DESCRI PTION Titl e of Invention: CURABLE RESIN COVPCSI TI ON AND CURED
PRODUCT THEREOF 5 Technical Field [0001] The present invention
relates to a curable resin conposition and a cured product thereof,
suitable for electric and electronic materials uses, particularly
optical 10sem conductor uses. Backgg@ugeppol [0002] Hitherto, as an
encapsul ating material for optical sem conductor elenents of LED 15
products and the |ike, epoxy resin conpositions have been adopted in
vi ew of Hadesfdavégioneen perfornmance and econom c efficiency.
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representatives, which are excellent in balance of heat resistance,

t ranspar ‘T‘Q{%%ﬁ‘g JEechani cal strength. 20However, as a result of the
advancenent o hortenlng of em ssion mavelength of LED products (480
nmor |ess in [08®lJproducts mainly enmitting a blue light), it has been
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al i cyxl i gergRoeXduct@s&s | ncl udi ng 3, 4- epoxycycl ohexyl nethyl- 2 5
3',4' -epoxycycl ohexyl carboxyl ate as a representative are excellent in
transparency as conpared with glycidyl ether-type epoxy resin
conposi t Badsrvnd Ay an aromatic ring, aggressive investigation as LED
encapsul ati ng :ﬁrlals have been perfornmed (Patent Docunents 1 and
2). [0003] 30l neral, as curing agents for epoxy resins to be used
in such a fi e|1é1thea@b@mhmeap%?éma@@@n%é@mm@ean@mmr dlamgnts of LED
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frequent ut i causé cured products therewith are exce lent in
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above alicyclic acid anh y es are use
products (480 nm or less in LED products mainly emitting a blue light), it has been

pointed out that the encapsulating material is colored on an LED chip by the influence of
the short wavelength light and finally illuminance as the LED products decreases.
Consequently, since alicyclic epoxy resins including 3,4-epoxycyclohexylmethyl-

25  3'4'-epoxycyclohexylcarboxylate as a representative are excellent in transparency as
compared with glycidy! ether-type epoxy resin compositions having an aromatic ring,
aggressive investigation as LED encapsulating materials have been performed (Patent
Documents 1 and 2).

[0003]

30 In general, as curing agents for epoxy resins to be used in such a field, acid
anhydride-based compounds are mentioned. Particularly, acid anhydrides formed of
saturated hydrocarbons are frequently utilized because cured products therewith are
excellent in light resistance. As such acid anhydrides, alicyclic acid anhydrides such as
methyltetrahydrophthalic anhydride, hexahydrophthalic anhydride and tetrahydrophthalic

35 anhydride are common. Of theses, methylhexahydrophthalic anhydride,
methyltetrahydrophthalic anhydride and the like that are liquid at ordinary temperature
have been mainly used owing to easiness in handling.

However, in the case where the above alicyclic acid anhydrides are used as curing
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agents, since these curing agents have high vapor pressure and
vaporize in part at curing, at the tinme of thermal curing in an open
system usi ng them as curing agents for epoxy resins, there arise
problems that they thenselves vaporize into the air to cause not only
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resins, therea[a @ been performed investigations in which resins to
ne sk
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resins and the like as representatives, are used as encapsulating materials (Patent
30  Document 3).

In general, it is known that resins to which the siloxane skeleton has been
introduced are more stable against heat and light than epoxy resins. Therefore, it has
been said that, in the case of the application to the encapsulating agent for LED products,
durability is more excellent than in the case of epoxy resins form the viewpoint of the

35  coloration on the LED chip.

However, problems exist.



Furthernore, the resins to which the sil oxane skel eton has been
introduced are 5inferior in gas pernmeation resistance to usual epoxy
resins. Therefore, in the case where a silicone resin or a
silicone-nodified epoxy resin is used as an LED encapsul ating
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[ 0010] As a result of the extensive studies in consideration of
such real circunstances as nentioned above, the present inventors
have acconplished the invention. Nanely, the invention relates to the
foll owings 10(1) A curable resin conposition, conprising: an epoxy
rezi/ n (A); a pahyh fbictgsa{daﬁewd isQ? _@Bﬂiaﬁle(éﬁréd pfduct which g}ahjgitstzliri]tﬂf fﬁ't
and/ or a_zinc conp] ex. as .essenti.al. conponen rovi de a e
ol y byl AP EZRRRY! fingc 4 R R SRS IO R
conpl ex (E)stare] Bfdyis theelldfifinltd@hhesy. r equi renents respectivel y:

Pol yhydri c carboxylic acid (B): a polyhydric carboxylic acid having
at | east two carboxyl groups and having a sil oxane skeleton as a main
skel e onMeand f@i Sedvisglhe Bmglﬁms zinc conplex (O : a zinc carboxyl ate,
a zinc salt ofﬂﬂlgposphate ester or phosphoric acid and/or a zinc

conpl ex having the afi d or ester as_a _ligand. 20(2) The curable resin
conposi ti on asAdasesisddhe sxiangive sRwes ip e@rpidergtion of such sgpkglesqumsianges as

pol yhydr infen€iafidioativl e, ah@fieert Biveiss BavieiadeRhplRAkY el ifvcifignSt ruct ure
and has car boxlw i C a&i ds aﬁ bo q tergiﬁﬁfé)s.. (3) The curable resin
conposi tion as GBEYr PEIYEARoR FRlAteH Qe JAUOKINGS or (2), wherein the
pol yhydri c car@pxy cwrable rebix{ & mpcsitions comppridial:obt ai ned by a reaction

250f a carbi ngJ - (L1 onpound having a |inear polysiloxane
structure wt h&a%qgﬁésggg@furat ed aliphatic acid anhydride.

(4) The cur abl®pelgkydiicoarhvaslic ke (B auéscribed in any one of the
above itens (1),ihsdIBdnd/GABRAd Sdislex fC UG ad] c"i‘a‘iﬂr{:{[‘:ﬁéﬁ%ﬁgﬁ}dded that the

phot o- st abj hi er; and 30a phosphorus-containing anti oxi .
(5) A cuPBlsRzEboxHAREH (B3 aebihsimschalmeiar HieinRomalensarisly the
conposi t fellbvasg eRaiembee rdspe@iklyone of the above items (1) to (4).
SMCTERUIRI AT AT NN s A RN N
r esi st ancapoterampspod hiviogaisdoxext sketetoy as s efain sletet@arandcul arly an
adhering matery;gl A0 8% zinc complex (C): a zinc carboxylate, a zinc salt of a phosphate
ester or phosphoric acid and/or a zinc complex having the acid or ester as a ligand.
20 (2) The curable resin composition as described in the above item (1),
wherein the polyhydric carboxylic acid (B) has a linear polysiloxane structure and
has carboxylic acids at both terminals.
(3) The curable resin composition as described in the above item (1) or (2),
wherein the polyhydric carboxylic acid (B) is a compound obtained by a reaction
25  of acarbinol-modified compound having a linear polysiloxane structure with a cyclic
saturated aliphatic acid anhydride.
(4) The curable resin composition as described in any one of the above items (1)
to (3), comprising:
a hindered amine-based photo-stabilizer; and
30 a phosphorus-containing antioxidant.
(5) A cured product, which is obtained by curing the curable resin composition
as described in any one of the above items (1) to (4).

Effects of the Invention
35 [0011]
Since the curable resin composition of the invention is excellent in corrosive gas

resistance, the composition is extremely useful as particularly an adhering material and an



encapsul ating material for particularly optical sem conductors (LED
products etc.) to be used in living environnment, for exanple,

illum nation, anong optical materials. Enbodinents for Carrying Qut
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i on of | ohexenenet hanol wi th carbox
' ea%t on o CXi’%.rt?cu?arle, ﬁls maia y purposed that the c&f'able resin composition of the

invention is used in optical uses. In the case where the composition is used in optical
uses, it is preferred to use the alicyclic epoxy resins or the organopolysiloxane-type epoxy
resins. In the case of the alicyclic epoxy resins, the resins are preferably compounds
having an epoxycyclohexane structure in the skeleton and particularly preferably epoxy
35 resins obtained by oxidation reaction of compounds having a cyclohexane structure.
As the alicyclic epoxy resins, there may be mentioned those obtained by oxidation
of compounds that can be produced by the esterification reaction of cyclohexenecarboxylic

acid with alcohols or the esterification reaction of cyclohexenemethanol with carboxylic
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aci ds (procedures described in Tetrahedron vol. 36 p.2409 (1980),
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al koxysi | ane ipecifig caamplesxy thged qimxyésmnm:lpde BEEpEX2il f ERBI4299 (dlheades

TRy e TEINLONRHALkSEROH PRENR RS PEIBNAROLYD) | SHBER MRS Sock

t hr ee- di nensr ona gre ur e’
JP- A- 200@l12568 0gmes, rallmmrﬁacr@m@ buDaiophCbenical7ndagries Coal2dDend747,

\]V\gzgog{) 8%%2&8% ﬂﬁi&e%ﬁ /xidé%gléaﬁﬁb h%@%&y]ﬁég&%mﬂéﬁ' tﬁel%gp(ke%(gglﬁ%
e Literature: Sosetsu EpOlel Rejin Klso hen I p76-85).
They may be used singly or two or more thereof may be used in combination.
30 [0017]

The organopolysiloxane-type epoxy resin is not particularly designated as long as
it is an organopolysiloxane having an epoxycyclohexane structure. In the invention, there
may be particularly mentioned a compound obtained by a sol-gel reaction using as a raw
material an alkoxysilane having an epoxycyclohexyl group.

35 Specifically, there may be mentioned silsesquioxane-type organopolysiloxanes
having a three-dimensionally spreading reticular structure, described in JP-A-2004-256609
JP-A-2004-346144, W0O2004/072150, JP-A-2006-8747, W02006/003990, JP-A-2006-

104248, WO2007/135909, JP-A-2004-10849, JP-A-2004-359933, W02005/100445, JP-A-

B
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2008- 174640, and the liKke. The structure of the

or ganopol ysi |l oxane is not particularly limted but, since a siloxane
conpound having a sinple three-dinensional reticular structure is too
hard, a structure that reduces the hardness is desired. 5In the
inventioagoaibh@qkaﬁdﬂﬁqnyral body having a silicone segnent and the

af orenment i oned |Ise ane str obt ai ne a..sol -gel .
. reaction in onz i“g Pﬁ@ b PP MF%"F‘E}E et e léﬁ.gﬂﬂgnﬁteﬂg’%ﬁ’@fz?én
process ofloxdne comppandishvingesimphegirdealimendiomi edticalap soatoiciomolnalass
and a st rﬁlff(%t ee(h qg Ce?ﬁl% haﬂi \évioszlggjg{%mm Specifically, in the

i nvention e ure| articularly limted but, since an
100r g%mopol ySi Indhg mafesmcnu etblock Stravtiumé badshaph@a sitices: atgmenisindribé

reticul aafo%&rﬁe&ﬁidﬁe&sﬂs%sm ﬁﬂ@rguctﬁre%b’idfﬁédg(f %,(dlgel fe%&ﬂﬁ‘lel?l %Q%ol%cule is

hardness i s, desired e i nvention ructura avi ng

a sili coRatisBlgppret; a%%fi t h’z\ﬁ %p@ﬁéﬁmnr@%w%ﬁh%e@aem(&w mey fe mentorsd

the COUph'pﬂﬂiu@Q@ﬂﬂbrosts@ﬂ& armh@tﬁﬂsl (ﬁ:stﬁoeﬂaﬁ tWozh ryda67Raef erred
(hereinafter e silaxane c

isroorsy o Sorieafly Ry guton: b Hhutustd Bt ot it B since an

conpblind otpavopdysilegest stngtuua hdvdng 4 siegld ghr%dlmnusuﬂlreﬁmﬂmlstrﬁaptﬂ iy Ry S
but _has fadilh SR ITAR-ONAE the SRIGAL I09e5Eh! CHI AL iMLHE Yifodih il

a S|Isequ|bxane struc hal n-SHlTreond seqy
ext ended bad-bdhaamgi@ahﬁ@lememn@tmdgha @fes?qmnmacnbsﬂgtmmxan@stnmhee pf theent

structur goﬂpimﬁggéﬁt‘?ﬁ Bhé’ ﬁloi&ﬁle' 1E151919y s ﬁeﬂf@@reﬂﬁh\éﬁfeﬁer%ﬁg IE§R RN

flexibility to a cured pro uc esin conposition o
t he i nvehfe§HOXqng@egpound (AL)). The bI ock type si | oxane conpound (Al)
can 1w, for ex[@[mt]e produced using an al koxysi |l ane conpound (a)

ted b f d I
25r epr esent ed T TRGCHER aveeaF SPRAPIS D) ot B pommaoRd Bvinditieating units
accordi nljneaulyrasexﬂusmh blakk oagydyhensduthaspotired-dimengi el g spriadihg bytidulee
gener al - Lk (Rl SARSDG SR Ryl AU IBL BE) b TDRGRADLSH fcone

segnent pe 'si [ oxane COnp rom
si |'i coneexendednd ézﬂt!d@%é thenpexd smeﬁ@h@ta@n atrugtere; ¢ (lhapresentsirvefuiens ane

segnent bfedivb m&clni‘ Ak tah:?aléﬂclé%ﬁév%bh ﬁ%nés%)ana%sélbﬁmf t&h K%M?kdcﬁ@@oﬁtﬁ%
to be added accor need). The followng wlTl explai

i ndi vi dugfrab! S\RF%F‘&PS%FF%OWW%WHFIPUOW 0020] The al koxysi | ane conpound
(a) is represqooer] by the follow ng general formula (1):

'The block-type siloxane compound (A1) can be, for example, produced using an
alkoxysilane compound (a) represented by the general formula (1) and a silicone oil (b)

25  represented by the general formula (2) as raw materials and, according to need, an
alkoxysilane compound (c) represented by the general formula (3) can be used as a raw
material. The chain silicone segment of the block-type siloxane compound (Al) is
formed from the silicone oil (b) and the three-dimensional reticular silsesquioxane segment
is formed from the alkoxysilane (a) (and the alkoxysilane (c¢) to be added according to

30 need). The following will explain individual raw materials in detail.

