1 DESCRI PTI ON SI LOXANE COVPOUND, CURABLE RESI N COWVPOSI TI ON, CURED PRODUCT
THEREOF AND OPTI CAL SEM CONDUCTOR ELEMENT Technical Field [0001] The
present invention relates to a novel reactive functional group-containing
si | oxane compound, a nethod for producﬂng the sane and a conposition
thereof. More specifically, it relates to a curable resin conposition for
optical sem conductors being excellent in transparency, |ight fastness and

| ow el astic nodul us properties athS'g%Y tc.ﬁ rature, and to an opti cal
sem conductor el ement sealed with E gﬂgduct t hereof . Background Art

[ 0002] i t erbalnf i ' t tisrsuch
s Lebs, SERSNE U Ao e kAR BTN SN e R EN S U REZPRE0e T
bal ance of perfor etk E}m@ f ype epoxy
resins, alicycli cﬁ%%o%%ﬁ%ﬁs ang tthtlll\lﬁ e h%yidﬁgégnﬁyge ent bal ance of,
particularly, heat resistance, transparency and mechani cal properties have
been wi dely used. Recently, it is pointed out that progression of
wavel engbinsibartiely ng (360 nm 480 nm) of LED em ssion wavel ength and

i mprovenent of | um nescence intensity resulted in coloring of the above
seal i ngjopgtgri al due to the effect of light and finally deterioration of
the characteristics as LED. So, silicone resins were under

consi der at i Ohef prestehe inwentionerelatestoi al noekbréadivef fusetibhal ggnoarperanddining

i ght. However, silicone resins can be selected only in a sealed formof a
gel st asitoXameacsmpotind hai methoidefar rroducingniheasapecpyt @ esmpasitindibeiepiness
conpared with epoxy resins. The problemthat tackiness and deformation of
sur f acebase spectitaly, iselatendofaeunahie rasis saMpesitioni fat eaticrlisemicondudtaiset .

2 I'n order to inprove fastness of the above egox resins and, al so
t acki nebsingrexsetentds tanspaeengys ightfapinessanddewfla %%VSH IePFBies At 2

having a wei ght average, of 500 to 1000000 i,s .obtained, b eat . a_silane

conpoun®PYhdeMpsTaiNrepad t9r 80 é%ﬁ&ﬁ@@&ﬁﬁ%‘ﬁ‘&%a‘f’ﬁa?&f%{}gBoﬁk}feéfoup
in the Brcgjse?ﬁe?&offan organi ¢ sol vent, an organic base and water in Patent
Li t er at BF¥YE W&IPET pol yor ganosi | oxane is nore inproved than conventi onal

epoxy resins in terns of |ight fastness. In addition, tackiness properties
and hardness are inproved by increasing the introduction anount of the

trifuncgl ysi | ane conpound rel ative to the bifunctional
al koxys??eﬁ@ogg'#pk%ﬁnd. However, by hardening the cured product for

i nprovi @frface tacki ness properties and deformation, the elastic nodul us
particufarly at a | owtenperature regi on becones higher (level of -30C or

l ess). As aAsesdbhling athietialcor optitalvdethieshigctopeldnientersupards EEDecepoxyat a
| ow tenperature (-30C or less) In heat cycle test. It is one of the

i npor t ardsipgs Grecthan conapitionally senploged i tterms e ithe thalarcat of patfarmance ed
products have a |low el astic nodulus at a | ow tenperature, and inprovenent
of t hi sapdietonomiaefficgrmyt aBisphensl &dype epoxy resins, alicyclic epoxy resins and
the like having an excellent balance of, particularly, heat resistance, transparency
and mechanical properties have been widely used.
Recently, it is pointed out that progression of wavelength shortening (360 nm ~
480 nm) of LED emission wavelength and improvement of luminescence intensity
resulted in coloring of the above sealing material due to the effect of light and finally
deterioration of the characteristics as LED.
So, silicone resins were under consideration for the purpose to avoid coloring of
sealing material by light. However, silicone resins can be selected only in a sealed
form of a gel state because of their inferior mechanical properties and adhesiveness

compared with epoxy resins. The problem that tackiness and deformation of

surfaces occur after sealing for the reason was pointed out in the market.



Rel ated technical Literature Patent Literature [0003] Patent Literature 1:
WO 2005/ 100445 Al Sunmary of the Invention Problens to Be Sol ved by the

| nventi on [ 0004] It is an object gf the invention to provide a

si | oxane conpound having a novel reactfve functional group with both |ight
fastness and | ow el astic nmodulus at a | ow tenperature as an LED- sealing
material, a curable resin conposition using it, and an optical

sem conduct or el enent using.said cu e i L a l.ag 3
rater Lal . Wb ARG EEbig R sec ol i BHsHBsFrO PTG R el TR <
have i nfensi t udi . ; : 0 ;

reacti vér qp%ﬁti% §fn e %#Og%pé'@%%?éa?/%lé\%iﬁ?@&%ﬂ%@%ﬁggﬁn ! %%Q@Q{sggérc gi n
silicon [ | f iy icfd?ﬁ'ﬁ‘o' hhi &gr@@ﬁd)
havi ng géﬁ@g@gpo@@éﬂ?ﬂgﬁaﬁﬁe@g@gﬁ?gﬁg %ySI%lqg at erLEH egégrgeagpg%ner al P

for mul ihd ABLRIXG grolip WRtHEOPeBERELE Bf BhicRhHMsSdiveare
conpouﬁ%&??i%@gr@gq rrpoun%é?”@%ﬂt al ni nggrangepoxyﬂtg?oup and a hydrol ysis
condensghipgamie RBtarkf whidrah Fatgat Lagratare HseSail cPdly@ng@sitd)@ne is more
above-described problens. That is, they have found that a curable resin
conposi jmmvednthahnedrvemtivdals eboxyresingnipoterhss ef light éssthess.ablaveddition! ens.
In addition, further, they have found that said siloxane conpound can be

ef fi ci etdckinesgnprogsirties] dny haPdredssp areaiatprovied | by tihereasingl the tingoguatoant

i nvention has been conpl et ed. In this regard, the siloxane conpound of
t he preamauni nvferibé owifurctional i alkoxysiletie abopound eeladnde (| Yifinctional
conprising a chain silicone segnment and a hydrol ysis condensation segnent
of al korlkoxysileae( peraperad yHowevesshyinBrdarRingdgesined Brogugt TorokRRrONING of
sai d hydral ysis condensati on se ts contajns at _|least one reactive

f unct i oRIfaee sagkinRss a@vpgﬁtl%sp@saa r%r}ewatl%egh&r e3stie TroRRT ipslauiaTy B a

descri bﬁ)?rv—?éarlngc\évr'ature region becomes higher (level of -30°C or less). As a result,

reduction of low elastic modulus properties occur at a low temperature (-30°C or less)
in heat cycle test.

It is one of the important properties in optical semiconductor sealants that
sealant-cured products have a low elastic modulus at a low temperature, and

improvement of this point is an important problem.

Related technical Literature

Patent Literature

[0003]

Patent Literature 1: WO 2005/100445 A1

Summary of the Invention
Problems to Be Solved by the Invention
[0004]

It is an object of the invention to provide a siloxane compound having a novel
reactive functional group with both light fastness and low elastic modulus at a low
temperature as an LED-sealing material, a curable resin composition using it, and an

optical semiconductor element using said curable resin composition as a sealing



[ 0006] That is, the present invention relates to: (1)A reactive functional
gr oup- cont ai ni ng sil oxane conpound, which is a bl ock-type sil oxane ol igoner
having a chain silicone segnent and a hydronS|s condensati on segnent of
tri (Cl- C10) al koxysi | ane having a group3sel ected from the group consisting
of a reactive functional group having an epoxy group, a nethyl group and a
phenyl group, at |east one of the hydrolysis condensation segnents being a
segnent contalnlng at | east one reactive functional group having an epoxy
4 groupnatgr@l. The reactive functional group-containing siloxane conpound
according to the above (1), wherein the hydrol ysis condensation segnent is
a sil sesqui oxane segnent, (3) The reactive functional group-containing

e opeanres tngnt HEEKHRES 1 2nol Jerm nal silicone ol (b) §epresented
by the ﬂﬁﬂ%ial formula (2): [0007] R3\ Si OH(2) R3 / m[0008]

The present inventors have intensively studied to solve the above problems and
found that a reactive functional group-containing siloxane compound which has a
chain silicone segment obtained by reaction of silicone oil (silicon compound) having
a silanol terminal represented by the later-described general formula (2) with a
reactive functional group-containing trialkoxysilane compound (silicon compound)
containing an epoxy group and a hydrolysis condensation segment of frialkoxysilane
is useful to solve the above-described problems. That is, they have found that a
curable resin composition containing said siloxane compound satisfies the above
problems. In addition, further, they have found that said siloxane compound can be
efficiently synthesized by a 2-step reaction. In the resulf, the present invention has
been completed.

in this regard, the siloxane compound of the present invention is, as indicated
above, an oligomer (polymer) comprising a chain silicone segment and a hydrolysis
condensation segment of alkoxysilane (preferably, silsesquioxane segment), and at
least one of said hydrolysis condensation segments contains at least one reactive
functional group having an epoxy group.

The present invention will be described below.

[00086]
That is, the present invention relates to:
(1 A reactive functional group-containing siloxane compound, which is a
block-type siloxane oligomer having a chain silicone segment and a hydrolysis
condensation segment of tri{C1-C10)alkoxysilane having a group selected from the
group consisting of a reactive functional group having an epoxy group, a methyi
group and a phenyl group, at least one of the hydrolysis condensation segments

being a segment containing at least one reactive functional group having an epoxy



(wherein, plural existing R3 may be the sane or different from each ot her
and each represents a strai ght chain, branched or cyclic al kyl group having
1 to 10 carbon atons, an aryl group having 6 to 14 carbon atons or an

al kenyl group having 2 to 10 carbon at®ns, and mrepresents 2 to 2000 as an
average value) with an al koxysilane conpound (a) represented by the general
formula (1): XSi(0OR2)3 (1) (wherein, X represents a reactive functional
group havi ng an epoxy group, and R2 represents an al kyl group having Ito 10
carbon @PHRE) in the range that the al koxy group equival ent of the

T
B

al koxy %;gg{ﬁg (4) The reactive functional group-containing siloxane
conpoun l8tr'di ng to Caim3, wherein mis 2 to 200, 5 (5) The reactive

funct i opgl gfﬂgp%%gg&@;@hm@!g@ﬁ%&ﬂmﬂm&%ﬂaﬁ&% Qdshduhd RRcaRMNG tb1)

whi ch iS/obt al he step reaction, reacting silanol-term nal

i1 L h it Rnlin&i
o1 conCidhin 1 [ngz)zingm?ﬁ%%%n@d bl/h&s SRR dte P64BHIORA, (@ActingOSRMNol-REMin&i

0OH( 2) wherein, pldral existing Rs may be the sane or

di f f er egilicdrieBll GRcle %Me@ﬁ?tmgbné@f@mﬂaﬂﬁ strai ght chain, branched or
cyclic al kyl group F?avi ng 1 to 10 carbon atons, an aryl group having 6 to

