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
to a phot pROTEUERABEHERESIRRCOMPOSITION ARDEORTIGA I QOIS ONENB USTNG!
for optical components such as optical |enses (material for optical
conponents) and the |like, and rel arEg $4v&n opti cal 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 transparERLIPOASTHE INUEBITIONS have been general |y
used. In particular, with recent increase in the diffusion of the
mobi | & phones fit[pe@l]wi th an imagi ng function, it has been needed to
produce the | enses nore i nexpensively and hence the transparent 20

pl asti c mat eri al STHeapresat Gtendeah réla@nspar grtgcubeble rdsére nompogiiiore Having
Furthernore, wth the recent trend of high resolution and thinning in
t he opti ded watsrsabsorbalilitynegl exgelldnt eunability ad ratspeiengreainhfiogtherpurpose of
refractive index (refractive index of 1.55 or nore) have been needed.
[ 0003] 2b5Atca amfilcatbrisorangr mikies ng ampopicl companentsingutle esmpgsitianal
| enses using the transparent plastic materials, for exanple, there is
ment i oned@pecifiedllypdhé motentomgelafps desi photacyrakbld eesin ongrbsiivapiuiigbledsda
agai nst the transparent plastic material (resin conposition) to fil

t he 0anspddipptmapkdalt for apticar ¢cahpdnanty suhle aswipticalf lehsesviomhtdsial ifet epiédahg
the material fromthe nold. That is, by transfer nolding with the

nmol d, an coppprts) eodporide amduelates ta agppticdl icompprend psing drecomrpogitiondd
shape can be obtained (for 5 exanple, see Patent Docunent 1). [0004]
Dependi ng on physical properties of the transparent plastic
materials, fromthe viewpoint of dinensional stability, the follow ng
two types of curing meth KEROARMIP S GHEIPENTEAN |y, there are
mentioned (1) a nethod including hot-nelting a 10 thernoplastic resin
that is a transpdPef?dl plastic material, then pressing a shaping nold
against it, and coaling it to obtain a nplded articleiggptical )
conpédent) havi ngndmaping davices Hamase Wn@obily Phones tane dligial | ameray, optical
pressing the shapi ng nold agai nst a photocurable resin conmposition as
the trandpueefar iplaging e maewied Asgneeraladon frmingathergptical lgnsss, pplist

t hrough the shaping nold or a substrate to obtain a | ded artjcle,
(opti cal elessesmpdiemnsparerhplagicanalsads hpve Bepapgencraigorspd. In particular,with
general, these two types, of methods are sel ected depending on the .
requi r ed '¢fERk 111P@§$esltnéﬁ% diffusigsepiahe mobilg phomnes fitied ith an Inagipg g“"f"f“@?»dt

not requiring heat resistance, the nethod (1) of_ usi a hjghl

t r anspar 8A% beHensrdpd 4Q ﬁvr%ﬁceéh%i@awage PEXpEFYRBY ﬁﬁ g?}%?{" Hh% Wﬁ%ﬂa@m
(PMVR) or polycarbonate is wdely enpl oyed. However ecently, for
the glr p@gaétle)ma%ﬁs%ags Vgl Eansherensy e deet @QBF%UEWOF% Wit the

strongly desired_ tq nmount the imaging device itself.on a_printed
boar dgmy/ rcen] band o dueh ﬁasothﬂtm ﬂ&lgglé,g lg; heconiieal Ledies B unaging, by

to a high-tepperature_envirognnment, of softening.te rrature or. hi gher

at the MERARTAGISHE:S DIENSF BHFEHY©nCGE MEFAEH 5P bl oot MPTaHiAvs Sech

di nensi onal gefornation remains in the use of the aforenentioned

t her mopl #889¢€- resi n. [ 0006] From such a background, in

the field of req%b@' g heat resistance for reflow sol dering or

aut ocl aving etc., %ﬁlication of a photocurable resin including an
resin as the nai i.ent has been investigated el ng

s o bracti s 4 Bisthod L GGaB0ha PRet SRBb IR I Ohrie Jpdsds fifhd

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



As a nethod for inproving the curability of the photocurable resin
conposi tion, addition of an oxetane conpound is generally known. In
particular, an 15 oxetane material having a primary al cohol (for
exanpl e, 3-ethyl-3- hydroxynet hyl oxetane or the like) is known to
exhibit a high effect of rapid curability because the hydroxyl group
plays a role as a chain transfer agent in the photocuring reaction
(for ex a'ﬁésﬁingseeﬁl%eﬁé&ﬁﬁﬁleﬂ)%ﬁ 8tmal)l .aghOOBE tZdEremt plbaRumaREiall(resin
Japanese Pat ent . 3926380 Pat ent Docunent 2: JP-A-2009-227936
SUMVARY  QompbitibiMGNI1 (BY t{66¢nt Phddtemmutdrial whe the eldofeiloared sorfeasing
having a primary al cohol as nentioned above is blended into the

phot ocur akd enatedial Mro®® MO Ficld.OThat ey Wi melding with ahe tined, wabpiical
absorbability of the photocurable resin conmposition increases ow ng
to hi gh hkyshpomdt| havirigy aofpecife mickopatydm groap calosigpwi dan b evbedifieric (foof
inproving the curability derived fromthe oxetane ring and the