[0020]

The alkoxysilane compound (a} is represented by the following general formula
(1):

XSi(OR2); (1)

35 As X in the general formula (1) is not particularly limited as long as it is an
organic group having an epoxy group. Examples thereof include glycidoxy alkyl groups
having 1 to 4 carbon atoms, such as -glycidoxyethyl, y-glycidoxypropyl and y-
glycidoxybutyl, a glycidyl group, alkyl groups having 1 to 5 carbon atoms substituted with

9



XS i (OR2)3(1) 35As X in the general forrmula (1) is not particularly
limted as long as it is an organi c group havi ng an epoxy group.
Exanpl es t hereof include glycidoxy al kyl groups having 1.-to 4 carbon
atons, such as |3-glycidoxyethyl, y-glycidoxypropyl and

y ?I yCi dO)g)élt?bll?ultkyl Srogh YEF ey B c&]b@ﬂ atonesl Ha¥ing %man@gq\buﬁgoué% b®a Et(galt bon
atons supbstl tut,e CloO car ons
havi ng afPFRIYER e’é\'nll)ﬁﬂ’al g"solf]‘\éha E@ é%f?%ﬁ’yéﬁ%h@ﬁ'&Wé gEﬂH‘Bxi‘/ng’

group, aepexyBydokgmylyalyll goingy ﬁlwtﬁn@mdxygyﬂdmxybp@%gréup, a p-(3, 4-

CPOXYCY S LBOERIMEEL B it a3 (1.8 SRBIHENS AR ABLEPYbe B8Ry
al 3- (3, 4gémpxiawogdh@ﬁwal)hgemms fgxb@tmtpted@ﬁh hglyeidony BadupBgd elkys gtvaps ng

L to 3 caEhan 13t IR mg%%v@dt‘ab@a?ﬁg%%@ﬁ R Oa‘?if*‘%f f oup

gr oups hgw ng carbon atons subst
of 5 to 83VWAEE 56ﬁp<ai}'o&f9uma°9ﬁ HFE, afoglycigpwrghyl fgmupeﬁa cedoxypropy group,

ap- gl yci daxy gtiy- e;gasﬁgwo@xfmghylcgr@‘wmwﬁecg ARY PartiRBEIR a p-(3,4-

13- (3, 4- epoxyc ohex re preferred, and particularly, a
epoxycych éB% é&g@ﬁz é%@ared 10[ 0021] A plurality

of R groups pide2ENt in the general f or mul a (1) may be the sanme or

differ ent f ro%ﬁﬂﬁ‘gf? ?ﬁié%g B?e%ﬁ%?ﬂ'{e gelt:lxra rm’ul ¢]Z tl(ljer & Cl I ¢

al kyl group havi on at ons “ihciaite a
met hyI gedigent éwrre@@}lloﬂ@f @ug repagsent-plingay Ibraglcbubor eyelie a}(b:wngplup gevdog ] to
an n- but n

¥b cgybeﬂam?s xR )élstlgarréﬁfﬁnclﬁ‘deta? ?F%ﬁglupgdh : 1 éﬁ&fﬁﬂﬁg}rw

15 group, an n-hexy grou a cyc openty

and the Biovg afmspfpﬁ oV g MoRHE¥L Srevi #nibe W/gécw;ﬁoa byl gradptanghpentyl

condig i ogsug) Uaﬁhn—&&xﬂ@i@.%ﬁ abyélbpemﬁrgﬂoa;ea@ymshém ﬁ)ugeﬁﬂamhe AkEUPAOthedd
rre

t hyl t
or of er P old? Bty e Grupnas B acacfivh %éiwwgﬁwy s gt ressiviv
(a) incl adetl8d gl orandtyy gtduplis preftddemd pattenkrly, a methyl group is preferred.

p- gl yci doxyet ﬁb%{rethoxy5|lane, y- gl yci doxypropyl trimet hoxysil ane,
y- gl yci doxypr ri ethoxysil ane, 1343, 4-

epoxycycl ohex f?@rﬁﬂq sheriisteramples o the alkoxysilane (a) include B-
0- ( epl &%5@ L ke.
Par f% 0(a:ful éwgyﬁétﬁ}hﬁﬂéth% g%er Eﬁéel%l et L@P? ?@Bg)(sqlgﬁe | | ane is
preferre yc%%ﬁg BY R ‘%})g?’FYéH@lee&S‘rﬁiﬂfiﬂi‘ém’(oﬁ)’ Itgigthopyst Bi%eeﬁ @igly or two
or Em e é;ftﬁ:@epﬂohmyl)aﬁywﬁ@éthgﬁysﬂaﬁet tﬂl@yzl E’% lm 1 laﬂhyméthbi},%tlb&rhnd
with an XYys e rentio
i 11 cone i Rey ppamigighilnf e BRoEiiiaht rlwstf%xg?lfﬂhﬁaﬁ Prgfegigh afhese
the ter nalkazkysﬂaﬂm amprasda(a tmaydieursed sieplyes ¢wb edmoye theeeof olaly beiuse, or
geneszl {hgf/ %Iyq)e(u%}:d il QP AthaRAHHRE R al%xﬁﬁarﬂQc?t() ﬂ%'(%)ent%%ed below.

[0023]

The silicone oil (b) is a chain silicone oil having a silanol group at the terminal,

which has a structure represented by the following general formula (2).
[0024]
30 [Chem. 1]

oA o)

Ra
[0025]
In the general formula (2), a plurality of R3 groups present may be the same or

different from each other and represent an alkyl group having 1 to 10 carbon atoms, an aryl
35  group having 6 to 14 carbon atoms, or an alkenyl group having 2 to 10 carbon atoms.
8



[ 0025] In the general fornmula (2), a plurality of R3 groups
present may be the sane or different fromeach other and represent an
al kyl group having 1 to 10 carbon atons, an aryl 35 group having 6 to
14 carbon atons, or an al kenyl group having 2 to 10 carbon atons.

0210, 2 UMl fud) o a0na ps L0t s e
|

i ncl ﬁde é‘“ﬁ%’ig%x}‘l’gb E%)l #8%’%9‘?‘ AP up, X@HPHSHWWFH%‘?%‘“ thyl group, an

i - propyl e@mb gmupaan m-phulyy brogp oamt-prapyll grow, yh ngmmg,m@ ae bl gioup,

roup, en Qu ou

O oup: & st Bl broBb AP B bR SR enlh Sk8p, B0 ibe ST, AE 3TN gt v
an ochyl hgnt]dlgpqumaZydDmﬂtﬂ@qmp groyulohexyl igoowl amoeaylbgroap,delyihy herylgroup,
and the Lijg. bug, fmgy i&f&@%@ﬁk@“?ﬁ %Ee }ﬂ %laeﬁa%loﬁto?ﬁggf reflstance, a

met hyl group, a cyclohexyl group are pr
Exanpl es msth )tlgéo% Al e‘@ﬁ’ sunand mgydohexyl grosp prsdticgireds i ncl ude a

phenyl group, B}Ehtﬁblé@éﬁ/the E%up@ﬁviﬁgmbﬂhcgfﬂéiﬂl@toxﬁs Rrefudb :Eh&!ﬂ'é%bu

t
10" Lar boA" BigHL ef4ie) Aok SFP. BPOtlSLoUEkr B> it DR p, o

1- nettyl vinyl ]Qxam;ﬂcs @ﬁ’thahllkyﬂlyl@lf@mhav&lgtﬂ RPENAkb @ DokRs 1rﬁllhléfaﬁ&h5/l groups

Ol e & R bt P a3 MR RN Bon VAP R grour. & propshy b E s,

a net hyl goupupperdemt eroup agd adsxenyl gyaipohexyl group or an n- pr opyI
d t
group and par tyqH) tﬁlélv)’e“gu%n%@fdélﬁ‘?és‘(%&c@%@}{éqt%s‘?ﬁﬂlc 3 %% reprgsents

group. [0026] min onpoun e genera ormu
3 to 200MehyAgronped phen aroue, aexrloheXpk erpup apann-grapy! LOOP ape particularly

pr efes abppefedable aalethW@bupdd Sphe@§berloign 3. the cured product becomes
too hard and ldg&‘ﬁl astic rmduPus propertl es decrease. Wen mis

20nmore than 2 he nmechani cal properties of the cured product tend
to deterioratenis dletdaatpouhdaof:ﬂne gencﬁalﬂbﬁnﬂﬁ({ﬂhkpﬁdenti 962700 as an averagét h

o 17 by » FalbFd B et E RO RRE b RlF 519 S0 o sl et SvBY g
rangi ng ¢mr©¢*rpwﬂlcth¢cgl&es)m pg] ald/lamﬁiasmm Hygpeyeds drereaesat i When m is
chr Oé_fﬂit OfoRPhn 065 Ghe megﬁanﬁﬁﬁﬁﬁgehﬁs 6 ﬁé'cqu%bME%fnd%lj g%%h&af@ g(y &gg

at low tenperatur€, those a nol ecul ar "'wei g
are pref Biercas léﬁﬂtPfﬁf@trWér in consideration of conpatibility at the
preparation offoplrg conposition, those having a nol ecul ar wei ght of

300 to 5,000 e, nore ferr those aV|n e
500 to 3,000 g‘&ghﬁ%%af‘? @’Jﬁ%?‘i“’iﬁ F‘?é?féger@a g(%hﬂ&%ﬁ@ﬁﬁ‘ \éﬁ@g #Z@e
nmol ecul aprefmegmre thes¢ bosng dnamg:&ﬂ@yeragmmOhanlar:WerghSﬁangmgrfmmeBt)(D &s1 H00

t heeffhh {E[\ﬁag‘l%é drﬁ?%gre@ﬁf; %e?%eﬁxﬂ:% 181?91&%81%? rg'{f?ﬁhé/?G%%iﬁE {Bf tﬁést% ﬁlf nglﬁnggﬁon

to eri S I C prope
i npai r edof aNgsig mmlmté@umnpemtu@hthoee(h@ma 1®leoly mlgﬁvéa@otoalyﬂe&%

separ at egt bt futmb LB BRIBARE cbHBIIAY SPBE PEROIRA dRkSe f or

use in optical materials and thus the use becofes difficult. Inthe

i nvent i ofPMBEsItioRe those Bavings m/eéchlw weight of BR0 to1 3.0Q0u. nre prafgiredy hosgy
GPC ( gel hpafig® aiole2nlat WetMRbOJIPRIBN00 4B paMRUBAY pAfefr@de When the weight-

30 average molecular weight is less than 300, the characteristic properties of the chain silicone
part of the characteristic segment are difficult to exhibit and the characteristic properties as
a block type may be impaired. When the molecular weight exceeds 18,000, a severe layer
separated structure is formed, so that transparency becomes worse for use in optical
materials and thus the use becomes difficult. In the invention, as the molecular weight of

35  thesilicone oil (b), using GPC (gel permeation chromatography), the weight-average
molecular weight (Mw) was calculated as a value in terms of polystyrene measured under
the following conditions.

Various conditions for GPC



nol ecul ar wei ght (Md) was cal cul ated as a value in terns of

pol ystyrene measured under the follow ng conditions. Various
conditions for GPC Manufacturer: Shimadzu Corporation Colum: guard
col utm SHODEX GPC LF-G LF-804 (3 colums) Flowrate: 1.0 m/mn.

Col umm t enper aMangfacthode: ShigRdzs CbMRMtion THF (tetrahydr of uran)

i nomat ] ¢ vi scpliy GheiRgR CaBEEE (A EF R LRI n ine |

range of 10 toFIB@&atBSﬁ L midméen.preferably 30 to 90 cSt. When it is |ess

than 10 cSt, @gltumnst&%g Ita%rgfmt, e 10bl ock-type sil oxane conpound (Al)
is too | ow and suitabl'e as an optical semnm conductor

encap3®ul ati ng Hepshrolvent: ddHe(tetsabwdrofiganh t he ki nematic viscosity is

more than 200 p&kerok:He ( Mif&?&ﬁ'aiﬁéﬁ%toh%?r RleRetorf yPe sil oxane conpound
(Al') increases a trouble on worka P(lty tends to occur, so that

the cases are W@?gbr eferred. [0029] 15As pref er abI e speci fi c exanpl es
as the siliconghokihetillc vibdigity @Hh@\Mlﬂ:@n@bﬂ %Q@ﬂlet}ﬁn e of 10 to

t I I 3 s t
o e Ak g 4 O R R e,
as thoseblehujpecdiloxet doynislond { Al )sm t@hbm amil it Eomx smtaﬂle, asieWptidA3,

TSR160, YF3 2 .YE389
YF3804" afd S bstlr et dobn: i casch Wiy e R Grai (YT is more
DVB- S12, tenR081at, toveswsiy of i biek-typivslasane commﬂ ( ADMBCRaSSS and a

DVB- S33, ¢ %&%ﬁ@vor@@h%‘l&lds%c%%o thAh Seakes ﬁ@%o%%%u cgDS1615 a”d
PDS- 9931 as th[%ﬁfg manuf act ur ed by CGel est Conpany; ‘and the I|ike.
S

t he above ones| lom t he vi ewpoi nts of the nol ecul ar wei ght and the

nermt i c vi scespiogralELTic AXHpIATa o BindBAL), HE AT égfga&mzzs
are pref Bppecange W?@é@édffﬁﬁﬁWM?%bfrgap@Fﬁ% gg%é H%PS@%F

f or i npantanncaraharQowdidrsing dofayRILIEGONE €4.eXiHi-$841yandKE-B80 ad thosme

arepart PR PRI g T LR PR
singly oX F3|Q§7£YE33@|7915F3%YE(§8%75&F31864@ BFRA05 @ﬁihompmal]tured

;PEO{(@IS: By\’!\/ftﬁnéﬂ)tﬂvle é:ré, hﬁM@@lﬁQﬁ?ﬁﬂ% %Nﬁsovsmﬁh rszo@tlapLgs “s‘b¢1 DMS-

Ty Yo BT DY B 55, 54Y 855 D4 DM SRRE4Y, pbRIGRE:eps.
1615 and PDS-9931 as those manufactured by Gelest Company; and the like. Of the
above ones, from the viewpoints of the molecular weight and the kinematic viscosity,
PRX413,BY16-873, X-21-5841, KF-9701, XC96-723, YF3800, YF3804, DMS-S12,

25 DMS-814, DMS-S815, DMS-821 and PDS-1615 are preferred. Of these, from the
viewpoint of the molecular weight for imparting a characteristic feature of flexibility of the
silicone segment, X-21-5841, XC96-723, YF3800, YF3804, DMS-S14 and PDS-1615 are
particularly preferred. These silicone oils (b) may be used singly or two or more thereof
may be used in combination.

