PHOTOCURABLE RESI N COVPOSI TI ON AND OPTI CAL COVPONENT USI NG THE SAME
FI'ELD OF THE | NVENTI ON 5[ 0001] The present invention
relates to a photocurable resin conposition having | ow

wat er - absorbabi ity and excellent curability as a transparent resin
for the purpose of optical applications, and relates to an opti cal
conponent using the conposition. Specifically, the invention rel ates
t o a phot PHOT@IERABIERESRHCOMPOSI TEON ANDeORTIGATL COMPONEN TTRASENGal
for optical components such as optical |enses (material for optical
conponents) and the |ike, and rel aTHE SAMEn optical conponent using

t he conposition. BACKGROUND COF THE | NVENTI ON [ 0002] 15In inagi ng
devices for use in nobile phones and digital caneras, optical |enses
for imagi ng are mounted. As materials for formng the optical |enses,
optical glasses and transparBELDpOESHEIMEENTIGNS have been general ly
used. In particular, with recent increase in the diffusion of the
mobi | & phones fit[0@@l]wi th an i magi ng function, it has been needed to
produce the | enses nore inexpensively and hence the transparent 20

pl astic materi al STheguicsayt dpention relatgn sp arphotacutableerasie pompepitiorebaving
Furthernmore, with the recent trend of high resolution and thinning in
t he opt i dew Watensbsorbahilitynangi axgellenh eurgbilit 250 Gansastenigresintprythepurpose of
refractive index (refractive index of 1.55 or nore) have been needed.
[0003] 205pticah anplingsipnsomngd rslhies Hy avpoplicel cobmeBAnbEng (bR eampasitional
| enses using the transparent plastic materials, for exanple, there is
ment i one&pecifieallyodhe frentiom gelaiss de A Bepiacysalde desn [FOREYSIERA FIHablds £
agai nst the_transparent plastic material_ (resin conposition) to fill

t he 19 anssidingmaierialtior opticarqomponanty spefe asneptical tlepdes (Batasial fen enticah g
the material fromthe npld. That is, by transfer nolding with the

nol d, ancepponeats) andsiikes andrglates ta an gplical compenent Bing HiccopPosiHoBdd
shape can be obtained (for 5 exanple, see Patent Docunent 1). [0004]
Dependi ng on physical properties of the transparent plastic
materials, fromthe viewgaoint of dioensional ility, the follow ng
two types of curing neth Ié@%c%ﬁﬁﬁgvgﬁﬁEgﬁ@%ﬁﬁﬁ@%#Iy, there are
mentioned (1) a nethod including hot-nelting a 10 thernoplastic resin
that is a transp plastic material, then pressing a shaping nold

against it, and coolin IJ%I(J btain a ded article.(optical .
compbhent ) havi ndd AagBE e Refpise ia R Phonss ane digitel carmeteg optical
Thet e aciloht Bhlle e B Ao SRR BPae s BREn el
9, e RS aff SHBSAE P n MM B Pttty
|, th two .t .0f . method I d di t .
equt r earEshinyetedh S sioar e oS ARES Y AT B CrAEy b d
t pri h i st h t had (1) .of i i ghl
o oo bt PRt bR B b TR Do b e Ry e Rl
P I . te is .w.del I d, However, tly,
R e g e o O
t ly desired to.r t [ i,hg .devi it f i
oL onoL Vel o5 5P ol Rl ROV E 4 e PR B S0P, e,
t hi gh- t { i t. of t eni { i
2t the nBBCPRGESrs bEh SRR o AT I T S e 805
di mensi onal &efornation remains in the use of the aforenentioned
thernnplg§pf‘ resin. [0006] From such a background, in

the field of reqﬁhf' g heat resistance for reflow sol dering or
aut ocl aving etc. | g%glication of a photocurable resin including an

put Fhto practi oA eRon B he BkaP ERiIRNERLE AR S Ak R0

the transparent plastic materials, for example, there is mentioned a method including




Pat ent Document 2: JP-A-2009-227936 SUMMARY OF THE | NVENTI ON [ 0009]
25However, when the oxetane conpound having a primary al cohol as
nment i oned above is blended into the photocurable resin conposition,
there occurs a problemthat water absorbability of the photocurable
resin conposition increases owi ng to high hydrophilicity of the
hydroxyl group along with the effect of inproving the curabilit .
derived fpressinghe predetcamined i shgpiag dneld eaghingl theytrangpasens. plmlfsmatmeﬁ (resie
wat er absorbability increases, for exanple, there is an increased
possi bi | icoypositionkte filhtherifanspasentplastic inedserial into theamoldn dallorwad i Tetpasing
photocuring may take place and a desired refractive index may not be
obt ai ned thenowterihl diginy thejatoddt iThat dgadiyi trgnsfes mpldingawith shp aaeld: an joptical
prone to be generated. Therefore, in the photocurable resin_ |
conposi t icompbuent saying at specifiso veicnopaitarn radam wddaghepe cepni b obtaiaedndfosy
absorbability is desired to be as | ow as possible. Such a

phot o8ur #shmplecsaePagmirPosumeninl)capabl e of attaining both rapid 10
curability and | ow water absorbability along with a high refractive

i ndex has not yet[08@Hn obtai ned, and there still remains a matter for
studi es thereon. [0010Q] . . The present invention has beeég ?de
i n consi der at i on legpendiagsm; physicahpraperiips okthe draspatenslastic majepayirgm

to provide a photocurabl e resin conposition capable of 15 attainin
a high rdhe sieppoint jof dimensinnah siebilispthe follnvang Gvasynesof SyRBE RSoMn AF

absorbability and useful as a materigl for optical, co nents such as
optical EEWiEd. afpeciiicallyothicie ags meyiipRed @oﬁﬁ%‘ﬁ@?ﬁ Hlfg)‘ﬁ@g %&meﬁmg a
conposition. [0011] Narl'gel y, the present  invent] (%ﬂ rel at.es tg‘ t.he

fol | 6 ngharmeplastic fesinsthabisia “NW&E@F’%W@W@Li CILBREETRS @) shpping mold
i ncludi ng an epoxy.resjn, .an ozéetane C oungl %d.a .
phot opol FR#PHzHs cpphing ik & obfan Anmefer tels Jeptical SOPRANERY fAving,a
follow ng ingredients ( and (B), in, conbinat.io and .t he_oxet ane
corrpound%P?%‘iq‘EJd‘ & pnds @)I G\APlﬁém?in ]élg}rgnpree%yg QP%)ST'%anpB"Q PEYPH 2
havi ng at | east fwo.epox .oups. i N _one | ecul e 25 1 hereof .an eing
ot d apheGensbleenrnpostion B hapebarel¥ pfibie Pafdal, AR B ifAGAREE 1
| east two.ep rou in one nolecule er eof .and havi a.. .
o ract | it ek ek Y Sraiy BRUY ST p SubRBAS T o0RR £ RO ficlg (optica
oxet ape con‘goun reﬁ{esentﬁd ?12( the follow ng general formula (1):

5i n whi c RORPPRENYMEVIREAZRECHIC SP9R%G 6. 2. The phot ocurabl e
resin compositio ording toitem1, in which the ingredient (C is
contained in an gpr@@t of from5 to 15% by weight relative to 100% by
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e AP el R TSP S AATEY o 8514 i o
o sl SRS T R
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opLl o SQIRRNSAL Bl O ELRIRS B Bl Lol BB N8 gty
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i nventors have assiduou udied To -purpose of solving t
above- et QREd HQRhEFBvicd b Liposd RCE HiphAbmbBENEE YRS amediDF BB fing
temperature or higher at the mounting step, a problem of generation of softening and

25  dimensional deformation remains in the use of the aforementioned thermoplastic resin.

