoss of claim 1, wherein steps (c) and (d) are successively
repeat ed. 3. The)inteodining appw @V%Pfrmtzohammmmiqm thedayernireviougiyi¢xpesed o actiniciradi-t he
formof a beamai@yand The nethod of claim2, wherein the separate phase is
a gas. 5. The nis}phgighasdening gfjlepsta W%Pféﬁ“’rf‘%#@“%'@f?a!'yaﬁx inigradiatiop.ith the 45
6. The net hod o'Pq‘E’P'a?'}ﬂ“f"zt thephatobardengblcom é'P'h‘Pé‘P ag‘bet'i' ﬁa“¥ B'PSFH“’“F "‘°TFH'€"
met hod 8t cl ai n‘i‘ﬁ% {e?’ﬁ’ ' tﬁé’éﬁ'ﬂ"l"%ﬂe

Verfahren zur ¢ rsﬁ’? @Fﬁ}a"g? °°°m'
Gyt S ol tﬁ'@fﬁiﬁ fﬁs b
f1fssigen Zusanffg hsf. ?I{Eﬁf;g Bt andef ek r§ 3y
Schi cht jaus el ng 5 (SB ot oh ens
weni gat ens ei nes SChI cht aus phot ohi rtbarerFlissigkei tdurch

Belichten mnt Tﬂghbtﬂédﬁﬁlﬂﬁﬁm 13&1{&414% g) arfdkd) e slatBdshay repdidal  Neuen Schicht aus
phot ohArt barer Fl Gssigkeit auf die Schicht, die zuvor durch ak- tinische

St @' ung heel iThdinethod/dfEIsiM;2, Wibkbinlthe échriiéé&iﬂtﬂbn istnlthd forml df hbdam. | ! | |
40
4. The method of claim 2, wherein the separate phase is a gas.

5. The method of claim 2, whersin the separate phase is a liquid.
45 6. The method of claim 2, whereln' the separate phase is a solid.

7. The method of claim 3, wherein the beam is a light beam.

50 Patentanspriiche

1. Verfahren zur genauen Herstellung eines integralen dreidimensionalen Gegenstandes aus aufeinander-
. folgenden Schichten einer photohartbarsn fliissigen Zusammensetzung, umfassend die Schritte des:
(a) Bildens einer Schicht aus einer photohértbaren Fliissigkeit;
55 (b) Photoh&rtens wenigstens eines Teils der Schicht aus photohértbarer Fliissigkeit durch Belichten mit
: aktinischer Strahlung;
(c) Einfiihrens einer neuen Schicht aus photohértbarer Fliissigkeit auf die Schicht, die zuvor durch ak-
tinische Strahlung belichtet wurde; und
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EP 0 393 674 Bl:(d)' Photohirtens weni gstens eines Tell:s der neuen
flfissigen Schicht durch Belichten Eressalér4ed scher Strahlung, mt der
Anforderung, daB die photohartbare Zusamensetzung sin ethyl enisch ungesit-

tigtes Mononer, (d?#rl%ﬁﬂarf’eh@m.g@deﬁd é?JeQ'i'éﬁQG i mwm BARnEhEAERaHS
Subst anz unf ast StraffRRE mitdeiCantarde ﬁfr\% ﬁdtﬁhﬂrt 20HQ Sih figlerlisth lrigaditld
i nner hal b der ZygaioRshws bifeH Hhotof m&%ﬂd || dBnPStrahlung ablentBREY SABdtdn GiRraftSlobei die
Zusatfimens et zungiatshtStRfiluhg sblshkdnté) SasalARE inSioedhd | ivHahalB WSO 2EEhRENsbtEGhg idtun® balf
separ at s Phase pitohirnierZusathmeidatzig, ifldeth shRiiscietStRNRIAFAUS oSt witd, MieMBseparate
Br echungsi ndex Phibs\gstaint wind) wiissi dibepbratd Phageledbnéreteid Brachamysidtexanweiiaumt detRgst
ei nen zwei t en Bdee plintohgrthared Exsammbneeizerg eineal zwelttreBrediangsiides aufweistiundwdbeidior Abso-
D fferenz zw scltwvertdeifferent ewiscBercietmersteniBrasthngsintex hd dem nwesitereBredBongsihdem geBerd e x
groBer als 0,0la$&p1istl0 2. Verfahren nach Anspruch 1, wobel die Schritte
(c) und¥d) nachei nander w ederholt werden. 3. Verfahren nach Anspruch 2,
wobel die dt iVartaheanaachy Angprughigwabal dlacﬁchﬂtfe(%e%d(gtﬂa%lﬁmﬂdefdmdp@g{w!@“ 4.