30 [0030]

The following will describe the alkoxysilane (c) in detall The alkoxysilane (c)
has a structure of the following general formula (3):

R«{ORs);  (3)

R4 in the general formula (3) represents a methyl group or a phenyl group.

35 [0031]

A plurality of Rs groups present in the general formula (3) may be the same or
different from each other and represent each a linear, branched or cyclic alkyl group having
1 to 10 carbon atoms. Examples thereof include a methyl group, an ethyl group, an n-

10



R4(OR5) 3(3) R4 in the general formula (3) represents a
met hyl group or a phenyl group. 35[0031] A plurality of R5
groups present in the general fornmula (3) may be the sanme or
different fromeach other and represent each a |inear, branched or

cyclic alpm:lyl mppamayﬂopgl grb@p Jaﬁ nCRtACRo@s, AR E-bufk gfﬂ&%% tek Rt P0roup, an
i ncl ude a E an n roup a@qhke
t

rou roou
i - propyl ngﬁ‘e(lil %r Ed’ﬁﬂq 'ﬁﬁﬁ Cg%llﬁp ntblt.ﬁr%‘l”g"rcg’ﬁlﬁg
group, afrram plm"m;ﬂvpghtsuﬂ,reanom edi‘lﬁktydnsg[ldum cofmpayibil@jf)&m I}ehctg\fi'@uﬁs isa
cycl ohex refgf Bﬁpafﬁ@t%g;% Bup Br ?tgylom t he vi ewpoi nts of reaction
o

condi ti oAs™”su as ¢ a%gauPreactlwty, R5 is preferably a
met hy$ group ol0032] et hyl group. 5[0032] Preferable specific

exanpl es of t f&qﬁ( uﬂ@o I oxysi | ane,
phenyl tri net hg%;gr#ﬂg el yﬂﬁﬁseo? 5 ly afrllée% enyP?rl et hoxysi | ane
and the eyl trigpethoxysilansy Bhesy| iametb@tcm aﬂ%um@hﬂm@lsqwaﬂ@eand

phenyl tr H&Iyﬂt@iéﬁ:%k&s’iﬁﬁe axethengeer 0@ @he a%awgﬁe%] methyltrimethdx{$1Rne and
i nvention e al kox ane fe%ﬂﬁg be used i n conbination with the
t he

al koxysi PAFRY i Q}ethqxé’ﬁ%ﬁf‘?ﬂg mol ecul ar wei ght of the
bl ocke t ype si | [@Ra%e corrpound (Al'), the conpatibility at the formation
esi.stan | ow

of the conposi Iy neal eS| tance, ||

noi sture f)erneltgbﬁ(?mtvf&lq OW as‘”‘ﬁ i |(iaint)?u§?éj cf%nqn?qyéma‘lﬂﬁﬁqg cured
15pr oducalkokpxiiang (2), for contmlulmgﬁbe mgzu\lealneveégltt loé thel tlaokylypt situxagie ompound
used in t

e lsed Ifﬁfﬁbhﬂéé ra tﬂﬁ\fh?)hat tgffc?}g%ﬁ&y éf ljhé'a%gﬁ%moﬁ Qﬁd a#elﬁ%%;l%kllsﬁﬂ& ql%ht
pr ef er abl§pistange, swwwumer@ﬁ@lm %(rlloi%%ﬁséﬂl?e etVénwe;hkf@fﬁlaﬁ Qwed by
nol 1bﬁse}amqn¢tt he 20 total nol of the al koxysilane (a) and the

al koxysi | ane g@h When the content is nore than 70% by nol,
crosslinking %‘th of the cured product decreases and nechani cal
strengt h | owerls thseast nvdierd the alkaggsilage (@ is tmeéﬁlewrﬁbinatﬁdiﬂsﬁﬁfj th%aalk(h@silane

react’ oL gl dilfe PLORMS I A0Sl ar hiE 81 GORB, Bl i Rl t e

25 alkox reaction’i h t he
equi val emefarablmé to 0¥y mkm@pi’gﬂ@dﬁsl}l prefemlaﬂ&w% Ibamol(kayed(@mtdiet he

al kgyysi {oamnélfaftﬁeoalp&(y@fllﬂﬁcta)a&ﬁ%gmexma&e&g) B oﬁtén?ls%ﬁ&e than

pref er ab) to 200 rticular ref era ative
equi val eﬁg Yodp mpplectops] @?fmg dg‘-ﬂwpofythe e grqqueb#f@re@sqs a@é)mechamcal strength

When t heloawtd, \g@t}@mhe\b@w@n@xp@mﬂ@dzoo the cured product using the
bl ock-type SOSIngSQane conmpound (Al') becomes too hard and thus the
obj ective | ow tic nodul us properties decrease.

As the reaction ratio of the alkoxysilane (a), the silicone oil (b) and the

25  alkoxysilane (c), the reaction is preferably carried out with the equivalent value of the
alkoxy group in the alkoxysilane (a) (and the alkoxysilane (c) to be added according to
need) being 1.5 to 200, preferably 2 to 200, particularly preferably 2 to 100 relative to 1
equivalent of the silanol group in the silicone oil (b).
When the equivalent value exceeds 200, the cured product using the block-type
30  siloxane compound (A1) becomes too hard and thus the objective low elastic modulus
properties decrease.
[0036]
The following will specifically refer to a preferable production process of the
block-type siloxane compound (Al).
35 [0037]
The production process of the block-type siloxane compound (A1) preferably
includes the following production steps represented by the following (i) and (ii):
Production step (i): a step of performing dealcoholization condensation of a

11



[ 0036] The following will specifically refer to a preferable
production process of the bl ock-type sil oxane conpound (Al). 35[0037]
The production process of the bl ock-type siloxane conpound (Al)
preferably includes the follow ng production steps represented by the
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in any ostgps agdntludeg. as t he 55teps are incl uded. [0038]

pref erabl e pro g on processes, specifically, the follow ng three
ki nds of product processes may be nentioned. <Production process
(a) > 10A proceds pﬁéerra@ﬁ@mﬂ@m@ piogeshesp eiecifiqally.she Sllamang Gigsdunds ¢fAl ) |

wher ei n productloﬁplfoﬁésseﬁﬁa)‘%B@niéﬁﬁ’éhé@tl on step (i), a step of obtaining
an al kOX\éﬁFcr fgne- nodi f iﬁ‘ conmpound (d) is performed by nodifying the

silicone UFRPIPIREFSSWR)h an al koxysi | ane through a deal cohol i zati on
condehsat i on rA@nddesmfoof)rddhangitﬁd ‘tﬂodslety@b Isﬂai:bahe hamba@ch(psli),lxambmgr oup
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to be added 15accéor rtlo nee ’ha? %flnig 3#1&5{% ? g an
al koxy geempourgl(d) is per Onn@djbxmdrfmmgyhe sa\hcctm@ﬂgmdu@ltwninalsalkpxs(sﬂax)q a
step Of afighdh ME&holiParfol oddhoat g@% ik&f%n Rind Hbab BA (B) KRYKS! SRR

(c) to be added accord ]g}to nee I con cohp avl ng

an al kox§'ypPEh e&%ﬂflﬁé’v thselkoryilaae fpdpnd by alkowyelang (<{)d9 b@ﬁddqde

si | lmneaajokdlﬁ@t@md&a}imaﬂlstamﬂld@hw bhﬂtﬂhzﬁﬂi@@al{émoi}o 1e8p randout the
hydr ol ytic conglgnsatl

Tl
v SoriBRBR, of 8 SheRiidnsiap iog Sek of 6‘1%5% ShisE i R B Rysilane
bl ock-t y( (aid thx alkﬁxmhpe)(u)cﬂo bd\hdded\&bﬁfrélng to need) that iy Silllccﬁﬁccﬁﬂlﬁ:#nd_
duct avi n
el koxiRuig BPalkbi prop3hE etk AR AR oA ERH (GG bl "0
hydr ol yt Pelawed ueﬂi@ziwctmtl% sténélﬂ Iwrb’equxlél@rh)tdm@m¢ kaxigngption psactién t he

al koxysi hbaneed &k aird al kaxysiehane (c) to be added according to
need) tha |§ a Sal |cogtrh&g)3rrpgé&nd ﬁaw ng an al koxy group by addi ng

wat er, am OduCtlonPrgﬁFl%é@ﬁently, as the production step (i), a step of
reacting the %bt@@ﬁ&oﬂpﬂodﬁahg w1 sk t@lp@hlﬂ@d&ﬁb c@hpouhdaiA 15 Rehdrgnm nal

wth the sil S%srgtu %rp])?ocgueglon step ?il) d st step of ogltalnmg a silsesquioxane (e) having an
alkoxy group in the molecule is performed by carrying out the hydrolytic condensation
25  reaction between the alkoxy groups of the alkoxysilane (a) (and the alkoxysilane (c) to be
added according to need) that is a silicon compound having an alkoxy group by adding
water, and
subsequently, as the production step (i), a step of reacting the silicone oil (b)
having a silanol group at the terminal with the silsesquioxane (e) to carry out the
30  dealcoholization condensation reaction of the alkoxy group remaining in the silsesquioxane
structure with the silanol group is performed.
<Production process (c)>
A process for producing the block-type siloxane compound (A1), wherein
first, as the production step (i), the silicone oil terminal is modified with an
35  alkoxysilane by the dealcoholization condensation reaction of the silicone oil (b) having a
silanol group at the terminal with the alkoxysilane (a) (and the alkoxysilane (c) to be added
according to need) that is a silicon compound having an alkoxy group to form an

alkoxysilane-modified compound (d), and then, water is added in the system, as the

12



30deal cohol i zati on condensation reaction of the al koxy group

remaining in the silsesqui oxane structure with the silanol group is

performed. <Production process (c)> A process for producing the

bl ock-type siloxane conpound (Al), wherein first, as the production
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al koxysi | ane- 8I ed conpound (d), and then, water is added in the

systet as t heln the buventior from the vigwpointtof shdryening the produotiotesteps: itdn

reaction o(2)
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ot hers dt ﬁﬁls?lﬁﬁ&?@ﬁ@dﬂzr@hﬂaﬁ@ g@ﬂdﬁdﬂ&ﬁéﬂ l%dpﬂhéﬁ@pﬂoééésltog@eﬂ?ﬁﬁn ﬂfe
roceed 1n e IQ on sie us e Si.l.lcone
B DC T emapidlien fen CiliR EnChd At i brohiShod ikt 63 Bruse s B e Fipeiine
product i prodsetam frioedss (¢), sinee qhet:ompatd:nlmyhﬂ thor lieotieiodln(by tvith tifd Jlkarsysikaed
t h . t RS
of the of SRS S ISIMNEN SRR REROHe bfdblerd e Ao RRANY RsbhY
al koxysi Paphieotites and sherrehettondoeynefi ngbceed en e atslicash t Farthetoresinseunds
do noj SEh¥EteRRN- ﬁfora%maaml ‘ﬁlk%?é?s‘ifah@& (H0R %t modt Iafgre%ﬁ)%ﬂt fe%vg@o the

avoi ded. Fur{herrm , Since 20unreacted |'ow nol ecular-welg

al koxysi Filpte! group,the pracesss alsp areferedfomhs WpwppKpEo a%tWétYm Wiheg|the
group, tpedpttirsess Glﬁlsaéﬁﬁe@t@is&lrﬁleﬂaéd xemtioh%nﬁ ltlwmﬁdtﬁﬁtloﬂfstep (i) is
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firsig hof]hEé}% dil (b3 bitblRORIb gﬁs‘?%#l@@ga?{d%é’&&l)%nﬁﬁe%) td B addell Gecording to

deal co I zat'i on ensa ) . o
need) is performed to modify the terminal of the silicone oil with alkoxysilyl, thereby

obtaining the alkoxysilane-modified compound (d). Since water is not added in the first-
stage reaction, the hydrolytic condensation between the alkoxy groups does not occur and,
in the case where the reaction is carried out using 3 equivalents or more of the alkoxy
30  group relative to 1 equivalent of the silanol group, the alkoxysilane-modified compound
(d) is considered to be present as a structure represented by the following formula (4).
[0040]
[Chem. 2]

Rg Rj Rg
| | |.
R7O Sll O Sll O SII OR7 (4)
L4k
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25silicone oil (b) with the al koxysilane (a) (and the al koxysil ane
(c) to be added according to need) is perforned to nodify the
termnal of the silicone oil with al koxysilyl, thereby obtaining the
al koxysi | ane-nodi fi ed conpound (d). Since water is not added in the
first-stage remouipn, the hydrolytic condensation between the al koxy
groups does no ur n the case where the reaction i car d
out using 3 eq]:'ﬁ f@s?%lm@ @P ¢130f’rné1 l'thaY%E‘eé‘T‘rRBWa?ﬂﬁéf' SFrélP‘%Qt e ?‘Eﬁiﬁ
equi val em¢predentstthe shdvatObr By, aup R; rdpeesehis Re)is ithecoase whekiefR (g6l tHeip e/ Habr
(d) is c tigcture represented by the
foll ow ng&ﬁégﬁ{sﬁg Pil}eb&[gggi%']%%ﬁleaab% '0041] In the fornul a

(4), ®3 and m KWA¥2] t he sane neani ngs as descri bed above and R6
represents theInQH@Yi?st >§t Eré%%ﬁo@%eﬁ%héﬁ %ﬂ%ﬁ Vﬁ%a&t%@raﬁg%ﬁe flaft
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S e ook b HEred. MtGteoSrovPen il et i cerrict o viind e B 7 Giivalents
secon@- sbﬁgm all@agtgraup, 6an nomoteealkéar droths 1Nb]ii@d1k@iysﬂmﬁe(la) {dné theeact i on
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with thegsd ,lg@}QﬁHn &fcﬁﬂ;pat e ﬁxﬁ@ bh iHe Q6 s%é Q)éron%?ﬁ%ﬁﬁ‘éd aﬁ%&%ﬁ‘étlt is
havi ng exceedi ngq@a%%] nol ecul ar wel g tai ned and ati oh

occurs abCeeRwry alkpgy EHOHR N & faélg@f t e%%qun‘&lmt%onmﬁﬁegﬁléave to 1
Thered or equivdlentof lﬂﬁﬁsﬂﬁﬁ@lrgfoﬁ@ r&o&ithé bﬁw@bﬁ@&?r&é@é&egﬂlaﬁoﬁ Qltrhl‘i’o Qf 2.0

1.5 equi val. eqts or _nore GIrve to 1 15equival ent of "the sil anol
group. FFEH ﬁ‘gSW’é’\%%ﬁsﬁf eaction regulation, a ratio of 2.0
equi val ents or[06#3]e is preferred. [0043] After the first- st age

(7)) of adai iy gafeprtaRag RAGTS: BRRRCATAFbocBla BB IIELF BnSiElan

(i1)) of addin " COR
t he al koki) gf WgteQWfO@mﬁb@hmrohbgpomctmsaﬁ@m betweeentbnalkoxy groups is

Fur ther ”Fér?omieﬂ v@ﬂﬁm?ﬁﬁ@l@fjfréétﬁ’igﬁt r ¢RethéBbre, iR Bl deLARI-§thde defctloh! dehctions
shown be OW (tlﬁ) shown%e?ow take place.