[0006]



devi sed to use a specific oxetane conpound (ingredient (C))
represented by the above general formula (1) in the photocurable
resin conposition including an epoxy resin, an oxetane conpound, and
a phot opol yneri zation initiator. Since the oxetane conmpound has a C
to C6 al kyl chain, hydrophobicity can be inproved wth exhibiting
curability equal to or er than that in the case of a primary
al cohol - cont ai ni rﬁjomtcangaaekm’pmdam the\liehdj ofiequiring| heatoregift@neg for reflow
Therefore, it becones possible to attain both rapid 5 curablllty and
| ow wat ersolsisrng paispioclaying\eie e application o & ploteqyestie resin inchadingan epoxy
ingredient (A) and the epoxy resin of the ingredient (B) are used in
conbi nat itesin 48 thehmaspineiedians ihas begry imvestigatediangd rio being Mt dvlamregticgl use.
heat resi stance and nechani cal properties are obtained and also it
becones péyeaver dntthe shaningmethod eloeptical rompeneatsyusing the phntpigatle resin
high refractive index (refractive index of 1,55 or nore). Thus, the
i nven® or $ompodtien @t the rtlease Heore dhs mold gfen eming bﬁéph@tpméaloabﬁt@& IScn
be attained by these findings, and have achieved the invention.
[ 0014] A@OF%bli;H’e ﬂeasovélesw aﬁwa geur 4y acsinpdppide dﬁ%stﬁtq Phacst oyHg to
i nvention ing¢ludes an oxy resin (|ngred|ent ( %% haV|ngdat | east

two epoxyPy GURing ﬁs Tesine dtheesby hee defset 1Ry BrogpRprated dn dbaimelded

or higher and a_solid epoxy resin (ingredie ing at_ | east
two epoxfifioupderaforgnd t%oteaewi 9 bt BR eﬂaatzlﬂa qavpa P deferd with

index of 1.6 or no se i n conbinati eci fic oxetane
conpound SEFREEEE Ceﬁttsw%}’a)lfurer IBPOVINg em‘@m}%fv herTenia-  MaESR Veia OBk
attaiped and al so both rapi.d curahilit OM/mater absor b it
can t ol BoROTF BTRFLYich Felshe e Firdl B bR g BEORloRBbIF G Attt
resi stance.an han| %% $ert|es are al so obt ai ned. FurthernDre

t he phot §¢fH&: @%PW“ Wﬁ%g ‘tion of the invention can be not only
cured solely by |é f but also cured on another nenber, for exanple,
a transparent su$ te such as glass. By integrating the conposition
with the transparent su it is Slb rodu

hi gh-qual ity hybrA’r d 2 By OdA Q:ro IHPW&“@ a.kﬁléy pfio FB’CQ gtlﬁ’f"éraplél’sf'eﬁmZS

conposition of.the.i

opt cal ilFEF asat‘taﬁ“sﬁ %lp?té Eesteoiw‘;‘f%eg 7 BB BB o B peenlon o,
the & ’Effq?tegﬁ‘ft &t BV ”ﬁﬁ?%évéﬁ%' 3, Rl JREC o, bRt
EEEE EIS'V;P);? °>§Y%%X’f 2op ZE.“ b 89 4% ﬁe\’n 03 %bbggtﬁﬁgﬁ% cok P B e

ec?:{lset plle ?(51 LE) ﬁea(}gfgpaos %ﬁn ? nt in the lelcété)c‘tlrhné

Furthern% nt-of "the i nventiony wWhi'c

above- ne e Q%t osition, is inexpensive and
al so hasﬂgb &1§b re rgﬁgfégﬁﬁﬁ{ c@m%ﬁ Ctive index of 1.55 or nore),
so that the optlﬁﬁbgfonponent can be advantageously used as an
optical |lens or i ke for imaging devices for used in 10 nobile

pho digital ]m%% th | PTION OF THE
EﬁiICN [0016]§%%E I men gl the |nv§§glon are descri bed bel ow.
15[ 0017]  Patedt8 o&ﬂx?én? raﬁ; ﬁio%? %2 gg’r‘pom tion (photocurable

resin conposition ?or opt|ca conponent's he invention is a
phot ocurabl e resin conposition including an epoxy resin, an oxetane
conpound and a photopolynerLzation initiator in which

t he epoxy resin includes thafpge ‘?ﬂlﬁq (A) and (B) in 20
conbi nation, and the oxetane conpound |n(r:l?]r e foll ow ng

ingredient (C): (A) an epoxy resin having at |east two
epoxy groups in B nnlecule t her eof and bei ng quuid at 60C or

hi ghgy ;- ohBle 3 Pt Rt LAY B o FiRar) WBlc

groups in one no ecule t hereo avi n dex o
mentioned above is blended into the photocurable resin composmon, there occurs a




[0018] in which nis an integer of 1 to 6. Additionally, the

phot ocurabl e resin conposition is usually a liquid conposition.

[ 0019] 5The epoxy resin of the ingredient (A is sufficiently an
epoxy resin having at |east two epoxy groups in one nol ecul e thereof
and being liquid at 60C or higher, as nentioned in the above.

o sphenc kR B ASRIT o G abnEPIEE s Ry S i
rycr ogende P Fapabite o Fidtafom AL ik ERSERY InGfl o
o atnlnlasdids iy g b
ey cabhEbaiT I ReR s it ChanaiB, s B B arep sty 6 stottAbtesior

B) i fficl I lid Ln 15 | i .
(2507 nAvaaE ErEa et softe G proUIE FAY GHE HPoCH 8 SIRracrEatde
havi ref ti ' f 1.6 by itself,. ment i d J
the abovdndesBABIRGE P RURSe p Bty REh ehet thaoays ) PUSTRTETRG s
fl kel fl i . i ns..havj
B BB e BB R BB S P BRI
resins ha iqg a_hi phenyl skel et o epoxy..resins, havi g

nt nal SV OEPErR Y apbliFertn he SRR AR, BueR a8 brooq oy s
gﬁgn; gr inu;onbbn tioni@hg f. §§O e ill fr5 r#ﬁ fv'gﬁég'eéﬂpe id
transpar é’ﬁﬁi} §nd Pﬁ%al P}l} ?v{rﬁl@eﬁe ré?{ggesb%%cfpg‘g en§ zf?’_te préef% Fr &g
roasa i ngoratliey dfig TP G o Ul 310r Wt MGt TR B B
by At 200 e, bt e SE ANErSE] 250000 roeULEEs BLAGYCL of the epoxy

groun y a grinder. Tncidentally, as an epoxy resin, the
ot her epoxy resiﬁ gﬁﬁ be used in addition to the ingredients (A) and
(B) according to P e'necessity. [0021] 5By including the epoxy resins

f the i di ent . ' i : S
mpr ovi ng 1 owabi Tiet4 g atioh Ras SPHEIAE o Rongdliatin 8 trelijmation
s obtal geslangy %gpjetﬁ?ﬁfgo%gsg{o AbyiddR! %‘td&gggg%g@i RItRBbASE of

owng to e 1 ngredie tal ned. n the resin

conpesgi th?&?f&gr Fgﬂ%hcf’éfraﬂ:.ﬁ@%gﬁ Sn@f aIE@%dtﬂvlagi%i Rlrabfite! SIRMSY whide