hydr ogy| egample, scEPasent Dloemmeiitel )wat er absor bability increases, for
exanple, there is an increased possibility of such an inferior 5
reliability that [06@en curing at photocuring nmay take place and a
desired refractive index may not be obtained. Accordingly, defective
quality in opti cdbependipgromnthysicsl popertes of the tpasEratt gdastic meaterfials, drom n
t he photocurable resin conposition for use in the above-nentioned use
appl i cat itmyienipeimvaf dimeissmorab afability, \thé $olbbeding ealo ttypdseofasirihgunetbods are
possi bl e. Such a photocurable resin conposition capable of attaining
bot h r apiethpldyedur Spedificallyathbré ave wentioneb§0r daidthad ynchuding hai-tislting a
hi gh refractive index has not yet been obtained, and there stil
renailfis ghersoplestid msinsthatiises tramspareoh plafomglerial, then pressihe sparisg mold
invention has been made in consideration of the situation as above,
and an olagsiost itherdsboling ttotpobizinie mopiedtatcle alopbcal eepimppanent) duivingo
capabl e of 15 attaining a high refractive index and_ al so both rapid
cur abi | i sspecafiel shane; wide £2)aBswetali incudingn gregsing (the shapingameld azaingra
optical conponents such as optical |enses, and to provide an optical
conponenthoiwgbletesic spmppesitiomas the Censprragh pisstic melgaal pad diep ifradialing ibn
relates to the following itenms 1 to 5. 201. A photocurable resin |
conposi t ivgth light| threugh the skaping mokk pha substigietoapiiainohpwlded aHele{optical
photogflynerization,initia;or in which the epoxy resin includes the
fol | &M ngompened) kaving g SpecisIl® i n conbi nation, and the oxetane
conmpound i ncludes the following ingredient (C: (A an epoxy resin
havi ng at |east tlAPBpoxy groups in one nol ecul e 25t hereof and being
liquid at 60C or _hi gher; (B). a solid epoxy resin having at
| east two epoxy drozRmeralnthsse t| @een Q%ﬂlﬁilﬂ‘&ﬁ ar&nﬁf?‘?fé‘?ﬁ dgpepding on Yhe
refractive index of 1.6 or nore by itself; and C) an

oxet ane EYMYEH AWl BSISEEER IERPHFIuTd @ng Jpy ewmﬂeag@n@ﬁ dicld quénfénﬁ) heat
5in which nis an integer, of 1 {to 6., 2, The_ photocurabl e
resin cofpeddicro ea’é‘E&‘Pgi@b of Psingetnhighly drappracent (thermaplastgiTeHR sPes 2 s

contained jn an_amunt of frao to 1 @62 wei.ght, .rel ative to0.100% by
vei g oPOLme@Wam?tﬁgffrﬁﬁ%émmh ot Ralcadpuatt dﬁwé?l@fi%lmloye . However,
3. The phot ogurabl.e resin co osition.accq{Fing tP it8n11 or,.2,. in
whi ch recently, for the purpose of moére inexpensive and large=scale production, 1t is strongly
desired to mount the imaging device itself on a printed board by reflow soldering. In
that case, since the device is exposed to a high-temperature environment of softening
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]



10t he ingredient (B) is a fiuorene epoxy resin. 4. The
phot ocurabl e resin conposition according to any one of itens 1 to 3,
in which the ingredient (A is contained in an anmount of from40 to
85% by wei ght and the ingredient (B) is contained in an anmount of
from10 to 45% by weight relative to 100% by wei ght of the total
resin anount in the resin conposition. 15[0012] 5. An
optical conponentFrbar dileh aftacltgransd) e theicdd UL teqafringtRapheisoats tplreflow
resin conmposition according to any one of items 1 to 4 and having a
ref ract i seldefidgr @bitotldvmgoétc abplicatiof bi]a ghkipacatle eadih inclidifg phasery

i nventors have assiduously studied for the purpose of solving the
above- mentsin agthepmahl Rigsedidnd hih eeqar eespatetl dnddas deingi @8, infoh@yctival ase,
devi sed to use a specific oxetane conpound (ingredient (C))

r epr esenttagvdyyr, tihahabapdng arethical of optinal aofipdneants tdirg iophaocwabble resin
resin conposition including an epoxy resin, an oxetane conpound, and
a phobopebmpositiamt atche ireledseatan . thSimdé afthie curket by ehoimpasiiattbnh dsera isCa 1
to C6 al kyl chain, hydrophobicity can be inproved with exhibiting

cur abi | i tppssljlil thay cohekivghfarlutehdont Hb¢ 1esint inside amey ofbkea Padenamyng to
al cohol - cont ai ni ng oxetane conpound havi ng no al kyl ene chai n.

Ther ef or epsuificibdcameg @hiei ftkim, twheatttyas nlefot mayahé gendratedriabibkei myldadd
| ow wat er absorbability. Mreover, when the epoxy resin of the

i ngr edi enttiqe)) Ehedefotee ieporeguireditn abkain e moldpdeatticlet haviB)g awedafew dwitn
conbi nati on as the epoxy resin, effects of inproving flowability,

heat r esisspressingdesiee fizihire &y impryyarg thesusabdity of dhe eadina nloadayer, iftom
beconmes possible to control the refractive index after curing to a

hi gh 19 ef ithe viewgoinh @€ prdustivids tit \ealbmdrapired ta bs watenial ejpablpnefsattaitiag
inventors have come 10 to the conviction that the intended object can
be attai gednpioriarsbes peripdiphig®e. and have achi eved the invention

[ 0014] As in the above, the photocurable resin conposition
of the invention[P#&ludes an epoxy resin (ingredient (A)) having at

| east two epoxy groups in one 15 nol ecul e thereof and being |iquid_ at
60C or hi gher and\% as@tlpde porx ympeoying theh grehildnt of hg nhatacHepbly resin

| east two epoxy groups in one nol ecul e thereof and havin% a .
refract i amppgdion, gdditios of ampreang comppamd is gepgally kBeVBn lBRarticular, an
specific oxetane conpound (ingredient (C)). Therefore, a high

refrdet i PECRRRIexneigHalpe havingi nad mHEaR sAlerhoh @R o xamals | i 8ypthyhd-

| ow wat er absorbabjlity can be achjeved. Mreover, %&éects of "

i npr ovi n§ydeEymetyioretane r theliee) A knawm i exhibitia highhelifect 8F rapid swiabilivy
are al so obtained. Furthernore, the photocurable_resin conposition of
the i nveREsaYE HEnhBoRdream playsreiglcs st a1opaigytransies agepi in he Rhotqghipe
on anot her nenber, for exanpl e,_a trangparent substrate such as

gl ass. BYEaCHOREPRETARPIE:I5ee gg%tolg?‘i‘ﬁn%ﬂ?t ‘th the transparent substrate,
it is possible t& @ﬁﬁduce a high-quality hybrid I ens. Accordingly,
when t he photocu ) resin 25conposition of the invention is used as

a noLding materi for optical materials such ical lenses, it
Can B0 uSeq ae. o HhieghPyoRuetide: ombreenahRe: F26M exni biting hi gh
productivity, so_fhat. the conposition IS ul . Moreover, since the
phot ocur abl e resﬁﬁEP Pﬁﬁgp?ﬁgﬁ o?ﬂfﬁgb¢%%g§§%on is usually a liquid
conposition before curing, it is also possible to use the conposition
as a photocurabl e adhesive for fixation of optical conponents.