(I) A condensation reaction between the alkoxy groups of the alkoxysilane (a) (and
the alkoxysilane (c) to be added according to need) remaining in the system.

(I} A condensation reaction between the alkoxy groups of the alkoxysilane-

25  modified compound (d) obtained in the first-stage reaction and the alkoxysilane (a) (and
the alkoxysilane (c) to be added according to need).

(IIT) A condensation reaction between the alkoxy groups of the alkoxysilane-
modified compound (d) obtained in the first-stage reaction and a partially condensed
compound of the alkoxysilane (a) (and the alkoxysilane (c) to be added according to need)

30  obtained in (I).

In the second-stage reaction, the above reactions occur in a multiple manner and
the formation of the silsesquioxane segment and further the condensation thereof with the
chain silicone segment derived from the silicone oil are simultaneously take place.

[0044]

35 The production of the block-type siloxane compound (A1) can be performed with
no catalyst but, since the reaction proceeds only slowly with no catalyst, it is preferred to
perform the production in the presence of a catalyst from the viewpoint of shortening the

reaction time. As usable catalyst, any compounds can be used as long as they are

14



(I') A condensation reaction between the al koxy groups of the

al koxysilane (a) (and the al koxysilane (c) to be added according to
need) remaining in the system (I'l') A condensation reaction
bet ween the al koxy groups of the al koxysil ane25nodi fied conpound (d)
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to need) int ‘Hacti on system 15As a nethod for adding the
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sol vent. gﬁ &E%oq ﬁB#ﬁﬁ%ﬁ'%ﬂf&ﬂg@ﬁu %Feg shdh :{srh%x g}j‘ﬁ qxaﬁ? ?0111?1‘18 Gand

productlon 'S Nno
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(a), thereaétmx%hla%ﬁol(ﬁ reféﬁ'@d e?dd Ih@tﬁ%l% Eth&ﬁ’&l @ﬁl%ré ;Fl%ferred The amount

alkox si | ane- f1ed ound sol vent |nc u e
apr Gt %haﬁolg@}t\?%h% gsesiué HOta%afH‘P%i}hlglmft%@ %lﬁna as thejamountisde thedangre
and t et r whydtied iké@bn smoothly proceeds but the solvent is usually used in an amount of 0 to

900 parts by weight based on 100 parts of the total weight of the compounds of the
alkoxysilane (a) (and the alkoxysilane (c} to be added according to need) and the silicone
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30ket ones such as nethyl ethyl ketone, nethyl isobutyl ketone and
cycl opent anone; esters such as ethyl acetate, butyl acetate, ethyl

| actate and i sopropyl butanoate; alcohols such as nethanol, ethanol,
propanol and butanol; al kanes such as hexane, cycl ohexane, tol uene

and ;(y| end;( bﬁndl"ﬁel”l@adtioﬁ%mf)é}aﬁiﬂevdrﬁy ﬁ@ﬁén@{h ({]1{ tﬁérhﬁlbgnt\gcf‘%l’#r)%éﬂgsr’g Blut is
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car bgnat ﬁycﬁgéénsca%b%gte?ﬁhosphate salts such as phosphoric acid, sodium dihydrogen

phosphate, disodium hydrogen phosphate, trisodium phosphate, polyphosphoric acid and

sodium tripolyphosphate, and the like; organic bases such as ammonia, triethylamine,
diethylenetriamine, n-butylamine, dimethylaminoethanol, triethanolamine and
tetramethylammonium hydroxide. Of these, particularly in view of easy removal from
30  the product, inorganic bases or inorganic acids are preferred and further preferred are
phosphate salts and the like with which pH adjustment to around neutral is easier.
[0048]
As the adsorbent, activated clay, active carbon, zeolite, inorganic/organic synthetic
absorbents, ion-exchange resins and the like may be exemplified. As specific examples,
35  the following products may be mentioned.
Examples of the activated clay include Activated Clay SA35, SA1, T, R-15, E,
Nikkanite G-36, G-153, G-168 as those manufactured by Toshin Chemicals Co., Ltd.; and
GALLEON EARTH, MIZUKAACE as those manufactured by Mizusawa Industrial
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further the residue is washed wth wa ere the cat
the adsof®Bbifal%h be removed. 15[ 0049] After the reaction is
conpl eted or qoesghed, the product can be purified by conventional

separation an urification nmethods, besides .washing with water and
Filtration. Dians wse SPersile FEpTen Ssami SHEbHBas o RErdasctbls i water as
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30 [0052]
The appearance of the block-type siloxane compound (A1) thus obtained is usually

a colorless and transparent liquid having {luidity at 25°C. Moreover, the molecular
weight thereof is preferably 800 to 20,000, more preferably 1,000 to 10,000, and
particularly preferably 1,500 to 6,000 as weight-average molecular weight measured by

35 GPC. When the weight-average molecular weight is less than 800, there is a concern that
heat resistance decreases. When it is more than 20,000, viscosity increases and thus
workability is adversely affected.

The weight-average molecular weight is weight-average molecular weight (Mw)
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distillation or concentration under reduced pressure after quenching.
[ 0051] After washing with water, the bl ock-type sil oxane
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[0054]

The viscosity (E-type viscometer, measured at 25°C) of the block-type siloxane
compound (Al) is preferably 50 to 20,000 mPa-s, more preferably 500 to 10,000 mPa:s,

20  and particularly preferably 800 to 5,000 mPa's. When the viscosity is less than 50 mPas,
the viscosity is too low and there is a concern that the composition is not suitable for uses
as an optical semiconductor encapsulating material. When the viscosity is more than
20,000 mPas, the viscosity is too high and the composition is sometimes poor in
workability.

25 [0055]

The ratio of the silicon atom bonded to three oxygen atoms, which is derived from
the silsesquioxane in the block-type siloxane compound (A1), to the whole silicon atoms is
preferably 5 to 50% by mol, more preferably 8 to 30% by mol, and particularly preferably
10 to 20% by mol. When the ratio of the silicon atom bonded to three oxygen atoms,

30  which is derived from the silsesquioxane, to the whole silicon atoms is less than 5% by
mol, the cured product tends to become too soft as a characteristic feature of a chain
silicone segment and thus there is a concern that the cured product has surface tackiness
and is eastly scratched. Moreover, when the ratio is more than 50% by mol, the cured
product becomes too hard as a characteristic feature of the silsesquioxane segment and the

35  case is not preferred.

The ratio of the silicon atoms present can be determined by 'H NMR, *°Si NMR,
elemental analysis and the like of the block-type siloxane compound (A1).

[0056]
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The viscosity (E-type visconmeter, neasured at 25C) of the block-type
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represented b followng formula (5): 15[0057] [ Chem 3]
Yob

In the formula (5), specific examples of Ry include alkylene groups such as
methylene, ethylene, propylene, isopropylene, butylene, isobutylene, pentylene,
isopentylene, hexylene, heptylene and octylene, an ethoxyethylene group, a

25  propoxyethylene group, a propoxypropylene group, an ethoxypropylene group, and the like.
Particularly preferred are a propoxyethylene group and an ethoxypropylene group.

[0059]

Next, Rg represents a methyl group or a phenyl group and may be the same or
different. In order that the polyhydric carboxylic acid (B) obtained by addition reaction

30  of the silicone compound (f) with the acid anhydride (g) is liquid at room temperature, the
methyl group is preferred as compared with the phenyl group.

[0060]

In the formula (5), p is 1 to 100 as an average value, preferably is 2 to 80, and
more preferably 5 to 30.
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F18 Irs F18 (5) HOROt RB Si R8 SI IRO R8 OH wherein in formula
(5), R9 represents an al kyl ene group having 1 to 10 total carbon
atons, Rg represents a nethyl group or a phenyl group, and p
represents 1 to 100 as an average 20val ue. [0058] In the
formula (5), spm@ujlc exanples of R9 include al kyl ene groups such as
met hyl ene, eth
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6003 (al anufactured by Shin-Etsu Chemical Co., Ltd.); BY16-201, BY16-004 and

10

15

20

25

30

35

SF8427 (all manufactured by Dow Corning Toray Co.); XF42-B0970 and XF42-C3294 (all
manufactured by Momentive Performance Materials Japan Inc.); and the like that are both-
terminals carbinol-modified silicone oils, and all of them are commercially available.
These modified silicone oils having alcoholic hydroxyl groups at both terminals may be
used singly or two or more thereof may be used in combination. Of these, X-22-160AS,
KF6001, KF6002, BY16-201 and XF42-B0970 are preferred.

[0062]

The acid anhydride (g) is sufficiently a compound having one or more carboxylic
anhydride groups in the molecule. Examples thereof include saturated aliphatic
carboxylic anhydrides such as succinic anhydride, methylsuccinic anhydride, ethylsuccinic
anhydride, 2,3-butanedicarboxylic anhydride, 2,4-pentanedicarboxylic anhydride, 3,5-
heptanedicarboxylic anhydride and 1,2,3,4-butanetetracarboxylic dianhydride; unsaturated
aliphatic carboxylic anhydrides such as maleic anhydride and dodecylsuccinic anhydride;
cyclic saturated aliphatic carboxylic anhydrides such as hexahydrophthalic anhydride,
methylhexahydrophthalic anhydride, 1,3-cyclohexanedicarboxylic anhydride, norbornane-
2,3-dicarboxylic anhydride, methylnorbornane-2,3-dicarboxylic anhydride, nadic
anhydride, methylnadic anhydride, bicyclo[2,2,2]octane-2,3-dicarboxylic anhydride, 1,2,4-
cyclohexanetricarboxylic-1,2-anhydride, 1,2,3,4-cyclobutanctetracarboxylic dianhydride,
1,2,3,4-cyclopentanetetracarboxylic dianhydride and 1,2,4,5-cyclohexanetetracarboxylic
dianhydride; cyclic unsaturated aliphatic carboxylic anhydrides such as tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, nadic anhydride, methylnadic anhydride,
4,5-dimethyl-4-cyclohexene-1,2-dicarboxylic anhydride and bicyclo[2,2,2]-5-octene-2,3-
dicarboxylic anhydride; aromatic carboxylic anhydrides such as phthalic anhydride,
isophthalic anhydride, terephthalic anhydride, trimellitic anhydride and pyromellitic
anhydride, and the like. In addition, polycarboxylic acid compounds having a saturated
aliphatic carboxylic anhydride, a cyclic saturated carboxylic anhydride and a cyclic
unsaturated carboxylic anhydride in the same compound, such as 5-(2,5-
dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic anhydride, 4-(2,5-
dioxotetrahydrofuran-3-yl)-1,2,3,4-tetrahydronaphthalene-1,2-dicarboxylic anhydride and
the like may be also mentioned.

The acid anhydrides (g) can be used singly or two or more thereof can be used in
combination. Of these, cyclic saturated aliphatic acid anhydrides are preferred and
particularly, hexahydrophthalic anhydride, methylhexahydrophthalic anhydride,
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[ 0059] Next, Rg represents a nethyl group or a phenyl group
and may be the sanme or different. In order that the polyhydric
carboxylic acid (B) obtained by addition reaction 300of the silicone
compound (f) with the acid anhydride (g) is liquid at room
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25  acidic compounds such as hydrochloric acid, sulfuric acid, methanesulfonic acid,
trifluoromethanesulfonic acid, p-toluenesulfonic acid, nitric acid, trifluoroacetic acid and
trichloroacetic acid; metal hydroxides such as sodium hydroxide, potassium hydroxide,
calcium hydroxide and magnesium hydroxide; amine compounds such as triethylamine,
tripropylamine and tributylamine; heterocyclic compounds such as pyridine,

30 dimethylaminopyridine, 1,8-diazabicyclo[5.4.0]undec-7-ene, imidazole, triazole and
tetrazole; quaternary ammonium salts such as tetramethylammonium hydroxide,
tetraethylammonium hydroxide, tetrapropylammonium hydroxide, tetrabutylammonium
hydroxide, trimethylethylammonium hydroxide, trimethylpropylammonium hydroxide,
trimethylbutylammonium hydroxide, trimethylcetylammonium hydroxide,

35  trioctylmethylammonium hydroxide, tetramethylammonium chloride,
tetramethylammonium bromide, tetramethylammonium iodide, tetramethylammonium
acetate and trioctylmethylammonium acetate; and the like. These catalysts may be used

singly or two or more thereof may be used in combination. Of these, triethylamine,
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35 preferred. Ofthese, alcohols having a branched chain structure or a cyclic structure, such
as 2-ethyl-2-butyl-1,3-propanediol, neopentyl glycol, 2,4-diethylpentanediol, 1,4-
cyclohexanedimethanol, tricyclodecanedimethanol and norbornenediol are more preferred.
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are preferred.  Of these, methylhexahydrophthalic anhydride and cyclohexane-1,2,4-
tricarboxylic-1,2-anhydride are preferred.