i ngredi en ontal ned in an anmount of fr 40 to 85% by wei ght

and the bookGHIR9 and BhetiPasiPRbRAPRY b BRBHIKtHuch a0 Bbi 1Ehsa Y

wei ght relative To 100% by weight o resin anount [tota

wei ght —of, LG RRABHIEAToRDohbMGHEIRI fRg, (B) as essential

i ngr edi enqtg alnd t)r%not he?fpgpoxy rgsi nccgi?)ogn optional ingredient] 15
and the oxetane q@@p@und [including (C) as an essential ingredient
and the other oxetane conpound as an optional ingredient]] and nore
preferably, the nNigiadiBObrebddk invenGoniidtBed théfolldwiiBMdths Oko 5r om 40
to 80% by weight and the ingredient (B) is contained in an anount of
fromgd5 to 45% by weiaghhotoldbleV esi® cb@}¥sitign RcHingOfant BgoxiyOt@dn, an
resin anount. Nanely, when the ingredient (A) is nore than the above
range, tQRetERCOMPAL 288 2 PhORBEk RSz ihiiRtgzUr abi 1 ity may worsen;
but on the contrary, when the ingredient is less than the above
range, the handl iReHMHODE ch¥xy RGBT intREaR ﬁﬁffﬁﬂéﬁmgriﬁ%x@&nWA?%d@) e
viscosity increases. Mreover, when the ingredient (B) is nore than

t he abovegohBiggen, bhe the Geask t¥mpbeiEinsRdethd félluteing hepréttast! (Crg
property under roomtenperature may worsen; but on the contrary, when
the ingredient i§Ab eaSegdxgrekNEh|ley et &R ewo tdpexP progat inf efd sheloade
may wor sen. [0023] As the oxetane conpound (ingredient (C))
that2ss ugeshfah@®benpilighiddie0eDexkighesi ns of the ingredients (A) and
(B), as nentioned in the above, the oxetane conpound represented by




5in which nis an integer of 1 to 6. [0025] Since the

oxet ane conpound (C) represented by the above general formula (1) has
a O to C6 alkyl chain originated fromthe fact that nis from1l to 6
in the 10 formula, as conpared with primary al cohol -1 containing

oxet ane conpounds having no al kyl chain, the hydrophobicity can be
enhanced with exhibiting the curability equal to or higher than the
curability of thdBmi swidyepakjcmdmin having af leastgwoxepoay grapspn wnd snolgeule
particular, in the resin conposition for optical conponents of the

i nventi oﬂherﬂwfmdthhwnglae‘ﬂﬁmtm indexfolf d Gedrithéreyy itselfjandpreferred to use
t he oxetane conpound of the above 15 general fornula (1) wherein n is
fromito 4. [0026f)#hexetres compovndpipuessnicdpy tpfollowinggenosal fargudidye
general formula (1) is preferably contained in an anount of from5 to
15% by weight relative to 100% by wei ght of the total resin anount
[total weight of the epg i ncluCeted® and-(B) 20 as
essential ingredi engay oXy resin as an optional
ingredient] and the oxet an ound [including (C as an essenti al

i ngredi ent and the other o e conmpound as an op't’roh'h

ingredient]]. Nanely, when t content thereof is |less than the above
range, the effect of inproving the curability owng to the ingredient
(C may not be obtained; but on the contrary, when the content
exceells tmwhithoie an aimeger of hdo Beat resi stance of the cured product may
wor sen. [0027] In this regard, along with the oxetane
conpound of the i2Zagr ¢ photo§i@rble agsith campositing arsoyingtd iting fl pinewhich them
the ingredient (C) nay be used in conbination according to the
necessi t ngr@ientfCe s efntained imxant ameund offfioon 8l to AéYaukjewsight rejative-tp[108%
et hyl oxet an- 3- yOret hoxy] met hyl } oxet ane, 1, 4- bi s[ (3- et hy1- 3-

oxet anyl bﬁmwfmtqigllrpmnmmtlmtlgezre@iacompahyn) butyl j et her, 3-et hyl-3
- phenoxynaet hyl oxet ane, - et hyl - 3- hydr oxynedayl oxet ane, 1, 4-his [h(3
-et hyl oxetan-3- 30 The photocurable resin composition according to item 1 or 2, in whic

yfl met hoxy] benzene, 1, 3- bi s[ (3-et hyl oxet an-3-yl ) net hoxy] benzene, 1, 2- bi
s[ (310 the ingredient (B) is a fluorene epoxy resin.

et hyl oxet an- 3-yl ) met hoxy lllbenzene 4, 41- bi s[ ( 3- et hy] oxet an- 3-yl ) met hoxy

] bi phenyl , 4.  The photocurable resin composition according to any one of items 1 to

2,2 -bi 85(3 et hl|¥ - oxet anyliget hoxy] bi phenyl, 3, 31,5, 5 -tetorarreth yl44
, 4" - bi s( 3~ ingWhig éb@emswﬂ?«nym tqoaiIEd; ip e rmound of figms4Q tp 85% by weight

- et hyl oxet an-3 -yl ) net hoxy] napht hal ene, .

1, 6- bi s[ ol @Fnygrééléma@)ss genfainad iy smouny of from 18 16 45% by weight Flatiee,

3(4) 8(9

15bi s ( 120e1QQy’9 by wgight aﬁ%}%&%&m&mﬂhq Fesigycomypositions 2. 6] decane,

1,2-bisf[2-(1-et fﬁﬂ -oxetanyl ) net hoxy] ethylthio } ethane, 4,4'-bis

[(1-& hyl- 3- oxe ]) met hyl i t hi odi benzene thioether, 2,3-his

[ (3-et hyl oxet an- 3- yenet hoxynet hy1l
norbomane 2- et hyg W3°B¥1 IB%EP n‘g foryad: ﬁSQ’yrﬁatWT’q Hr°§u‘6 of sfhe1-

et hyl - 3- oxeta yl ropane- 1, 3-di ol di et
[ (3-et hyPlEBE%‘i“é gre% W&P@Elﬁw ]acccgﬁilggatﬁeaq gnqugptems P¥o 4 and gavmg a

|c2)r gg;%ia éﬁ%&@edpc]{ex ofol g)g sl[lg_‘oreet hyl oxet an- 3-yl ) net hyl ] -

1,4-0-bis[(3-et hfdgﬂéﬁt an- 3-yl ) net hyl kbut ane- 1, 4-diol, and 2, 4, 6-0-
tris[(3-ethyl oxe yI )met hyl ] cyanurate. Al ong vvi t h t he oxet ane

comgind of 't he Lugtedhent (et BESS 2181208, EQIROUTE. BY 1D, 554
of solving the above-mentioned problems. In the process of the studies, they have
devised to use a specific oxetane compound (ingredient (C)) represented by the above

general formula (1) in the photocurable resin composition including an epoxy resin, an

5



The content of the oxetane conpound different fromthe ingredient (O
can be appropriately set based on the contents of the ingredients (A
to (C) nentioned in the above. [0029] 5In the resin conposition for
optical conponents of the invention, the photopol ynerization
initiator to be used along with the above-nentioned resin ingredients
(A to (C) may be any one as far as it can _initiate cation

pol yner i 2xetaps comppunsy ang [2ephoienslanerigation inidater. ofige dhe o¥stans ognpound
conposed of an anion _conponent derived from antimny, phaosphorus, or
the |ike hh@ Gl €6 6t shpionbyrrophabicie Fan bsimpraves Withexhibitipg garbility
phosphonium_or the like. Specifically, aromatic sulfoniumsalts,

ar onat i ¢ sdBdoie gmhigher stham thatain theypesspaloai Rrimary elsohqlrrgniaining tgxgtane
sul foxonium salts may be_ nentioned. These oniumsalts nmay be used .
al one or ompewrbhaving amalkylene ghainAfherafoss, it bacpwss pessihle Kyptiimbotbranide
photocurability, aromatic sulfonphun salts are preferred. [0030] 15The
cont eft SHabHEY At ke yaer iabsarbahilityni dviateeyer; hspother appy s W (e n
a range of fromQ0.05 to 5 parts, by wejght relative to, 100 parts by
wei ght ofingradiertdiaiand ghe Apoyoesn I thp meredisng B) F ussd inpRyulmation 3yghe