14 carb ons or an al kenyl group having 2 to 10 carbon atons, and m
represents to 200 as an average value) wth both an al koxysil ane conpound
(a) represented by the general forrmula (1): XSi(OR2)3 (1) (wherein, X
represents a reactive functional group having an epoxy group and each R2

represents arny aRkyl ‘group having Ito 10 carbon atons)
|
HO Sli-—O H (2)
Rj m

[0008]
{(wherein, plural existing Rs may be the same or different from each other and each
represents a straight chain, branched or cyclic alkyl group having 1 to 10 carbon
atoms, an aryl group having 6 to 14 carbon atoms or an alkenyl group having 2 fo 10
carbon atoms, and m represents 2 to 2000 as an average value) with an aikoxysiiane
compound (a) represented by the general formula (1):
XSi(OR2)s (1)
(wherein, X represents a reactive functional group having an epoxy group, and Rz
represents an alkyl group having 1 to 10 carbon atoms)
in the range that the alkoxy group equivalent of the alkoxysilane compound is 1.5 to
200 equivalents relative to 1 equivalent of the silanol group of the silanol-terminal
silicone oil (b) for condensation, and then by, as a second step reaction, adding water
to the resulting reaction liquid for hydrolysis-condensation of the residual alkoxy
group,

(4) The reactive functional group-containing siloxane compound according to

Claim 3, wherein mis 2 to 200,



and an al koxysi |l ane conmpound (c) represented by the general fornula (3):
RASI (OR2)3 (3) (wherein, R4 represents a nethyl group or a phenyl group,
and R2 may be the same or different fromR2 in the general formula (1) and
each i ndependently represents an al kyl®group having Ito 10 carbon atons) in
the range that the total equivalent of the al koxy group in the al koxysil ane
conpounds (a) and (c) is 1.5 to 200 equivalents relative to 1 equival ent of
the silapol _group i.n the silanol-term nal silicon

cgnd_ens@l)i on, ea‘i?g?ciiﬁ‘léﬁu%‘g}fl 9{?\1-@3'98'%%”%FQBX?%%gPﬁ'E(?lﬁ,U{'@) |C§)édi\';\'/g_tt8rth?o t he
o koxy gD siane Phlztaed by B RRRST SEROGEREG, Rhcthg' dEnbERfima

conmpound,. accor di t .3) to (5), wherein R3 in the
gener a|S"n"?f%%?@@%ﬁ@%%ﬁ‘*’%g%g’iénaﬂgﬁ?’fa@ﬁ’r@g%?%s a nethyl group or a
phenyl p@g , R2 in the general formula (1) each independently represents a
nethyl‘@ 8 or an ethyl group, and R2 in the general formula (3) may be
the sane or different fromR2 in the general fornula (1) and each

i ndependent | Boresknts a nethyl group or an ethyl group, (7) The
oup-cont ai ni ng sil oxane conpound according to any one
i-+a0 ~Haher ei X in the general formula (1) is an

group, (8) The reactive functional group-containing
si | oxane co accprding to any one of the above (3) to (6), wherein the
wei ght avera | ecpl B wei ght (Mv) of the silanol-termnal silicone oi

(b) of the general fornmula (2) is 300 to 18,000, [0011] (9) The reactive
functi onal group-containing siloxane conpound according to any one of the
above (1) to (8), wherein the weight average nol ecul ar weight (My) is 800
to 20, 0[{®10] (10) The reactive functional group-containing siloxane conpound

SUbst | 1 Ouersin R SXISGIRs Mev e i SAMELPT PRGRE s BgRercH gh g ed)
goup ek bt doabliod: bt DRIV L (T
epoy oPie1a PR aey i bR AT BF sEREH pitis PR ML BIGRLaA) BRoPrD
group, 8&%2& %ﬁ%’[% '{‘(}EP%S%&@.Q@? 280" b%ygléafgér\péw@nal gr oup- cont ai ni ng

si | oxan ich s Ccharacteri ze a first step reaction,
reactingl-

[ oac | D) SRS AR6BRBhe Loyl @) repfékehRRl By &1 Geham! fohmube (B
XSiORz)s (1)

(wherein, X represents a reactive functional group having an epoxy group and each

R> represents an alky! group having 1 to 10 carbon atoms)

and an alkoxysilane compound (c) represented by the general formula (3):
R4Si(OR2)s  (3)

(wherein, Rs represents a methyl group or a phenyl group, and Rz may be the same
or different from Rz in the general formula (1) and each independently represents an
alkyl group having 1 to 10 carbon atoms)

in the range that the total equivalent of the alkoxy group in the alkoxysilane
compounds (a) and (c) is 1.5 to 200 equivalents relative to 1 equivalent of the silanol
group in the silanol-terminal silicone oil (b) for condensation, and then by, as the
second step reaction, adding water to the obtained a reaction liquid for hydrolysis:
condensation of the residual alkoxy group,

(6) The reactive functional group-containing siloxane compound according to any



R3/ m 7 [0013] (wherein, plural existing R3 nmay be the sane or different
fromeach ot her and each i ndependently represents a strai ght chain,
branched or cyclic al kyl group having 1 to 10 carbon atons, an aryl group
having 6 to 14 carbon atonms or an al kefiyl group having 2 to 10 carbon
atons, and mrepresents 2 to 2000 as an average value) with an al koxysil ane
conpound (a) represented by the general fornmula (1): XSi (0R2)3 (1)

ond % Spoebere bk g e d SRTARC I A,
205 cqseiriid POl oottt et SRR et
(r:gggletrl;s@fj?rﬁﬁf;d%?\tg’nf%iﬁﬁs?f;,Sfaafn% Qegw g’f ap ?tﬁgcé'i%ié@,’ ai‘&'dl Ag w@% é'% Bt he
[ Roxy Dot (3 may bahe Sahib el Hife Rt OATHe YerBRudorhidg, (1§ ahfl éBn

0L O RS BeRh Gy IR e s SRR SRl O 4 Bt BrdiE RODUE, Gl e
gr oup- cgAt aiﬂé“geon' ‘bQ’fé‘ﬁ'&icﬁ%’FQ%ﬁ}SicomﬂjrﬂQ? IsRoRdIRS asipouABthdabrding té afniyE E;

step reaction, ensation reaction o | anol -term nal silicone oil

repres ?85@6( fhe %%@@?% 28). {bieratha Ahe depRidlfolmulSi (1Pi(8h epSmdyeRhBky!

(wherein, plural existing R3 may be the sanme or different from each other
and eacgtﬂypgﬁﬁ_@ﬂdent |y represents a straight chain, branched or cyclic
al kyl group having 1 to 10 carbon atons, an aryl group having 6 to 14
carbon @)onsThy redttigk Kangtiorg: guouhaohtainiag tsiotane aohpouadomcoraing tmany
represents 2 to 200 as an average val ue )
one of the above (3) to (6), wherein the weight average molecular weight (Mw) of the
silanol-terminal silicone oil (b) of the general formula (2) is 300 to 18,000,
[0011]
(9) The reactive functional group-containing siloxane compound according to any
one of the above (1) to (8), wherein the weight average molecular weight (Mw} is 800
to 20,000,
(10)  The reactive functional group-containing siloxane compound according to the
above (1) or (2), which is characterized in that a substituent on the silicone in the
chain silicone segment is any one or both of a methyl group or a phenyl group,
(11)  The reactive functional group-containing siloxane compound according to the
above (1) or (10), which is characterized in that the reactive functional group having
an epoxy group in the silsesquioxane segment contains an epoxycyclohexyl group,
(12) A method for producing a reactive functional group-containing siloxane
compound, which is characterized by, as a first step reaction, reacting silanol-terminal

silicone oil (b) represented by the general formula (2):

[0012]

HO Si—O H (2)

R3 m



8 wth an al koxysil ane conpound (a) represented by the general fornula (1):
XSi (OR2)3 (1) (wherein, X represents a reactive functional group having an
epoxy group and R2 represents an al kyl group having 1 to 10 carbon atomns)
and an al koxysi | ane compound (c) repregented by the follow ng general
formula (3): Rai (OR2)3 (3) (wherein, R4 represents a nethyl group or a
phenyl group, and R2 may be the sane or different fromR2 in the general
formul a gl) and each i ndependently represents an al kyl group having Ito 10
carbon [8084k) in the range that the total equivalent of the al koxy group in

; (Ee1a'eg&nﬁéjﬁmﬁ‘?ﬁﬁ?gﬁgﬁé‘ﬁfgﬁﬁh&ré;ﬁ%‘:%arin?ré' Ttpf TR G, Fnd SaBh o T
Fonct | dRORRRSREPErarle Ay gAY PRhBl Br eI REBIARFR 1o,
condensgl i ol ahline! S8 VR LU REiod € 19,14 A8boRaoR! BPdr Akeffiogiuipno 2

reactiv nIrng=si I'oxane conpou according to e

above ('%%‘%Jnﬁ %a‘%’tlf% ﬁamncﬁhfs %%r@ﬁ%ﬁége?ﬁs bYoSHRRESS b elvéraqs dalek) Matht he

first s and € secon ep reaction in one-pot as a production

process,, %%&gkne(ﬁ'eﬁ%%rﬁgsuﬁag%pfr@éerﬂé%vqh@@eﬁefeﬂa@;trﬁma (fynct i onal

group-contalnrng siloxane c und according to the above (11) to (15),

wher ei n (5) oxygi | ane conpound represent edbyt hegeneral fornula(l)is
bet a- ( 3),(§Re|c%)<§;cy@ohexyl )et hYl tri met hoxysi | aneor

bet a- ( 3pghaRax X Yebrivend heidattive ifendtiones idrang havirig) amheporyt greipf and R2
produci hg a reactive functional group-containing siloxane conpound

accor di pgpresentsareditylegrotighaving 169 ,10wiaeben atcmsg)i n the silanol-term nal
silicone oil (b) represented by the general formula (2) may be t _s$ or
di f f er et thier ramgeathat Mkomgrwmwimabpéﬁuﬁmﬂilb’rOX)éiHﬁégé?ﬁﬂbOO&“'ﬁ’e@ﬁﬁ g oup
or a phenyl . . .

P to %OO equivalents relative to 1 equivalent of the silanol group in the silanol-terminal
silicone oil (b) and in the presence of a catalyst for condensation, and then by, as a
second step reaction, adding water to the resulting reaction liquid for hydrolysis-
condensation of the residual alkoxy group,

(13) The method for producing a reactive functional group-containing siloxane
compound according to the above (12), wherein mis 2 to 200,

(14) A method for producing a reactive functional group-containing siloxane
compound, which is characterized by, as a first step reaction, condensation reaction

of silanol-terminal silicone oil (b) represented by the general formula (2):

[0014]
Rs

HO Sli_o H (2)
R3 m

{0015]

(wherein, plural existing Rs may be the same or different from each other and each
independently represents a straight chain, branched or cyclic alkyl group having 1 to
10 carbon atoms, an aryl group having 6 to 14 carbon atoms or an alkenyi group

having 2 to 10 carbon atoms, and m represents 2 to 200 as an average value)



group, 9 (18) The method for producing a reactive functional

gr oup- cont ai ni ng sil oxane conpound according to the above (13) to (15),
wherein the al koxysil ane conpound represented by the general forrmula (3) is
at | east one kind selected fromthe grbup consisting of

met hyl t ri met hoxysi | ane, phenyl trinethoxysil ane, nethyltriethoxysilane and
phenyl tri et hoxysilane, (19) A curable resin conposition, which is

characterized by containing t reactive functional gr.oup-cant.aining

si | oxarwith amadidysiaye aeme%anﬂ@a} E?Péﬁ'@efﬁﬁg%é’fth?@@“&6%\;8”‘5‘1'?({?5) (11) and a
curing agent. (B) (20) The curable resin conposition according to the
above ( O i cH1V's characteri zed by further containing a curing

| . . : _ : oh i
obcas nbBiohel et ASCBE o M LEPhaCAT SRR dfR b " '
19 20) a2 i - d 19
aron Pkt S el Bl BRI 5 IR BN, SonCHR e BieRuienere!

