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 - absorbabil 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 photmgorallisr ABEERESMPCOMPOSITION AN'I:?OP?I@AI%QL‘MU}%N’PWH\@
for optical conmponents such as optical |enses (material for optical
conponents) and the |ike, and rel atgg dov@n optical conmponent using

t he conposition. BACKGROUND OF THE | NVENTI ON [ 0002] 15In inmagi 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 transpargg [pOESTHE NYERITIONS have been general ly
used. In particular, with recent increase in the diffusion of the
nobi £ phones fitlogsijwi th an imaging function, it has been needed to
produce the | enses nore i nexpensively and hence the transparent 20
plastic material Thaaptept dplehtioh rélbRHIP A FHIENURDYE rd2GE BomPesHitE Having
Moreover, even if they are inexpensive as described in the above, in
the use hpphakpabatbabilitytmdepteltat c&ablioN&Y GanshhRAcREINE0E tHel RSHdse of
mat erial s having a higher refractive index (refractive index of 1.50
or nore) optivat dppitatiodguiané delaté003]an2bpiical dBRigo@ent! asingr tducdhigosition.
optical conponents such as optical |enses using the transparent

pl asti c Bpdcifidalilys thef arveatianpletes tther photscurabit iresie Cotmpueitioadsuitable Ldi ng
pressing a predeterm ned shaping nold agai nst the transparent plastic
mat er( al mpidisg mateigddsr bptcgl dompfonkhts tsheh tas apdpdriendes ghasdriat fombptidadl
into the nold, followed by releasing the material fromthe nold. That
is, by tcansdrentshrehdiihedike) il relagesrto lad optical opmpaorsnt aging dreervimpoaitiong a
specific mcropattern or an odd shape can be obtained (for 5 exanpl e,
see Patent Docunent 1). [0004] Dependi ng on physi cal
properties of the transparent plastic materials, fromthe vi ewpoint
of di nmensional stabilityBAGKGROUNWMOKGTHAANMENEION curi ng net hods
are enpl oyed. Specifically, there are nentioned (1) a nethod

i ncl udi ng hot-nme[@008§ a 10 thernoplastic resin that is a transparent
plastic material, then pressing a shaping nold against it, and
coollidng it to obimimagingdkdiees gmlisclie ropte phaneg ong digital camanasnoptical
speci fic shape; and (2) a nmethod including pressing the shaping nold
agai nst lengsidpoanaging are awuntedonps siatérinls gzr fotreingrthe opticanlengss aspticel
material, and then irradiating it with light through the shaping nold
or a subglegsas end apiparanh plaste epderiads havel keepgsnereBy usst o hppardinelpr, with
havi ng a specific shape. [0005] ) In general, these two types
of met hogeem ircrease ée thegdiffepiendif tke Brabiephoney ditied avithean imaging fungtien, it
tenperature; and for exanple, in the field not requiring heat

resi st ankas, beehacadadhiodprodyceothe lsnseg momi igenpgnsivels Apdrheage the transparent

t hernopl astic resin such as 20 pol ynet hyl nethacrylate (PMVA) or
pol yY®ar magicemplerigls davinge ppfics) danspasasy diave fhse aedujreds oMorgever fvpm dfe
of nore inexpensive and | arge-scale production, it is strongly .
desi red ey guHexpHBIvCnasgfergribed in the abaves lrbﬂleaussrarp@he@rlq:sbaf? thepgptical
refl ow soldering. In that case, since the device is exposed to a .

hi gh- t erfSEINERE. BASPASAhBISE Malesfale hrHpe edupks aelaetivy indpy Kesiragive
the nounting step, a pr%blen1of generation of softening and 25

di mensi JRAFX ko pRPEY hagsBssRgedHradne use of the af orenenti oned

t her nopl astic resin,. [0006] From such a background, in
the field of reqﬁmpﬁhg heat resistance for reflow sol dering or

autqcl aving etc., appljcation of a photocurable resin including an
epo£§ resin as tHeafe§ Of {Lﬂar e@wg ppticaheappqnsyis sHshyas %rlcaﬁgmﬁ%s U5&iEng

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



20Pat ent Docunent 1: Japanese Patent No. 3926380 Patent Docunent 2:
JP- A- 2009- 227936 SUMVARY OF THE | NVENTI ON [ 0009] 25However, when the
oxet ane conpound having a primary al cohol as nentioned above is

bl ended into the photocurable resin conposition, there occurs a

probl em that water absorbability of the photocurable resin
conposition increases owng to high hydrophilicity of the hydroxyl
group al @Rgssitigt ) ptdaeteahimeatshapink T61AVigAthst PR ©aHspREhd %Mstﬁ?ﬁia’t’e‘fﬂl {eam
t he oxetane ring and the hydroxyl group. Thus, en t’he wat er _
absor babichirpysitiosy eaHEthe tfe@i&pﬁ“&ﬁgﬂisﬁc AR ihtS tRmoNE TERSAMY by releasin
possibility of such an inferior reliability that uneven curing ag
phot ocur itheg nimetial dfoen Phaal@ndThat e Dy’ @shskefmalding Kith e maNBY afl Sbtiba
obt ai ned. Accordingly, defective quality in optical conponents is
prone tocbmpgesieriadvih aTkfeciio hdcrobittdh eorPAPtJAGUEIRRE EcaneBé Nobtained (for
conposition for use in the above-nentioned use application, the water
absor babiekahyple] seePatint Bdctmaettel )as | ow as possi ble. Such a

phot ocurabl e resin conposition capable of attaining both rapid
10curability and [Do@]wat er absorbability along with a high refractive
i ndex has not yet been obtained, and there still remains a matter for
st udi es t her eon. dpeadihg on physical propertipy eSbtranspeeditipdtibasatbeas) frade
in consideration of the situation as above, and an object thereof is
to provi te dephainoofl dabénsionak stabitioyyphes fdliosving apalyy s aff chBing abdthodyi drg
a high refractive index and al so both rapid curability and | ow water
absor babpinptoyedndSpesdlcally athese met erentibndiof]) aptetindd ewbpline hosnrlily &s
optical |lenses, and to provide an optical conmponent using the

conplsi t thermopiagicidesiNghed i,a trimesppressplastid muteribl, diienr presdinggs a tshajtihg mold
following itenms 1 to 3. 201. A photocurable resin conposition

i ncl udi nggamst dpoand reding itatle okteinanemcldngh Guiicle gnpiti@l component) having a

phot opol ynerization initiator, _ in which the epoxy resin
i ncl udessnenidics shapswiang (g2 euetbed in@pdingnpresdieg dhe tshaping anplduaghinst a
includes the follow ng ingredient (B), and t he