Ver fahren nach Anspruch 2, wobei die separate Phase ein (as i st

Ver f ahren rfactye mﬂﬁﬂ?@?'“qﬂﬁb@beﬂfeé%ﬁ%ﬁs&?@"@%@é“ é'f‘?FeSt'IQF%E‘Elfegkel t |at.

6. Verfah A h Fest st of f t
20 K. . o 4 Vel TRR ARtz ARe sttt PR S S ranl el m Li ohe st ai

st Revendu.catvfash n%échlmiﬂc%eﬂge.g@ &?&%ﬁ%&é em Raie G, O U ob et

tri di mensi onne couc es successi ves de conp05|t|on

liqui de phog Od}agmmﬁe.s&mqma%st@t PIABESin Fliststoft)st. OF AL ON d' une

couche dg |1 qui de phot odur ci ssabl e; ot odurci ssenent d'au noins une
pantie de |2 G/aHsHRG neléh Ankstbbn@CwdbbidbidstiahiGinT kARG BT €xposi tion 30 A
une radiation actinique; c¢) introduction d' une nouvell ecouchede |iquide
phot odur ci bsabl esur| acouche preal abl enment expos6e a | a radi ati on actini que;
d) phot odurrévendieatiind' au noi ns une partie de | a nouvell e couche |iquide
parexpogstion a une radi ati on actinique, avec |'exlgence que |a conposition
phot odur ci st alfraeédécdef fahrination précisprdiumeabjet thdimassivhnel ntégérd [@8ir de couches successives de

6t hyl 6ni que, sempsisitierdiqvide phatodundissatiie comportantiesiétapesdeti6f | ectrice de | a

radi ati on | at ens)dormation Jupescoughe de liwide photedureisable;de | a radi ati on | atente et ant
en sol uti on dan® m@owmmtwrmolnevnwﬂ@ép&rcawe %“%H@PWW&%S%UG P35 g¥Rogition
apres pHbt odur cf ¥edpdiatien erlnigus: conposition |orsqu' el le eat sounise a la

radi ati on acti nF’dI‘Y@d““ﬁi%'i d Pﬁ?éveg%?ﬁ%hﬁ‘ép"ﬂ?'@é’émmssﬂﬁsﬂﬂﬁ?‘é? prégiabjemant gxposée

:-gi:i | u
ggigﬁgt : ﬁ3| gé d F;mque av exlgé%;m:: & Ison %&Ot o |sl:r Ce rj%&ml " ${> 6§ anttur: on
premi er ,jndice F‘ %?1) hotomlha% clplgw ? F% ?a%tpaﬁ p‘ﬁa nce :

Fefract n et an é""'§ Z%Zo. foR g oLl
eF bt@ ot la'dbrikéSitiéndhot kb{ﬁrmssable

gll ke é-
nsr% rohbl 6t séﬁi.sxg .g&.at.o actiniges; R0€
selon la revend &g;gé Em
fai bceau. 45 4. i@k ﬁs&ﬁ r&n‘é&ﬂ Igaéldupﬂbsaue SifrbrEidh Sntre 16 profidSifdice
separee gat UN gskéfrachon drle@6sbRd ﬁ@&&d&%ﬁa&ioﬁ%ﬁl@dﬂéﬁa}émoﬁ dans quuel | a
phase separee eat un liquide. 50 6. Procede selon |a revendication 2,
dans | equel 2.| ®Prqhdicseion RpaveRicationt1, déns BqUel 16k0stapés (c) ¢P(d) Saherépddak eutcésivement.
revendi cation 3, dans loquel |e faisceau eat un faisceau |um neux. 55 11
3. Procédé selon la revendication 2, dans lequel la radiation actinique est un faisceau.

dans | equel

4. Procédé selon la revendication 2, dans lequel la phase séparée est un gaz.
5. Procédé selon la revendication 2, dans lequel la phase séparée est un liquide.
8 6. Procédé selon la revendication 2, dans lequel la phase séparée est un solide.

7. Procédé selon la revendication 3, dans leque! le faisceau est un faisceau lumineux.
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