(20). E%cg{ﬁéétln?c{l Séﬁn§8+%%ﬂ%d B?tlﬁé)fblrlz}m(i)r;( ﬁemﬂé@f&ﬁﬁﬂé’ (gyoduct of the curable

resin ntal ni ng the si e conpound of the present invention
S freeRfsgi@@R ckiggess properties and deformation and excellent in
transpar%n Y, Eﬁl gh(t )af astness and | ow el astic nodul us properties at a | ow

tenmper: &ein! 7 1@pRENtd BamethyhBreuy e arphenypgsiup, amddR; trizy tpe twesame
invention 1s extrenely useful as a sealing material for optical

seni congiugiffersnt FidmM RS iarth€ayengraldontilat (13 andveadh isdepeod@)tly represeings an
reactive functional group-containing siloxane conpound of the present
i nvent i giky\ dreupieainet talScarbératadsy o as sil oxane conpound of the present

invention, for sinplicity) has, in 1 nolecule, a chain siljicon sgg{mnt and

a hydr oiny $hes raogedethsht thentatalyeguivadgntt pf éhﬁoﬁb‘@KVaGQUPpﬂ%ftB?aBﬁ‘?x llane

si | sesqui oxane segnent 10 X . . .
compounds (a% and (c) is 1.5 to 200 equivalents relative to 1 equivalent of the silanol

group in the silanol-terminal silicone oil (b) and in the presence of a catalyst, and then
by, as a second step reaction, adding water to the resulting reaction product for
hydrolysis - condensation of the residual alkoxy group,

(15) The method for producing a reactive functional group-containing siloxane
compound according to the above (12) to (14), which is characterized by successively
conducting the first step reaction and the second step reaction in one-pot as a
production process,

[0016] |

(16) The method for producing a reactive functional group-containing siloxane
compound according to the above (11) to (15), wherein the alkoxysilane compound
represented by the general formula (D is
beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane or
beta-(3,4-epoxycyclohexyl)ethyltriethoxysilane,

(17) The method for producing a reactive functional group-containing siloxane
compound according to the above (12) to (16), wherein Rs in the silanol-terminal
silicone oil (b) represented by the general formula (2) may be the same or different

from each other and each independently represents a methyl group or a phenyl

group,



containing a reactive functional group having an epoxy group and nore
preferably a three-dinmensional network silsesqui oxane segnent. The

si | oxane conpound of the present invention usually has a core of a

hydrol ysi s condensati on segment of tri%l koxysilane, preferably a

si | sesqui oxane segnent of a network structure called sil sesqui oxane
spreading in three dinensions, and a structure in which the chain silicone

AR U et b AR N T
U bl BRI EPERTORTS (o epaaeE{ I Bette) ophErei T Sk A EomBoubd™,
i al kORPERISIES By B e RS S IEAE AR el SERRLih the qropp
e a bl BURITI e LT AN LRSS By PméthiBkgiaRe, My RRARLAIIANE F "
t he prqiﬁgppéﬁéﬁg%ﬁﬁgﬁﬁgﬂ?Pe produced using, for exanple as a raw materi al,

an al ko a-1) (hereinafter also referred to as

al koxysjsdcane A an it Ahlapydtatz &t b cohtditinguhe réadive
XSi(Fﬂ)QE@F2f£?%%%%%ﬁ%ﬁ%é?@Pﬁsmghyggggg%gﬁg a reactige funct?gnal group
havi ng %ﬁcﬁ@ﬁélﬁr%ﬁ%ntdﬁﬂn@%ﬂbﬁé@@b@n@wnbﬁm hotedingy toarsudrse of theeboaeky |
group having 1 to 10 carbon atonms, a substituted or unsubstituted aryl

gr oup h@]\}i@@?é@ a4ueiagkeena(B)ys or a substituted or unsubstituted al kenyl
group having to 10 carbon atons, R2 represents al kyl group having 1 to 10
carbon gio)ns, The eprasentesimncompesjtion nacdsedingf 1@ e 2boyad(1fewheh is
plurally exists, a plurality of R may be the samg or different from each
ot her) , ciparetariedybyafurtack oeptaining @ asingrerelgrajor(hi ch is hereinafter al so

f dt | koxysi | resent ed by the. fgllow |
For mul a(1) : ASUEROKSUS) (el emicabicrersnHpioh BORERECRAAEARIg | o

th b f I 10 d sili i b by th I

For mil athezsurableuress o Bpagiion arseyae 19 e oUs IBREIET! e campound (o)
ted by th bove I I .

mater al2dn cKrOPHERSGPRAGtaEeleaod Bl ot Wi e AR Blodyci et )

Th hai n_ sili i, ' d of th t

i n\e/e(r:It ?IEIE“?S"%' s}e%ﬁﬁtg@qe é%néqdq?@hagogb% %@I)g (g@gpguRyd?m ys?sp(r:gflggnsati on

segnent of trial koxysilane, preferably a sil sesqui oxane segnent and nore
preferably a three-dinmensional network silsesqui oxane segnent, is forned
from an i 3 ound (a-1), preferably (a) {al koxysilane (a-1),
preferagﬁ? Fé?ﬁhgﬁgég oxysilane (c) when an al koxysil ane conpound (c)
(herei nﬁééﬁ also referred to as al koxysilane (c)) is used in conbination
accordi ng J necessity). Sai d hydrol ysis condensation segnment is a
segnment for magk cOred Prédei ofetet carabdé rbgir odypositiandcerdaining dhe sdexaie
condensati on of the al koxy groups in preferablr t he above al koxysil ane (a)
and accepfipigiridoofitae gresént,inyentiontis feas tronytackingssprepatdiessnd deformations a
configuration where a plurality of structural units as X (accordipg to
necessi tand éxtellShiBy arspareneyl dight fasiness ardlewiapisumpouBisierertss 2a d
structural unit is called silsesquioxane, whereby, said drol ysj s .
condens dwdampegature. cﬂnﬂrﬁ@@alh%ﬂuﬁm%&%ﬁi%’i@%ﬂ%%% prle@égblnventlon
Hereinafter, each raw material wll b spefificalIg xpl ai ned. Xin
the al kdxgpxiremed essidbana sealing n@gte(igffo,r&g igalhrals B‘éu&%s'above gener al
formula (10) or (1) is not particularly limted as long as it is an organic
group having an epoxy group. It includes, for exanple, a glycidoxy Cl1-C4
al kyl graqu uch as b - gl yci et hyl , gamma- gl yci doxypropyl and
ganna-gU@%Eﬂg%yg%¥vpg%gﬁéﬁ9ﬁ935ﬂﬁﬁIoup; an al kyl group having 1 to 5 carbon
atons s 8¢H'tuted by a cycl oal kyl group having 5 to 8 carbon atons havi ng
an epoxﬁ i (oxirane ring), such as a beta- (3, 4-epoxycycl ohexyl) et hyl
group, a ganpp; ( ) g nedcompound of the present
beta-(3,4-eggﬁﬁéég?%ﬁgg?%ﬁﬁg%ﬁGﬁégbéﬁ%?ﬂghge%ggﬁ%,4-ep£&ycyclohex&I)propyI
group, g,Delisd @mf"iﬁﬁﬁéb’ﬁ%ﬁ'r@f@?@d sk ¥llogireugorapduad of the present invention,
beta-(3,ﬂ-epoxy yc?o exyl’)pentyl group. Anong them an al kyl group having 1
to 3 carfgpnsigiphemy)s HBS! it Ui egholdcude,glay chaink siliponep segment adid | a drysliplybigvi ng
1 to 3 carbon atons substituted by a _ _

condensation segment of trialkoxysilane, preferably a silsesquioxane segment



12 cycl oal kyl group having 5 to 8 carbon atons having an epoxy ring, for
exanpl e, a beta-gl yci doxyet hyl group, ag am ma-g | yci doxypr opyl gr oupor a
bet a- (3, 4- epoxycyclohexypethylgrouplspreferable anda

bet a- ( 3, 4- epoxycycl ohexyl )et hyl group1Ps particularly preferable. [0021]
R2 in the general formula (10) or (1) each independently represents an
al kyl group having 1 to 10 carbon atons and may be any of straight chain,
branched or cyclic. i ncl.udes, for ex

g; gﬂp, ?ﬂtzlfﬁﬁgea@tw&fancwaﬂ 95%5;13\’ ”g,h%’pggy n&?ﬁtb‘éﬁlﬁﬂgg’PB@pP%EW%tDM%t yl
Oyl opehresdiramiona hepubts SReRalibale SHANL |1 ke. For ¢ hese Re. a et hyl
o o r abi o, The HlopdS:formBafitd f ?b%i).f??%ﬁsmgﬁhﬂé‘éﬁ@#% bl e br°a' Y
E(ig;:t ' V}P]@’ras(ggrt hﬁpgﬂg%tp ggﬁn'lé?\tagfjitﬁélﬁﬁxeysfdj% préféréﬂgfgegﬁ‘sréhufd%éﬂw a

group in I'ption | at er-'descri bed

R3 in g%é@ﬁ%lllt %Pé métv?cgr& et{%ll Hadig s&\ﬁ?kéné §prda@9?gzin three dl?ﬁ@rﬁﬁéﬁé)' e

speci fi es o xyS| ane represented by the

gener al o Lragh e d0h ok o CAB RIS Sogihud s ahd BoRobSNYS hete,

bet a- gl yC| oxyetl%y I'triethoxysi | ane, gamma-gl yci doxypropyl tri net hoxyS| | ane,

gamma- ghydrbARry RioPRBhsAticht Wsdritase trialkoxysilane, preferably a silsesquioxane
bet a- (3, % e‘é%xycycl ohexyl )reﬁt@;?yl trimet hoxy5¥| ane, P d d

bet a- (%%rﬁéﬁt(ycﬁ'r@ phsverk )stmbwrérgleéil@xyaiahaeeﬁmardeesskandrftbxublllty to the
bet a- ( 3, 4- epoxycycl ohexyl )ethYl tri met hoxy5ilane is particularly preferable.

These aguriedepratiioixyftht anealie rpmpusitica) ofthy resentdaventione or in conbi nati on
of 2 or nore kinds thereof, and can be al so used in combination wth
| at er - ment i cmecsuakam;aemp@nad(af)the opesrdinention hata JyAEysis copaansgation)

The silicone oil (b) is chain silicone oil haV|n a silano oup..
t er ni nasegmanhaﬁ/ﬁflﬂﬁ(odygﬂmmf@rﬁttl)ﬁ|3e‘§'§ﬁ§%!°59”$ gament; &M‘Jn@% ﬁ%?"(‘-"z)

0023
[ ] segment as described above, and in terms of that they are repeated, it can be a

block-type siloxane compound.