i ngr edi epltotpyatile rasgheampasitidnrasghe tiamsparentplasticonatedal; andbes hyadietingtit
25 and the_ ingredient (B) is contained in an amount of from5 to 40%
by wei ghwithdight threughy theotimping meldyen a sbstratedpaibtain si mokded wanticle optivel
resin conposition: ) (A) an epoxy resin having at |east two
epoxy? gr guRonent) daeingg|specifie skapsr eof and being |iquid at room

t enperature; and (B) an oxetane compound represented by the
fol | owi ng gener al9%08} nul a (1): 5in which nis an integer of from1
to 6. 2. The photocurable resin conposition according to
item 1, in whi chiit genstalgrtBercetivo (typesi ofc metheds e srelested) dependiogyon the
resin. [0012] i 3. An optical conponent formed froma cured
product BAVFHEhesh rpHEaRre eamemtyesard Eraremple, dn the Eisldinetgreguiring dientl
or 2 and having gerefractive index of 1.50 or nore. [0013]

Speci f i c&FFnCcs Hiae method (1) of, BHips rashighletransprignb theryoplestif easi sycht #5e
pur pase of solvjng . the aboye-nentioned problens. In the process of
t he%t uoﬁoé%?e'hﬁfeg}lgeﬂ%i%ﬂats (ﬁg’\[h’légoprtwllrsﬂéb%a?p@cwﬂebf swployse. cdemeend
(i ngredient S,Béé_ ﬁe resentfd by. t he apove aener al formula (1) in the
phot ocur§FRdYy Eithe ByREsR P MOFF InSXPHEIVsGnd Hatgpssale perdustionrit ixeroasky
conmpound a‘géj a phottggol ynerizatian f nitiator. Since the oxetane
conpoundiehied tp woynt the dmaging deviggdisall omaipriniRd bpaid: By eedlewheoldermeo\iad
W th exh[' biting.cur biliig,egual é(o or, .hi %her than that in the case
of a pri r‘i?s%tlg&ﬂ‘?c} ¢ dEHCEIIHFIRPEX & A BrRsH s RRVIFRPIERL plosoftening
al kyl ene chain. Therefore, it becones possjple o attain both rapid
ur abi | EPRRICT Gl RaPoRt DESEPBHE Ty A RRPE 8 S AR breABEEed
to difficult to,attain. Mreover, n the epaxy resin of the,
oS dinetsignal BB ers IO Ok e G meR MBS
[0006]



5can be attained by these findings, and have achi eved the invention.

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

| east two epoxy groups in one nol ecule thereof and being |iquid at
roomtenperature and a specific oxetane 10 conmpound (ingredient (B))
and the containing ratios of the epoxy resin (ingredient (A)) and the

L ! . | ent an
speci fic_oxetane poRNOURY Hab@b&sH, §0 the(BNd ogfaeﬁuﬁﬁ'fg Wt @sﬁ?ﬁ@@%%}eﬁogs

ranges. Therefore, a high refractive I ndex e attal ned as

bot h rapisgidesngbt lahiokladid eWapphi@hioaRTYU BRAbLdENe T8N Q&lﬁﬁﬁ%?ﬁe&oﬂpd

further, effects of inproving owabi lity, heat resistance a

mechani ¢ adsidhOBRY nhRSingfedicht Hos BRIAIRBHigafed! 400 G5 WM, prdtNfto Practical use.
phot ocur abl e resin conposition of the invention can be not only cured

sol el y b¥owtesed, fin ihd shdpi®: GidiRd SMoFnal @%P&%ﬁbﬁﬁsiné He BHABBUEDIe Gesin
transparent substrate such as glass. By integrating the conposition

Wi th 3§ hecbmpRsied, e tthe vdledse dtdn thd miold RESS by bP pR6OHYERatRN, there is a
hi gh-quality hybrid | ens. Accordingly, when the pﬁotocurable resin
conposi t pewitifityt et | sohesive Rilie BBer tRS rasiftindide dmBpt akd FPladeObwing to
optical materials such as optical |lenses, it 20 can be used as a

hi ghl'y r alsifflelent phieihgcofr tbl r@sing siliredyhi iefdchendyi B gpr@aiedtinvihk YmoRed
that the conposition is useful. Mreover, since the photocurable
resin coamioki t Therefidref kteisi rRyeaintd en obsait SUAloldeddartible Uha)irO WD 0% fédt ORith
before curing, it is also possible to use the conposition as a

phot ocur suppecssith eshesdve fhilufd Wpimprovidg tpicueabilite @Mdenesins . MbB], from
25Furt hernore, the optical conponent of the invention, which uses the
above)} neetvienpanpbbdprductlitye it Bsdlso eqpfreditd ben, mhtsrikinepablRSHVAtad it
al so has a high refractive index (refractive index of 1.50 or nore),
so that tuxmgdpt & shadrt periqulosfaithe.can be advant ageously used as an
optical lens or the like for imging devices for used in nobile
phones, digital (#¥€f{as, and the |ike. [0016] 5Enbodi nents of the
invention are described bel ow. [0017] The phot ocurabl e

resi n conpositioAs(phatthodr firl enpesing tdenposbilitproff dre phbiocatable resin
conponents) of the invention is a photocurable resin conposition

i ncl udi neprapesiipox pdditien f aaroxsxeeaompouny dugeneaally known. In particular, an
phot opol yneri zation initiator, 10in which the epoxy resin includes

t he ol | owiang | mptesihl enbaying , andptiheryoxedehel cdfipoursamplel udesthyha-
foll owi ng ingredient (B), and the ingredient (A) is

cont ai netrdroxyanethyloxaiancodr the dikeb® knovabyn axpibiled bigh edfedt ofieapichourebilignt
(B) is contained in an amount of from5 to 40% by weight relative to
100% by Weepusstthethydroaxgl groupeplpys arolgms 4 nhaihérmeér AguBipdhe photecuring
15(A) an epoxy resin having at | east two epoxy groups in one nolecul e
t her eof Ta@diopdiargxpmple seedlatensSlacumgpedat ure; and (B) an oxet ane
compound represented by the follow ng general formula (1): [0018]
20in which n is B908hteger of from1 to 6. Additionally, the

phot ocurabl e resin conposition is usually a |iquid conposition.