[0070]
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phosphorylating agent.  Also, these phosphates are obtained, for example, by the reaction

30  with zinc carbonate, zinc hydroxide or the like (patent Document EP699708).

[0072]

As details of such zinc salts and/or zinc complexes of phosphate esters, the ratio of
the phosphorus atom to the zinc atom (P/Zn}) is preferably 1.2 to 2.3 and more preferably
1.3t02.0. Particularly preferred is 1.4 to 1.9. Namely, in the particularly preferred

35 embodiment, the phosphate ester (or phosphoric acid) is 2.0 mol or less relative to 1 mol of
the zinc ion, and preferred are those having not a simple ion structure but a structure where
some molecules participate through ionic bonds (or coordinate bonds).

[0073]
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[ 0068] 30[ Chem 4] are preferred. O these,

met hyl hexahydr opht hal i ¢ anhydri de and cycl ohexane-1, 2, 4-
tricarboxylic-1,2-anhydride are preferred. [0070] The
curabl e resin conposition of the invention contains the zinc salt
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e o By S s b e
t her e i sdeysididmide ydydnnide resins synthesized from dimer of linolenic acid and
ethylenediamine, and the like), polyhydric phenols (bisphenol A, bisphenol F, bisphenol S,
fluorene bisphenol, terpene diphenol, 4,4"-biphenol, 2,2"-biphenol, 3,3',5,5'-tetramethyl-
20  [1,1'-biphenyl]-4,4"-diol, hydroquinone, resorcin, naphthalenediol, tris-(4-
hydroxyphenyl)methane, 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, polycondensates of
phenols (phenol, alkyl-substituted phenols, naphthol, alkyl-substituted naphthaols,
dihydroxybenzene, dihydroxynaphthalene, etc.) with formaldehyde, acetaldehyde,
bezaldehyde, p-hydroxybenzaldehyde, o-hydroxybenzaldehyde, p-hydroxyacetophenone,
25  o-hydroxyacetophenone, dicyclopentadiene, furfural, 4,4'-bis(chloromethyl)-1,1'-biphenyl,
4,4'-bis(methoxymethyl)-1,1'-biphenyl, 1,4'-bis(chloromethyl)benzene, 1,4'-
bis(methoxymethyl)benzene or the like and modified compounds thereof, halogenated
bisphenols such as tetrabromobisphenol A, condensates of terpenes with phenols), others
(imidazole, trifluoroborane-amine complexes, guanidine derivatives, etc.) and the like but
30  they are not limited thereto.
They may be used singly or two or more thereof may be used.
[0075]
In the curable resin composition of the invention, with regard to the ratio of the
epoxy resin and the curing agent to be blended, it is preferred to use the curing agent of
35  preferably 0.7 to 1.2 equivalents relative to 1 equivalent of the epoxy group of the whole
epoxy resin. In the case where it is less than 0.7 equivalents or is more than 1.2
equivalents relative to 1 equivalent of the epoxy group, there is a concern that curing is

insufficient and good physical properties when cured are not obtained in both cases.
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[ 0075] In the curable resin conmposition of the invention, with
regard to the ratio of the epoxy resin and the curing agent to be

bl ended, it is preferred to use the curing agent of 35preferably 0.7

to 1.2 equivalents relative to 1 equival ent of the epoxy group of the
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[0080]

In the case where the curable resin composition of the invention is used as an
optical material, particularly an optical semiconductor encapsulating agent, it is possible to

35  reinforce the mechanical strength and the like without inhibiting transparency by using a

filler having a nano-order level as particle diameter of the inorganic filler to be used as
described above. As a guideline of the nano-order level, it is preferred to use a filler
having an average particle diameter of 500 nm or less, particularly an average particle
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al so possible to incorporate a phosphorus-containing conpound as a
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encapsul ating, agent, nmay contaln ah_am ne conpou
phot o- st BwFPiriaepl-2Def-hba StevarmetbrlbetyDpbesbuntl-iydrosy-phenol - based
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30  product of methyl 3-(3-(2H-benotriazol-2-yl)-5-tert-butyl-4-hydroxyphenyl)propionate

with polyethylene glycol, and 2-(2H-benzotriazol-2-yl)-6~-dodecyl-4-methylphenol;

benzoate-based ones such as 2,4-di-tert-butylphenyl-3,5-di-tert-butyl-4-hydroxybenzoate;
triazine-based compounds such as 2-(4,6-diphenyl-1,3,5-triazin-2-yl)-5-
[(hexyl)oxy]phenol; and the like. Particularly preferred are hindered amine-based
35  compounds.
[0084]
As amine compounds that is the above photo-stabilizer, commercially available

products shown below can be used.
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The commercially avail abl e am ne-based conpounds are not particularly
limted and exanpl es thereof include TINUVIN 765, TINUVIN 770DF,
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E et r1613|<| s4; 2'214121611&5 Bit?ﬁéthjil% wépm? ﬂl%]no‘l), eV Bhtghaéhéb% n@t@m@ﬂ%wlﬁxenol)
etral ci er en

di phosph &ﬁ’rf -Buty. éﬁ?%fb}’lgﬁ @L%X 2?[9 T’%eﬁ%‘%“@yﬁ@tﬁm’%&‘% ene

di phosphtnotis3-rhethylabeiesi- Eutﬁlpﬂencﬂ); ﬂt4—' bumyyﬂﬁtebmﬂhmeﬂly&ﬁ-tbrtﬂim@ﬂy]h@la

g: Bﬂgggﬂgﬁp}?bié tg@f@%@ B Hut ISy BH A RP SR R0 Besidd PRV £

t ert - but Yutplpbenol) 2,4-dbieshpentplpbendl phDisPhioydrexy-3,5-di-tert-pentylphenyl)ethyl]-4,6-

bi 4-
b: :EZ%) .. gl:—feﬁt%ehgym{eﬁ&pen:? Wék) bl§ [thﬁ?é/ Fﬁﬁg&ﬂgﬁg?‘gﬁgﬂ%zfpﬁeny]) -butanoic acid]-

yl phen -phenyl -p
bi s(2, 6- a‘m esera L]J%f‘?i phenyl) 4- phenyl - phenyl phosphoni t e,
bi s(2, 6-di -teroogsyt yl phenyl) phenyl phenyl phosphonit e,
tetraIC|s(2 4-di-te th en i he Iene
di phosphoni t e, A Ythe B[ﬁ‘%ﬂ?% %egscﬁﬁﬁllogn&/se E‘i’rﬁ@%ffé‘?llypar’f@g%{gi’ ‘Etrs i°&h Be glso
phosphat esedt r ifbdn enynepidyrvatlayle phémihbased ghepyplingshos pdnaiaeucmgrl)elizhyd:d
phosghat r
Phoashat 214 feiEtthets PO RNERe 1) %?1?@?*?8%%?6?9 Ik%"%%"i
30phosphﬁi(éA lﬁéy 1\{5%6 R@@%‘a)ﬁ%@ IR équX)@%]IRGANO 34§4t he
above phmmmxmsm@mqem a%@%%ﬁa&tureawdlﬁyk eo@a@d@mcﬁ@n
be al so used]p The comrer ci al I aval | a E or us- rrEoun S
are ot BAAPERA FAB RO ADERE. SHAB ARt BERdsS THBAD A bPERAS LA
by AdekaAOOﬂp@IEKAETAEA%@&DEK%MA%%E—AW%E{@EPEM@ AB- DﬁEtE%MEl(STAAB
R G ATEEA SERAGT 8% AR RIS Ap
1178 AMI@WBAEI&SDGurrvﬂDEKMIST-;SBS(ﬁmlAﬂEBBM-SIS\Bnﬂl&EﬁGI\A[SEKAh&TM(F)
3010 andsé[ﬁlﬁ% & ABthbEE manufactured by Sumitomo Chemical Co., Ltd., and the like.
[0089]
Besides them, it is possible to use additives commercially available as coloring
35 1nhibitors for resins. Examples thereof include TINUVIN 328, TINUVIN 234, TINUVIN
326, TINUVIN 120, TINUVIN 477, TINUVIN 479, CHIMASSORB 2020FDL,
CHIMASSORB 119FL as those manufactured by Ciba Specialty Chemicals, and the like.

[0090]
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[ 0087] The phenol conpound is not particularly limted and
exanpl es thereof include 2,6- di-tert-butyl-4-nethyl phenol,
n-octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate,

tetral ci s[net hyl ene-3-(3,5-di-tert-butyl-4-hydroxyphenyl) propi onate]m
et hane, 2, 4-di klieprefer@dub M‘lcoﬁjdffaﬁé Byledd @O bf the above phosphorus-based

%ygr 2§§Sﬁ§dl O?;!I&BI S %Aﬁ Eg%ﬂé‘t}munc‘s ang pE‘IEBI'lOlftb%SEd compounds. The amount thereof to be

tris- (3, blaided smol baltlyﬂlatly hiydted>and é&ninythe rangoof/@O0F at £0%hyS3wé&ight based on
trimet hyjr}hezcu‘}a erS nsc(o%p%fgfon A 19%1*)&&4 hydr oxybenzyl ) benzene, ‘

pentaerythrityl -
(3,5-di-tert- b[QD?II]—4 hydr oxyphenyl ) pr opi onat e] ,

3,9-bis-[213-(Bpd &fr&bl@%@sﬁ@ccﬂnﬁﬁéﬁfoﬂﬁt@ invention is obtamed b m1x1n individual
met hyl pheny1) - pr opi onyl oxy] - di rT%I hyl et hyl ] - aoxaspliro
ra

[5, 5] undé%l&ﬁ%neﬂi%‘%%%&eﬁwﬁ e The curable resin composmon of8 the 1nvent10r1 can be
gl ycol - biegdii§-ttadsforiaed o Boirt Ij!:)/dbdué:t o0 XVRE Saiké ahedR 20 AdbRYentidna b

Euzyl LS? 50 Sﬁ‘gﬁl‘?g( 3 Rg{:%a?gp t‘f“g?lfo’%’d%%ﬁ Bﬁ%%le}lrmg agent, and, if necessary, the

2, 2' Loret hyﬂu@mineb(%em‘dﬁelphbs;ﬁmtlmctontmﬂmg ptrapaind, the binder resin, the inorganic

g t2 er':TE Lﬁ%ﬁ%ﬁé}%ﬁ?@%& @E%é?rﬁf}‘g&'}%m H& g{%&ﬂ? hé?%g)r{ﬁnfl E’fﬁy? pqnénol

acryl atep lanetary mixer or the like accordmg to need until a homogeneous state is achieved,

2 11-(2- hﬂém},yo%&ng lacufible ﬂ%@iﬂtaéh%ewﬁet myti&t cbe Syifdhe g obraRRAtANENY
acryl ate | obi s(3 ert - utggl pheno

4 4' - but {ESiTTEINsYie- er.,lg;\yerglopée i/qql)l + {F SP@RBYibion 1s pottea or cast, a substrate is
2- t er3 - bithpilegdaterbthbichiithe 6othe cara%}ediemh@bﬁlpbﬂhyﬁ ﬁhﬁj&@ﬂed into a mold, and then

2 O Bl BRI Bl dingt NS RN G e BHRUSARLY

bi s[ 3, 3- tﬂsm ompadsiined yhelbverson-ibsalid, fleenmep bit arationcdc phegluycal
ester, 2 ec‘tjl'n tltglﬁ % daztﬁe?ﬁ{e’ltl cﬁ rgold Er@r t 1[1'591%15 %L%?&J}R&dmg machine or the

211(2h -di-tert-pent
20di -t er qungabm@@eatmg The curing temperature and time are 80 to

bi s-4¢3, 32@0@&1@ 2 VId Ys, 3lad @k ﬁﬁbmharw;ls) o@ybm@hﬁrdeﬁﬁt%nn@ HBRh
ester and the |i eno - based ounds,

Conmer ci Eﬂwrwﬁug\m %Prﬁ?%ﬁd&? gleyalp ﬂlf‘ete‘ang fyie SigPWisR éO UEngy
avai | iabl &apﬂhﬁﬂmlprmleddslmamﬁmng,slnﬁtaecmﬁig zppéﬁfomddafetwedeCeﬂd 250‘&11d
exanpl es_t hereof 1 nclude X 101 03 | RGA

R0 Toget el s Rraies by Liaadh e 0oRs a gk o 30 0g

| RGANOX p@wedltm thes@oipersurt Wothedividing the tampedatinge edB\daaoEpeoEad) 8y
Chenjcal ADEKA STAB AO- 30, ADEKA STAB AO- 40,
ADE%A5C ST%%g%nﬁg%w t‘ﬁ% %g 50, ADEKA STAB AO-70, ADEKA STAB

AO- 80, ADEKA 3 @ﬂAB AO- 90, ADEKA STAB A0-330 as those manufactured
by Adeka Cor p%@&b@&;a&!&% Rkt (FAhSBuraid iédin é&ﬂ%%@f’m&ft@{ﬂvlehﬁ&{can be

BBM S, mli (4 . Sum i
manuf act gd ﬁy dea%t%ﬁ@ %H‘féﬁli‘:é%ﬁ“g E%ﬂpo fop sztﬁfhawf%oq Im@esoﬁteeb%@}ﬂ as
BeS| des tohestie, XyleriesaqeOs®) mleelyl othyls}aet@@dniethyeﬁobmsrrrbetom@klimetajﬂ&rhabh@e

T N st SRR i SRR 3SR ORE FFrmish of

TI NWVI N %2 @urabld ietis SORBosi 000 RdDipre gBkii g ESORBatL 50¢H aseglassHibes carbon fiber,
manuf act g&te‘%’ibg 55@1 &é ﬁf)éryalgﬁ iRk 8 %%Jegtl‘fet%tﬂélgg(}réé %@qulpregnated