[0019]

The siloxane compound of the present invention can be produced using, for
example as a raw material, an alkoxysilane compound (a-1) (hereinafter also referred
to as alkoxysilane (a-1)) represented by the following general formula (10):
XSi{R1)n{OR2)3-n (10)

(wherein, X represents a reactive functional group having an epoxy group, R
represents a substituted or unsubstituted alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 14 carbon atoms or a substituted
or unsubstituted alkenyl group having 2 to 10 carbon atoms, Ro represents alkyl
group having 1 to 10 carbon atoms, n represents an integer number of 0 to 2, and
when Ry plurally exists, a piurality of Rt may be the same or different from each other),
preferably an alkoxysilane compound (a) (which is hereinafter also referred to as
alkoxysilane (a)) represented by the following general formula (1):

XSi(OR2)3 (1)

(wherein, X and Rz have the same meanings as in the above formula (10))

and silicone oil (b) represented by the general formula (2), and according to necessity,



[\ HOSIi OH(2) [0024] (wherein, R3 and mare the same as described above).
In the general fornula (2), plural existing R3 nay be the sane or different
from each other, and represents an alkﬁLSgroup having Ito 10 carbon atons,
an aryl group having 6 to 14 carbon at or an al kenyl group having 2 to
10 carbon atons. The al kyl group having 1 to 10 carbon atons can

I ncl ude a straight chain, branched or cyclic alkyl group having 1 to 10

e e
e T e e g
2008 A g 1 e 1 iyt

pref er ajyl 2ntiGRNS if@ﬁﬁéfd‘uggH gmboﬁé%nn@,s and ahher:%Ws?é l&bn&é:%&ftid’r‘ﬁé!ég?'rﬁeﬁt bp 14

carbon atons can I nc or exanp a phenyl "group, an o-tolyl group, an

mtol yl ¢y Q&g/siléné’,‘ ybﬂraﬂyowysi%eé&ihhﬂxaﬁéo%@gﬁ%tt had! inkGre preferdbly a
ou

|
al kenyl gr having 2 to 10 carbon atons can i nclude an al kenyl group such

as’ a Vi ptbedifidPsichal nBRITK slisetiuiokan® segmerit) isl fogmedpirora an afiexysilareup,
a butenyl group, a pentenyl group and a hexenyl group. R3 are

pr ef er abbphpeael (articpeeideatly ah {akbRysilageo(ap? ), prefesalyly (@).oamd adkaxysilatexy!
group or an n-propyl group in terns of light fastness and heat resistance
and par (¢)owhan lan alkekysilabkyccanpaurd (c)dhetginaiteraalphaaiarrast tugs afigsysiiansl | vy,
for the two R3 in the general formula (2), the cases can be included that

t hey ar éc)ist ged oy cgrnbinption agcording Enaeecessit¥l-hyl and the other is phenyl.
As for their_conbination, all the repeating units have ﬁ'ﬁ'l'Jalléég t he sﬁalrre
conbi nat i on Saidwerolysimrradensationssagipentiia aspamenkiPEReHN areSIGPIEFSI t he

E R AR A PR N M AT S e
ot bl e 50 Sk TRt as, B, ICORY, S HyetB)
2000 B RAREkat f A SRRRGRCIRY 7 Y et A e
R e e L e
' from said structural unit is. callerd silsesquioxane, whereby said hydrolysis
condensation segment can be called silsesquioxane segment.
[0020]

Hereinafter, each raw material will be specifically explained.

X in the alkoxysilane compound (a-1) or (a) represented by the above general
formula (10) or (1) is not particularly limited as long as it is an organic group having an
epoxy group. It includes, for example, a glycidoxy C1-C4 alkyl group such as
beta-glycidoxyethyl, gamma-—glycidoxypropyl and gamma-glycidoxybutyl: a glycidyl
group; an alky! group having 1 to 5 carbon atoms substituted by a cycloalkyl group
having 5 to 8 carbon atoms having an epoxy ring (oxirane ring), such as a
beta-(3,4-epoxycyclohexyl)ethyl group, a gamma-(3,4-epoxycyclohexyl)propyl group,

a beta-(3,4-epoxycycloheptyl)ethyl group, a beta-(3,4-epoxycyciohexyl)propyl group,
a beta-(3,4-epoxycyclohexyl)butyl group and a beta-(3,4-epoxycyclohexyl)pentyl
group. Among them, an alkyl group having 1 to 3 carbon atoms substituted by a

glycidoxy group or an alkyl group having 1 to 3 carbon atoms substituted by a



The wei ght average nol ecul ar weight (Mv) of silicone oil (b) is usually
within the range of 300 to 50,000, preferably within the range of 300 to
30,000 and further preferably in the range of 300 to 18, 000 ( GPC-neasured
val ue). Anong them the nolecular weiglft is nore preferably 300 to 10, 000
considering the elastic nodulus at a | ow tenperature, further preferably
300 to 5,000 al so considering the conpatibility when conposi ng, and

particularly preferably 500 tg 3, 000. | . the weight. avgrage r’rql ecul ar
wei ght ¢yclealiedrgropp, havieg & t0s8:£45821 iaipms havifg AN ﬁl%f”g’r Bper que%aé‘?p Bné

chain silicone segnent noi et% are hardly exhibited. FEqr thﬁ nol ecul ar
)

wei ght betargl¥cigpxyeiByle odrowd) i @ t hGARBaGYCHoREePYn B Rwei §it afer age
I I i ght int f ti I lated b
reacur | B reePoUs B Y | be Ol <1 e, ue g otRRel ol P meat Fon
Ch t hy). Condi t ; ‘wihi mad Co tion;
Col urm: DR EpeGHY BB Bl pe BB AE bR BEaIE "HEL, Pt e T 0
m/mn.; Ogaburm tenperature: 40C, Sol vent used: THF (tetrahydrofuran);
Det ect oIfQ. (differential refractive detector). 15 [0027] The
kinetic Visgoshiheofeddisl MirlaTg0Pbl ({Pbath iRdGiichlly rfoprédunts anosikol 10
pre y 30 to

Sil
to 200 cSt aﬁd’hm)re era O cSt. If the viscosity is too |ow,

the vi sgasid KafthglNfo HOIGMBEA dtbiexdite naybouny of strdighpokaien bramohedt oron
beconmes™l oW, restilting in that it may be not suitable as an optical

seni congy@icor |smaluidiel, fatskdriplel ai raetryd grou) art bihyy geamgs idry ngiropylegroup,

bl ock-type sil oxane conpound (A) increases, resulting in that the

wor kabi hhtispropyidgroup, Bavebhtyl mrolip,ed ébutyl grogsa tert-buiydgroupi an éxpepyes of
the silicone-termnal dinmethyl silicone oil where R3 in the silicone_oil
(b) ar egrmip)ydn gemxybgmap, iencyaiorentilegroupl eveyephsytictumanddhe ke ekahpl e,
it includes PRX413 and BY16-873 as the products_from Toray Dow Cornin

Si | i contheder Far at msthy>greupseY anaathykmrogn is pyeferabls, 6@@@% @?tmihﬁ@%??a su
Chemical Co., Ltd., XC96-723, TSRI160,. YR337,8,, YF3800, XFBQO@..YFBOSZ.V.,[
YF3807, parERialy mederables i totmsootreastion SOpARgNs SUCh A5 FBPRIRIY creatuvity
Performance Materials Inc., DMS-S12, DMS-S14, DMS-S15, DMS-S21, DMs- S27,
DVS- S31angitke 452, DVB- S33, DMVB- S35, DVB- S42, DMVB- S45 and DVB-S51 as the
products frqm Gegl.est,

. he | i £ I f
P et cond TGRS o iy b R TiB1 SRl eRPREH 1 bt Bl Ty
il (b A ' Jdi&d &8lit igw
or oduct e Rescritly o HiefidsBfibed FBE Enei A AaT) Ran ERYIEd bR iRy 0
Monent i Y@fﬁrfor mance Materials Inc., PDS-0332 and PDS-1615 as the products
from Gelfest,” Inc., and the like. As the silicone-termnal diphenyl silicone

oi | where R%DIefPertagfe %édiﬁ@@farﬁbles(éfl)théraﬂ(ﬂ%nwﬁe (-0 8 (a)Sppeedanted byipé es

of preferabl e product’ names can include, for exanple, PDS-9931 from Cel est,

I nc. Amgpgetdle aémﬂaspgm)fi orexenpl ewcludRx4id&a-dydidosydhylitiraethegydilane,
KF-9701," XC96- 723, YF3800, YF3804, DVs-S12, DMVs-S14, DMs-S15, DMs-S21 and

PDS- 1615be@é-glytﬁcﬁi)§feﬂmtﬁethm¢yeﬂam,of nol egdramavglyghoxyprapiitniethoxysinssity.
Anmong them in order to give flexibility characteristics to the silicone
segnent gaxa-Jgddoxy@epylikahnoxEdane, YF3804, DMVs-S14 and PDS- 1615 are
particularly preferable in terns of nolecular weight. These as the silicone
oi | (b) beta-(3,4-epoxycyciohexyl)ethyltrimethoxysilane,
beta-(3,4-epoxycyclohexyi)ethyliriethoxysilane and the like, and
beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane is particularly preferable. These as
the alkoxysilane compound (a) may be used alone or in combination of 2 or more
kinds thereof, and can be also used in combination with later-mentioned alkoxysilane
(c) represented by the general formula (3).
The silicone ail (b) is chain silicone oil having a silanol group at a terminal and
having a structure represented by the following formula (2):

[0023]



16 may be used alone or in conmbination of 2 or nore kinds thereof. [0029]

Next, the al koxysilane conmpound (c) will be specifically nentioned.

The al koxysil ane conpound (c) has a structure of the following forrmula (3):
R4SI (OR2) 3 (3) R4 in the general ¥ormula (3) represents a nethyl group
or a phenyl group. [0030] R2 in the general fornula (3) may be the

sane or different fromR2 in the general fornmula (10) or (1), each

i ndependently represents an al kyl group having 1 to 10 carbon atons, and
may be any of straight chain, branched or cyclic. Specifically, it includes
the sane as those exenplified in the description of R2 in the general
formula (10) for™g1l) escri bed above, including preferable groups and nore
preferably roubs. Preferabl e specific exanples of the

al koxysH@®@ ' i ncl @ et hyl trinnet hoxysi | ane,

phenyl t ri metihoxysi | an met hyl tri et hoxysil ane, phenyltriethoxysil ane and
the like. A bove, nethyltrimethoxysilane or phenyltrinmethoxysil ane
is preferabla, In the present invention, the al koxysil ane
conmpound (c) can be used in conbination with an al koxysil ane conpound
(a-1), dﬁhgrably (a), in order to control the nol ecul ar wei ght of
block-tg% I | oxane conpound (A), the conpatibility as a conposition, the

heat regLsaRMER; AAdAt afedlenRife abUdseHbed ubeverr meabi I ity and | ow gas
perneabrlity of the cured product, and the |ike. [0033] The use anount
of the al koxyysghé ?aﬁemmmd (O} )pliral existing (R4 gy sl thepsae wadifferent 5066% by
nol and nore preterably 0 to 40% by nol relative to the total al koxysil ane
conpoungdath bendroand refresants)an alkgl groaipl havig | tardd qachon atgovas, amaryl group

al koxysi | ane conmpound (c) is used in conbination with the al koxysilane
conmpound#ayiny, 6 tchtd abkmtyatonzmer aoafenytiglasle having érterlfstarbaa o t he range
of 5to 70% by nol, 17 further preferably 5 to 50% by nol and.particularly
preferably Ihe elkyduroyp heving[latd V@ e@rbpRealos:ICaR] REXGE; ?é}@@@rﬂéﬁﬁd.

[ 0034]

branched or cyclic alkyl group having 1 to 10 carbon atoms, for example, a methyl
group, an ethyl group, an n-propyl group, an i-propy! group, an n-butyl group, an
i-buty! group, a sec-butyl group, a t-butyl group, an n-pentyl group, an i-pentyl group,
an amy! group, an n-hexyl group, a cyclopentyl group, & cyclohexyl group, an octyl
group, a 2-ethylhexyl group, a nonyl group, a decyi group and the like. Among them,
a methyl group, an ethyl group or a cyclohexyl group is preferable, considering light
fastness.