[ 0028] Patentfpecugisak i r Jepaness Pataet NngPaed&ht (A) is
sufficiently an epoxy resin having at | east two epoxy groups in one
nol ecul e t her eof Paisw nf 2iquilf-At20089aV ¥ hper at ure (10 to 40C), as
mentioned in the above. Exanples of the epoxy resin include alicyclic
epoxy resins, bisphenol A type epoxy resins, hydrogenated bi sphenol A

type epoxy 5 resins, bisphenol F type |iquid epoxy resins and

al i phatic epoxy resins. TEHéﬁwéﬁﬁi&ﬁgBHEdiﬁﬁyﬂgﬁﬁused alone or in
conbi nati on ther gf Above all, in view of reactivity and heat

resi st ance, aIic@ Pl epoxy resins are preferred. Therefore, at the

ti when two or__nore epqQxy resins are used in conbination, it is
prg‘éérred to useTaNeEri Whehi thee REsiang ecompoyad Jivangs énpriggary rdcohoh as

mentioned above is blended into the photocurable resin composition, there occurs a



may worsen. [0021] As the oxetane conpound (ingredient (B))
that is used along with the epoxy resin of the ingredient (A), as
nmentioned in the above, the oxetane conpound represented by the

foll owing general fornula (1) is used. 5[0022] in which nis an
integer of 1 to 6. [0023] Since the oxetane conmpound represented by

t he above general fornmula (1) 10 has a O to C6 al kyl chain

origi nat %Hlétﬁﬁhéth@at&a&d;soﬁbﬁﬁﬂiti‘of the PhOBchiaBleGedil chRiBodifbAHc as@ssowing

conpared with primary al cohol -"contai ni ng oxetane cofpounds having n

al kyl chaé igh hedrbysitien opiteé lh%éd&ﬁ?l uﬁrﬂl'@dg‘:%’th‘;/ﬁlé Qfﬁﬁhbpﬁrhh@giy&ghﬁe

curability equal to or higher than the curability of the pri

al cohol - conbiith degvaXx@é@nRe 6LERMIIEE and the B3ALXGUERLp. TRl REHdnERL Water
conposi tion for optical components of the invention, fromthe

15vi ewpolabdorbdbility duerbadeb,! fr exdmple, thEfiChk BférdaSed SRsbllfy Q¥ ShANG inferior
compound of the above general formula (1) wherein nis"from1l to 4.

[ 0024 Thaliability eltdt wievéd euine ba PRoteORRUREY &Y FRENhEd ab¥estBE rabRYSe
general formula (1) is necessarily contained in an anount of from5

to 40% binderimgit noebatobiatnedd Aocck@¥yh\efrtighiquality ik & ptichlaéoriftefts is
amount [total weight of the epoxy resins [including (A as an

essent i abranagoe édigenératdd Theeefoiehar the pdsiociRbidresin @mRBitiodTat use in the

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

i ngr edi eabovandentivaedtuse rappliettipng tizowprt RBsaBbatilityoRt dfRfdd to be as low as
ingredient]]. Preferably, the ingredient (B) is contained in an
amount oposstbden 5Suah 85phdiycunstilg hbsin edomiposRionOcakABRo bY atingly befh tdped
total resin anount. Nanely, when the content is |ess than the above
rangd) tbwallifyeand &fw iwgteroalisoxbabitiey alongbivith tyhighvirefeactioe tidexi Rgredivent
(B) may not be obtained; but on the contrary, when the content
exceeds béea obbonas, pechthere stHerehmiarts amstiatfanstedief thekencur ed product may
5worsen. [0025] In this regard, along with the oxetane compound of
the ingredient (B010hn oxetane conpound different fromthe ingredient
(B) may be used in conbination according to the necessity.

Exanpl es of the dhepsgsenicmvpatiomhisnbdenduads at botlsid@rftiog3ef the situation as
10et hyl oxet an- 3-yl ) met hoxy] net hyl } oxetane, 1, 4-bi s[ (3-ethyl-3-

oxet any| #hevhosngd) aneehiget] theraofisdo giroyide & Photoetrahlel tpsintephipositine ca@ible of
-ethyl -3 - phenoxynet hyl oxet ane, 3- et hyl - 3- hydr oxynet hyl oxet ane, 3

- et Wyl - Ftaiping vad hagly efrastiveosadent Ayd oitest dath rapid curability and low water
1, 4- bi s[ (3- et hyl oxet an- 3-yl ) met hoxy] benzene, 1,3- bis [(3

- et hy| ox@serkability andeseh ey phesieral donopticel epnig@ientstshgh aentimal Bases, and
15yl ) met hoxy] benzene, 4, 4' -bi s[ (3- et hyl oxet an- 3- yQret hoxy] bi phenyl,
2, 2' - bi dpEsCEdHgn optal eprapenept usieg Hexpmppsitioy] . 3,31, 5,5
Ltetramethyl-[4,4' -bis (3 -ethyl oxetan-3 - yl)nethoxy] bi phenyl,

2, 7- bi s[ ( 3- et hy! [@0¢thn- 3- yI ) met hoxy] napht hal ene, 1, 6- bi s[ ( 3-

et hyl oxet an- 3-yl ) net hoxy] -2, 2, 3, 3, 4, 4, 5, 5-oct af | uor ohexane, 3 (4),8
(9)-bi s [(1-et h%’&msly Higaressyt nnentionaglaes kg thetfelleyipgdtems 1 to 3.

[5.2.1. 2. 6]decange, 1,2-bis [2-0 -ethyl-3- 20o0xetanyOret hoxy] _

et hépt hi 0} et hank, 4 4phofpcurabie _resiny gompesitéana iyeiuging har (apRKD diebian 2ane

oxetane compound and a photopolymerization initiator,
in which the epoxy resin includes the following ingredient (A), and the
oxetane compound includes the following ingredient (B), and
the ingredient (A) is contained in an amount of from 60 to 95% by weight
25  and the ingredient (B) is contained in an amount of from 5 to 40% by weight relative to

100% by weight of a total resin amount in the resin composition:



thio ether,2,3 -bis :

[ (3- et hyl oxet an- 3- yOret hoxynet hyl | nor bor nane, 2- et hyl- 2-[ ( 3-

et hyl oxet an- 3-yfl net hoxynethyl] -1,3 -0-bis [(1l-ethyl-3

-oxetanyl )net hyl] -propane-1,3 - diol,

2, 2-di net hyl- 1, 3-0- bi s[ (3-et hyl oxet an- 3-yOnret hyl ] - propane- 1, 3-di ol ,