5[ 0015] Fur t her ngr, i nt of the

i nvention, which uses theqﬁ%@@@éﬂgH@FBhgghgﬁgggﬁgﬁébIe resin

conposition, is i&@ﬁﬁensive and al so has a high refractive index

(refractive indei 1.55 or nore), so that the optical conponent can

be agdyant ageousl y, used as.,an tical lens or it 4k | i

devigés for used (ﬁw?%ﬁn PF%‘%~o%%%?mdﬁgiP%f”cgﬁgP s? %ﬁ%m#ﬂggPE@e?S
mentioned above is blended into the photocurable resin composition, 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.
Exanpl es of the epoxy resin include bisphenol A type epoxy resins,

bi sphenolpréblempRatepneyabsardabisity i thp paowburdble)pdn epmyysities ntfsasds dvaag
al i phatic epoxy resins, hydrogenated bisphenol A type epoxy resins,
hydr ogenab adgtb hgdrophidicity of @hé Jipérogplogioup esdnys withdhaleffeyicbf tmppoity the
resins. These epoxy resins may be used al one or in conbination

t her eof . cAlabiley aktiyed fromi thevordtanesrdeg and thy hytiroapkgranen s, wisadhe twter
and the |ike, bisphenol A type epoxy resins and bi sphenol F type
epoxy r esbsmbabibtyineakesesidr efH0#A6) thdieds ap rcyeas@bpassibility o€ suahopreidiceior
(B) is sufficiently a solid epoxy resin 15 [solid at room

t enpebat ueleabfl2$Chit nwvemgueng laeabototwvingepey \talgr plaps and aodssirad Ireftadtise
t hereof and having a refractive index of 1.6 or nore by itself, as
ment i onedndex A nabbv ebtdixainpAesordingtyh elefgotixg qualdty ini apticaldeonapoepts is
resins having a fluorene skeleton (fluorene epoxy resins), epoxy

resi ns havenegtoche gemetateslc eherefkr, én the, phopasuyablesismscanapositignador ascoiaztbe e
skel et on, epoxy resins having a bi phenyl skel eton, epoxy resins

havi ng a abovesmphtidnedewse anplibaitoon theamater rbsorbrhilityTisedesire@ 3R yber a5 lays as
may be used alone or in conbination thereof. Above all, fromthe
vi ewpoi ntpossibler afuelarae phgtoerrable hissini kanpasioon cepsblen of aeinjing dethhsamd e
preferred. Incidentally, the neasurenment of the refractive index is
per f 3P megutapilite andlpwgvathie absettraldity \adongnwih aukich gefiagtior rindaxohast rot yet
(manufactured by Atago Co., Ltd.) after the surface of cured product
of the epesyobtaispd ang tiagre sitldramains ymakerdpr sthdies thermoal | y, as an epoxy
resin, the other epoxy resin may be used in addition to the

i ngredi ents (A) dﬂgNUB) according to the necessity. [0021] 5By

i ncluding the epoxy resins of the ingredients (A),_ and (Q} in, .
conbi nati on, the JfefEsendinvyention ian §ee BIAde N coysidgietioneat theesitustion ag
owing to the ingredient (A) .is obtajned and also the effect of

i mpr ovi ngoese ﬁﬁ&?&é’bﬁﬁ? tisesiof sl HFRVIAg 2 RhofrErablfyrestl @RRpostion; cgpable of
obtai ned. [0022] 10ln the resin conposition for, optical co nents of
the ihveRtHiBME Br élrgér Eiragtive H@d%gﬂggdﬁléﬁatbqth\) rapid em@ﬂithe%r{mo‘anwater
anount of from. 40 tqQ 85% by wei ght _.and .t he i ngredien B) .

Cont ai nedbIHbANI WA NETH| a3 BAiclel 06 OROR 199@3@ Sich |a§f>fw3 1651599694
by wei ght of Epe tot.al, resin anount 4total,meight of the epoxy resins
[i ncl udi MyPIeXIdeARPPLiRg! comporent heing|the cRIRRASIRk s and the ot her  epoxy
resin as an optigggh.ingredient] 15 and the oxetane conpound
[including (C) a lessenti al i ngredi ent and the ot her oxetane
conpound as an optional,ingredient].] and nor ref erabl h
Coredrent (A | Nasrabh B Sl fdet e BIEIPEbI0T wei oh
and h&e ingredieqt (3% S conb ined in an @gnunt f from15 to 45% by
wei g9 rel ative to 160RMBPRRPEnICH ORPOEEOR Mebidimg MotRRY Rl 90

e o MBS Pl SR M PR 210 L chan ca
ahen (e 160 <0 Sl KESSoLP A 1S, R0HS GEPYRa HPEABERTAMa o
e e AR Sy SRR RED BL AR SRBR g oo
oo | et ¢ LRSSl 0B BHE Wb Sl DGR