It is pr rre orate at east o .
phosphor @i Wisehe f'(tzlﬁESp'@d tslly subjpetingdhe ssndies ampresiedwt pressing  The

conpou nd§)lve-ﬁ|f' 6n ﬂﬂPUéﬁanbH@é’ &RH ik &n Qﬁo@ﬁt‘%ﬁ‘ﬁ@&hllysl ortatmmasyt wefgher kaferably
l'im_ted S, ih th eofO?%g . 0% by WEI? ont
curap e fﬁgﬁ Jﬁ)/&b %[t SRXFUER 0 «SH’Eaib esin composifion of t e 1nvent10n and

the solvent. Moreover, an epoxy resin-cured product containing carbon fiber can be also

obtained by RTM method using the liquid composition itself.
[0093]
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5[ 0091] The curable resin conposition of the invention is
obt ai ned by m xi ng individual conponents honbgeneously. The curable
resin conposition of the invention can be easily transforned into a
cured product thereof in the same manner as a conventionally known
met hod. For ﬁxam&llo e@motdt&teemeabye feRf d@nﬂﬂ&tibﬂ@fﬂwmﬂﬂmaﬂ@ﬁﬁ be @86 usddfas a
necessar the 10curi ccel er ator phos Qr us. cont,ai ni n .
Conpound prBs Foraet R BE ESaRbtiy o InfieBeT P aiRne el s Mlfdrmegesin
agent ar eomposm)onghhqcurabdedesuscmgpcamcm)«iﬂthnjmwentmnkmﬁ&niepplml asohd , a
planet ar ydtbaefiidied %El%léh' FER01 Sl Gd HIDGRH Hhibbla fdl? ﬁgagﬁ@re Piheny

state is achi eve anlgg sin co
the case tapgfoanativa lbbtfétﬁﬁeelsmﬁ@nn rtlegsthy tb@np‘xg@ &hemh@pect anﬁleswe agent.

| nvent i Ohi Shdek Ghdpdd aliR&ive i t
i's 15i npr egnat ed Iﬁﬁi H@I H:ﬁgﬁ%ﬁﬁg@ 2‘3‘?@%%0@ 1%%?? ﬁérégﬁ%%gllg? ?ﬁﬁ%‘?gﬁ)ﬁﬂ%m

i nj ect ed SHrIgtes toecifp egapsitiation ob phticel sHRisaRMCHIRL i ng.
Moreover, in tﬁu)e9¢]ase wher e the obt al ned curabl e resin corrp05| tion of
the invention i.s rocedur e

iecting 1t e loHIe U ey Be S i RS shop o st er
mol dithg meehiioreisoised fean ércepsateding undtdréa ocdrerbtgdnig rhdtedal gbr dysachl ng.

The curi MRE dtinme are 80 to 20200C and 2 to 10 hours.
As the cg%lfr?g neE(ﬁgg{&:ittﬁpl s possible to harden it at once at high
tenperature bui®0P%] is preferred to elevate the tenperature stepw se

to allow the cyrthdghsk Qaftd tta@ chebw@ﬁﬁ%&npéq&&t &ftﬁetrtvsénnbrtlistds@da éH' ng
is perforned Lﬁetvveen 80C C and t fen af, ter cure 1s perforned

bet ween FRASESHANDBeErl Agadge EW%m&eéla of pptical peraicangustprs such) as\idrighly
t he 1®npamahoiewhitd hED| thie Guridld ﬂeemtcempemﬁbnl (sSprepLadby tdrdughdy lantl@g the

25st ferabl 4
oot ed o sulonEap! B S0tk dusf el BB Rg s EF Sttosicaprand RIARE Sietg he
be for medhdty-stibsizet, and i uské as theantapsnieting matemjabe dsi toith of the kée-bonding

t "
ot ong. ©haldiiaParROh BfilapSHanAate Bl o KYLEEFUBACEED Bre ARLHY oY
di met hyl B@@Hﬁéﬁwr@@r @kvmﬁﬁm@ﬂrﬁym@m&ﬁ%@aﬂ@, 2 thaeestadirelleln e unbyepsebiniiearm

inte® Vel Bixet, AGofidndkbSa hebRisF@PBSIdS hﬁﬂor tHEnegnating a
substrate sucgp@gg ass fiber, carbon fiber, polyester fiber,

pol yam de fib | um na fi ber or paper therevmth drying the
i mpr egnat ed onzen oitat sansiadndugtor @etheht nahlay ashugaﬂeﬁhmﬁgugdﬂl@tté EEDIisi ng

P oo Sob SRy PHREDET SunefhE aSemiiitactoh ik &1oB36 SAAE GHP, G55, GoRlP
wei ght i Al(frmannGam deNpAIN heln€iaNg whicly lesibeercinpoated oa safstateenf sapphire,
inveyyio lﬁé]dS iche; ?f?xbb’&rthe hk%rtgg\f@ard fl ﬁ%@?&bﬂ@ma%ﬁ%qﬁm&g&%ﬁl?%ve

cont al ni car er can Be al so obt ai ne
i quid c@%%h@fi(tlilg)ﬁlatet@al f Thergdoafype wherc wmetmlh@sr FE0ld wirens cemeawri or
resin copmsttingddh &éctﬁ@@uﬂréﬁteann%}oﬁe@ﬂné)@te@éﬁ&oﬁ&ﬁ.‘i’oﬁeﬁuﬁfrf)ﬂn' Heut yfae
conposi tion for ‘i sul at?rf’% eﬁf} ase of gbt ai such fi
11 ¢y peorust A BaREIapls ot Terdbinchen e SPodondumsLs bR atsdavit
i nvent i om érwapsulfingamybrid dudsas diecpaky teie ntTthmfhb\teafe@insd@nm@s@oﬁef&ese
f|| th e r..heatl sformatl n
nt 0% ou§Rlanah o Pl EEINE reap Rt P RerE: o by aletalanafuer
agent T$tepSs heecorsrhmpetioaldhém oweabéﬁgleam carpobition séthedsveation as bothay ére
i nsul at i id JoBNBE e 'aﬁdlﬁ-y nd the |ike and en bl oc
film encapsﬁ)ﬁ on el-;Hilop ti ca ynﬂgg%%get?E?s [ 0094]
As a method of adhering the semiconductor chip to the substrate using the curable
35  resin composition of the invention, the semiconductor chip can be adhered by placing the
semiconductor chip on the curable resin composition of the invention after the composition

is applied on the substrate by a dispenser, potting, or screen printing and then performing
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The following will explain the case where the curable resin
conposition of the 10invention is used as an encapsul ating materi al
or die-bonding material for optical sem conductors in detail. [0095]
In the case where the curable resin conposition of the invention is

used as @BatNEAPS UF@{Heﬁﬁn tredthed oﬂiotduﬁﬁnﬂ@q&dbﬂqnffﬁﬂea&a}ahlgﬁmqu@ﬁd}cal
senlconductors S 15/ um nous white LED, the cura

;ﬁﬁ as,a g)hl%
resin conpo&’t escaBPBSEIP ®dy thoroughly nixing the epoxy resin,
the curing age[ﬂo98} he coupling agent, the antioxidant and additives

] d ( (
oator el oy boRb8id BRliohhe RIS, HF S RBle] P10 RO BN migpre 1o
mat erd al 24Aeurg. mer thg phrnose of retiheipg aﬁ@rnnh stuses tatbecgedcm‘@dyn hmenag,lfme
or el eva%ﬁﬂnﬁ%rm%rcawaﬁﬂe efanﬁ‘eM%@QSrlzgo fd?@@%lheﬂeéh 911!)&% an@then

uni ver sal _mxer, 20p| tary m xer nmom_xer onndi sper,,
beads m RftelpFure fan 'P‘?IR% ane@ge er condltwmsnofd&@.tedﬁﬂ &mc&%ﬂ]@u&wﬂoépéﬂﬁm
such as a hi ghfopo$um nous white LED is general |y formed by adhering a

duct hi AsP, . Al.Ga, | GaN,
AN, AN or 1 R AT s can A nE L SUbleelah efpd wheteh
sap phore ;thezijlsm)snkahng BiafEriabis, injéoed dmto taheoldifkeme inovtdcH ﬁladulf)sltlat&havmghhat
S1 kO RPRGKARS ARG ANAUDPRIYR o S bPRY G, [BEELLALY 1 JELE 1S

type ere a connec or con UCtI ng
an el ect moddiagra @mpressmn rmldtnganﬁ:th@d Wh@regetﬂw energpedalng whicpalis djediedion

and nDi Shyad a%ra%ﬁaltﬂasamw{d%cﬁi chi ?rifxeﬁ WAGhd %stref\tg?s %ﬁﬂéﬁé&‘ﬂe&hp heat

chip is encapsul Wp an encapsul ati n% mat eri1 al such as an_epoxy
resin. TREUESREY @ma@sﬁ RihssGheR selspsed eomthei moldner thn ohighmstiod da
as tilwe ebespsud.ati ng materi aI or die-bonding material. In view of

steps, it is cpnvenient touethe cura esi ositio of th
i nvention as Kot f B§ESHRR MR b%ﬂﬁpﬂ&eﬁﬁ:%@?frg ch'in e‘éf?(’f‘éﬁ Pt 9 ﬁ@"
mat eri al like{ﬁﬂQ'b]anmuanaht hod of adhering the seniconductor chip to

t he substrate Fb?'h@&l %g Ir&‘[‘[{(ﬁb(lf%O{SQIr cfr‘&gl'aﬁorf; ?ﬁ@é}gﬂ t&yoﬁﬁgﬂf&ehgé?}cp{ wave or

i nvention, the semc uctor chip can be adhere
seni condthetlke camppewnlaysd curabl e resin conposition of the invention

afterg t he conp@sitihh @BndifiodRé bRFeraMy! LSRN rt @ 2§M°@a§d a?d?)%???ﬁlnute to
potting, zg{l scren rinting faéithen erformn heat curl

heat i ng, 248 ho © RBPOsf 9f redycing Wnfsrpa] stipssrte gf*‘ SENFRGC qurli“’(jzcurmga for
fr equen;:yxm%)lxe po¢-clideah bkpe@@ﬁaoda%t egg% gwtt fol 80 4Bhutklemts mwmﬂﬂhzm ons
are preea qr, ex to nut e, t

oo b C LRt ot SERERCS wndi? ol fiR G20 (SR G 2 s,

heat cur| ng, f[6i0xanpl e, pre-cure can be perforned at 80 to 120C for

30 mqwutes to f%ﬁ%x@ffﬁtﬁ'i,gtg%cﬁljagl@ §gsfllt1 %m &rl’& If:(‘?f'}Bp ﬁw@ﬁt‘igr%am a']ﬁBﬁlgcf to

conltlons of 1 mnu
general uses in which thermosetting resins such as epoxy resins are used. For example,

there may be mentioned adhesives, paints, coating agents, molding materials (including
sheets, films, FRP and the like), insulating materials (including printed boards, electric
wire coverings, etc.), encapsulating agents, and also additives for other resins such as
30  cyanate resin compositions for encapsulating materials and substrates and acrylate ester-
based resins as curing agents for resists, and the like.
[0101]
As the adhesives, in addition to adhesives for civil engineering, architecture,
automobiles, general office works and medical uses, adhesives for electronic materials may
35 bementioned. Of these, as the adhesives for electronic materials, there may be
mentioned interlayer adhesives of multilayer substrates such as build-up substrates, die-

bonding agents, semiconductor adhesives such as underfill, underfill for BGA

34



[ 0099] As a nolding nethod of the encapsulating material, an

I njection method wherein 10t he encapsul ating material is injected
into a nold frane in which the substrate having the sem conduct or
chip fixed thereon has been inserted and then is heat-cured to

achi eve mEhfbrétnend a@%ﬁb@%%bﬁlihcﬁ% diRg(ACE)) aghshies wr@nctdﬁﬁn% such as
encapsul atin rrater(#ulch ﬁg:tpg an]?a][‘rml d beforehand

sem cond&B{SB ORI FRRGUCREGP EB‘FPS WEHISHRE- i s i mmersed therein, heat
curing is perf@o2d, and then the chip is rel eased fromthe nol d, or

the other net hﬁgtﬁéae%cgpégfign%gge%% there m bA%'r %ﬁﬁnedog Q{I}% PPI%% ﬁrghsfg-

di spenser, a transfer
ment i nednold encapsulggm uﬁeétforrcgndialsm,t thmmswrs hbfodea; llglmennmngquns, IC, LSI

i nfrared,p@yhe dhdegﬁbtﬁﬁfgﬁt%g gﬁgﬁf@for@@'ébﬁ aggth%méfg%g@ and LSL,

20Heati ng conditions are for exarrp
about 1 HnéRIfE ferflipshinsiand th qﬂéﬁe @rhrépwﬁtwseé myfuntiag aEIGipackagesisteh as QFP,

stress t BARagPOSP @hekiding vnaillcht toitfordefen)4adMedikePr €- CUre can be

performed at ﬁ@ 6:8] 120C for 30 minutes to 5 hours and then after-cure
can be perfor 4"Under conditions of 120 to 180C and 30 minutes to 10
hourk) [0100] RaFeurédmodwtebtaited io thesblentioasan be asgaida iviarious ks indekiding
I nventi OBBI%(?@TQQ’?S I%Qt%l‘lhlgd Il“f?e glr%&%f 1%at§r %smflsa%s \g@ﬁﬁ?‘a me?% 1an§oﬁ%eyuSBg In uses

resins su resi ns ere
ment i onetvhargighk su;él aspyaiibie dight msftare:dgraagdmv@plemﬂyd)(i‘rgy nataseriiahowed to

(includi sﬁﬂ%ﬁ%ﬁthefmét@i‘fal FR or@ﬂ%cfﬁ?ﬁll* I dolloWhtttnal b@ ﬂle bi&dd itladdition

(|nclud| rin board electric w ecoverlﬂwg
encapsul Eﬁ B%@@%‘@tm&ﬁﬁteﬁ!@&ﬁw tipgesMIbIyPe Fer1$§1 ndheyery ke