2- butyl-2-

et hyl-1, 3-0- bi s[ (&)eainh¥ kfir Bavihg MR t1B4k ltovBr | 11B1
s[ (3- 25et hyl oxet(ar)l- 3- yllb?éyenl;t hyl | - bu ane!-géfl,[ Afwgl %i:{b%g?%rg»u_ Oiht ‘rélhg ‘e le
[ (3- et hykig¢edfand BeinglliguRt 4ybdm eotapa@tes aadd

bi s(3-et hyl-3-oxetanyl nethyl)ether. Along with the oxetane conpound
of the ingredi ent(Bj B) oxdthes@ngothad i reRiRd bydRe Y £h] FbR0ga OI:

i n conbination ttkge? eof [0026] %’p Tﬁig cont eﬁ?@go@he oxet aﬁlg
conpound different fromthe ingredient (B) can 5 be appropriately set
based on the contents of.the ingredi entéCH))emd (B) nentioned in the
above. [0027] I n res nposition for optical
conponents of the q’"l[F\/enti ol, \ he ph8t opol yneri zation initiator to be
used along wi.th the abovejpenyi oned resin 10 ingred{gnts (A and (B)
may be any one as far as ithy€an initiate cation polynerization. For
exanpl e, there may be nentioned onium salts conposed of an anion
conponent derived from antinony, phosphorus, or the |like and a cation
conponenin @hich %96 ah [REBes UF f8M Liv 6.1 odoni um  phosphoni um or the i ke.
Specifically, aromatic sulforiiumsalts, aromatic iodoniumsalts,
aromati ¢ phosphoni UnTE@ph&tocidiile 2EMIBéhBostidd Sc0RiMoSAdh 3, dPWARY the
menti oned. These onium salts may be used al one or in conbination

t her eof pesdgerk A) inkhidey AEliojcBYBRd3iresth. t he photocurability,
aromatic sulfoniumsalts are preferred. [0028] The content of the
phot opol yneri zat {@n2jnitiator is preferably set within a 20 range of
fromO0.05 to 5 parts by weight relative to 100 parts by wei ght of the
total resin anouBt [Aat aptivi gbkhﬁofﬁent héoreRa X ¥robe S NSurkd Netoddin B Ae
as an essential ingredient and the other epoxy resin as an optional

i ngrigdi eplidtoaursblé Rip@hiperiticOMROLME fd fieth UdbnY afBhadsg anefa8BRt ihadx

i ngredi ent and the ot her oxetane compound as an opti onal

i ngredi enff 1.0 ommndrd. s nore preferably within a range of fromO0.1 to 4
parts by weight. 25Specifically, when the content of the

phot opol yneri zat [@i3] nitiator is | ess than the above range, the
curability may tend to worsen; but on the contrary, when it exceeds

t he above rangeSpddifecadlythy poescat inossosi Have wsdidaiuslyseudiedafos phe pipyseof
the cured product may inpaired though the curability could increase.
| nci dentadl $o}ying lthe photomehijoredi prableors. | hi tlieapocesyeyf the sthidiest, ebeywhive
an organi c solvent such as propyl ene carbonate and then bl ended.

5[ 0029] devised to use Mspenfieoxetant cormpenndhigredies(By) repsisanted yahe tbore
of the invention, fromthe viewoint of flowability and the like, a
monof uncgenerad forepida {1 ) rie shaplortodungblé résen campdmitidal imnkidohgam ¢pvey resin, an
above-nmenti oned ot her epoxy resin. Furthernore, for the purpose of
enhanci naxetdne compabid,iang, a phqibpstlymemzation iinigintos.u Sincestha ok kae eorepowml
acid anplifier, or the 10 |like can be blended according to the
necessi thas aMdbia Cormdiil ywhainnhydrephadbécitpesn eatmprovesf wish ephibiting eurahilityd
product on a substrate such as glass, for the purpose of enhancing

t he adhexpeleiess hipherhihas uthat imttes cases iof angritnase dloohok-¢antaining: bede
coupling agent may be added. Further, as other ingredients, a

f | eX0bi |dompounthadngmgo abketene shaih. dderfergnit heconeespabsiele toattain bioth repide
conpound, an_ antioxidant, a defoam ng agent, various pignents and
15dyes, carabiliiyragdrpw watpt ehsorhabdity.awhish azppitlepyto eansidgrad terhtedifficult to
according to the necessity. [0030] ) _The photocurable resin
conposi tatte. d¥loraeset, men thoeporsyedie op thedugredient Gh) igxantinsd asythe epoxy

resin and the containing ratios of the epoxy resin and the specific oxetane compound



10 cause phot odegradati on of the cured product and the product may be
di scolored in the subsequent heat treatnment or the |ike. Regarding
the condition for the heat treatnent after the photoirradiation,
preferably, the cured product is heated at 80 to 170C for about 1
hour. [0033] 15Not limted to the above-nentioned nolding with a
shapi ng nol d, the photocurable resin conposition of the invention may

b h -1 y i I it
Tront, uSrEs SAEPEHe Slfin SRUC! BeR FieolCHe IBpd/A MARIN Hoa
thereby ¢iigshceAmd Hf’ecbélﬁggl ﬁ‘ggérﬁgs G oBﬂﬁlePhéHdo bisb aiglt%EbIBQS %)E%rible to
exanpl e, usable are a | ow pressure nercury [anp, a high-pressure

mercury Lahifol 88 réfrdctide thek afd ofaﬁg S ra%ﬁ?éﬁ‘ﬁcﬁvé MRx (@ef ﬂg@ i RYRE

etc. [0034] The photocurable res conposition of t

i nvent i on spaft terel S EHuR SheAinVB 1S HvEBERE kdthecBhvieRbA Al tffeqmga\ﬁ%bgect
| al s as

such as optical lenses (material for optical conponents), an

a phos ocunakd atARRESY hesd Bhidihg ahd RivelchRREd fRlinkaBRNeNt s, 25et c.