[0025% thereoftaﬁdPﬁlzlgtligﬁidogf%ba@gr ﬁ%ﬁ?round (ingredient (C)) that is

used™al ong" W EpoXy resins the ingredients (A and (B), as




10 formula, as conpared with primary al cohol -1 containi ng oxetane
conpounds havi ng no al kyl chain, the hydrophobicity can be enhanced
with exhibiting the curability equal to or higher than the curability
of the primary al cohol -contai ni ng oxetane conpounds. In particular,
in the resin conmposition for optical conponents of the invention,
fromthe viewpoint of flowability, it is preferred to use the oxetane
conpound of the aBywesclidggiory absi Bavig at (chit WREERIXR drolyss ihron® tholeould.
[ 0026] The oxetane conmpound (C) represented by the above
gener al fibdreof sud(hhyingS pfreftBiedidex ofdnd & me byritsalf;, anount of from 5 to
15% by wei ght relative to 100% by wei ght of the total resin anount
[total weight of ((Menepekiye c@Bpdimdrépresencdrty théd\jollwdng B9nerd) fasnula (1):
essential ingredients and the other epoxy resin as an optional

i ngredient] and the oxetane conpound [including (C) as an essenti al

i ngredi ent and the other et ane onpggpdCde&mHoptional

ingredient]]. hbnEI¢H en thereof is |ess than the above
range, the effect of” Enprovj

(C) may not be obtained; the contrary, wher-t-f@)content
exceeds the above range, eat resistance of the cured product may
worsen. [0027] In this regard, along with the oxetane conpound of the
ingredient (C), an 5 oxetane conpound different fromthe ingredient
(O rmay he whishch isand@epérndtlitons, according to the necessity. Exanples
of the oxetane conpound include 3-ethyl-3-{[(3-

et hyl oxet an- 3- yOet h@hy Jphetobydablexesiarempdsitomd a&fotding tditdm3;, in which the
oxet anyl net hoxy) net hyl ] benzene, di [ 2- ( 3- oxet anyl ) butyl ] et her, 3

- et hy 1- 3-ingrbdim((lyas byhtaxed anan aBoust df\ftond Shiy drSok Pretdight exlatiens, 100%4
-bis [(3 - ethyloxetan-3 - 10yl )net hoxy] benzene, 1,3 -bis [(3

- et hy| oxélyaveight-ofk)omel fesxyehlueny minke fesdr duinspdsitidn,

et hyl oxet an- 3-yl ) met hoxy] benzene, 4, 4' - bi s[ ( 3- et hyl oxet an- 3-yl ) met hoxy
] bi phenyl 3.  The photocurable resin composition according to item 1 or 2, in which
2,2 -bis[(3-ethyl -3-oxetanyl)net hoxy] bi phenyl , 3,3",5,5 -tetranethyl -[
4, 4' 16i s (& inetedidnoid®) ianfBroxdng wpodtyoreyinbi phenyl ,

2, 7- bi s[ (3- et hyl oxet an- 3-yl ) met hoxy] napht hal ene,

1, 6- bi s[ ( 3- et hyl diket dhe Bhytermtiblexssin 2oBp&GitBynigedoising tocis fone of Gtrex ane,
3 (4),8(9)- 15bis[(1-ethyl-3-oxetanyenet hoxynmethyl]-tricyclo

[ 5.2. 1. 236]n dbichribe ingr&litrit{A) 1§ Contdinedt tmyan arBourdyod tieomy HY e 8hbxly weight
ethylthio ethane, 4,4'-bis [(1-ethyl-3- oxetanyl)nmethyl]thiodi benzene
t hi oet hemand the3ingtsidgenf (B) stdoptamedtinan 3mpouniret fromyketondstp by weight relative
nor bomane, 2- et hyl - 2-[ ( 3- et hyl oxet an- 3-y1) met hoxynet hyl ] -1, 3- 0- bi s[ ( 1-
et hyl - 3- toxet% by preaghi i Thepiotsh sasin am@ind irothe 2¢sin dompasiiyan. 1, 3- 0- bi s

[ (3-ethyl oxetan-3- 20 yl)nmethyl]-propane-1, 3-diol,

2- bull§l - 2- et hyl - 108LA- bi s[ ( 3- et hyl oxet an- 3- ypnet hyl ] -

propane-1, 3-di ol , ]

1, 4- 0- bi s[ ( 3- et hyl ox émarppéicyle pempphént b ferared- 1iom dpokuredn@radugt gofp-the
tris[(3-ethyl oxetan-3-yOnet hyl]cyanurate. Along with the oxetane
“conpound ph¢tograble ngsiadiasrnosition, accpising &x B8R PEC (B niffsh d storth png diaysigsa
al one or in conbi nation _thereof [0028] The content of

t he oxet &feactiveipdgral di5pfoemase. from the i ngredient (C) can be
appropriately set based on the contents of the ingredients (A to (O
nentioned in thel@dle. [0029] 5In the resin composition for optical
conponents of the inyention, the photopolynerization initiator to be
used2@l ong wi t h tweciisyine Mhrpreseh syeptoss havergsidugusht sudied fergthe eyrpess
be any one as . far as it can injtiate cation polynerjzation. For
exanpi e, of FeWingnfy HOVAERNUGARY PEMIGHS. 4 (the PrIrsess eh thsr stadiesnthgy have

conponent. derjved from gnti nony, phosphorus,, or the |ike d cation
conmponentleW&sq (Paera W&lﬂil PXEHIG ﬁpmp%nfr g‘H%‘ﬁFll?ﬁi @a 6%%?633?3’ @F e

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




20 ingredient]], and is nore preferably within a range of fromO0.1 to
4 parts by weight. Specifically, when the content of the

phot opol yneri zation initiator is |l ess than the above range, the
curability may tend to worsen; but on the contrary, when it exceeds

t he above range, there nay be a possibility that the transparency of
the cured product may inpaired though the curability could increase.