[including (A) and_(B) as essentjal [ngredients and {he other epox)
resin as SRAXDISENo AEFC A %moéws]ﬂ%ﬂm%éwa&@ﬁ@wg%ﬁ#p%mq%emaﬁ%
(C as an essent]

(0 5 o3RRS P SRl s P PR %
f 0.1 4 Lght. .S ifically, . f th
o Bl Yokl SRS ol Bt 1% SRR e

curability may tend t rsen; ,but..on the contrary, whep it exceeds
Che- dBoved i viclion Bt SEEnaet chitthsh Beyrained Wirbers Sndies anty 2or
the cured I’O%{L{ﬁt . maﬁ.i npai red though the curability could increase.
| nci dent gplﬁwe G INEBEYbol ymeri zation 25 initiator may be dil uted

wi th an organic ﬁﬁd’v‘@nt such as propyl ene carbonate and then bl ended.
[ 0031] ]e ver, into the photocurable resin conposition of

6 DL e R o e
shove: TORSRRE LS, RO LokROhA EHLPOASER Sl S e ABERG b
2| 18P Lt sk G 0D S0P SRR AR B 8 oo
P oA BRI R PR ok e P S Ry
couPl L RN T8 SnROR s BiBh S80  EL S8k e Rgmoomne
o eor RBDEe TR SOM AR 08 RSBl g i
o Cne GBI It BRI sl B0 EI DR GE La y ng

0 R R 5l Bl e, 1 B0, S
R e e

o ! m . | |
phot ocur ﬁgégpP{éfﬁg@ cHRARAS d;?é}txﬁémfaé},efdr’%kgﬁ%ﬂé?ﬁ ﬁaiépa%nﬂlﬁﬁﬂu%ta Qfich as

exanpl e, ows. Brie e resin osition is potted on a

t ranspar suhsS; : . , - o i
L ANSPA gits S WShakrg Mg LohoBRueh 89 ENPASPIRSLSRET A Pl
conposi t E)Rﬂuc@rhd HidH-gudlfty | ki 3Rd Addordih@h! -whkne igafphBiocubRUk&@sh
product (shaped product)” of” the resin conposition integrated on the
trangpar @&hﬂé&?@cﬁ{ 688 IHARLBR iORe a8 8 Indliink SRR Foi S;Qieahﬁﬁte@ﬁlsrgabld?s

After the photoirradiation, in order to enhance the "'adhesi veness 0
optical lenses, it can be used as a highly reliable photocurable resin exhibiting high

6



[ 0037] The optical conponent (cured resin product) of the invention
such as typically the optical |enses has preferably a refractive

i ndex of 1.55 or nore, and nore 25 preferably, the refractive index
is arange of from1.55 to 1.62. The above-nentioned refractive index
can be realized by using the photocurable resin conposition of the
invention. Incidentally, the neasurenent of the refractive index is
per f or megréductiviyg soithg thd eompésitiart isvsefizhdMoremsiengimcertkd phatbomrehle resin
(manuf actured by Atago Co., Ltd.) after the surface of cured product
of the epomposition ofithe ipventieh yumally ianlitpid compositiem Befopdoadg, it is also
The invention is described with reference to the foll ow ng Exanpl es
and Conpa@osgible doRwgnibie cepmpsitioness atphotdonable adhestieofr ofixasionbef optical
restricted by these Exanples. 10[0039] Prior to Exanples and
Conpar at icompgxestpl es, the following materials were prepared. [0040]
Epoxy resin (a) (ingredient (A)): 15an alicyclic epoxy resin being
liquid at room t dB®elature (25C) (Cell oxi de 2021P manufactured by

Dai cel Chem cal Industries IJ(}%\[0041] Epoxy resin (b) (ingredient
(A)): Furthgrmgrethe aplicah compenent off the Tessasign.retrln uges shsgbove-
val ue: 185 g/eq., viscosity 20 nmeasured at 25C. 10, 000 nPa.$) [0042]
Epoxy r e&iantipred phofepuehleresin sqmposition, i inexaensive Wpﬁéwsllﬂsiadllﬁf)p ctive
resi n(epoxy value: 172 g/eq., viscosity neasured at, 25C. 4,400 nPa. s,
mel ting fresiyﬁse@sﬁr%ﬁhé& index c2\”5!@64@] sk ysor gt the pptical,gprapeneat cem)be
a bisphenol F type liquid epoxy resin(epoxy value: 163 g/ eq. .

vi scosi t pAyReiRggPely é‘?ecgﬂt:anZQPPPGl }epa ©F tF‘@éﬁ‘&] forJmrgingedgvicef dpr used in
(ingrediené,(B ): 5g fl.uorene epoxy resin (Oncoat EX1040 manuf actured
by N&yas@oilephones; digitalicamers: adhe Hkex: about 1.63, solid at room
tenperature (25C), nelt-stating tenperature: 70C) [0045] Oxetane
conpound (a) (ingredient (Q)):

DETAILED DESCRIPTION OF THE INVENTION

[0016]

Embodiments of the invention are described below.

15 [0017]

The photocurable resin composition (photocurable resin composition for
optical components) of the invention is a photocurable resin composition including an
epoxy resin, an oxetane compound and a photopolymerization initiator,

in which the epoxy resin includes the following ingredients (A) and (B) in

20  combination, and the oxetane compound includes the following ingredient (C):

(A) an epoxy resin having at least two epoxy groups in one molecule
thereof and being liquid at 60°C or higher;

(B) a solid epoxy resin having at least two epoxy groups in one molecule
thereof and having a refractive index of 1.6 or more by itself, and

25 (C) an oxetane compound represented by the following general formula (1):

[0018]



10an oxetane conpound of the formula (1) in which nis 4 [0046]
Oxet ane conpound (b): 3-nethyl - 3-hydroxynet hyl oxet ane [ 0047]
150xet ane conpound (c): 3-ethyl-3-phenoxynet hyl oxet ane [ 0048] Oxet ane
conmpound (d): 4, 4'-bis[(3-ethyl-3-oxetanyl)net hoxymet hyI]b| phenyl
20[ 0049] Photopolynerlzatlon initiator (a):
triarylsulfoniumsalt- based phot opol yneri zati on |n|t|ator conposed of
an ani on conponent and a cation conpone é ‘g’desent ed by the
foll owi ng structural f > 25[)@3]12'1? 51] -
Phot opol yneri zat i ogHiNi (b): a triaryl sul foni um
sal t - based phot opol yneri z |n|t|ator conposed of ,ap 5 anion
conponent and a cation co nt, represented by ‘tas{f SI | ow ng
structural formula (3): [00%2] [ 0053] 10Phot opol yneri zati on
initiator (c): a triaryl sul fonium salt-based
phot opol yneri zation initiator conmposed of an anion conponent and a
cation canpdiene is aintegesof ddory Additiprallyefierphotequiahie resin ¢asnpasition is
(4): [0054] (4)

usually a liquid composition.

[0019]

5 The epoxy resin of the ingredient (A) is sufficiently an epoxy resin having
at least two epoxy groups in one molecule thereof and being liquid at 60°C or higher, as
mentioned in the above. Examples of the epoxy resin include bisphenol A type epoxy
resins, bisphenol F type epoxy resins, bisphenol S type epoxy resins, linear aliphatic
epoxy resins, hydrogenated bisphenol A type epoxy resins, hydrogenated bisphenol F

10 type epoxy resins and alicyclic epoxy resins. These epoxy resins may be used alone or
in combination thereof. Above all, in view of reactivity, transparency, viscosity, and
the like, bisphenol A type epoxy resins and bisphenol F type epoxy resins are preferred.