[ 0035] The optical conponent (cured resin product) of

t he invention suc[bop? typically the optical |enses has preferably a
refractive index of 1.50 or nore, and nore preferably, the refractive

index is a range Qf if RNabo®é) e hRRScUARAS rdsiROconlfHRitRROYE tAENhVAREH
refractive index can be realized by using the photocurable resin

conposi t imfuded B epdis fd@i{ﬁ(ﬁlg&ﬂien{ MadBNiAE lay Jedshewbegsosty epibs of ohbe
refractive index is performed by measuring the refractive index using

a refrachiRurs therestubadt beigg Iuidt /900 tembbdture adddea bhRifd! (dxeG8e
of cured product of the epoxy resin is ground by a grinder. EXAMPLES
10[ 00B6] compound (ingkdentTBINdrdOMe icBntd B 2666 oMHeepbRY edsaNGRare@ichi@))
foll owi ng Exanpl es and Conparati ve Exanpl es. However, the invention
shoul d naid ke se=ifid okedndyotpessd Bugradieas .(B)OOR 7 jet 1offhinOfpeti@ic ranges.
Exanpl es and Conparative Exanples, the following materials were

pr epar edThé:ofd3d]a Hghxyfracbienindey cdd bgarslhanbs (A)l)as both rapid curabilit@énd
alicyclic epoxy resin (Celloxide 2021P manufactured by Dai cel

20Chen chiw vattn sibsorbabilityt chn, bdaedhievelli apdifirthér, effedts bE tRproaing BywitiBE 9]
Epoxy resin (b) (ingredient (A)): a hydrogenated bisphenol A type

| i qui d elpmxyresistince (ayoxyechatiod: pRpbriips egre, hls@5p01#R{. Efaxtherresen the)
(ingredient (A)): a bisphenol A type liquid epoxy resin
(epoly veliadecurd8s repire qompesisast the imeattionexn dte 6 @nlyl OuredQokkRabbjtself
[ 0041] Epoxy resin (d) (ingredient (A)): 5a bisphenol F type epoxy
resin (epohajsovalred on kHothgt epmberj foc esamplee dasnsmpdermtsuRdfate HRM0asnas)
[ 0042] Oxetane conmpound (a) (ingredient (B)): an oxetane conpound of
t he for nBy intédrptingtheiviootposition withl G @A arent substrate, it is possible to produce a

high—quality hybrid lens. Accordingly, when the photocurable resin composition of the
invention is used as a molding material for optical materials such as optical lenses, it
20 can be used as a highly reliable photocurable resin exhibiting high productivity, so that
the composition is useful. Moreover, since the photocurable resin composition of the
invention is usually a liquid composition before curing, it is also possible to use the
composition as a photocurable adhesive for fixation of optical components.
[0015]
25 Furthermore, the optical component of the invention, which uses the above-

mentioned photocurable resin composition, is inexpensive and also has a high refractive



Oxet ane conpound (b): 3-nethyl - 3- hydroxynet hyl oxet ane [ 0044] Oxet ane
conmpound (c): 15bi s(3-ethyl-3-oxetanyl nethyl) ether [0045] Oxetane
conpound (d): 3-ethyl-3-phenoxynet hyl oxet ane [ 0046]

20Phot opol yneri zation initiator (a): a triarylsul fonium

sal t - based phot opol yneri zation'initiator conposed of an anion
conponent and a cation conponent, represented by the foll ow ng

structuraly efxogﬂgﬁla@m/ez Indek 0%4 X]SPb or more), so( %ﬂat thg ?l?tli‘é} yclogﬁaggerﬁ] can be

Phot opol yneri roninitra oni um

S e LT it M
struct ur glofiRHAHL&, §i3ital cameras, and the like.

[0016]

5 Embodiments of the invention are described below.

[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,

10 in which the epoxy resin includes the following ingredient (A), and the
oxetane compound includes the following ingredient (B), and

the ingredient (A) is contained in an amount of from 60 to 95% by weight
and the ingredient (B) is contained in an amount of from 5 to 40% by weight relative to
100% by weight of a total resin amount in the resin composition:

15 (A) an epoxy resin having at least two epoxy groups in one molecule
thereof and being liquid at room temperature; and

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

[0018]

4

20 in which n is an integer of from 1 to 6. Additionally, the photocurable resin

composition is usually a liquid composition.

[0019]



[ 0049] [ 0050] 10Phot opol ynerization initiator (c): a
triaryl sul fonium sal t-based photopol ynerization initiator conposed of
an ani on conponent and a cation conponent, represented by the
followi ng structural fornmula (4): [0051] 5 [0052] Exanples 1 to
11, Conparative Exanples 1 to 11 The above- nenti oned

i ndi vidual ingredients were blended in the ratio indicated in the
foll ow ng Tabl es fthd &bk r88ld ! : :
phot ocurabl e resin c@%pgsitiéﬁg&%gﬁﬁfgﬁgpgéHgﬁﬁﬁ%%ﬂggéggﬁégqé%g%gfgg.

I nci dent at lexst (GO koS BX BB hidlckuleSthBreOV aridieskif Oliqhil &t RIdnP R3%peprure
conparison wth Exanple 1. As shown in the followng Tables 1 and 3,

the bl end1@epwe)! dsoReioreden kidibolelu Bkamnprs 68iHRMpSxY Pesﬁpﬁ%ﬁ{deiaihizéfcﬁc
e

Exanple 1 is the same as in Exanple 1 except that the type o
oxet ane epomOdths| bisphbidrnypd repaﬂége&msphiﬂ%geré‘ﬁed%@ﬁﬁbdoﬂ A e epoxy
followng 15 Tables 1 to 4, other nparative Exanples are also
provi fled réshis, bixphensl Fosgpediquid i fe@ihs Wl hliEkapdRxyheyihag Thee %ﬁ?
nunber as the %nber ofS}@Cor%)ar gtpﬂ?\/}'e Exanpl es.EK[OO 3] yThe phot ocurabl e
resin compirsimapbsuet dormgliesombihafonfial] UbovdalEXaNIvesf fehstbrity and
produced were tested and evaluated for the properties thereof
accor di njedtaedittencet alidatidspoenidsion atk hefoprad. Theref@sdtithe tihNARh tdoer
shown in the follow ng 17 Tables 1 to 4. Incidentally, as nentioned
in the abuwegpeiynesinCarnaedin aentination, #ds preterfeday nsesh ilidyclibeppuympese
of conparison with Exanpl es having the sanme nunber as the nunber of
Conpar at aven Essantidleme. tThehisvegdandit withinaf rangec{30ps bp ercight ios 1636 bagdngathe d
bet ween Exanpl es or Conparative Exanpl es. 5[0054] Refractive |ndex
Af t et0 t hevhpleciposy resinse whesd thechampotsristiofeaturé gilthd invesiion ivwas ipeairel] an
into a transparent nold having a size of 1 cmX 1.5 cm X 0.5 c¢cm and
was cur eepdyy iesimabling inoh ligiidhatUvoat tefrfei@e (d ,bidphenal &3 itypengsoxtyarsiv cal
fromthe nold and was subjected to heat 10 treatnent at 150C for 1
hour. Th8uemné gpexyofesiche GVl toipel epegesin, oo theelike) moajulbe pppropdatolyt aidadd
was ground by a grinder and the refractive index of the nol ded
product ¢#leng @dthgg@dpmw)rean of 8¢ ingedivatéA)r with osisidgriag vescositt anehefike.
(manuf actured by Atago Co., Ltd.). [0055] 15Curability (Gel Tine)
Using a W rheont®@&0]( manuf actured by Rheol ogi ca, having 15 ntn+
alum num parallel plates) with a nercury lanp (LG8 manufactured by
Hamak¥at su Phot onie #he mehinscompesiionder opticad componentsuof thanwentivn 366mrihe
could be 30 mMN¥WcnR) as the light source, the gel tinme of the sanple
was det eYigvpeiat tof eqmirol safe theh eefeagtisgiindaxy aft@o cuing @ofl. hephaesistance, the
vi scoel asticity of the photocurable resin conposition was neasured at
25C, usi mgredirat (K0 imageessaily comtpingdeinar jaypmunt pfnfrony 6008 $86flor welght
el astic term gG) was taken as the gel tinme determined with the W
r heomet eielative 38 PO%kalie wetgh d the totatiesip maroyatittatsl areight iof theopipnryi resion
(liquid resin) was weighed into an__