| nci dent axktane th@pphel, apdlaypidtdpoiind@ixallén idiiidtoat Bincethe Seetalel dohgdund
wi th an organi c solvent such as propyl ene carbonate and then bl ended.
[0031]  has a Cl to (0 abGVehain) nfdeophobiditp ahn berimpte et agitthextobipiag ictitablilitpf
the invention, fromthe viewoint of flowability and the Iike, a
monof unctegoaiato epdighet etham that inhéhe cdse ca frémbdyealdeliblasntaiiing oxetane
above-nenti oned ot her epoxy resin. Furthernore, for the purpose of 5
enhanci ngotipeuediiatng nd ylkyknpbldin FThesfore, Zebecomel pasitdntdatatrebeth rapid
acid anplifier, or the Iike can be bl ended according to the

necessSi t yeuraddity t amn&dw ywaten abswebaliktyapMoeatdérpiwleh theeppoxyngesm ofirthel
product on a substrate such as glass, for the purpose of enhancing

t he adhesngrediests(A)anti ke spibxytesitb ef tie migtedioat BBsad wwed tn ¢ambiuatidnaasate
coupling agent may be added. Further, as other ingredients, a

f1 exi bi | iepyxerehianeffeds afemprosing Hloxabiitgyheahesistinddandimbehanmal properties
silicone conmpound, an antioxidant, a defoam ng agent, various

pi gment s asnebtained andalsé itdegeméscpdssiblede corira tharefiaetivpindepaftertcatipg to a
bl ended according to the necessity. [0032] The phot ocurabl e
resi n cofpghsicfingtivedhdeh@eiiantin tindsy ofd\sSher mewsduthbeb, tiednventenyhlase coaye
bl endi ng the epoxy resin of the ingredient (A), the epoxy resin of

t he 18i ndgo & eanvigtivn, thathibe antendadeolyentronrbg atained dyi thgseetindings, (aag)l havoe
phot opol yneri zation initiator, and optionally other additives, in a
pr edet er @FlHevedrthe inyeaten i xi ng t hem [0033] The

phot ocurabl e resin conposition of the invention may be used, for
exanpl e, as fol | dd8l4lBriefly, the resin conmposition is potted on a
transparent substrate 20 such as glass, then a desired shaping nold
i s pressed agai nsds in the abpxe. theephpbpqurable fregin eqpmyposiionnal thesjipyention
conposition, and this is irradiated with light. Thereafter, a cured
product rakedss A ERRKYC Fosinpfingredicnb AN BB St tleash tWat GOt EaURSH I RBS
transg)ar ent substrate can be obt ai ned b¥1_ renmovi ng t he shapi,ng, nol d.

Af t edd t héPeraothereadipnd bejng Lianidat $87C op highenarda olid epp¥yIpib hiBgedisnt
the cured_product to the transparent substrate, a heat treatnent nay
25 be pe@ﬁrl}?ﬁﬂlgaaft leash FEQ| SPRPHEIRERS MePRsanaleayls thereeh adaving ¢ fractive
necessity. [ 0034] X For the photoirradi atjon, for exanple,
a W | anpidsk ohd-G pranergybndiseded samblRaiofegnd & SERGA1S ERAE £OMPO

el ot ToRrairor 1)) Theal: SRR R o e bl sy e
Rt A e AN R A
ot IR bR A S A P B Pel R e B0 bl PR
o Tt e e BB oL RN C B B sPbels el REBDIR
Sbove- noibsib it e SRRttt AR rERle AerBE bR pbES i A
CoE e o ke ShrEBaSS R RE bS8, Titpowiot i
or e BRGHEE IR RY AR T RSttt WS BB
or o8 AR Gork b B ERGEA B R0 e R i A B PR B o

optical lenses, it can be used as a highly reliable photocurable resin exhibiting high



5 EXAMPLES [ 0038] The invention is described with reference
to the foll ow ng Exanpl es and Conparative Exanpl es. However, the
i nvention should not be restricted by these Exanples. 10[0039] Prior
to Exanpl es and Conparative Exanples, the followng naterials were
prepared. [0040] Epoxy resin (a) (ingredient (A)): 15an alicyclic
epoxy resin being liquid at roomtenperature (25C) (Cell oxide 2021P
manuf act predhchyitfdasoctkat this eoinaditidn thusseful e 3orkdebr,) sinde0da phéjooxiibleassin
(b) (ingredient (A)): a bi sphenol A type liquid epoxy
resin (epoxyositibnef th8mwghtion s ustrtpa ligui@ Gompasitior befdre 286ng,1i0 iHABo
nPas) [0042] Epoxy resin (c) (ingredient (A)): a bisphenol A type
sol i d epgoysiblesiongsptheycarapaséion]l Z agpledocurabls adbesiye fealxatet af op6al
4,400 nPas, nelting tenperature: 45C) 25[0043] Epoxy resin (d)
(1 ngredi enmppnts. a bi sphenol F type |iquid epoxy resin(epoxy val ue:
163 g/eq., viscosity nmeasured at 25C. 2,170 nPass) [0044] Epoxy resin
(e) (bngredient ([BPI3] 5a fluorene epoxy resin (Oncoat EX1040
manuf act ured by Nagase & Co., Ltd., refractive index: about 1.63,
solid at room t enputhatmere, (h2S@)ical vemporend ol thy ineentionawhich useolay above-
[ 0045] Oxetane conmpound (a) (ingredient (C)): 10an oxetane conpound
of the f engntioned photoourate edsimedampositjonpiséhexprnsivhandaapbasathigh yefractive
3- et hyl - 3- hydr oxynet hyl oxet ane [ 0047]

index (refractive index of 1.55 or more), so that the optical component can be

advantageously used as an optical lens or the like for imaging devices for used in

10  mobile phones, digital cameras, and the like,

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]



150xet ane conpound (c): 3-ethyl-3-phenoxynet hyl oxet ane [ 0048] Oxet ane
conmpound (d): 4,4'-bis[(3-ethyl-3- oxetanyflnethoxynethyl]blphenyl

20[ 0049] Photopolynerlzatlon initiator (a):

triaryl sul fonium salt-based photopol ynerization |n|t|ator conposed of
an ani on conponent and a cati on conponent, represented by the
followi ng structural formila (2): 25[0050] [0051]

Phot opol yneri zation initiator (b): a triarylsul fonium

sal t-based phot opol yner j
conponent and a c
structural formula (3):
10Phot opol yneri zati on i ni t\at
sal t - based phot opol yneri zat

Cada@ded of an 5 ani on

esented by the follow ng

2 [ 0053]
(c): a‘teri-&yl sul f oni um
n initiator conposed of an anion

conponent and a cation conponent, represented by the follow ng
structural formula (4): [0054]

10

15

20

in which n is an integer of 1 to 6. Additionally, the photocurable resin composition is
usually a liquid composition.