[0020]
The epoxy resin of the ingredient (B) is sufficiently a solid epoxy resin

15  [solid at room temperature (25°C)] having at least two epoxy groups in one molecule
thereof and having a refractive index of 1.6 or more by itself, as mentioned in the above.
Examples of the epoxy resin include epoxy resins having a fluorene skeleton (fluorene
epoxy Iesins), epoxy resins having an anthracene skeleton, epoxy resins having a
carbazole skeleton, epoxy resins having a biphenyl skeleton, epoxy resins having a

20 naphthalene skeleton, and the like. These epoxy resins may be used alone or in
combination thereof. Above all, from the viewpoint of transparency and the like, the
fluorene epoxy resins are preferred. Incidentally, the measurement of the refractive

index is performed by measuring the refractive index using a refractometer

8



[ 0055] Exanples 1 to 10, Conparative Exanples 1 to 10 The
above-nentioned individual ingredients were blended in the ratio 5
indicated in the followng Tables 1 to 4, and hot-neted and m xed to
prepare photocurable resin conpositions of Exanples and Conparative
Exanpl es. Incidentally, Conparative Exanple 1 is provided for the
pur pose of conparison with Exanple I. As shown in the foll ow ng )
Tabl es 1 (msgufacturadebibhtagd antgdsiafientheshriaceofi auagdpradugt of e enoke mesin
in Conparative Exanple 1 is the same as in Exanple 1 except that the
type 10 d¢ gtowed byer anederodpeiderdalls agianfeppsntesin dhe ethenepaxyaiesingay be
shown in the following Tables 1 to 4, other Conparative_ Exanples are
al so pr owgkia adémom@%mmwé@n@f@&ea%@) aseordineth tswaessséy- havi ng the
same nunber as the nunber of Conparative Exanples. [0056] 15The

phot ocur abl e resilA0%dnposi tions of Exanpl es and Conparative Exanpl es
t hus gr oduced were tested and evaluated for the properties thereof,
according to the BY dreladag fhenteporadresas o theeingeedigntss Bpeprbi(Bar &
shown in the fqollowng Tables 1 to 4, In¢identally, as nmentigQned in
t he abov@?mgme}%mc@ﬁp eet i of lmprayipg dlovabality and BeAy teeistangfo OWing iR dhof
conparison w,th Exanpl es having the _sane nunber as the _nunber of
Conpar at REECH (H) &”?btﬁlﬁeé‘ @%%ﬁﬁ%fh%ﬁf%s# ofdgproving merkanial prapertics Qe d
bet ween Exanpl es . or rati ye Exanpl es. [0057] Refractive | ndex
5Aft er tﬁ%&‘ﬁw?ﬁrﬁ@ﬁ?ﬁgﬂ?@%mﬁ{conposi tion (liquid resin) was poured
into a transpareibﬁiéﬁld having a size of 1 cmX 1.5 cm X 0.5 cm and
was cured by irr ion with UV at 16,000 mJ, the resin was renoved

The M ace of KB 61 JERH pTARRREC P 4Pe PRRGIBEPORHS Wotes Bty
Choreg Shreabye s bl QuLE bt B Rl et Rl AEFe S
e
' | L8
P s B ol g e B0ttt A o RERY i Bl
0 . ' Ny . -
v det o HOGL 0= spptl Bete @il P P! ifadBod Ay ShcidF iR
as det et i I ! r
2sc st g el cnE0 B THRAS RGP ROV | PotBR IR
| | . BEURUN
O ot | bRl Eioof Y SAER ARy Gef ha KPR RL B0 BBt Rs
o 5g angrehes I ARBLSErORLD Bbod BELRI BE b il AR AR
nd the 3 ris 0
oot o0, IRHTREbY s BREDES uhlof 85 RO, ROVPUS i of e
Conet ant MBS AAERI, oA, HaRLSthe () it Wbl RO THELS Y o
chariDy PAEARS: e BERobTo, By B bnf SAURE AR Dl e Hcten i
Tanuf act ST by e Ol B P B et 0, R ey grgen o
O e BCHiSRsRy it Aed.WSeoRh> MEA S AHabRIHR el iy ARGV

in the constant-tenperature and c er was

Eil';rg: Zt ﬁﬁgé, AOViiEsifPRe A MR s thel %@ﬁhg E%ﬂeﬁy Mnd8f todrb téifiderature

may worsen; but on the contrary, when the ingredient is less than the above range, the

25  heat resistance may worsen.

[0023]
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As the oxetane compound (ingredient (C)) that is used along with the epoxy
resins of the ingredients (A) and (B), as mentioned in the above, the oxetane compound
represented by the following general formula (1) is used.

[0024]

(C,Hz,)OH
CHj 0/

......(1)
0

in which n is an integer of 1 to 6.

[0025]

Since the oxetane compound (C) represented by the above general formula
(1) has a Cl to C6 alkyl chain originated from the fact that n is from 1 to 6 in the
formula, as compared with primary alcohol-1containing oxetane compounds having no
alkyl chain, the hydrophobicity can be enhanced with exhibiting the curability equal to
or higher than the curability of the primary alcohol-containing oxetane compounds. In
particular, in the resin composition for optical components of the invention, from the
viewpoint of flowability, it is preferred to use the oxetane compound of the above
general formula (1) wherein n is from 1 to 4.

[0026]

" The oxetane compound (C) represented by the above general formula (1) is
preferably contained in an amount of from 5 to 15% by weight relative to 100% by
weight of the total resin amount [total weight of the epoxy resins [including (A) and (B)
as essential ingredients and the other epoxy resin as an optional ingredient] and the
oxetane compound [including (C) as an essential ingredient and the other oxetane
compound as an optional ingredient]]. Namely, when the content thereof is less than

the above range, the effect of improving the curability owing to the ingredient (C) may

10
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not be obtained; but on the contrary, when the content exceeds the above range, the heat
resistance of the cured product may worsen.

[0027]

In this regard, along with the oxetane compound of the ingredient (C), an
oxetane compound different from the ingredient (C) may be used in combination
according to the necessity. Examples of the oxetane compound include 3-ethyl-3-{[(3-
ethyloxetan-3-yl)methoxy]methyl } oxetane, 1,4-bis[(3-ethyl-3-
oxetanylmethoxy)methyl]benzene, di[2-(3-oxetany])butyl]ether, 3-ethyl-3-
phenoxymethyloxetane, 3-ethyl-3-hydroxymethyloxetane, 1,4-bis[(3-ethyloxetan-3-
yl)methoxy]benzene, 1,3-bis[(3-ethyloxetan-3-yl)methoxy]|benzene, 1,2-bis[(3-
ethyloxetan-3-yl)methoxy|benzene, 4 4'-bis[(3-ethyloxetan-3-yl)methoxybiphenyl,
2,2"-bis[(3-ethyl-3-oxetanyl)methoxy]biphenyl, 3,3',5,5'-tetramethyl-[4,4’-bis(3-
ethyloxetan-3-yl)methoxy]biphenyl, 2,7-bis[(3-ethyloxetan-3-yl)methoxy]naphthalene,
1,6-bis[(3-ethyloxetan-3-yl)methoxy}-2,2,3,3,4,4,5,5-octafluorohexane, 3(4),8(9)-
bis[(1-ethyl-3-oxetanyl)methoxymethyl]-tricyclof5.2.1.2.6]decane, 1,2-bis{[2-(1-ethyl-
3-oxetanyl)methoxy]ethylthio}ethane, 4. 4"-bis[(1-ethyl-3-
oxetanyl)methyl|thiodibenzene thioether, 2,3-bis[(3-ethyloxetan-3-yl)methoxymethyl]-
norbornane, 2-ethyl-2-[(3-ethyloxetan-3-yDmethoxymethyl]-1,3-O-bis[(1-ethyl-3-
oxetanyl)methyl]-propane-1,3-diol, 2,2-dimethyl-1,3-O-bis[(3-ethyloxetan-3-
yDmethyl]-propane-1,3-diol,  2-butyl-2-ethyl-1,3-O-bis[(3-ethyloxetan-3-yl)methyl]-
propane-1,3-diol, 1,4-O-bis[(3-ethyloxetan-3-yl)methyl]-butane-1,4-diol, and 2,4,6-O-
tris[(3-ethyloxetan-3-y)methyl|cyanurate. Along with the oxetane compound of the
ingredient (C), these oxetane compounds may be used alone or in combination thereof.