30cymBat peripferd) nGeerROSTok hqma chyakal ﬂ%ﬁi% uh@humg stiBdt@td BhtSridls doptlcal

substrates_and acrr¥I athe %SB@ baSﬁge t ?ICUI’I % geﬁn l%z i

resi sts, VAREHYFS priseLsheety f-fl%d\ggp FuPaS s RVIGH IS8 CLOBreC 1on

adhesi veﬁhﬁsg radlodsiniek, ﬁaln'g;lfnequd] gl;ysﬁl'mbh as:pmlaﬂzer pudtestivoifilms and drdilalin
ffice S, al s rray

Ssbe mentFaRug chy a8y HER®, MASURRE (60 R} LD ARLAT 5

t her e magntefl¢nsion |ﬁémé,opnhn@1@orrayteqn félmmm matemﬂls,tprb@y@ve ﬁlmssctfrfmnés

suchy@s Bid, @r’oﬁpgﬁéété%étﬁﬁ@ﬁg mQﬂeﬁalQ%ﬁ&' h&%sﬁ%@?&r%olo??@ Ib‘éhﬁ%td‘?gplay)

adhesi ves such as underf under f rei nFc@cerrent
ani sot r opfRECE8 3 ﬁé‘?’l‘tv%ﬁnFliaFlH% flatpang léléiﬁbsm%]é@%t%fﬂalﬁﬁﬁ HELh gneansplating
ani sot r oglateriaBTOLCEDY propstive flrh i kont gids, fheht kel &€ substituting materials and

adhesives for use in LED displays; substrate materials, optical waveguides, prism sheets,

polarizing plates, retardation films, viewing angle correction films, adhesives and polarizer
25  protective films in plasma address liquid crystal (PALC) displays; protective films of front
glass, front glass substituting materials and adhesives in organic EL (electroluminescence)
displays; and various film substrates, protective films of front glass, front glass substituting
materials and adhesives in field emission displays (FED). In the optical recording field,
they may be VD (video disk), CD/CD-ROM, CD-R/RW, DVD-R/DVD-RAM, MO/MD,
30  PD (phase change disk), disk substrate materials for optical cards, pick-up lenses,
protective films, encapsulating materials, adhesives and the like.
[0104]
In the optical device field, they may be lens materials for still cameras, finder
prisms, target prisms, finder covers and a light-receiving sensor part. Moreover, they may
35  be taking lenses and finders for video cameras. Furthermore, they may be projection
lenses, protective films, encapsulating materials, adhesives and the like for projection
television sets. They may be lens materials, encapsulating materials, adhesives, films and

the like for optical sensing devices. In the optical parts field, they may be fiber materials,
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[0102] As the encapsul ating agents, there nmay be nentioned potting,
di pping, transfer- 5nold encapsul ati on used for condensers,
transistors, diodes, light-emtting diodes, IC, LSI and the liKke,
potti ng encapsul ation used for COB, COF, TAB and the |ike for IC and

LSI, undegdsid, opfie wakkguiddyl ﬁﬁ:aﬁﬂﬁhﬂin Endtbidls fRREARMH, 8RR e bind T ke g

of IC packages suc i ncl udi n under f for
ei nf o e RGP IEN P hoRBeTTsRchesg 05« P(fs oD SHEE. olbey HSH ben
t he i nvenbpiical fﬂnarrrnb@naks,efénmtesvmapmkatmgmternxl;é. lad]ne%gre@ahd thellikpdn tie
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Various conditions for GPC

afc@ value in terms

Manufacturer: Shimadzu Corporation
Column: guard column SHODEX GPC LF-G LF-804 (3 columns)
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methy! isobutyl ketone (MIBK) was added and washing with water was repeated three

times. Then, 647 parts of an epoxy resin (A-1) to be used in the invention was obtained
by removing the solvent at 100°C under reduced pressure from the obtained organic phase.
Epoxy equivalent of the obtained compound was 541 g/eq, weight-average molecular
30  weight was 2100, and the appearance was a colorless and transparent resin in liquid form.
[0108]
Synthetic Example 2 (17)
As step 1, 263 parts of B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 475 parts of
a silanol-terminated methylphenylsilicone oil having a weight-average molecular weight of
35 1900 (value measured on GPC) (silanol equivalent of 950, calculated as a half of the
weight-average molecular weight measured using GPC), and 40 parts of a 0.5% potassium
hydroxide (KOH) methanol solution were charged into a reaction vessel, and a reaction

was carried out under reflux for 8 hours.
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Col um tenperature: 40C Used solvent: THF (tetrahydrofuran) Detector:
Rl (differential refractonetry detector) 5(2) Epoxy equival ent:
nmeasured by the nethod described in JIS K-7236. (3) Viscosity:
measured at 25C using an E-type visconeter (TV-20) manufactured by

Toki Sangyo OOAS step a, ?ft&ms]paﬂfbl of inelhaaoiiving a\dﬂitlbnﬂﬁﬁé?ddebel 1t5hﬁﬁs of a 50%
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a 0.5% pby asrﬁmiﬁg thedsbmendﬁ 108@Nmdetrbdited peedusé from ﬂi@b&aﬁﬁdh@%@hd PHage.
a react|%n )\{/egse r& g actdeon 20 ggé Fd out gnder re1 for
8 hour s, DPoRY Sdutylled SEE bTiod conylonni Syas 836 /e Pighbspvaas molectlar
addi 19 onaleight acd 2690, m;d ﬂpwppsa_ralﬁceawﬁ;op/éodbrmss bihdeulanspaent reeinhatiqhid form.
sol ution was a@tﬂg dropwi se over a period of 60 m nutes and a
reaction was carried out under reflux for 8 hours. After the reaction
was fini ShedetinBxampleBA38) on was performed with a 5% aqueous sodi um

di hydr ogen pho}ﬁ@&@j% ¢, 305 pHds QR B %anéb&?%l&féﬁﬂt)etﬁﬁ%lﬁéthgﬁtshﬁt@ |47 rts of

d till he rts. of I sobut yl
ey M 4 G R -0 b o
timess Thaeo (v@lfhE np@sﬁmd@h GRCpidasio] é@.ﬁvalex{t@sf $30, to@ldﬁﬁé&tﬁ@(b hallf dfhie

ntion obt ai ne n uce
or essur o Ve TRt mp e e S P kil EC gRa 400 £ Bt RofeSRin
obt ai nedhydnpida ﬂﬂmﬁsnfshamegsﬁqtlomamcﬂw@eé irdg e rerptien vtwel, 3ddherghtiomas
2100, anq,aggﬁ,[g@gg?[@@pl% gdrgrl ess and transparent resin in

liquid form arrple2 17) As step 1, 263
parts of 13- (3,4 %ﬁb%ﬁf&ﬁé 6651@ saypadtrasthanol was reddtienallyradded, 183 ;pafts of ©50%
si | gl - dRfiMdWwhieHmeBiahvl BRI vedslad8 Q@ oPivise ¥ erRdTINhmAE LADS
mol ecul altea\é\tl%ngwta:.s ((:)Jrrled out under reflux for 8 hours. After the reaction was finished,
neutralization was performed with a 5% aqueous sodium dihydrogen phosphate solution
and then about 90% of methanol was recovered by distillation. Thereafter, 750 parts of
methyl isobutyl ketone (MIBK) was added and washing with water was repeated three
25  times. Then, 620 parts of an epoxy resin (A-3) to be used in the invention was obtained
by removing the solvent at 100°C under reduced pressure from the obtained organic phase.
Epoxy equivalent of the obtained compound was 605 g/eq, weight-average molecular
weight was 2120, and the appearance was a colorless and transparent resin in liquid form.
[0110]
30  Synthetic Example 4
Into a flask fitted with a stirrer, a reflux condenser and a stirring apparatus were
added 84 parts of methylhexahydrophthalic anhydride (RIKACID MH, manufactured by
New Japan Chemical Co., Ltd., hereinafter referred to as acid anhydride H-1) and 239 parts
of a carbinol-modified silicone oil (X22-160AS manufactured by Shin-Etsu Chemical Co.,
35  Ltd.) while performing nitrogen purging. After a reaction was carried out at 60°C for 2
hours, heating and stirring were performed at 90°C for 3 hours to obtain 323 parts of a
polyhydric carboxylic acid (B-1) represented by the following formula (7). The obtained
one was a colorless liquid resin and functional group equivalent was 646 g/eq.

38



351900 (val ue neasured on GPC) (silanol equivalent of 950, cal cul ated
as a half of the weight-average nol ecul ar wei ght measured using GPC),
and 40 parts of a 0.5% potassi um hydroxi de (KOH) nethanol sol ution
were charged into a reaction vessel, and a reaction was carried out
under r efHorxuk@y) 8 hours. As step 2, after 655 parts of

met hanol was aéiir]ﬁi onal |y added, 115 parts of a 50%distilled water
nmet hanol sol ut ]\I\BS added dropw se over a period of 60 m nutes and
a reacti ¢6hemsS]carri ed out under reflux for 8 hours. After the

reacti OI’IHAQS} mni &hed, neutrali zatI:i-ipn was pecHormed with a 5%
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eq:Ji va: epdferdd tﬁ% ,zim@anmda}m #fic s’acl:tbak:ﬁri adgbl%rem@i (91’1%111‘@!1\11@1’40 ggﬂMP
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bot acei umeAFDIT Titees YRR CherbisaPRainali BrangRimitt ffgred toas
react i oncatelystdl1) aamcuang eccidrator, wad a harderedcintne (ILk@é manefdctred by Adeka
hour s. s 2 A et I |1 I

195 par t SoRe oty bASRERABRAIARS 8 laid RO AR (R (AR
dr opht se2@menufagiaraddy Adcke Canperatiens harinagier ifrrdddn apadditive -2kes out
under rehdditivdsOthe weedibiendedf ih BlentiHy hEGSHRAR) B\?%eggh@' shB&Ain the following

neutralization s, per.forned th 5% aqueous” sodl um di hydrogen .
phosphat Totue  gofl Gr omming YETPaissmed GuAdgTiiniss fia bR (& GESFOBPOBijions
di sti | | abi the invEheoeaf foe compaisopart s of net hyl isobutyl ketone (M BK)
was added and ﬁ?ﬁgl ng with water was repeated three 25tines. Then,
620 parts of a{ epoxy resin (A-3) to be used in the invention was

obt &hed(IdD eesapsulatiprt fest) sol vent at 100C under reduced pressure from

the obt ai ned o{gan6h DRFS urabRYn UYL G a1 Bfindd's pBEAAS cOmPOUNG

was 605 g/ eq, wel ght-average nolecu wel gL V ] )
appear antempastiye Expmpleewss sitdectedinsiganen delfoaming fon20 mjontas, filowan filled
[0110] into a syringe and injected into a surface-mounted LED (SMD type 5 mmé) on which an
emission element having an emission wavelength of 465 nm had been mounted, using a
25  precise injection apparatus. Thereafter, an LED for test was obtained by curing under
curing conditions at 120°C for 1 hour and further at 150°C for 3 hours.
Evaluation items

(a) Volatility: The presence of concave(s) on a cured product surface after

encapsulation was visually evaluated. In the table, 0; no concave is observed, A;
30  concave(s) are slightly observed, x; many concaves are observed.

(b) Tackiness: no tackiness o, no tackiness x (finger touch test)

(c) Reflow test: after the obtained LED for test was allowed to absorb moisture at
30°C, 70%x72 hours, the presence of crack generation on LED under the following reflow
conditions was confirmed using a high-temperature observing apparatus (SMT Scope SK-

35 5000 manufactured by Sanyo Seiko Co., Ltd.). The test was performed with n=3 and
evaluation was performed with (NG number)/(test number).

The conditions are as follows: temperature is elevated from 25°C to 150°C at a
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30 Synthetic Exanple 4 Into a flask fitted with a stirrer, a
reflux condenser and a stirring apparatus were added 84 parts of

nmet hyl hexahydr opht hal i ¢ anhydride (R KACI D WH, manufactured by New
Japan Chemical Co., Ltd., hereinafter referred to as acid anhydride
H 1) and raasfpm/a&oﬁﬂaﬂdﬂﬁnme 1 pordi fdrednﬁmte\sqem er@ture {9EAh&&IARted to
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obtain 323 parlio':] ﬁlL a polyhydric carboxylic acid (B-1) represented by
the followng formula (7). The obtained one was a colorless |iquid
resi n° anéCemeriya gﬁﬁzﬂeflg??@@pt@%l val ent was 646 g/eq. COOHHOOC 5[ 0112]