[0019]

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
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
[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 resins), epoxy resins having an anthracene skeleton, epoxy resins having a
carbazole skeleton, epoxy resins having a biphenyl skeleton, epoxy resins having a
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



(4) 2 [ 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 Exanpl es and

Conpar ati ve Exanples. Incidentally, Conparative Exanple 1 is provided
for the purpose of conparison with Exanple 1. As shown in the

f ol | owi ngmhabiaemrel Wndtago Chelidl)aifidr denpefacd ofsuraf piodeacti ofdhe epbxgl resin
ingredients in Conparative Exanple 1 is the sane as in Exanple 1
except tHagrdund Hyyperidderofintiientalketaana sporp oesird ths othef Epmentesinrmay be
each other. As shown in the followng Tables 1 to 4, other

Conpar at ivsed nxaldjiioago dieingtedmnpyr (@) iadé (BY arcotdivez fputhgoscessify. conpari son
wi t h Exanpl es having the same nunber as the nunber of Conparative
Exanpl es. [0056] [082He phot ocurabl e resin conpositions of Exanples
and Conparative Exanples thus produced were tested and eval uated for
t he pboperties tHéy emofludingortit ngpokp tdimssophintiar tgreteents o#ed abél (3. in
The results thereof are shown in the followng Tables 1 to 4.

| nci dent abmpjnatisnnthet effent cofi improeingbdeeabibiyneml Geatpresistanve dSxingpd dbe
are provided for the purpose of conparison w th Exanpl es having the
sanme nunbegredientt(ha is ibtained and algo ihsaefiact oBinExavipg exchatieal evepertis wying f
each property is not conpared between Exanples or Conparative

Exanpl es to lg0s@kdiat (Hads phtaineddex S5After the photocurabl e resin
conposition (liquid resin) was poured into a transparent nold having
a size of 1 cm XI#0B]cm X 0.5 cmand was cured by irradiation with UV
at 16,000 mJ, the resin was renoved fromthe nold and was subjected
to hédt treat mentinathe; geent epmposiféry forheptical regewonents hef e daxyention,
product (cured product) thus obtained was ground by a grinder and_the
ref r act | wectpiablyx ther ingredionp (Hbis gonbadnrd inagraeunt @f pﬁmj&gﬂ-? 8ate by @eight
measured using a refractonmeter (manufactured by Atago Co., Ltd.). .
[0058] Caramha mesedient (Birismontairedy an apvpunhabiebell onbitatacheeligelsive
Rheol ogi ca, having .15 nnS 15 alum num parallel plates) with a nercury
lanp ( LCI® 10RMA by arsiahtad the tofal mesta pmquist it weight of theserpxy r%n%@nﬁﬁﬁag
its illum pance at 365 nmcould be 30 mMNcnR) as the |ight squrce,
the gel &Aﬁéﬂ%@%&sm eI the AT FRORVEATID 2 & ORBOR AP iPRty)

oas s ed 4 56 @xeut HgmERANhESHD (G 5 SR SOET ARb e ote
\I?Mat LO{ hé%%q;%q?%uéﬁfag‘ 3%g$8m§?&1%ﬁ@afmérg ?:,req'g'\rlablt i, ’H;% iggegfem {}%Sdls
contained in an amount of from 40 to 80% by weight and the ingredient (B) is contained
in an amount of from 15 to 45% by weight relative to 100% by weight of the total resin
amount. Namely, when the ingredient (A) is more than the above range, the mechanical
20  properties and the curability may worsen; but on the contrary, when the ingredient is
less than the above range, the handling property under room temperature may worsen as
the viscosity increases. Moreover, when the ingredient (B) is more than the above
range, the viscosity increases and thus the handling property under room temperature
may worsen; but on the contrary, when the ingredient is less than the above range, the
25  heat resistance may worsen.

[0023]



The photocurable resin conposition (liquid resin) was wei ghed into an
al um num petri dish in an anmount of 5 g and the whole was placed in a

const ant -

25 tenperature and constant-hum dity chanber at 25C and 60%

and allowed to stand for 30 m nutes. Then, water content (containing

ratio)

in the resin conmposition before it was placed in the

constant -tenperature and constant-humdity chanber (before placing in
the chanber) and &§ fhefoxkfan¥8smphinavitbrédlert (@Ndhatls LA LORIWREK tHeadpory

standing in the chanber) was neasured by a Karl Fischer's volune
titrati ofediyPer theli ibies &) &1d ﬁagn&sem&ntmaum thHebapg ah@biisardekdonthbund

nodel

manuf actured by M tsubis

Chem cal 5 Corporation). Also, a

wat er  cong@Bientadbyans eollodding génwpdl dormalls Onhabsddi ty) induced by the
standing in the constant-tenperature and constant-hum dity chanber

was cal cul ated frjooz4]he neasured value. [0060] Table larts by weight

Exanpl e
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12345 Epoxy resina 32 2532 20- b - - - 40 -
(CnHzn)OH
CHj 0/
...... (N
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 C1 to Cé6 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-oxetanyl)butyl]ether, 3-ethyl-3-
phenoxymethyloxetane, 3-ethyl-3-hydroxymethyloxetane, 1,4-bis[(3-ethyloxetan-3-
yhmethoxy]benzene, 1,3-bis[(3-ethyloxetan-3-yl)methoxy]benzene, 1,2-bis[(3-
ethyloxetan-3-yl)methoxy|benzene, 4 A'-bis[(3-ethyloxetan-3-yl)methoxy]biphenyl,
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-y)methoxymethyl]-
norbornane, 2-ethyl-2-[(3-ethyloxetan-3-yhmethoxymethyl]-1,3-O-bis[(1-ethyl-3-
oxetanyl)methyl]-propane-1,3-diol, 2,2-dimethyl-1,3-O-bis[(3-ethyloxetan-3-
yl)methyl]-propane-1,3-diol,  2-butyl-2-ethyl-1,3-O-bis[(3-ethyloxetan-3-yl)methyl]-
propane-1,3-diol, 1,4-0-bis[(3-ethyloxetan-3-yl)methyl]-butane-1,4-diol, and 2,4,6-O-
tris[(3-ethyloxetan-3-yl)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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- - - - 20 Photopolynerization Initiator*) a 0.1

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



- Refractive index 1.57 1.57 1.57 1.56 1.60 Curability Cel

t| me (sec) 450 216 101 449 211 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
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[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
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
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
example, by blending the epoxy resin of the ingredient (A), the epoxy resin of the
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
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. Afier the photoirradiation, in order to enhance
the adhesiveness of the cured product to the transparent substrate, a heat treatment may
be performed at a predetermined temperature according to the necessity.