[including (A) as an essential ingredient and the other epoxy resin as an optional

20  ingredient] and the oxetane compound [including (B) as an essential ingredient and the
other oxetane compound as an optional ingredient]]. Preferably, the ingredient (A) is
contained in an amount of from 75 to 95% 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 properties and the curability may worsen; but on the conirary, when the

25  ingredient is less than the above range, the heat resistance of the resulting cured product

may worsen.



al um num petri dish in an anmount of 5 g and the whole was placed in a
constant- 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 conposition before it was placed in the

constant -tenperature and constant-hum dity chanber (before placing in
t he chanber) and after it was allowed to stand in the chanber (after
standing in the qoqﬂgnber) was neasured by a Karl Fischer's volune
titration type autonmatic water content neasuring apparatus (KF-07

nodel , manuf act Ur%@bxéﬂahéb@hﬁ&ﬂnd?ﬂ%@cﬁéﬂt (BPrRAT LM ong WER thefepoxy

wat er content increase ratio (wate sorbabi’lity) induced by th

st andi ng résin tdfetheo ifpr@hiéntt AN CARithBoadd if ORSt Mo N Yxbiins MR und
was cal cul at ed frogﬁrhe neg?ared val ue. [0057] Table larts by wei t

Exanpl e reprébefted b the FiMOwing geioR FordIE) 30u. 30 37 b 35 35 30 20
C -
5 [0022]

(CrH2,)OH
CHj O/
e (1)
0

in which n is an integer of 1 to 6.
[0023]
Since the oxetane compound represented by the above general formula (1)
10 has a CI to C6 alkyl chain originated from the fact that n is from 1 to 6 in the formula,
as compared with primary alcohol-containing 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
15 viewpoint of flowability, it is preferred to use the oxetane compound of the above
general formula (1) wherein n is from 1 to 4.
[0024]
The content of the oxetane compound represented by the above general
formula (1) is necessarily contained in an amount of from 5 to 40% by weight relative
20 to 100% by weight of the total resin amount [total weight of the epoxy resins [including
(A) as an essential ingredient and the other epoxy resin as an optional ingredient] and
the oxetane compound [including (B) as an essential ingredient and the other oxetane

compound as an optional ingredient]]. Preferably, the ingredient (B) is contained in an
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20
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37 d - . 20 - - Oxetane conmpound a 30 20 10 30 10 26 b - -

amount of from 5 to 35% by weight relative to 100% by weight of the total resin
amount, Namely, when the content is less than the above range, the effect of improving
the curability owing to the ingredient (B) may not be obtained; but on the contrary,
when the content exceeds the above range, the heat resistance of the cured product may
worsen,

[0025]

In this regard, along with the oxetane compound of the ingredient (B), an
oxetane compound different from the ingredient (B) 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, 3-ethyl-3(4-

hydroxybuthyl)oxymethyloxetane, 1,4-bis[(3-ethyloxetan-3-yD)methoxy]benzene, 1,3-
bis[(3-ethyloxetan-3-yl)methoxy]benzene, 1,2-bis[(3-ethyloxetan-3-
ylmethoxy]benzene, 4,4'-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)methoxyInaphthalene, 1,6-bis[(3-
ethyloxetan-3-yl)methoxy]-2,2,3,3,4,4,5,5-octafluorohexane, 3(4),8.(9)-bis[(l-ethy1—3-
oxetanyl)methoxymethylj-tricyclo[5.2.1.2.6]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)methoxymethylJnorbornane,  2-ethyl-2-[(3-
ethyloxetan-3-yl)methoxymethyl]-1,3-O-bis[(1-ethyl-3-oxetanyl)methyl]-propane-1,3-

diol, 2,2-dimethyl-1,3-0O-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-O-bis[(3-
ethyloxetan-3-yhmethyl]-butane-1,4-diol, 2,4,6-O-tris[(3-ethyloxetan-3-

yl)methyl]cyanurate and bis(3-ethyl-3-oxetanylmethyl)ether. Along with the oxetane

10
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- 30 - - - Photopolynerization Initiator*) a - 2 - - _ -

- 04 ¢c05-050.37 0.5 -

compound of the ingredient (B), these oxetane compounds may be used alone or in
combination thereof,

[0026]

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

[0027]

In the resin composition for optical components of the invention, the
photopolymerization initiator to be used along with the above-mentioned resin
ingredients (A) and (B) 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 jodonium 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.

[0028]

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) as an essential ingredient and
the other epoxy resin as an optional ingredient] and the oxetane compound [including
(B) 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

11

b



Refractive index 1.50 1.50 1.52 1.52 1.51 1.53 Curability Cel tine
(sec) 45 46 48 67 108 846 Water content Before placing in chanber (%
0. 3519 0.2581 0.2746 0.3568 0.2179 0.2952 After standing in camnber
(9% 0.5228 0.3982 0.3919 0.5416 0.3466 0.4479 \ater

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.

5 [0029]

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 biended 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

10 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

15  dyes, an inorganic filler, etc can be appropriately blended according to the necessity.

[0030]

The photocurable resin composition of the invention may be produced, for
example, by blending the epoxy resin of the ingredient (A), the oxetane compound of
the ingredient (B), the photopolymerization initiator, and optionally other additives, in a

20  predetermined ratio and mixing them.

[0031]

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

25  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

12



absorbability (%9 48.6 54.3 42.7 51.8 59.1 51.7 *) The anount of the
phot opol yneri zation initiator is a blend anount as a 50% by wei ght
propyl ene carbonate solution. [0058] Table 2arts by wei ht Exanple
7 8 9 10 11 Epoxy resin a 37 37 63 30 50 b - - _ - 45

10

15

20

25

obtained by removing the shaping mold. After 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.