Exanples 1, 2,ydn éacf@ﬁﬁgo&giﬂgﬁﬁﬁ:abl\é%ﬁfE%Eb@sﬁl&s 1t was ﬁlled Hrctb Qg\lnriltiﬁ:
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Cor por at t&1dr cﬁh%@@bﬂﬁqtetsﬁ{}erf 5t@dl (86 flathedrarHieicht ¥Sidd Tﬂe)en%%ufhtlon was
phosphorus co 5260 @)nuf actured by Adeka rporation,
her ei naf PE?EYY‘%‘P ﬁ?‘%&es{l S 3¢ saAMR 18 VaPlglo) as additives, they were

bl ended MEabiremdmtr(g)ﬁdaidn@s (part(s) by weight) shown |n the follow ng
Table 1 and d egg\/\gas‘,z(?/erfor ned for .20 ”f %n cur abl e
resin conposit c%}'Fnosswof Prie=T RIERTAS ATGIOFER 52 ug% #OHHq Ep
encapsul hlaclbois absettvid in the caseAfhess theaulfumormmmenMB adaced rvesh gilver)

conposi tions ﬁﬂné?@ fi’?ip:
subjected to \c/tg%:rt%&ﬂ%t oam ?iﬁpﬂf aglgqgn Eé&sa}éﬁn Fl?dg"ﬁ%ﬁitlonand
syringe thied-HInpackesywernaged Qﬁeﬁméﬂ Asnife-swuibebgl aSWWﬂ?p@d gmae tightly
whi chp ancl@@@clsssﬂu@t_rbrﬁ%ﬁﬁ% pifethe R déh RIS 28 bwﬁréeba%%&a ﬁ%mﬂﬁémmlﬁ@éi
been nount ed, ing. a reC| se in m &% E&g Thereafter,
LED f or g%gs‘?’as\ﬁi WSEII%F?\‘B 1“59/‘3?,‘?}??#@ 8L RACK AR condl tions at 120C
12 0; 1 Ihour anduﬂgmérheih c@t*roﬂﬁﬁ)ﬂ"ﬁd]imé;rdmité@forlﬂ‘iﬁbld)@hg(ﬁlﬁblleﬁdﬂffﬁme pres;ent
a) Vol a es a urface
after enfélaggﬁ Y a@ég\?’?as?géﬁueg%va&? f@é""aﬁ ‘hbS‘EIP(s gréBE Ig
concave regummgéom fime; foﬁﬁﬂmngf( s)judged te bé giord gxocb@ﬁ fiv eatrosive geany
coneayes,Rfsepebser ved. (b) Tackiness: no tackiness o, no

tacki ness x (finger touch test c) Reflow test: after the
obt ai ned LED fldt obgavatigaswas i ed gveipd doyr anst evaliation ag pesforppghamgil 5

hours, thaupr eseregustiort iskkeQanarot a@ébl&raubmaye&@ﬁatédﬂe fol I ow ng
refl ow conditi 8@3éwas confirmed usi ng a hi gh-tenperature observing

appar at us (Sl\/If pe SK-
(LED lighting test)
30 Each of the obtained curable resin compositions was filled into a syringe and

injected into a surface-mounted LED (SMD type 5 mmd, specified current of 30 mA) on
which an emission element having an emission wavelength of 465 nm had been mounted,
using a precise injection apparatus. Thereafter, an LED for lighting test was obtained by
curing under curing conditions at 120°C for 1 hour and further at 150°C for 3 hours. For
35  the lighting test, a lighting test at a current of 230 mA, 220 mA that was more than the
specified current 30 mA at large extent was performed. Detailed conditions were shown
below. As for a measurement item, illuminance before and after lighting for 40 hours was

measured using an integrating sphere and an illuminance retention ratio of the LED for test
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35 5000 manufactured by Sanyo Sei ko Co., Ltd.). The test was
performed with n=3 and eval uation was perforned with (NO

nunber)/ (test nunber). The conditions are as follows: tenperature is
el evated from25C to 150C at a rate of 2C/ second and then kept at
150C f or vasriloulesd, Taopsohs aeshdsn inTibiet. el evated to 260C at a rate
of 2C7se%ﬁ@gbgggmﬁﬁéﬁg%rhq%h{enperature is kept for 10 seconds,
cooling is performne or onﬁ%enperature at a rate of 1.3C/ second.
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obt ai ned cura j A j [ i SV d
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which a chip heMiig eavie@thémd! LiBing S 8 WeBAR hRRBHE 0PB5 46850 had been
nmount ed, usmglfj reci Ion. ap us. 10The injected materia

a e i.njec ar at us
was pl aced i nt Vaégal’i’é?&iﬁw&l?@ﬁéﬁ@“’é’ﬁdg%#%&%@“% a curing treatment
at 120C for 1 hour and further at 150C for 3 hours to prepare an LED
package. The LED package was allowed to stand in a corrosive gas
under the follow ng conditions and col or change of the silver-plated
| ead frame part present inside the encapsul ati on was observed. The
results are shown in Table 1. 15 Measurenent Conditions
Corrosive gas: a 20% aqueous amoni um sul fi de sol ution (discol oration
into black is observed in the case where the sul fur conponent is
reacted with silver) Cont act nmethod: a vessel containing the
aqueous ammoni um sul fi de solution and the LED package were pl aced
together in a w de-nouthed glass bottle and, under a tightly 20cl osed
situation with capping the w de-nouthed gl ass bottle, vaporized
ammoni um sul fi de gas was allowed to conme into contact with the LED
package. Judgnent on corrosion: The tinme required for discoloring the
| ead frame present inside the LED package bl ack (call ed bl ackeni ng)
was observed and an LED package requiring longer tinme for color
change is judged to be nore excellent in corrosive gas 25resistance.
The observation was perforned every 1 hour and eval uati on was
performed until 5 hours. For evaluation, time required for
di scol oration was evaluated. [0115] (LED lighting test) 30Each of the
obt ai ned curabl e resin conpositions was filled into a syringe and
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injected into a surface-nmounted LED (SVMD type 5 mm|), specified
current of 30 mA) on which an em ssion el enment having an en ssion
wavel ength of 465 nm had been nounted, using a precise injection
apparatus. Thereafter, an LED for lighting test was obtai ned by

curing under curing conditions at 120C for 1 hour and further at 150C
for 3 hours. For [§5(ghe Ili ghtijng telst], [a IightirEg tlest at ajcurrent of
230 mA, 220 nmA thatewds (nmpre (thap thefspeci(filed gcurnent| 30 mA at
| arge extent was |§eEf dred. Detal ljed ;?rﬁlitio B 268 Shogn|bel ow. As
for a measurenent/ § Eem |i || urfi napde |bef Brje [and| akt|én Tilgiting for 40
hours was neasur ¢4 Tsi ng an ifntegrjatli ng| dphefefand an ifl | um nance
retention ratio of—tjetEPDforTtest vas—|cat¢tatgqeth—Te—+esults are
shown in Table 1j2Bdtdi led congitiloms| fior| I|i ghtind Eni dsioh
wavel ength: a maj g &eis$i bpy Yaleldagsn [465[/nm | & Dri vi ng
nmet hod: const ant g-LEE’em rrértho:i,gém(ﬁmﬁ, 238 | A3 9pecl fli éd| current of
5 the em ssion egrﬁnt pvals 30 my) ;| {hyee {LEDs Wet¢ $imjltapeously
lighted in serieg, [riving envlrionment:l lji ghtiphg iin]la wet heat
machi ne of 85C, B&%|Eyal uationt |i Il um rlance retention natip after 40
hour s [0117] g el As| Cofrpir|atli ye| Bxanmpl g 8,8 there |was| used a
silicone resin opff&ed| by agdi|So8|Pol|yrefupat ipepf, an,
organopolysiloxar@;z's-l hav| NG & <[®adt |t o lee? gqoupis bondi ng
to silicon atoms|@fd an gr gaphohydi ogenpol ysi | gxan S-2) having at
| east two hydr ogenm—Sa u%ﬁ: bopdirgtpsipH| cpnratonss eh—parti ci pate
in addition poly lzath dn W th |t hef al kehy|] @rloyps.| The above
silicone resins (S8l |ahd<$ 2 spedi {d:fedl I|y| hpvie t e|fpk owi ng
structures. 5-1:| &|of g&@)oByfriegefB@|ysi | okt ofFpining ja pl atinum
catalyst in a catd yt|c gmpunt| (|0.|1% or| Ifeds) jand|havi ng phenyl
group/ met hyl group/yi hyl lgroug as|ordano| 10grdups|iin_a|ratli o of
0.4/1/1 in terng of | npl|. S (2)\: am orjganahydy ogenpol ysi | oxane
havi ng a phenyl gEOJp, a|methyl |gfou j,m:l a |vijngl [ group as organ
groups in which |t Be| ri@li o If c@_ntﬁéd pheylo [gEolspl et Ry
gr oup/ vi nyl grmpﬁféhyd':"égen*‘atcﬁii T Mydrosi |l \I oup is|Z3/1/1 in
terms of mol. Inc®dentdllfy, [in Copparatije Bxanpl [3, fhe|bl ending
rati o (mass ratifoyyasTST+-S-
w it
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g E - = gg clo __E S 1 \é\;
A A
i
= Et"c;"'g
B0 {3t Bl bt b Kl brd M 5 E|E|ETF|ET
<|<€|<] @ [T|O[H|5|>|wln B S|xfE 88 5
e EE:
A omgmg
8 5 8 13
- ?"' Q)g*-' 4= :-D rﬁ
< 18|22 A 8B5S
= o3RSy T | & 222 3| E|lsclva
by ZolNl=|lg B - S|l dlelo q|H e
8 |12°%®E <P [©F 5 EEESE Y
a5 |<(g[0 -
- 2|
=
§' = :é 53
O 8 85
3 = 56
B 3 i

42



152=1/20 and curing conditions were 150C and 1 hour. [0118]

Fromthe above results, it is revealed that the curable resin
conpositions of the invention (conpositions containing an epoxy resin
(A), a polyhydric carboxylic acid (B) having a silicone skel eton, and
a zinc salt anfldv] a zi nc conplex (C)) does not discolor 20 silver

lating on a | f . e i cur-abl e r.esin. ...
(F:) 0 rrposigt i ons o_g@g:émq a?%\i%\s/%)&%pg%% glg%@ \;svgs {l%gta #hg&g ur %ﬁloéparl%esdi W addition
conposi t ipehysnestzatiereof a1venganapelystlexanst(Sdn hypviag @t ldassriwoi atkanyl grospy borglise

resi st angg sfidbn atck SXE S :oFg&holilﬁ:lr ée%?éllygiﬁ?éaﬁé ?‘@—92? _'hallzl.lﬂg tag E%a%f»?on h%%rgg%n

the results that_ better_1l1um nance entionratio |

hi gh-eur RS Berding tosHison; ems.nyhich sartisjpse wh eddisionpralEgenigatign avith the
si | i cone allk@gylnaroggs. i S understood that the 25|cured pro:juct s of I t he
conpositions of, the invention. are, al exce t in e trica

ol Tabi 111y anitd e BEEH 3 SEh S asbretirdbin S proplotineSrupyes
VWi | e the invefli an ongemohpirogaeshysildretic iconteliimg b phatichuini ¢dﬂalys§1fi§raleclmﬁytic
to specif] i . i]l _he a rent o gne skille

o & heC ptp R RTRE i) A4 38ing tnclil EriE/BRRAY Eluphind (ol Gifano
t her®9 n @raups in 2 gsioanftOidily/ 1fin tarmsieémopi rit and scope t her eof

The present a b } i RASS pli j

2010- 134465 f%d%ghf%%%ﬁi%ﬁgﬁgm’%ﬁ% thef’ga %?ﬁ%ﬂ?@@?é% A%B"od?%t“é‘da
herein by WLispwh@s, OTERIG, EroHps inhwhichs thee Frtios OF icopiged r phienyh geoup/methyl

i ncor por gtcvg/asyl rovipRirogedl abdrien hfdradilyl slodpGsinail/eid ®ehof mol.

acid (B): and mekenal g CamgBRRVE FyBEble S Bl iafRpradle ey 5G0) vas &8

essent i al=t/dtpod ety cquditidndedrd h#°Ctdnd lmiuyhydri c carboxylic acid

(B) and the zi (flfﬂglt and/ or the IZ| nc conplex (O I:)siatt |hs1(‘jy t he

follow ng requirements respectively: ol yhydric

(1:8r bogyl ;ﬂc acilfio(l‘Byhﬁgl@gp@FWlwrli _(tjno Mﬁ@@&?&ﬁt ?h@cu@bhmslng:_omposmigc ;; e
car boXyvefiis iti0AY téYHaiding! resiff (8 tdib '

and Zinc §§|t af,bg?%f 1i ncncoall }ngx (%{,p%_??a ZI rggs’ggapglg%ly rfate_ta)e, %@il nc (IB)

salt of HPAdApHoae skeleionopng AGm andier 2 zimRdoBPler €ihdosbaph discolor

haviam t bigveacplaliny o@sh deadaSrathd hgBehpated dith Sk ThgalslHr @Bhecdi®dsRtions of

comoeL EARGEeE Filfbhd .k TedetBEDSE bt Mg il
at bot h exeHemahsorrosive gas resistance but also excellent in crack resistance. Furthermore,
from the results that better illuminance retention ratio is shown in the high-current
accelerated lighting test even when compared with a silicone resin, it is understood that the
25  cured products of the compositions of the invention are also excellent in electrical
reliability and light-resistant and heat-resistant properties.
[0119]
While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes and
30  modifications can be made therein without departing from the spirit and scope thereof.
The present application is based on Japanese Patent Application No. 2010-134465
filed on June 11, 2010, and the contents are incorporated herein by reference. Also, all

the references cited herein are incorporated as a whole.
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[Claim3] The curable resin conposition according to claim11 or 2,
wherein the pol yhydric carboxylic acid (B) is a conpound obtai ned by
a reaction 20of a carbinol-nodified conpound having a |inear

pol ysi | oxane structure with a cyclic saturated aliphatic acid
anhydride. [Cl aim 4] The curabl e resinClgpggosi tion according to any
one of clainms 1 to 3, conprising: 25a hindered am ne-based

phot o-stabi lizer; and a phosphorus-containing antioxidant. [C aim5]A
cured pr ¢@latm,1]whi chA twrablbtresimesinjysitian; corgptidigg:cur abl e resin

conposition aC&Pé&E{S}%Jﬁ?(@ﬂy one of clains 1 to 4.
5 a polyhydric carboxylic acid (B); and

a zinc salt and/or a zinc complex (C) as essential components, provided that the
polyhydric carboxylic acid (B) and the zinc salt and/or the zinc complex (C) satisfy the
following requirements respectively:

Polyhydric carboxylic acid (B): a polyhydric carboxylic acid having at least two

10  carboxyl groups and having a siloxane skeleton as a main skeleton; and

Zinc salt and/or zinc complex (C): a zinc carboxylate, a zinc salt of a phosphate

ester or phosphoric acid and/or a zinc complex having the acid or ester as a ligand.

[Claim 2] The curable resin composition according to claim 1,
15 wherein the polyhydric carboxylic acid (B) has a linear polysiloxane structure and

has carboxylic acids at both terminals.

[Claim 3] The curable resin composition according to claim 1 or 2,
wherein the polyhydric carboxylic acid (B) is a compound obtained by a reaction
20  of a carbinol-modified compound having a linear polysiloxane structure with a cyclic

saturated aliphatic acid anhydride.

[Claim 4] The curable resin composition according to any one of claims 1 to 3,
comprising:
25 a hindered amine-based photo-stabilizer; and

a phosphorus-containing antioxidant.

[Claim 5] A cured product, which is obtained by curing the curable resin

composition according to any one of claims 1 to 4.
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