[0034]

13



0.2542 0.2321 Water absorbability (% 443 62.7 51.5 43.1 57.1 *)
The amount of the photopol ynerization initiator is a blend anount as
a 50% by wei ght propyl ene carbonate solution. [0061] Table 2arts by

wei ht
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Exanple 6 7 8 9 10 Epoxy resin a - 38 - 25 10 b -

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 mJ/em?,
Namely, when the irradiation energy is less than 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-irradiation 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,
etc.

[0037]

The optical component (cured resin product) of the invention éuch 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.

EXAMPLES

[0038]

The invention is described with reference to the following Examples and
Comparative Examples. However, the invention should not be restricted by these
Examples.

[0039]

Prior to Examples and Comparative Examples, the following materials were
prepared.

{0040]

Epoxy resin (a) (ingredient (A)):

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 g/eq., viscosity
measured at 25°C: 10,000 mPa-s)

[0042]

Epoxy resin (c) (ingredient (A)):

a bisphenol A type solid epoxy resin ~ (epoxy value: 172 g/eq., viscosity
measured at 25°C: 4,400 mPa-s, melting temperature: 45°C)

[0043]

Epoxy resin (d) (ingredient (A)):

15
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-- ¢----=-d-- - - - Photopolynerization Initiator*)

a bisphenol F type liquid epoxy resin ~ (epoxy value: 163 g/eq., 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., Ltd.,
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



Cur abi |

0.1 - - Refractive index 1.60 1.57 1.60 1.57 1.58
time (sec) 432 94 453 521 230 Water content Before

pl acing in chanmber (% 0.1374 0.1562 0.1359 0.1648 0.1562

5

10

formula (3):

formula (4):

@‘9’03+ PF{OF,CFg) ™ (2

&

Photopolymerization initiator (b):

[0051]

a triarylsulfonium salt-based photopolymerization initiator composed of an

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

[0052]
Ao |
C’-—\—OH

— — 2
[0053]

Photopolymerization initiator (c):

a triarylsulfonium salt-based photopolymerization initiator composed of an

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

[0054]

17



After standing in canber (% 0.2253 0.2449 0.221 0.2652 0.2431 Water
absorbability (%9 64.0 56.8 62.6 60.9 55.6 *) The anount of the

phot opol yneri zation initiator is a blend anmount as a 50% by wei ght
propyl ene carbonate solution. [0062] Table 3arts by wei ght
Conparative Exanple 1 2 3 4 5 Epoxy resin a 32 25 32

r— —

O_/—OH

S __G‘Sf SbFe | .. (4)

°—on

[0055]
Examples 1 to 10, Comparative Examples 1 to 10
The above-mentioned individual ingredients were blended in the ratio

-5 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

10 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]

15 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



20 -

b---40- ¢32-15- - d- 45 - - 40 29 20 43 15 35

Oxet ane conpound a

10

15

20

25

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 emX 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 mmg
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
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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.
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0.1 b----- ¢- _ - - Refractive index 1.57 1.57 1.57 1.56
1.60 Curability CGel tine (sec) 480 257 134 462 220 Water content
Before placing in chanber (% 0.2169

[0060]
Table 1 (parts by weight)
Example
1 2 3 4 5
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 ¢ - - - 20 -
d - - - - 20
Photopolymetization a 0.1 0.15 0.1 0.15 0.1
A b - - - - -
Initiator*) . - - -
Refractive index 1,57 1.57 1.57 1.56 1.60
Curability Gel time 450 | 216 | 101 | 449 | 211
(sec)
Before placing in
chamber (%) 0,1884 | 0.1387 | 0.1981 | 0.1776 | 0.1477
Water content | Aferstandingin o o010 | 2956 | 0.3002 | 02542 | 02321
camber (%) |
Water a‘(’f/z’;bab”‘ty 443 | 627 | 515 | 431 | 571

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

weight propylene carbonate solution.
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0.1737 0.2201 0.2169 0.1646 After standing in canber (% 0.3196
0.2998 0.3645 0.3257 0.2866 Water absorbability (%9 47.3 72.6 65.6
50.2 74.1 *) The anpunt of the photopolynerization initiator is a

bl end anobunt as a 50% by wei ght propyl ene carbonate solution. [0063]
Tabl e 4arts by weight Com arative Exanple 6 7 8 9 10

[0061]
Table 2 (parts by weight)
Example
6 7 8 9 10
a - 38 - 25 10
b _ - _ _ -
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
Initiator*) b - 2 - - -
c - - 0.1 - -
Refractive index 1.60 1.57 1.60 1.57 1.58
Curability Gel time 432 94 453 521 230
{sec)
Before placing in
chamber (%) 0.1374 | 0.1562 | 0.1359 | 0.1648 | 0.1562
Water content | Afterstandingin 1o oo05 | 65449 | 0221 | 02652 | 02431
camber (%)
Water at(’;‘)’)r bability | ¢10 | s68 | 626 | 609 | 556

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

weight propylene carbonate solution.
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e 40 25 40