[0032}

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 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.

[0033]

Not Iimited 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.

[0034]

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.

[0035]

13
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The optical component (cured resin product) of the invention such as
typically the optical lenses has preferably a refractive index of 1.50 or more, and more
preferably, the refractive index is a range of from 1.50 to less than 1.55. The above-
mentioned refractive index can be realized by using the photocurable resin composition
of the 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

[0036]

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

[0037]

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

[0038]

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

an alicyclic epoxy resin (Celloxide 2021P manufactured by Daicel
Chemical Industries, Ltd., being liquid at room temperature)

[0039]

Epoxy resin (b) (ingredient (A)):

a hydrogenated bisphenol A type liquid epoxy resin (epoxy value: 205
gleq.,)

[0040]

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

14



d - -

0.3 C- - 1

Curability
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20

Phot opol yneri zation Initiator*) a 0.35 0.35 - - -
1.53 1.54 1.50 1.52 1.55

7 0.5 - Refractive index

a bisphenol A type liquid epoxy resin
measured at 25°C: 10,000 mPa-s)

[0041]

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

b -

(epoxy value: 185 gleq., viscosity

a bisphenol F type epoxy resin (epoxy value: 159 g/eq., viscosity measured at

25°C: 1240 mPa-s)

[0042]

Oxetane compound (a) (ingredient (B)):

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

[0043]

Oxetane compound (b):
3-methyl-3-hydroxymethyloxetane
[0044]

Oxetane compound (c):
bis(3-cthyl-3-oxetanylmethyl) ether
[0045]

Oxetane compound (d):
3-cthyl-3-phenoxymethyloxetane
[0046]

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):

[0047]

15



Cel

time (sec) 198 510 224 30 611 Water content Before placing in

chanber (9% 0.2881 0.2451 0.3795 0.3664 0.2267 After standing in
canber (% 0.4392 0.3798 0.597 0.5587 0.3612 Water absorbability (%
52.4 55.0 49.4 52.5 59.3 *) The anount of the photopol ynerization
initiator is a blend anmount as a 50% by wei ght propyl ene carbonate
solution. [0059] Table 3(parts by weight)

o/ OH

[0048]
Photopolymerization initiator (b):
a triarylsulfonium salt-based photopolymerization initiator composed of an
5 anion component and a cation component, represented by the following structural
formula (3):
[0049]

QSOS+E PFyCF2CF3)y ~777" (3)

[0050]

10 Photopolymerization initiator (¢):

16



Conparative Exanple 1 2 3 4 5 6 Epoxy resin a 35 35 30 30 30 37 b
335302060 ¢ - - - - 37 d .
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a triarylsulfonium salt-based photopolymerization initiator composed of an
anion component and a cation component, represented by the following structural
formula (4):

[0051]

[0052]
Examples 1 to 11, Comparative Examples 1 to 11

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.

[0053]

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

17
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20 - - Oxetane conmpound a- - - - - - Db 30 20 10 30 10 26 c

- d- - 30

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

[0054]

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 m], 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.).

[0055]

Curability (Gel Time)

Using a UV rheometer (manufactured by Rheologica, having 15 mmé
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.

[0056]

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-

18



i - - Photopol ynerization Initiator*) a- 2- - - - b-----20.4
c 0.5 - 0.50.37 0.5 - Refractive index 1.50 1.50 1.52 1.52 1.51 1.53

Curability

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
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
5  chamber) was measured by a Karl Fischer's volume titration type automatic water
content measuring apparatus (KF-07 model, manufactured by Mitsubishi Chemical
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.

19



Gel tinme (sec) 48 51 50 79 121 885 Water content Before placing in

chanber (9% 0.4582 0.2744 0.2919 0.3979 0.2456 0.3582 After standing
in canber (% 0.6933 0.4801 0.4498 0.6352 0 4223 0.5484 \Water

absorbability (% 51.3 75.0 54.1 59.6 71.9 53.1

[0057]
Table 1 (parts by weight)
Example
1 2 3 4 5 6
a 35 35 30 30 30 37
Epoxy b 35 35 30 20 60 -
resin c - - - - - 37
d - - - 20 - -
a 30 20 10 30 10 26
Oxetane b - - - - - -
compound c - 10 - - ~ -
d - : 30 - - -
. a - 2 - - - -
Photopolymerization
Initiator*) b . - : . : 04
c 0.5 - 0.5 0.37 0.5 -
Refractive index 1.50 1.50 1.52 1.52 1.51 1.53
Curability Gel time 45 | 46 | 48 | 67 | 108 | 846
(sec)
Before placing in | 5519 | 2581 | 0.2746 | 0.3568 | 02179 | 0.2952
chamber (%)
Water content | AHer standingin | o, | 6308 103919 | 0.5416 | 0.3466 | 0.4479
camber (%)
Water
absorbability (%) | 486 | 543 | 427 | 518 | 591 | 517

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

weight propylene carbonate solution.

20




*) The anount of the photopol ynerization initiator is a blend anmount
as a 50% by wei ght propyl ene carbonate solution. [0060] Table 4arts
by wei ht Corn arative Exanple 7 8 9 10 11 Epoxy resin a 37 41 63
3050 b-- _-45 ¢ 3741. 30 _ d

[0058]
Table 2 (parts by weight)
Example

7 8 9 10 11

a 37 37 63 30 50

Epoxy b - - - - 45

resin [ 37 37 - 30 -

d - - - - -

a 26 26 37 40 5

Oxetane b - - - - -

compound c - - - - -

d - N - . -

Photopolymerization 2 0.35 035 - - -
Initiator¥) b = - - - 0.3

c - - 1.7 0.5 -
Refractive index 1.53 1.54 1.50 1.52 1.55

. Gel time
Curability (sec) 198 510 224 30 611
Before placing in
chamber (%) 0.2881 | 0.2451 | 0.3795 | 0.3664 | 0.2267
Water content | A0t standingin | 4a0, | 63908 | 0597 | 0.5587 | 0.3612
camber (%)

Water a'g;f)’bablllw 524 | 550 | 494 | 525 | 593

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

weight propylene carbonate solution.
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Oxet ane conmpound a - - . - - b 261937405 ¢ - - - - -
- - Photopol ynerization Initiator*)