The aryl group having 6 to 14 carbon atoms can include, for example, a phenyl
group, an o-tolyl group, an m-tolyl group, a p-tolyl group, a xylyl group and the like.

The alkenyl group having 2 to 10 carbon atoms can include an alkenyl group
such as a vinyl group, a 1-methylvinyl group, an ally! group, a propenyl group, a
buteny! group, a pentenyi group and a hexenyl group.

Rs are preferably each independently a methyl group, a phenyl group, a
cyclohexyl group or an n-propy! group in terms of light fastness and heat resistance
and particularly preferably a methyl group or a phenyl group. Specifically, for the
two Rz in the general formula (2), the cases can be included that they are methy! or
phenyl and that one is methyl and the other is phenyl. As for their combination, all

the repeating units have usually the same combination thereof, while a different



Hereinafter, the nmethod for producing the siloxane conpound of the present
invention wll be described. The sil oxane conpound of the present

i nvention can be, as the above, produced using an al koxysil ane conmpound
(a-1) (hereinafter also referred to ast4al koxysilane (a-1)), preferably an
al koxysi | ane conpound (a) (hereinafter also referred to as al koxysil ane
(a)), and the above silicone oil (b) as raw materials, and according to

o o o B ot bty et
corsauravaroen SRRRRleRE, e en Rl Bk B PRSP s,
ek, Aot DR O D Rl B oM o 5

(a-1) p{@%ﬁably (a), and according to necessity, al koxysilane (c) are
react ed condensation in the range that the al koxy group equival ent of

the above ahf%%‘éoﬁﬁ'@omg én%ré{-tﬁrﬁné?iaz(@?lise,%iétﬁé\%?hg_eIVQILE@, iovie 20007

equi val ent nol” group 1n the silanol-termnal silicone oil (b),

and t hegmfréraidaﬁz ?89909@?@8@@?&% e 108LRTd partisdidely preferdisty BesuH0 i npm

reactio rquid for hydrolysis condensation of the residual al koxy group.
[0035] g too IdWEtHRDOMEd bréSlict Heepniedasd hami hat pveélastiomodidus pexpestigs ane t he
absence of water and in the presence of an acid or base catalyst,

pr ef er apdducedbasemdstted Wegh, the meckanical prowertias iob thef cired produet igNRdRRS | ane
conpound and the silicone oil (b) in the reaction of the al koxysil ane
(a-1), desfreratedy (a) (and according to necessity, an al koxysilane (c) is
used in conbination) with the silicone oil (b) in the above first step
reacti ofQ02d}e al koxy group equival ent (which is, when an al koxysilane (c)

e s b AL A 3 B A,
eed | nihsnaret 36§ o SOUh rsteraBdwityBahe saned PLADO o RiHE) aBubfer S0
caut vl e, 91 B 1] 408 R FOMLALEBh AT AREnSES i
The abodeolarulyeidl & ik o Biery Hi0 5 d.00q hsigfifg M Blgee fodiusat. o
prefer a%l ‘%38’4?@&%&"?2%&?{%3%%@5‘ Jodf {80 £56 &;ﬁhéhﬂeﬁn@%é%pﬁﬁ(ﬁg{@ ents

relativ gqui'va e sitanol group in the silicone oi

IT the W&orﬁgoéihg 2RO PRI SickaancsopaBd0sar gel y exceeds the above
upper limt frange, there is a possibility that the preferable physical

properties qf tid@efitital S malsanar ewightus dinefer 308, theredata possibifityotaar e
| ost. [0036] I'n Patent Literature 1 (WO 2005/100445), silanol-term nal
si | i congh@igropéiessofndie cein siivbre segmest cwigtyuare haxdingxhibitegox fogtheip
and a silane conpound having no epoxy group are subjected to hydrolysis
condensahdlesulan vidightpokethensibcarie wilt(b} irthe presant imention, thr weldhjraverage

si | sesqui oxane having a functional group, a method of hydrolysjs
condensaholeoulat weighitk Gy i inarternas nglo GeBVARIRO POlyStYIgRei Was| C@’%‘!ﬁ{e‘anﬁyan
al koxysi | ane conpound havi ng no functional group at a_.tl ' e presence
of wat ernéeasuringalundesathe &ﬁ%WtdQSCﬁQWSEOPW%Q% eH¥Ng; ﬁiﬂr@f@% i’%rm%aﬁon
However, when silicope oil (b) is used as a raw naterial in addition to

al koxysiGHeagtagrephypr ef erably (a) (and al koxysilane (c) according to
necessi :é% S in the éé sent i nvention, reaction of those raw materials

al t oget HePndifions,under e of a catalyst and water results in preferenti al

f | i i . ti f th | k i th
P L Ae e et P A AN R P AR O
necessi t @mﬂ?gﬁo %}égq’ﬂu@@@éﬁ%eﬁcLﬁt@&c#-abhf(s%amrﬁﬁ@pe conpound and

unreacte ) rémain and these are I nconpatible, leading to a
tendencyFlg%d%gé"lelrgtrﬁlﬂgin@,n i nhonogeneous and white-turbid conmpound. Such
whi t e-t urbid pol yorganosi | oxane is not suitable for optical application.

19 Column temperature: 40°C;
Solvent used: THF (tetrahydrofuran);

Detector: RI (differential refractive detector).



In addition, although the transparency is not affected, there are a

t endency of reducing the nol ecul ar wei ght of the synthesized conpound and
al so a possibility of reducing the heat_resistance and generating
"stickiness", whereby it is difficult Y obtain a preferable siloxane
conpound of the present invention. [0037] The net hod for producing the
reactive functional group-containing siloxane conpound of the present
inventifahé cluding the above opti mum et hod preferably goes through the

pr oduct 7Erocesses shown in the following (i) and (ii): Production

Tl B BRI AR ST 00
ehove. LAPAN ARGy ST RSE, TREIALRRP o R, UEns e e
D 0CCs bidoq SIBRARSS Sl BB DI OLIS OSSO BUBRETE Nt

of the ﬁié;ﬁtsé KBt REbId ok gh BbkiexysdrhrendiB@ir fdeathritonry (iHllt isndothighateve
|

al koxys e conmpound 1 n the presence of water (formation process of a

hydr ol y gisgosign ¢E Rt Bleck-5R@ EIdxe abkpouad! @)ehcrdasesheequig dn ithat the
processes (i) and (ii), the reactions may be carried out in any order as

| ong aswerkawlitylientgto Raehharmftbeffects. I n addition, in some cases, the
reacti ons of the above production processes (i) and (ii) may be carried out
in one [03R83ss, where the silanol-termnal silicone oil (b) and the above
al koxysi | ane conpound are reacted by such a nmethod as sequential |y addi ng
wat er dr opwiSpecifruexaropleswwidhessilicanegienmingl elimgthyh ilicope aiioveers Rajky the
substituents alternati Velt}\fn synt hesi zed t herefrom i nst ead gf t he abovg

al koxysHsilignaeial (kleare mgthyl ofoupss crBXARIB S IlgWIRg PrRdUtRames ni8ht i on

e e
oroduct o hodkiehudina 407 DR SR OTUI TR Hod?, FFOTLER,
a_brocess SligPIalning Ay AdoxssivanfaoYisth | Yie0s) Xeages vedosn by

deal coh ctton of siTicdne oll (b) havi'ng a silanol

group at,dfgst ekipJaab Wﬁggbkogﬁeﬁi ?QQOéa)%s( apd affre_ag;etw_rdrﬁ NESRBRtVY, an

al koxysi'l'ane (c) may be us in conbinatiron) for nodification of the

e ! ! e | e et
S| 'Con@(el(i‘ﬁrr,lﬁ‘[ﬁ%g'lg?teg{?ﬁ & opNss e DMS-S15ubssuers, DVSas21 heMs-egdact i on

process ype sil oxane conpound of the present invention

havi ng p8asmM SHMI:e3e, SRAISESE3, (IMSRERS, DNISSUMIBIISB45 Cid BR)ISSH1 as
(wherein R3 has the same neaning as in the fornula (2))) and a hydrol ysis

condens afé QrodeaseiidmoGeRiskoxys dadidahe dikef ePrbferablel spaaiiic examplasegfting , i s
produced by, preferably in the coexistence of alkoxysilane fa) (and
accor di sificonertemsl methy phenkbsiliconaoibwheye Rs in $wisiliconsoaib(hare @methy!
carrying out hydrolysis condensation reaction of the al koxy groups in the
al koxysigrau anddi phenylfgreup cap inslude ithe faloving psedugtnanes t"?@' gxaFeRIet it on
process (i) or, in the case of coexistence of the _above al koxysi | nq

| farialsi gy m

conmpoundnclugies AYR3IBY asodhpe Piedysish fiame Memeantiyex Beyiormanee n¥a

(d) and S08 323 ond POEYH1570S e Hodicts from' B8 SRl Sl thd BE" - As the
silicone-terminal diphenyl silicone oil where Rs in the silicone oil (b) are phenyl groups,
specific examples of preferable product names can include, for example, PDS-9931
from Gelest, Inc. Among the above specific examples, PRX413, BY16-873,
X-21-5841, KF-9701, XC96-723, YF3800, YF3804, DMS-512, DMS-814, DMS-515,
DMS-S21 and PDS-1615 are preferable in terms of molecular weight and kinetic
viscosity. Among them, in order to give flexibility characteristics to the silicone
segment, X-21-5841, XC96-723, YF3800, YF3804, DMS-514 and PDS-1615 are

particularly preferable in terms of molecular weight. These as the silicone oil (b)



<Pr oduction nethod (B)> A nmethod wherein: Firstly, a process of
obt ai ni ng hydrol ysis condensate of al koxysilane, preferably silsesqui oxane
(e), having an al koxy group within the nolecule is carried out by
hydrol ysi s condensation reaction of thé& al koxy groups in al koxysilane (a)
(and according to necessity, an al koxysilane (c) is used in conbination) in
the presence of water. Subsequent |y, the above sil oxane conpound of

the present invention is produced b arrying.out.,. b referably isol ation
of the M@Is yesdalopgALR &P at&m%&@er Fé’ﬁ%?‘"ﬁ%‘?‘&f%‘ﬁn y si | sesqui oxane
(e), synt hg i zed the above" and then by deal coholization condensation
react i oW98P! silicone oil (b) having a silanol group at the term nal and the

hydr ol ysi s ndensat.e of. i : il iLxane (e), 21
obt ai ned ab é(,?’eiﬁ?é‘ﬁ@xgﬁ\@{%(gé%ﬁéhggz@n\@@q{%%vva'fg@w!ﬁ?o ug{al)'( on nethod (C)>
One- pot net [k ' r i iRG ASrRfRa (3), the
above al koxﬁgl%@@%ﬁ Fgg]pfo E’P%S(Hdg{a? §§t@r&§£§ dgsh%zdgﬁg\gﬁ%l I zat?g?]))