Epoxy resin a - 38 - 2510 b - - 50- - ¢5032- 1550 d- - -
[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
e 29 20 43 15 35
a - - - - -
Oxetane b 7 10 10 5 5
compound c - - - 20 _
d _ - - - 20
Photopolymerization a 0.1 0.15 0.1 0.15 0.1
o b - - - - -
Initiator*) S -
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 | Alersiandingin 4 3196 | 95908 | 03645 | 0.3257 | 0.2866
camber (%)
Water absorbability
%) 47.3 72.6 65.6 50.2 74.1

45

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

weight propylene carbonate solution.
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10 25 Oxetane compound a - - - - - b 10510515 ¢ - - - - - d -
- - - - Photopolynerization Initiator*)

[0063]
Table 4 (parts by weight)
Comparative Example

6 7 3 9 10

a - 38 - 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 5 15

compound c - - - - -

d - - - . -
Photopolymerization 2 0.15 - : 0.2 0.15

Initiator*) b - 2 - - -

c - - 0.1 - -
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 o 3500 | 43001 | 02989 | 0.2809 | 0.2582
camber (%)
Water absorbability

(%) 71.5 65.6 71.2 65.2 60.3

*) The amount of the photopolymerization initiator is a blend amount as a 50% by
weight propylene carbonate solution.
5 [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

10 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

24



a015- - 0.20.25 b-2- _ - ¢- _0.1- - Refractive index 1.60
1.57 1.60 1.57 1.58 Curability Gel tinme (sec) 478 96 493 555

absorbability as mentioned in the above, so that defective quality in the optical
components is hardly generated.

[0065]

While the invention has been described in detail with reference to specific

5 embodiments thereof, it will be apparent to one skilled in the art that various changes

and modifications can be made therein without departing from the spirit and scope
thereof.

Incidentally, the present application is based on Japanese Patent
Application No. 2010-158038 filed on July 12, 2010, and the contents are incorporated

10 herein by reference.

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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256 Water content Before placing in chanber (% 0.1754 0.1867 0.1746
0.17 0.1611 After standing in canmber (% 0.3008 0.3091 0.2989 0.2809
0.2582 Water absorbability (% 71.5 65.6 71.2 65.2 60.3 *) The
anount of the photopol ynerization initiator is a blend anbunt 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

conposi t iywwp 1ofs EXAmEgsind Conpar ative Exanpl es exhibit that a
refractive I ndex of the cured product is 1.55 or nore and the sanpl es

of Exanpl es have reduced water content (water absorbability) while
showi ng short gel time and high curability as 10 conpared with the

sanpl es of Conparjati ve ghsfdH8k RaUl REmpHELiSRMBPHIREG aidepbRE resin, an

oxetane compound and a photopolymerization initiator,

wherein the epoxy resin comprises the following ingredients (A) and (B) in
combination, and the oxetane compound comprises 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

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

(CoHa2)OH
CHs o

corene (1)
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 or 2,

wherein the ingredient (B) is a fluorene epoxy resin.

4,  The photocurable resin composition according to any one of claims 1

to 3, wherein the ingredient (A) is contained in an amount of from 40 to 85% by weight
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nunber of Exanples. Therefore, in the case where the photocurable
resin conpositions of the above-nentioned Exanpl es according to the
invention are used as materials for optical conponents such as
optical |enses, productivity beconmes excellent owing to the high
curability (rapid curing) and also reliability is high owng to the

| ow wat er absorbability as nmentioned in the above, so that defective

qual ity iRd tReingRidiGR i BY RNRARSRHISn s Jﬂ%&}s ¥f B8Re1 Riess % [HOFSEhBLkiQc

the invention has been described in detail with referencé to specific
5 enbodi IRNY@LYeI&ESKt ofithe Wkl kesAParAPRAE e rhsin 0ABpSdiiidd.€d 1 n the art

t hat various changes and nodifications can be made therein w thout
departing fromthe spirit and scope thereof I ncidental |y,
the present application is based on Japanese Patent Application No.
2010- 158038 fil eds.on A}ul%itileaL oRddne@ndoini®l Cfesth eat sufke prédiet pof ahed
10 herein by reference. | references cited herein are incorporated
by ref er gheRchabRI RsinNcdni@isitiotNidcbing tAhSP on@loff cldigs riefed emmdelsavirigt £d
herein are incorporated as a whole. [0066] 15The photocurable resin
conposi t ireachive idiRx o1 &3tdrabréor ns a t hree- di nensi onal nol ded
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

mat erial for optical conponents such as optical |enses (material for
optical conponents) and a photocurabl e adhesive for fixation of 20
optical conponents. Since the optical conponent using the

phot ocurabl e resin conposition of the invention has high reliability,
it is usable as optical conponents such as optical |enses (optical

products). WHAT IS CLAIMED | S: 1. A photocurable resin
conposition conprising an epoxy resin, an oxetane conpound and a
phot opol yneri zation initiator, wherein the epoxy resin

conprises the followng ingredients (A) and (B) in conbination, and
t he oxetane conpound conprises the follow ng ingredient (C):

(A) an epoxy resin having at |east two epoxy groups in one nol ecul e
t hereof and being liquid at 60C or higher; (B) a solid
epoxy resin having at |east two epoxy groups in one nol ecul e thereof
and having a refractive index of 1.6 or nore by itself; and

(C an oxetane conpound represented by the foll ow ng general fornula
(1): wherein n is an integer of 1 to 6. 2. The

phot ocur abl e resin conposition according to claim1, wherein the
ingredient (C) is contained in an anount of from5 to 15% by wei ght
relative to 100% by weight of a total resin amount in the resin

conposi tion. 3. The photocurabl e resin conposition according
toclaim1l or 2, wherein the ingredient (B) is a fluorene epoxy
resin. 4. The photocurabl e resin conposition according to

any one of clains 1 to 3, wherein the ingredient (A is contained in
an amount of from 40 to 85% by weight and the ingredient (B) is
contained in an anmount of from 10 to 45% by weight relative to 100%
by weight of the total resin anmount in the resin conposition.

5. An optical conponent fornmed froma cured product of the

phot ocur abl e resin conposition according to any one of clains 1 to 4
and having a refractive index of 1.55 or nore.
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