[0059]
Table 3 (parts by weight)
Comparative Example
1 2 3 4 5 -6
a 35 35 30 30 30 37
Epoxy b 35 35 30 20 60 -
resin c - - - - - 37
d ; ) ) 20 ; ;
a - - - - - -
Oxetane b 30 20 10 30 10 26
compound c - 10 - - - -
d ) - 30 - ; ;
- a ) 2 ; - - ;
Photopolymerization
Initiator*) b - - - — - 04
c 0.5 - 0.5 037 0.5 -
Refractive index 1.50 1.50 1.52 1.52 1.51 1.53
Curability Gg;‘:;’e 48 51 50 79 121 | 885
Before placing in | /505 | 9744 | 02919 | 0.3979 | 0.2456 | 0.3582
chamber (%)
Water content | ATterstandingin & o co54 1 4801 | 0.4498 | 0.6352 | 0.4223 | 0.5484
camber (%)
Water
absorbability (%) 51.3 75.0 54.1 59.6 71.9 53.1

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

weight propylene carbonate solution.
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a0.35039--- b----03 C- 1.7 0.5 Refractive index 1.53
1.54 1.50 1.52 1.55 Curability Gel tinme (sec) 203 528 232 32 627
Wat er content Before placing in

10

[0060]
Table 4 (parts by weight)
Comparative Example

7 8 9 10 11

a 37 41 63 30 50

Epoxy b - - - - 45

resin c 37 41 - 30 -

d - - - - -

a - - - - -

Oxetane b 26 19 37 40 5

compound c - - - - -

d - - - - -

Photopolymerization a 035 0.3 - - -
Initiator*) b - - - - 0.3

c - - 1.7 0.5 -
Refractive index 1.53 1.54 1.50 1.52 1.55
Curability Gel time 203 | s28 | 232 | 32 627

(sec)
Before placing in
chamber 00| 03331 | 028 | 0.4895 | 04721 | 0.2419
Water content | Afterstandingin | o 5305 | 4 4503 | 07482 | 0.7589 | 0.4202
camber (%)

Water a'g;‘)’)"bab‘hty 619 | 640 | 528 | 607 | 737

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

[0061]

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 1.50 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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chanber (9% 0.3331 0.28 0.4895 0.4721 0.2419 After standing in
canmber (% 0.5392 0.4593 0.7482 0.7589 0.4202 Water absorbability
(%9 61.9 64.0 52.8 60.7 73.7 *) The anount of the

phot opol yneri zation initiator is a blend anount as a 50% by wei ght
propyl ene carbonate solution. 5[0061] Fromthe results in the above
Tables, it is known that all the photocurable resin conpositions of

Ex I . tive Ex I hi bit that refractive index . of
the ur cAPRTBRY 1 meismef RofE Shger e balngrBelify I e gyt
d d N t bsorbabilit whi | e showi ng short ge

{?ngcgnd%génecgsplggﬁqé\é@%gti@ iorrpar :adl le%h t he sanpl es of

Conparative Exarrgb@@]havi ng the sane nunber as the nunber of
Exanpl es. Therefore, "in the case where the photocurable resin

conposi tions of t\ﬁ?ﬁi,léﬁ%"i ﬁ%&ﬁ;ﬁ#%%eﬁ%é?& it & %pjgregﬁglﬁlc%gj[g specific

invention are used as nateri or - op conponen

opti cal leﬁB?&%en%rﬁQféB%ii Wil HREERIRA: RXGR! Jdila ﬁ%ggg}ﬁa% Dﬁq-gota Wanges

curability (rapid curlng o rell Yy i's oW n

o e it BRSAEEOAL Y B RORy s DB g ol

thereof.

Incidentally, the present application is based on Japanese Patent
Application No. 2010-158039 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.

[0063]

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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[ 0062] VWil e the invention has been described in detai
with reference to specific 5enbodi ments thereof, it will be apparent
to one skilled in the art that various changes and nodifications can
be nmade therein without departing fromthe spirit and scope thereof
Incidentally, the present application is based on Japanese Patent
Application No. 2010-158039 filed on July 12, 2010, and the contents
are inco f 1 i by reference. Al references cited herein
are incoﬁ%@ﬁgﬁggﬂﬂgﬂﬁgﬁgﬁﬁnce herein in their entirety. Al so, all the
references cited herein are incorporated as a whole. [0063] 15The
phot ocurabl e resin conposition of the invention forns a three-

di mensi onal nol ded arnti e roduct)...having .hi gh_transparenc
even after curedﬁ'noﬁ'ggbggéﬁﬁ%g ﬁb%g?ﬁ%%%ﬂ}g I fl§g %ﬁé@?ﬁfﬁﬁ??ﬁgn

the resip, 8%R%§h%hﬁgahﬁﬁggﬁ&@él g%%%ﬁéh%ﬁ{(%se applications as a

nmol di ng mat eri or op such as optical |enses

ial f ical ) e f
(roer Tl or, OPUHSATURS LS Sy U0L SSHEARLSANNSS! 1) 60 0
the phot geur.all 085 @gﬁ?&%hé f()%“lqlﬁ%ltél%egﬁl%%@@g LRp has high

reliability, 1t I's usa as optical such as optica

| enses (opti cal B{eoﬁgﬁitdﬁ)nt (Ay\@%nltaﬁleq—ﬁl HERhdurit of from 60 to 9%% @(we%lt
phot ocur abl e resin conposition conprising an epoxy resin, “an et'ane
conpound,ang 1Z:atd At % ' |

cpoxy 1 earneInBARLARE) ACEHARLL Al Abbiid offrom 7 10 40% by PRERL R o

conpound GPARY iviBshtlrg thal Ilgem &%Mﬁfﬁé&&g cdrBositfd the

i ngredient (A} 1s contalined I n an anount from60 to 95% by wei ght

and the ingredie ) erd ay I f 9
wei ght rel ative t(%) %go%%()%q&gihg%t 0 Iag If}ac@)tt g‘f}@%@gfﬁ gén%nn]trﬁpél&tlﬁge@m

resin COfRRYF hdRing liquid at rodiMenRrARRXYnd €SI N having at |east two
epoxy groups in one nol ecule thereof and being liquid at room

tenperature,; and$B) an oxetane(c@)np@ﬂn@ﬁ?e%@@ce& SyBRUBHoHEIY R38Rl 8 (i bfe
foll owi ng general formula (1): erein nis an integer of from
to 6. 2. The photocurable resin conposition according to
claim1l, wherein the ingredient (A) cop@ HE&®HRN alicyclic epoxy
resin. 3, opt t formed froma cured product
of the photocurabp 3resin
having a refractive inde .50 or nore. ... 1)

wherein n is an integer of from 1 to 6.

2. The photocurable resin composition according to claim 1, wherein the

ingredient (A) comprises an alicyclic epoxy resin.

3. An optical component formed from a cured product of the

photocurable resin composition according to claim 1 or 2 and having a refractive index

of 1.50 or more.
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