condensgt ¢ actimon of silicone oil (b) having a silanol group at the
term naﬁ“%ﬂpﬁzgal ko@?si | ane (a) (and according to necessity, an al koxysil ane
(¢) is usedg,nn @UTEAGH) fihnuls e8Erephéseritd atrethybgrngroch phehyirgreap. in t he
presence of excessive al koxysil ane descri bed above, and then as the

pr oduct '[(;UB(}])rocess (ii), the above sil oxane conpound of the present
invention iS produced by carrying out hydrolysis condensation reaction of
the al koxy @RuQnfiise genéraéforasilal (@) may besxths sherecol diffeartiérane Re dutite general

al koxysilane (a) and (c) in the case of using an al koxysilane (c) in

conbi naférenuiadd6y or r(g),t @acte indepiengdentindepiesents apowikyhadrasrybayipge! Adi% i ed
form(d) in the presence of water. [0039] . In the g’réé_sene%&i n_\é_en@io , It
i s pref eatigneatioms, endsmay kshany ehligiahhengine ranchsd of exdiss tpegiicaryd

above-nenti oned producti on nethod ﬂ(%% of s ccesEi ve E,\ge- ot reacL' on ere
the secdmiudascihersaroe asnhose gremplifigd idfheidascapiion,of Reif MesPPIRTALIPTIE he

reactant in the first step. . Hereipafter. the pro t] )
(the abéi® ofddd dsﬁﬁfm(gﬁb@vepr'@ﬁmé'ﬂgo‘?{ eﬂ%ﬁ‘ﬁ'&oﬁ“’bﬁ |'°‘P‘8é%§{caer Q@%@@M@%&%’%
mention In the one-pot nethod, the production process (i) is the
first si&?ﬁﬂeaoti on and the production process (ii) is the second step

stdPHeacti on and the _ _ st
Al Koxysi | and BPPILGrEss (HFICEDol HRE ORI o RRold RIS dude o

Condensg.gétﬁglt%e&id%%}%,m ! m() 3%?%@1‘:&%)(@"‘5\%@9 (a)  (pethyhfikesygdilanae (c)

accordi necess or ication of the hydrogen afom of the

term nalai| & i An@i theCRRE OAMNohB) tHeo aBbiex ysathyltrim@inexisitste st ep
reacti or?,h%m%hf)g%g’g??i egl out prefer ablg wi t hout addi tYon of water, does

not cauiﬁehzmﬁbm@sm@gm@@m@f t he al koxy groups, so it is considered
that when the al koxy group is reacted in an anmount of 3 or nore equival ents

rel ativeog®2]l equivalent of the silanol 22

In the present invention, the alkoxysilane compound (c} can be used in
combination with an alkoxysilane compound (a-1), preferably (a), in order to control
the molecular weight of block-type siloxane compound (A), the compatibility as a
composition, the heat resistance, light fastness, low moisture permeability and low
gas permeability of the cured product, and the like.

[0033]

The use amount of the alkoxysilane compound (c) is 0 to 70% by mol,
preferably 0 to 55% by mol and more preferably O to 40% by mol relative to the total
alkoxysilane compound (the total of (a-1), preferably (a), and (c)). When the
alkoxysilane compound (c) is used in combination with the alkoxysilane compound

(a), the alkoxysilane compound (c) is preferably used in the range of 5 to 70% by mol,



group, the al koxysilane nodified form(d) exists as a structure shown by
the followng fornula (4), whereby it is considered preferable to carry out
the subsequent hydrolysis condensation of the al koxy groups after formation
of such a nodified form (d). Thereford? it is one of preferable aspects to
carry out said reaction using 3 equivalents to 200 equivalents of the
a!ro?%)groFgoaglaE%ve to 1 equivalent of the silanol group in the silicone
oi : R3 Si 0SiQoO R3 . [ 0041 t f a
(4), sﬁﬂgfr o feﬁabm\/% te d@%a?\&_m%aﬁmfﬁzﬁ%@'@i%ﬁ?ﬂﬁé@‘gb%ﬁ? 44 &W@éy be
r differen nd each independently represents the above X and/ or
R [o0o04gjative to thﬁtqtﬁtalﬁp}(gl%gpeﬁpr?%&g} on, if the al koxy group is reacted

in an a[r(‘sgggt of less than 1.0 equivalent relative to 1 equivalent of the
si | anol p, no al koxy group exists at conpletion of the first step

reaction [ t.i ' h . . :
White it 1 nEeubBieh dndipetiot! B ftogeEREkOslorna Kifidomd R e Hreant

equi val 'i Péﬁ@o"f‘é‘ﬁmb%é&- &PXy groups in the al koxysilane (a) (and

al koxys according to necessity) are reacted with the silanol group

[n the silichfe dokahd)cdigbbid 6 it Présenthirslniiohyems gl asuhe above,
conpletion of the tirst step reaction |leading to gelation. Due to this, it

Lol BRI ustcn Lty @romans (o) pmenaci o et

react i ogkeRil®le. (3-19), opreferably can valkexysilaase compoendb@). (hereinafter also
referred to as alkoxysilane (a)), and the above silicone oil (b) as raw materials, and
according to necessity, an alkoxysilane compound (c) can be used in combination as
a raw material.

The production of the siloxane compound of the present invention can employ
any methods as long as it can produce the siloxane compound of the present
invention having the above two segments.

The most suitable method is the above method (one-pot method) where, as the
first step reaction, silanol-terminal silicone oil {b) and alkoxysilane (a-1) preferably (a),
and according to necessity, alkoxysilane (c) are reacted for condensation in the range
that the alkoxy group equivalent of the above alkoxysilane compound is 1.5 to 200
equivalents relative to 1 equivalent of the silanol group in the silanol-terminal silicone
oil (b), and then as the second step reaction, water is added to the resulting reaction
liquid for hydrolysis - condensation of the residual alkoxy group.

[0035]

The above first step reaction is preferably carried out in the absence of water
and in the presence of an acid or base catalyst, preferably a base catalyst.

As for the ratio of the above alkoxysilane compound and the silicone oil (b) in
the reaction of the alkoxysilane (a-1), preferably (a) (and according to necessity, an
alkoxysilane (c) is used in combination) with the silicone oil (b) in the above first step
reaction, the alkoxy group equivalent {(which is, when an alkoxysilane (c) is used in

combination, the total alkoxy equivalent in the alkoxysilane (a-1), preferably (a), and



In addition, it is preferable in ternms of producing the hydrol ysis
condensati on segnent of al koxysilane as a preferabl e sil sesqui oxane segnent
that the al koxy group is used in an anount of 3 or nore equivalents,
preferably 4 or nore equivalents 23 af further preferably 5 or nore
equi val ents relative to 1 equivalent of the silanol group. In this
regard, the silsesqui oxane segnent in the present invention nay be any of

e ik o L

o sespen il B iy oy M M

%gméy _ﬁ?‘é‘:‘iﬁ@r‘%’ preFefﬁglya%éﬁgﬁog)ngéwgulﬁtn HG ér S a%oufd)g. g_r?ec%ﬂl valent to
GuL¥ghGRIS %ﬁ%ﬂ;gﬁ o 0 s&m{@h@ﬁe@fveftﬁgr géﬁmé%ln%% dinbhgroapove

al koxys?‘rl1 sed as a'raw nateri al erably, water 1s used in

a vol ung, tﬂ% SRV 4b?. 10, dddiBen, ¥ Bf %?%?’aﬁo@%lkéi@e@i%l@ﬁﬁoﬂﬂ@ above

t heoreti cal” anount of “wat er necessary ydrol ysi s condensation of the

resi dua g ahtiemag0ne! 8kboB ©f 1bDeediivalents, epreferably dnto 100 |1t
S cons%lggkgﬁ@hﬁa?et g reacta?ons (1) to (I11) (ghown ine;'?.he berIovv- descri bed

occur i ggtigieres and feftier presrablyns to (10D dduivaktntsirslativederisequiealentattieon of
t he al koxy groups of the residual al koxysilane (a) (and al koxysilane (c)

when usgifhrid) groupinmiiel siicomecsir )ng to necessity) in the system (I1)
Hydr ol ysi s condensati on reaction of the al koxy groups of the al koxysil ane
nodi fi ed f olfntheddmobbbohtiee abovehalkioxysilans: epmpetnd iigehnexearssalheoxyaMg ane
(a) (and al koxysilane (c) when used in conbination according to_nec ﬁ_lsi ty).
(111) Cuppentmitirangectiere os aopoasikility) thak heyprripeable phieical RPpsigsAkine
modi fied form (d) obtained in the first step.reactjop and hydrol ysis
condens abtained sigwang eanpeindattheresaRbinyeRiy, 8fg llé’ﬁg (c) when used in
conbi nati on_according to necessity) produced in the reaction of the above
(1). [0038) the second step reaction, the above reactions simultaneously

Ceoment | or 0 3k e Rod o B oS ghier i MMM SUBRERRAEI B IR e
chain Siulséa UG ggﬁgr?gkognrp%%d having an epoxy group and a silane compound having

no epoxy group are subjected to hydrolysis condensation in the presence of water at

a time. For synthesis of silsesquioxane having a functional group, a method of
hydrolysis condensation of an alkoxysilane compound having a functional group and

an alkoxysilane compound having no functional group at a time in the presence of
water is usually carried out likewise in Patent Literature 1.

However, when silicone oil (b) is used as a raw material in addition to
alkoxysilane (a-1), preferably (a) (and alkoxysilane (c) according to necessity) as in
the present invention, reaction of those raw materials altogether in the presence of a
catalyst and water results in preferential progress of hydrolysis - condensation
reaction of the alkoxy groups in the alkoxysilane (a-1), preferably (a) (and
alkoxysilane (c) according to necessity), whereby in some cases, a formed
silsesquioxane compound and unreacted silicone oil (b) remain and these are
incompatible, leading to a tendency of generating an inhomogeneous and

white-turbid compound. Such white-turbid polyorganosiloxane is not suitable for

optical application.



24 the silicone oil (b) are carried out at a sane tinme. [0044] The
bl ock-type sil oxane conpound of the present invention produced through the
first step reaction and the second step reaction described above is
excellent in transparency, and a cured%ody obtained froma resin
conposition using it is excellent in transparency and | ow el asti c nodul us
properties. [0045] The production of the bl ock-type sil oxane conpound
having a reactive functional group of the present inyention can pe cartried
out wi t hout lrnadditiahy stthough thestragspryessy 43 et allpfied, gl 9t%ecfé?%{]}’bec5‘fcyt9fe
reaction progress so it is preferable in terns of reduction in r i gn
hicing g d OE e

tinme torechicing thet mpleculas weighbekiestyninesized empornd A7 3P & ress]

used is any_ conpound as long as it shows acgidity of LGIty.. Ex of

t he aci dsicing s heaf fesigancenan &ﬁﬂ@f%%%é%&?%s&s’ ﬁ@%t@%?‘d?iﬁéﬁg’g!t ,

sul furic acid an itric acid and or i c.acids. s formc acid, acetic
aci d angbl@inpipreigealye ﬁ"HX%'&%P?E“&HP“Qg’ﬂB‘? pg%ée?i%l’@sé%@?ﬁt he basic catal yst,

al kal i t hydr oxi des such as sodi um hydroxi de, potassi um hydr oxi de,
Iithiun&ﬁ@% oxi de and cesi um hydroxi de, alkali metal carbonates such as

sodi um car bjﬁ'%;g@iﬁ(aﬁgglﬁg%& | aRat l%acﬁggifuﬁbﬁyrmoggﬁp%nbﬂﬂﬁbes%b@ne

pot assi um h organi ¢ bases such as ammoni a, and organic

Dases Sigeaelidah DY 8B A BhRHARTAG REidbeye TR AT proferably

di et hy hano triethanol am ne and tetramethyl ammoni um hydroxi de
can be y3ed inrBRdné BRRAUCOA"SIBRE SRS RAVRIPtr@ foflowinlgl ( ai(iiar t i cul arly
sodi um RAydr oxi and pot assi um hydroxi de are preferable, in terns of

easi nes pr@auét@m‘éid&sé (gafaabrstﬁj‘esé refnfioaming dncalkoXysdlaad dnodifiedafiesuingd) d?y t he
catalyst s usually 0.001 to 7.5% by wei ght and preferably 0.01 to 5% by
wei ght gebrichvkizatior entiehsatidy ofiesigmol-términal silicore soil 6@{ gng the above