[0028]

11
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The content of the oxetane compound different from the ingredient (C) can
be appropriately set based on the contents of the ingredients (A) to (C) mentioned in the
above.

[0029]

In the resin composition for optical components of the invention, the
photopolymerization initiator to be used along with the above-mentioned resin
ingredients (A) to (C) may be any one as far as it can initiate cation polymerization. For
example, there may be mentioned onium salts composed of an anion component derived
from antimony, phosphorus, or the like and a cation component derived from sulfonium,
iodonium, phosphonium, or the like. Specifically, aromatic sulfonium salts, aromatic
iodonium salts, aromatic phosphonium salts, and aromatic sulfoxonium salts may be
mentioned. These onium salts may be used alone or in combination thereof. Above all,
from the viewpoint of the photocurability, aromatic sulfonium salts are preferred.

[0030]

The content of the photopolymerization initiator is preferably set within a
range of from 0.05 to 5 parts by weight relative to 100 parts by weight of the total resin
amount [total weight of the epoxy resins [including (A) and (B) as essential ingredients
and the other epoxy resin as an optional ingredient] and the oxetane compound
[including (C) as an essential ingredient and the other oxetane compound as an optional
ingredient]], and is more preferably within a range of from 0.1 to 4 parts by weight.
Specifically, when the content of the photopolymerization initiator is less than the above
range, the curability may tend to worsen; but on the contrary, when it exceeds the above
range, there may be a possibility that the transparency of the cured product may
impaired though the curability could increase. Incidentally, the photopolymerization

initiator may be diluted with an organic solvent such as propylene carbonate and then

blended.

12



Water content Before placing in chanber (% 0.1884 0.1387 0.1981
0.1776 0.1477 After standing in canber (% 0.2718 0.2256 0.3002
0.2542 0.2321 Water absorbability (% 44.3 62.7 51.5 43.1 57.1 *)
The amount of the photopolynerization initiator is a blend anmount as
a 50% by wei ght propyl ene carbonate solution. [0061] Table 2arts fry
wei ght Exanple 6 7 8

[0031]

Moreover, into the photocurable resin composition of the invention, from
the viewpoint of flowability and the like, a monofunctional epoxy resin or the like can
be blended as the above-mentioned other epoxy resin. Furthermore, for the purpose of

5 enhancing the curability, a photo sensitizer such as anthracene, an acid amplifier, or the
like can be blended according to the necessity. Additionally, in the use application of
preparing a cured product on a substrate such as glass, for the purpose of enhancing the
adhesiveness to the substrate, a silane-based or titanium-based coupling agent may be
added. Further, as other ingredients, a flexibility enhancing agent such as a synthetic

10 rubber or a silicone compound, an antioxidant, a defoaming agent, various pigments and
dyes, an inorganic filler, etc can be appropriately blended according to the necessity.

[0032]

The photocurable resin composition of the invention may be produced, for
gxample, by blending the epoxy resin of the ingredient (A), the epoxy resin of the

15  ingredient (B), the oxetane compound of the ingredient (C), the photopolymerization
initiator, and optionally other additives, in a predetermined ratio and mixing them.

[0033]

The photocurable resin composition of the invention may be used, for
example, as follows. Briefly, the resin composition is potted on a transparent substrate

20  such as glass, then a desired shaping mold is pressed against it so that the mold is filled
with the resin composition, and this is irradiated with light. Thereafter, a cured product
(shaped product) of the resin composition integrated on the transparent substrate can be
obtained by removing the shaping mold. After the photoirradiation, in order to enhance
the adhesiveness of the cured product to the fransparent substrate, a heat treatment may

25  be performed at a predetermined temperature according to the necessity.

[0034]

13
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For the photoirradiation, for example, a UV lamp or the like may be used as
the device; and the irradiation energy is preferably from 2,000 to 200,000 ml/cm®.
Namely, when the irradiation energy is less thén the above range, the curing may be
insufficient and a desired shape of the curing product could not be formed on the
substrate; but on the contrary, when it exceeds the above range, over—irrédiation may
cause photodegradation of the cured product and the product may be discolored in the
subsequent heat treatment or the like. Regarding the condition for the heat treatment
after the photoirradiation, preferably, the cured product is heated at 80 to 170°C for
about 1 hour.

[0035]

Not limited to the above-mentioned molding with a shaping mold, the
photocurable resin composition of the invention may be a sheet-like shaped. The
resulting sheet may be irradiated with light, using a UV lamp or the like as in the above,
and may be thereby cured. As the light source for the photoirradiation, for example,
usable are a low-pressure mercury lamp, a high-pressure mercury lamp, an ultra-high-
pressure mercury lamp, a xenon lamp, etc.

[0036]

The photocurable resin composition of the invention can be used as a
molding material for optical components such as optical lenses (material for optical
components), and also as a photocurable adhesive for fixation of optical components,
ete.

[0037]

The optical component (cured resin product) of the invention -such as
typically the optical lenses has preferably a refractive index of 1.55 or more, and more
preferably, the refractive index is a range of from 1.55 to 1.62. The above-mentioned

refractive index can be realized by using the photocurable resin composition of the

14
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invention. Incidentally, the measurement of the refractive index is performed by
measuring the refractive index using a refractometer (manufactured by Atago Co., Ltd.)

after the surface of cured product of the epoxy resin is ground by a grinder.

5 EXAMPLES
[0038]
The invention is described with reference to the foliowing Examples and
Comparative Examples. However, the invention should not be restricted by these
Examples.
10 [0039]
Prior to Examples and Comparative Examples, the following materials were
prepared.
[0040]
Epoxy resin (a) (ingredient (A)):
15 an alicyclic epoxy resin being liquid at room temperature (25°C) (Celloxide
2021P manufactured by Daicel Chemical Industries, Ltd.)
[0041]
Epoxy resin (b) (ingredient (A)):
a bisphenol A type liquid epoxy resin  (epoxy value: 185 gfeq., viscosity
20  measured at 25°C: 10,000 mPa-s)
[0042]
Epoxy resin (¢} (ingredient (A)):
a bisphenol A type solid epoxy resin ~ (epoxy value: 172 g/leq., viscosity
measured at 25°C: 4,400 mPa-s, melting temperature; 45°C)
25 {0043]
Epoxy resin (d) (ingredient (A)):

15
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a bisphenol F type liquid epoxy resin  (epoxy value: 163 gfeq., viscosity

measured at 25°C: 2,170 mPa-s)

[0044]

Epoxy resin (e) (ingredient (B)):
a fluorene epoxy resin (Oncoat EX1040 manufactured by Nagase & Co., Lid.,

refractive index: about 1.63, solid at room temperature (25°C), melt-stating temperature:

70°C)

[0045]

Oxetane compound (a) (ingredient (C)):

an oxetane compound of the formula (1) in which n is 4
[0046]

Oxetane compound (b):
3-methyl-3-hydroxymethyloxetane

[0047]

Oxetane compound (c):
3-ethyl-3-phenoxymethyloxetane

[0048]

Oxetane compound (d):
4,4'-bis[(3-ethyl-3-oxetanyl)methoxymethyl]biphenyl
[0049]

Photopolymerization initiator (a):

a triarylsulfonium salt-based photopolymerization initiator composed of an

anion component and a cation component, represented by the following structural

formula (2):

[0050]