(al kwrysilane (c) nmay be used in conbination according to necesaiﬂ%%,in t he
react i oalkoxysitane Far tailcaxysiianel madification aefothe sHigPnee Ollpisrmningl offorrgation by
wei ght . As for the nethod of adding the catalyst, the catalyst is

di r ect | procassdfa chainsilitossse@senth a sol ubl e sol vent or the |ike. Above

I, it ferable to add the 25 catalyst in the state of hej
or edi Ss irodactian RIPGERE 1A BLRSeSESTRTRCH YerarscongeaRain SHSehetnol

e i o BRSSO b A9 B Bl B e o
recese! oSSR M bR TBATR THCEY BheCBREShA% aRouaiene
o o R i Pl B BERE B bt s MroBWboncnoatl

t he pre%%r&héd{\bqréﬁﬂ&s}sm)be carried out without or in a solvent. In

additio I's al S0°possi‘ble to add a solvent in the mddle of the
product i I iont h@ (P! Seraddtivns ay betarmdd obt i amoordes

al koxysiiﬁgrr]l% p?%@?&rginl é}?gﬁ%&%@??}?b) (?accor ding to a;?racessi ty, al koxysil ane
(c) can é?ﬂng% é@ngmgﬁtég@h)praﬁdsﬁ| koxysi | ane nodified form (d). Such a
sol vent can be exenplified by, for exanple, aprotic polar solvents such as
di met hy! f or nnadiEtionli inaidryé sastsahiedeaatinhs ef thehghiovss prosiictier PePResseadl as
met hyl ethyl ketone, nethylisobutyl ketone and cycl opent angne, esters asch
as et hylamat@lahay beutartied cet i enequrngess, avherectharrilansbiarapnal siroasRit &

al cohol s such as net hanol, ethanol, propanol and butanol, hydrocarbgons such
as hexarand mamalkexysi@n&@%ﬂmcﬁweé@d%Bytsh'é 18 W@?hqcﬁa% ﬁ@%‘?@?@%

ot hanol addinanuaier FBNISa.n' TGN VOB AIBPRISBRRY JTEV e BLPGIFo Ao
th | t i t tjcularly limted | kbl S i hat
he T oncauRsitaB MBI ebeamesizat e Sam Hitefd of bns Brble ey K¢

t of . 0Q,10.900 ts b I ght ' ; el 100
paris. ofustk b itnsoren o 5 piselt [\(Entich caF, A bBlate Pl B0,

used in %%nbiaatéoné and %blicone oil (b). The reaction tenperature depends
on the cBEATPIHCURILEMC®EE("i s usually 20 to 160C, preferably 40 to 140C and
particulﬁkkﬁlpreferably 50 to 150C. In addition, the reaction tinme is

usual |y 40 hours and preferably 5 to 30 hours, respectively in each

product i on pb?&%??ble[&%ﬂahicﬁ trREtHRRABPInEILdR) sPlecifitally. et followit@ehreat &ingst
is renmoved by neutralization and/or

production methods including the above optimum method.



26 water washing, according to necessity. In the case of water washing, it
is preferable to add a sol vent which can be separated from water, dependi ng
on the kind of solvent. Preferable solvents can be exenplified by, for
exanpl e, ketones such as nethyl ethyl 20etone, nethylisobutyl ketone and

cycl opent anone, esters such as ethyl acetate, butyl acetate, ethyl l|actate
and i sopropyl butanoate, hydrocarbons such as hexane, cycl ohexane, tol uene
and xylene, and the like. [0048] In the present reaction, the catalyst
may be rRrasiustionmngtheg (A er washi ng, but the reaction is carried out under
either acidic or basic condition so it is preferable that the water washing
i s carrAdaethod wherginineutral i zati on or that the catalyst is absorbed using
an absorbent_ and then the absorbent is,..renmoved ration.

by filt nthle case
of using anFiBYGrBRARS PARAUFIS: BE?ﬁGSEs(')a@dBEPQGSS_t%OW@é{E?Q G pikgysfiane
cor S R i e SO LA BE O R R
neut 1ol P40 ﬁﬂ\ﬁR§°%§ﬁ%£%%@9gﬁain‘?n€¥%%ﬁ§?t@ﬂgiﬁﬁ%éﬁﬁ?%?%méf@egﬁéﬁﬁfng%; e
EXATD! e SlaifTER AHEGIENE ) Fiaveladpl EbrioTeuang o ARdRGpRON
sodi um %mg(z,g% Bg@@ﬂﬂﬁéﬁpﬁélﬁ%xﬁ]aﬁégam c acids such as formc acid, acetic

acid an I C aci ion, as for exanples of compounds show ng
basi city, | RL3BRLENINARINEYROdEGiIoPbicakss (1] tHe biwek-ypeisibxane toatpatmd um
hydr oxi de, potassi um’hydroxi de, |ithium hydroxi de and cesi um hydroxi de;

al kal i ppttak prRISeAndhesntiirc avines edichairc atliconet segmentgssuatiyc aepresantsd
sodi um hydrogen car bonate and potassi um hydrogen car bonate; and basic
phos phabgg CBiERE)As- dwdhedéinnRh yndsothenparospieasing as dodhearfophulep(@ileand a

pol yphosphoric acid and sodi um tri pol yphosphate; or organic bases such as
anmoni ahydmiysisgoadéensation segnyendrod alkanysiene, mretargblailgesquioxane segment,

di net hyl am noet hanol , triethanol am ne, tetranethyl ammonjum h%/ldr ox| de, and
the |ikis prodiusedumsdreirably inhibe, coardstgane ©f @A@yéﬂam%&@béﬂdc geqrding to

conpounds are preferable in terns of easiness.of.renoving fro n, i pntended
pr oduct Neagspityurdahekoxysilgpas &')alﬁ‘l &g e'“pﬁ@?ﬁ%%?té%“ s s%‘g: 6mropy3|s

di hydr ogenphosphat e or, t he aboye basi c phosphates all ow ng.. j nt
of | oH neaberisatem feaction 68 488 2kox Sicrs 8 JhE I FSaRieRE B figd foALE L™
activated earth, .acti | £ L4y | | We i
absor betigons i gt ah Tie BRI HREeH ) SER LS bR GBHOR BF IS
i ncl ude . CLj th hae! ghde r

or oduct EPPerikGoRTafit compoudd ALRCaISR) WlobRs i AR HEPRbOIG IRKITRR,
R-15, Of,ddi ' ' ii9he EoAfpdundpI eséhcdbMvatsrava
Industrha@'%%@?@gé%@ﬁ%ﬁg??% or M ?u aAce Ms(the superscri pt
RTM r epessiitidragieticf @>t rademark, as is the same hereinafter), and the
i ke. The activated carbon includes, for exanple, products from

Al i nonoiaometist whefwin: Co., Inc.: CL-H, Y-10S or Y-10SF, products from
Futamura Chemi cal Co., Ltd.: S, Y, FC, DP, SA1000, K, A KA M CW30BR,
CWL30AR or GHESthy, eaanprdckess| iof e obtainiribhehyrirolysise dondensate, of oalkexysilsine,
products from Uni on Showa K K. : nolecul ar sieve 3A 4A 5A or 13X, and the
like. prefefdtdy sjlsesmtioxareh ey baning ar plkdxy, groop wilinghe meeedieds Sarties
Kyowa Chemical Industry Co., Ltd.: KyowardoRm 100, 200, 300, 400 ﬁOO
600, 700Ut bpdydseiwsis @ondepsatinm reactippral Ran Alkoxy gUeHES 6bAlkexXySilaRey@) RTNA
15JWVET, 15DRY, 16WET, 31 WET, A21, Al rliteRTM | RA400JCl, | RA403BLCI and
| RA404.J @ccorsling iR PECcesin @B\ﬁf@i‘éfﬁii%@n? $HaRY.In BBM'F@*N&B%%%-SQPC%% V2

or MAC-3, and the like. [0050]
water.

Subsequently, the above siloxane compound of the present invention is
produced by carrying out by preferably isolation of the hydrolysis condensate of
alkoxysilane, preferably silsesquioxane (e), synthesized the above, , and then by
dealcoholization condensation reaction of silicone oil (b) having a silanol group at the

terminal and the hydrolysis condensate of alkoxysilane, preferably silsesquioxane (e),



After conpletion of reaction or after neutralization, purification can be
carried out by neans of water washing, filtration and in addition,
separation-purification commonly used. The purification neans includes, for
exanpl e, col um chronmat ogr aphy, concendk ati on under vacuum distillation,
extraction and the |like. These purification nmeans may be carried out al one
or in conbination of a plurality thereof. 28 [0051] In the case of
reacti on using a water-m xable so| vent afs a reaction solvent, it is

prefer aﬁb@"ﬁfg?b@% Rrakesablyin Hi 8bseNES 9ToMaeH vent is removed fromthe
system b%& stillati og &r) concentration under vacuum after neutralization,
and t hef ugtion 1pethoddf4)2nt whi ch can be separated fromwater is added to
t he real@ti on Srﬁs%h%mtlﬁ) di ssol ve an intended reaction product, whereafter
vat er weSGrRY MEMOS WISyt . [ 0052 After water washing, by renoving

t he sol vent rak i o .
reactive fuﬁl‘:@ ﬁg.n%ﬁbﬁéfpggéu@gﬁgfg&egé (@,{‘(Pg%ﬁ)ge@%% epot(a r'ﬂaé d;@gnggﬁ} 1S

i nventi gan.£an ' : Ordd ; ' S ; sent
inventi{g:{rnlll I'S Bgﬁjgﬁ%)ﬁgo o'rqn[egs annc?atu?gn%%gtrl@n't&iéﬂ’egg%ear gﬂ%\lg’cﬁdé%ﬂflﬁgﬁi d
havi ng il | 204, \wi ' e(HRIMRERei t

i nventi %t]%?éél Irtliﬁaéld %‘th%% \gggvglkre gﬁﬂoér)]x(?z g r eact P\%ﬁ{;uadgﬁﬁég?ﬁﬁ an

gr oup- caRbRisliahe (e Relisdd/ PEcsthbimation) pasfdabidinchardaweatt 24 dvdter fdin the
conprises a chain silicone segnent as described above, preferably a chain
si | i conpresepoendf exgasshenbikdxpyilardeSdeBaEE) abolahandi thenRs dinel prodactiont he
sanme neanings as in the above fornula (2)), and a sil sesqui oxane segnent

r epr eseptaodsh\(iif, RESI dBRVR) silox@nkeecanpoure of $he peesentdanwantion ishproabiced by
formula (4) and nx represents 2 to 20 as an average value) as a )

const i t aairgingl ouinhydralysisacondersationerasictioneofsihesalkguy @raves dedhenesiduave at
| east one reactive functional group having an epoxy group. In the

si | sesqalkexysilanse fmefihe sesideal alkexysilarer %@f aPHe(Gelic the casgnet iUSiNG ar oup
havi ng an represented by X fromthe abgve al k

epoxy grou xysi|ane (a
ol it L vakosVSianedil e AR GHPMRGoREI8q & BORE Ut RTS8 4he ADOVE Sy Iagte 0. 3
to 1lis qrﬁjefte({%bled tu([htE{ler a ratifo f 0.45to 1 is nore preferable, and a
ratio ofQsifed trm () In)e PIESPAFe Pf Wal®er abl e, on average. In addition, as
for the ng@%']'p represented by R4 fromthe above al koxysilane (c) relative to
one siI[ atomin the silsesqui oxane segnent, a ratio of 0 to 0.7 is

pref erabl o, uh 4hd RigsdhuTiAARIA, 01 BrloBid T RS BY SheHaRhS ne Fhodithich,

ratio of 0 to Icul ar efera , On average.