16



0.1374 0.1562 0.1359 0.1648 0.1562 After standing in canber (%
0.2253 0.2449 0.221 0.2652 0.2431 Wiater absorbability (% 64.0 56.8
62.6 60.9 55.6 *) The anmount of the photopolynerization initiator is
a bl end amobunt as a 50% by wei ght propyl ene carbonate sol ution.
[0062] Table 3arts by weight Conparative Exanple 1 2 3 4 5 Epoxy

resin
@"S-Q—fz PFACF,GFa);”

Photopolymerization initiator (b):

w(2)

[0051]

a friarylsulfonium salt-based photopolymerization initiator composed of an

5 anion component and a cation component, represented by the following structural

formula (3):
[0052]
B oH |
Of
S"_—©_3+ PR | e (®)
o
N\—on
— — 2
[0053]
10 Photopolymerization initiator (c):

a triarylsulfonium salt-based photopolymerization initiator composed of an
anion component and a cation component, represented by the following structural
formula (4):

[0054]

17
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[0055]
Examples 1 to 10, Comparative Examples 1 to 10

The above-mentioned individual ingredients were blended in the ratio
indicated in the following Tables 1 to 4, and hot-meted and mixed to prepare
photocurable resin compositions of Examples and Comparative Examples. Incidentally,
Comparative Example 1 is provided for the purpose of comparison with Example 1. As
shown in the following Tables 1 and 3, the blend composition of the individual
ingredients in Comparative Example 1 is the same as in Example 1 except that the type
of the oxetane compound is different from each other. As shown in the following
Tables 1 to 4, other Comparative Examples are also provided for the purpose of
comparison with Examples having the same number as the number of Comparative
Examples.

[0056]

The photocurable resin compositions of Examples and Comparative
Examples thus produced were tested and evaluated for the properties thereof according
to the standards mentioned below. The results thereof are shown in the following
Tables 1 to 4. Incidentally, as mentioned in the above, since Comparative Examples are

provided for the purpose of comparison with Examples having the same number as the

18
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number of Comparative Examples, the evaluation of each property is not compared
between Examples or Comparative Examples.

[0057]

Refractive Index

After the photocurable resin composition (liquid resin) was poured into a
transparent mold having a size of 1 cmX 1.5 cm X 0.5 cm and was cured by irradiation
with UV at 16,000 mJ, the resin was removed from the mold and was subjected to heat
treatment at 150°C for 1 hour. The surface of the molded product (cured product) thus
obtained was ground by a grinder and the refractive index of the molded product (cured
product) at 25°C was measured using a refractometer (manufactured by Atago Co.,
Ltd.).

[0058]

Curability (Gel Time)

Using a UV rheometer (manufactured by Rheologica, having 15 mméd
aluminum parallel plates) with a mercury lamp (LC-8 manufactured by Hamamatsu
Photonics, this was so set that its illuminance at 365 nm could be 30 mW/cm?) as the
light source, the gel time of the sample was determined to evaluate the curability
thereof. The viscoelasticity of the photocurable resin composition was measured at
25°C, using the UV rheometer, and the arrival time to 10° Pa for the elastic term (G")
was taken as the gel time determined with the UV rheometer.

[0059]

Water Content

The photocurable resin composition (liquid resin) was weighed into an
aluminum petri dish in an amount of 5 g and the whole was placed in a constant-
temperature and constant-humidity chamber at 25°C and 60% and allowed to stand for

30 minutes. Then, water content (containing ratio) in the resin composition before it

19



0.1 b--- - - - - - - Refractive index 1.57 1.57 1.57 1.56
1.60 Curability Cel t| me (sec) 480 257 134 462 220 Water content
Before placing in chanber (% 0.2169 0.1737 0.2201

was placed in the constant-temperature and constant-humidity chamber (before placing
in the chamber) and after it was allowed to stand in the chamber (after standing in the
chamber) was measured by a Karl Fischer's volume titration type automatic water
content measuring apparatus (KF-07 model, manufactured by Mitsubishi Chemical
5 Corporation). Also, a water content increase ratio (water absorbability) induced by the
standing in the constant-temperature and constant-humidity chamber was calculated

from the measured value.

20



0.2169 0.1646 After standing in canber (% 0.3196 0.2998 0. 3645
03257 0.2866 Water absorbability (%9 47.3 72.6 65.6 50.2 74.1 *)
The anopunt of the photopol ynerization initiator is a blend anpbunt as
a 50% by wei ght propyl ene carbonate solution. [0063] Table 4arts by
wei ht Conparative Exanple 6 7 8 9 10 Epoxy resin a - 38

[0060]
Table 1 (parts by weight)
Example
1 2 3 4 ]
a 32 25 32 20 -
b - - - 40 -
Epoxy resin c 32 - 15 - -
d - 45 - - 40
e 29 20 43 15 35
a 7 10 10 5 5
Oxetane b - - - - -
compound c - - - 20 -
d - - - - 20
Photopolymerization ; 0.1 0.15 0.1 0.15 0.1
. * - - - - -
Initiator*) o - ; - - -
Refractive index 1.57 1.57 1.57 1.56 1.60
o Gel time
Curability (sec) 450 216 101 449 211
Before placing in
chamber (%) 0.1884 | 0.1387 | 0.1981 | 0.1776 | 0.1477
Water content | Aferstandingin 1} 55181 05956 | 03002 | 02542 | 02321
camber (%) :
Water a](’,;:’)“babll'ty 443 | 627 | 515 | 431 | sn1

*) The amount of the photopolymerization initiator is a blend amount as a 50% by

weight propylene carbonate solution.
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[0061]
Table 2 (parts by weight)
Example
6 7 3 9 10
a 38 - 25 10
b - . N - -
Epoxy resin c 50 32 50 15 50
d - ; - 45 -
e 40 25 40 10 25
a 10 5 10 5 15
Oxetane b - - - - -
compound c - - - - -
d - - - - -
Photopolymerization a 0.15 = - 0.2 0.15
Tnitiator®) b - 2 - - -
c - - 0.1 - -
Refractive index 1.60 1.57 1.60 1.57 1.58
Curability Gel time 432 | 94 | 453 | s21 | 230
(sec)
Before placing in
chamber (%) 0.1374 | 0.1562 | 0.1359 | 0.1648 | 0.1562
Water content | ATerstandingin |4 0553 | 2449 | 0221 | 02652 | 0.2431
camber (%)
Water a‘(’;")" bability | 640 | s68 | 626 | 609 | 556
0

*) The amount of the photopolymerization initiator is a blend amount as a 50% by

weight propylene carbonate solution.
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---- b10510515 ¢ - - - - d- - - - - Photopol ynerization

Initiator*) a 0.15 - - 0.2 0.15 b-
[0062]
Table 3 (parts by weight)
Comparative Example
1 2 3 4 5
a 32 25 32 20 -
b - - - 40 -
Epoxy resin c 32 - 15 - -
d - 45 - - 40
L 29 20 43 15 35
a - - - - -
Oxetane b 10 10 3 5
compound ¢ - - - 20 -
d - - - - 20
Photopolymerization ; 0.1 0.15 0.1 0.15 0.1
Initiator*) - - - - =
c - - - - -
Refractive index 1,57 1.57 1.57 1.56 1.60
Curability Gel time 430 | 257 | 134 | 462 | 220
{(sec)
Before placing in
chamber (%) 0.2169 | 0.1737 | 0.2201 | 0.2169 | 0.1646
Water content | Aherstandingin | o 3190 1 59098 1 03645 | 03257 | 0.2866
camber (%)
Water a‘(’;f)rbab”“y 4713 | 7126 | 656 | 502 | 741

*) The amount of the photopolymerization initiator is a blend amount as a 50% by

weight propylene carbonate solution.
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2 -

C- - 0.1- - Refractive index 1.60 1.57 1.60 1.57 1.58

Curability Gel time (sec) 478 96 493 555 256 Water content Before
pl acing in chanber (/o) 0.1754 0.1867 0.1746 0.17 0.1611

10

[0063]
Table 4 (parts by weight)
Comparative Example
6 7 3 9 10
a - 33 - 25 10
b - - 50 - -
Epoxy resin c 50 32 - 15 50
d - - ; 45 -
e 40 25 40 10 25
a - - - - -
Oxetane b 10 5 10 S 15
compound c - - - - -
d - - - N -
Photopolymerization la; 0.15 ;: - 0.2 0.15
S - - p -
Initiator*) . - - 0 - -
Refractive index 1.60 1.57 1.60 1.57 1.58
Curability Gel time 478 | 9 | 493 | 555 | 256
(sec)
Before placing in
chamber (%) 0.1754 | 0.1867 | 0.1746 0.17 0.1611
Water content | Afterstandingin | 5 5050 | 03097 | 02989 | 0.2800 | 02582
camber (%)
Water a'gf};’)’bab‘l‘ty 715 | 656 | 712 | 652 | 603

*) The amount of the photopolymerization initiator is a blend amount as a 50% by
weight propylene carbonate solution.

[0064]

From the results in the above Tables, it is known that all the photocurable
resin compositions of Examples and Comparative Examples exhibit that a refractive
index of the cured product is 1.55 or more and the samples of Examples have reduced
water content (water absorbability) while showing short gel time and high curability as
compared with the samples of Comparative Examples having the same number as the
number of Examples. Therefore, in the case where the photocurable resin compositions
of the above-mentioned Examples according to the invention are used as materials for
optical components such as optical lenses, productivity becomes excellent owing to the

high curability (rapid curing) and also reliability is high owing to the low water
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After standing in canber (% 0.3008 0.3091 0.2989 0.2809 0.2582

Wat er absorbability WO 71.5 65.6 71.2 65.2 60.3 *) The anount of the
phot opol yneri zation initiator is a blend anmount as a 50% by wei ght
propyl ene carbonate solution. 5[0064] Fromthe results in the above
Tables, it is known that all the photocurable resin conpositions of
Exanpl es and Conparative Exanpl es exhibit that a refractive index of

the cur edibpyrBsiGly &S rheioned MOHR Fiel RE BAMBEREIAS JERHPIE hd dpBcal
reduced water content (water absorbab|1|ty) whi | e showi ng short gel

tine and cBipbn&itE Btakdly eRsatkd, conmpared with the sanples of
Conpar ati ve Exanpl es havi ng the sanme nunber as the nunber of

Exanpl es. Theref qpggs]i n the case where the photocurable resin
conpositions of the above-nenti oned Exanpl es according to the

invention are usewhis thein@ehttdShdsHeeR [@edctibbd ¢ aREI SAtSrefdtehced® specific
optical |enses, productivity becones excellent owing to the hig

cur abjl i teybodimings thefdofignt véllheddpparehetd i dkilled inSthBiagihthay4ttbub @hédpes
| ow wat er absorbability as nmentioned in the above, so that defective
qual ity iaAd tthedifigdtiong|can dpaiadetikertia Wikl \depamiag ot & . thk @p6T] and scope
Whil e the invention has been described in detail wth reference to
speci fi c tleresfbodi nents thereof, it wll be apparent to one skilled in
the art that various changes and nodifications can be nade therein
w t hout departi ndnéidattaityie thpi pretemndpplivation t iserteeéd on Japanese Patent
Incidentally, the present application is based on Japanese Patent
Appl i cat iApplidition204.2015815383 § iflleldorofuly G2y201D, arDihe, coatesltst dre invorjoeated
are incorporated 10 herein by reference. Al references cited herein
ar e ifdcohpeiraetfédrynaeef er ence herein in their

All references cited herein are incorporated by reference herein in their

entirety.

Also, all the references cited herein are incorporated as a whole.

[0066]

15 The photocurable resin composition of the invention forms a three-
dimensional molded article (cured product) having high transparency even after cured,
not detracting from the curability. Accordingly, the resin composition is useful for
optical use applications as a molding material for optical components such as optical
lenses (material for optical components) and a photocurable adhesive for fixation of

20  optical components. Since the optical component using the photocurable resin
composition of the invention has high reliability, it is usable as optical components such

as optical lenses (optical products).
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entirety. Also, all the references cited herein are incorporated as a
whol e. [0066] 15The photocurable resin conposition of the invention
forms a three- dinensional nolded article (cured product) having high
transparency even after cured, not detracting fromthe curability.
Accordingly, the resin conposition is useful for optical use
applications as a nolding material for optical conponents such as
optical lenses (material for optical conponents) and a photocurabl e
adhesive for fixation of 20 optical conponents. Since the optical
conponent UFhaidsichemeplied-ocur abl e resin conposition of the invention
has high reliability, it is usable as optical conmponents such as
optical |lenses (opti-cal products). What is clained is: 1. A

phot ocur abl e resin conposition conprising an epoxy resin, an oxetane
Cﬁrfp?ulnld and Aghfsduegde yesin E@apogtiombemerisingiaa epprxy resijn (r:]orrpri ses
the fo :ng St :;on, and the oxetane
corrpoundc}gg(i)lqr%%p‘?Ili Qgéstgﬁg&#’ﬁ?‘f‘?wmﬁ‘pggﬁ’@ogg}yént (P:??H(HA) an epoxy resin
havi ng at'1g ast two epoxy groups.in on(f= l.ecul e thereof and being
liquid at edessinghe ﬁp@!?eﬁ?ll‘l((&lllla'l%ﬁ]ﬂ% DE HMEPHE-havi ng at | east
two epoxy grentegA)andi(B) mtanbinativhemdahe anetahavomg a refractive

i ndex of 1.6 i . : sxet ane conpound
represente Egﬁl%cﬂgélﬁ%ﬁ%leﬂhﬁ%lhw}ﬁ?%é %ﬁﬁﬁ ' (J; %1) (C 1-1,,, )OH
wherein n & é\luel’?ﬁyel&@m%ﬂ%?qi&g. WO ep X gﬁgg rable resin
conposi ti on &Ewdesuds theraad asd demgiliquid at 607 t plighgi edi ent (O) i s

cont ai ned i(B) asolidepory re§infroimpGt leastitSdppxyeigips inel ative to 100% by
wei ght of a bl floldeBR tHeRBPMM hdvind YeffabiidindorpOsetion. 3. The
phot ocur abl e resi n,conpesi t4 on according to claim1, wherein the

i ngr edi ent (%5111°§e2yftga&aé#e epoxy resin. 4. The photocurable resin

conposition_according to claiml1l, wherein the (ngredient (A) is

cont ai ned (k) 2% SFRIAIE CONDPY Qiﬁeﬁe@tggbﬂﬁﬁeﬁ%lhwgand t he ingredient
(B) is cont aigenetal foramlaunt of from 10 to 45% by wei ght relative to
100% by wei ght of the total resin anbunt in the resin conposition.

5. An optical conponent fornmed froma cured product of the

phot ocur abl e resin conposition according to clai m(ll) and having a

refractive i ndex of 1.55 or nor e'/(CnHz,,)OH
CH; 0

wherein n is an integer of 1 to 6.

2. The photocurable resin composition according to claim
1, wherein the ingredient (C) is contained in an amount of
from 5 to 15% by weight relative to 100% by weight of a total
resin amount in the resin composition.

3. The photocurable resin composition according to claim
1, wherein the ingredient (B) is a fluorene epoxy resin.

4. The photocurable resin composition according to claim
1, wherein the ingredient (A) is contained in an amount of
from 40 to 85% by weight and the ingredient (B) is contained
inan amount of from 10to 45% by weight relative to 100% by
weight of the total resin amount in the resin composition.

5. An optical component formed from a cured product of
the photocurable resin composition according to claim 1 and
having a refractive index of 1.55 or more.
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