pr ef er 2Bl o8 BCHeR i 8baRE-rAnidiec blodtRAGN GAEIHRMNE) ot 4R estRBe-pot

inventibn 1s, as a welght average nol ecul ar wei ght heasured by GPC, about

500 to Phd@RR whareahBrsicohatep PbsutionG8 Wireetiy @afidl olhwithat igslafien abthe
about 1,000 to 10,000 and particularly preferably about 1,500 to 6,000. If

the wei gddctamvanage firstlstspll ar weight is too low, there is a possibility that

the heat resistance is reduced, and if it is too high, the viscosity

i ncreases ciereimgftesrthieybrodtiton snethoddCh dthid abgve most preferable production
method) will be more specifically mentioned.

in the one-pot method, the production process (i) is the first step reaction and

the production process (i) is the second step reaction. Firstly, in the first step
reaction (production process (i)), an alkoxysilane modified form (d) is obtained by
carrying out dealcoholization condensation of silicone oil (b) and alkoxysilane (a) (and
alkoxysilane (c) according to necessity) for maodification of the hydrogen atom of the
terminal silanol group in silicone oil (b) to alkoxysilyl. The first step reaction, which is
carried out preferably without addition of water, does not cause hydrolysis

condensation of the alkoxy groups, so it is considered that when the alkoxy group is

reacted in an amount of 3 or more equivalents relative to 1 equivalent of the silanol



The wei ght average nol ecul ar weight is a weight average nol ecul ar wei ght
(MvM in ternms of polystyrene neasured using GPC (Gel Perneation

Chr omat ogr aphy) under the bel ow descri bed conditions. Conditions for GPC
Manuf act urer: Shimadzu Corporation; CH2um: GQuard col um, SHODEX GPC LF-G
LF-804 (three colums); Gowrate: 1.0 nril/mn.; Columm tenperature: 40C
Sol vent used: THF (tetrahydrofuran); Detector: R (differential ref ractive

detector). [0055 The epoxy equival ent of the sil oxan f th
pr efsent%r:ampg(t)l'z)ea 0$leﬁﬁaﬁ'éﬂdlﬁﬁdtf%fén ﬁ@t%ﬁﬁse@ %ié@'@?’ﬁ“ﬁ%éhPW”%Yéﬂ d'?gi s ©
preferably to 600 g nor.e efer Otol 0, a/ d

parti cufoamua ddaf é\f’f‘@@@k}y 4503t 60@%199&49@"9 eraklfe cépﬁﬁw’ éﬁ'& V% e nggu?rgo

ess pr tbg@pf;ggg@ggqorg%ﬁt@p st e asaicpeapaager foridpn § sfef g Hodhidl et oo
b "The. i o BREPtBtyb i aDGr ot RIS AReR LRt By (AR dgag Bt 302 Y
ggzcggjgg@w%@nﬁ%@ 200, UL 2 87 the S, SO Eee 13 1 Behatant o sout
ror e pr SPGB rE N6 B s Snd particulariy 1t Ts further
preferafdoa(ﬁoo to 5,000 mPa s. [0057]

Rs3 Re ‘
O /SII O\ S\i OR; (4)

Rs

|

Si

N e

OR, Rs OR
[0041]

In the formula (4), Rz, Rs and m have the same meanings as described above,

R,0

and Rs may be the same or different and each independently represents the above X
and/or Ra.
[0042]

In the first step reaction, if the alkoxy group is reacted in an amount of less than
1.0 equivalent relative to 1 equivalent of the silanol group, no alkoxy groUp exists at
completion of the first step reaction resutting in no further progress to the second step
reaction, while if the alkoxy group is reacted in an amount between 1.0 and 1.5
equivalents, 2 or more alkoxy groups in the alkoxysilane (a) (and alkoxysilane (c)
according to necessity) are reacted with the silanol group in the silicone oil (b)
resulting in a too high polymer molecule at completion of the first step reaction
leading to gelation. Due to this, it is necessary to react the alkoxy group in an
amount of 1.5 or more equivalents relative to 1 equivalent of the silanol group. In
terms of reaction control, 2.0 or more equivalents are preferable.

In addition, it is preferable in terms of producing the hydrolysis condensation
segment of alkoxysilane as a preferable silsesquioxane segment that the alkoxy

group is used in an amount of 3 or more equivalents, preferably 4 or more equivalents



The ratio, relative to the total silicon atons, of the silicon atom bondi ng
to three oxygens bel onging to the hydrol ysis condensati on segnent of

al koxysi |l ane, preferably a silsesqui oxane segnent, in the siloxane conpound
of the present invention may be about B to 95% by nol while it is
preferably 5 to 50% by nol, nore preferably 8 to 30% by nol and
particularly preferably 10 to 25% by nol for sealing optical sem conductor
el ements. The rest is the ratio of the silicon atoq1beLongg% to %@e chain
si | i conand dgrteer praferably & eeiara, equialeaisnislative 1, {pdWiaiepppf fg sianol
descri bed above neans the total silicon atons in the sil oxane conpound of

t he predédd-i nvention. If the ratio, relative to the total silicon atons,

100! o e S LR o v
Lot SR IR 485 THBR T AR M BB
o 21l RS AT AR b PR Ak s Lo @ concern ©

char act Ejdd'%il cs of the silsesqui oxane segnent appear too nmuch, resulting in
t hat when using as a conponent for the curable resin conposition described

later, a Curfaﬁférr?!oﬁgﬂéﬁor%f g first SRIPrexRBASIHG Setdrd stephraaétidrh girotibetidrow
el astic nodulus properties are reduced |leading to a tendency of worse

resul t sppfcdagagi)Cischarmeaséut where Wigtesiis exdae tooimeorsattioh liduid paseit dsitfor
invention is characterized in that it has a chain silicone segnent and a

hydr ol y pi/grohyisl eoadénsaionagitra aliaixytdreupsove al koxysil ane (preferably
si | sesqui oxane segnent) as descri bed above and that the | atter segnment has

a reactive flirecaddition agroump ohwaterdgs abowp 6,5/ equivalent Ent00 aqpivetandsirelative i s
also a significant characteristic that the siloxane conpound of the present
i nvent i tn Iwequivaleht ghthe alkoxy gspup e the ahevei alkewsdaga gasmoynd 4sed 3812 for
opti cal sem conductor sealing. For exanple, as described bive, tohg ratio

of the ray wmiatenaln direfarablyorydtel iBouseid iRyar WRIYEISs O&f'i‘em\“aﬁs t§1%A0sBeEnt of

L
0 BBl B el g o T e M
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silicon, i nts in the siloxane conpound of the present
SRR e iack

i nventi fromthe addition ratio of a raw material or

can be also terBf!ﬁ%i@bo%HeHNaio@Q&CW,ofqhénaRw cRBapy fsthentksidiail | i ke
oxan

of an obtai ned si e conmpound of the present invention. [0058] The
si | oxane conggg%ughet(af (81 @ BHUxy6 At (¢)owhes usedniar ¢orabinatiod excordiegl to
below. (i) A reactive tunctional group-containing siloxane conpound which

i's a bl ock-typsessitypimane systegoner having a chain silicone segnent and a
hydrol ysi s condensation segnment of tri(Cl-C10)al koxysil|ane having a_group
sel ected frofii)t hédirolypiscaomsiensatign oéactioneefdhe wkaxyraroupsaf ther Jkpxysdanag an
epoxy group, a nethyl group and a phenyl group, and at |east one of th
hydrol ysi s cmodéiesataron(degbtaines ireihe fisstsigregacion@adninggalioxydizde Gle
reactive functional group having an epoxy group. 6‘§ii The reactive
functional gEndalkexsipRe(e) Whedksee 'BWHHH'F@"&:@ ARG deaessithove (i),

(o ow ng T ofiii aConrpRsatios wasiob)aning shorvatanes B feaigvalnetBodting o

di ff t f h oth J t ., strai i

Oyl Al kyl el saine & g Bt SHD iadiohl AR HRbrs BopBEARaREhdpe

14 b . [ | i \

Capr osent's. pAROx G, B TERY ABERIRNR (k] Yitep Geedief E6RBhefioR Becofdfi
S e i . : : o Y aherein R

o oS ) AR SRR, e (11), ereln

average. In the second step reaction, the above reactions simuitaneously occur in

combination, so formation of the above hydrolysis condensation segment, preferably

silsesquioxane segment, and also condensation with the chain silicone segment from



(iv) The reactive functional group-containing siloxane conpound according
to any one of the above (i) to (iii), wherein R3 is a nethyl group. [0059]
(v) The reactive functional group-containing siloxane conmpound according to
any one of the above (i) to (iv), wher& n the reactive functional group
havi ng an epoxy group is an al kyl group having 1 to 3 carbon atons
substituted by a cycloal kyl group having 5 to 8 carbon atons havi ng an
epoxy group. (vi) The reactive functional group-containing siloxane
conpountheagitieans ol (R)@rapariatkodfattheamediee(i) to (iv), wherein the
tri(Cl-Cl0)al koxysil ane having a group selected fromthe group consisting
of a rel¥Me functional group havi ng an epoxy group, a nmethyl group and a

PR 9 U bk e LA Y A 6 os bR
1110 % GRP ko 1l TRCoR 0L MR BT B Yp4B STBIBACR
LT GABMPHERYS HhRCS, BB KB STckbocSERRIn Bl s
oot 1 v P o R B e e accor ding to any one

of the W (1) to (vii), wherein the tri(Cl-C10)al koxysi | ane having a
group selected fromthe group consisting of a reactive functional group

having an egpey fbQudtiona oretiyy | blgsietypeansliorand eoyinpgund phiagingoteh reactive
tri (Cl-Cl0) al koxysil ane having a reactive functional group having an epoxy

group afishctivhaCgraubOpitHeopiesicng ivevdrdionngara bgr carfded edut ovitbut rao catahestgboup
consi sting of a nmethyl group and a phenyl group. (ix) The reactive

f unct i onsihggrooatatyshinl leaddo sidlakaftheceaptiom gregress aolgs poefienablaboierms
(viii), wherein the tri(Cl-C10)al koxysi | ane having a group selected from
t he gr oop redustiost innigaction tina Ity icagyody ianlheaprssence ofroaptalyst. A catalyst
phenyl tri net hoxysi | ane or met hyltri nmet hoxysil ane., ﬁgée“(ﬁThe reactive,

funct i owdlichyceiip beoHEed rif ngnY | FBRBRINE A e Ak do eidiRyor DESiG- of
e 00RO She bt eaat T HikoRle 0 SRR Bhayiehili. sasur e
or ouP S0  ShA RIS TR BB B kO B, BN 0
So0ary! REHCHOR M hbGRBS, & for CRbnfifES SPHY! LI Yatalae LRI Metd Hy B Fuds)
such as sodium hydroxide, potassium hydroxide, lithium hydroxide and cesium
hydroxide, alkali metal carbonates such as sodium carbonate, potassium carbonate,
sodium hydrogen carbonate and potassium hydrogen carbonate, inorganic bases
such as ammonia, and organic bases such as tricthylamine, diethylenetriamine,
n-butylamine, dimethylaminoethanol, triethanolamine and tetramethyl ammonium
hydroxide can be used. Among them, inorganic bases are preferable and
particularly sodium hydroxide and potassium hydroxide are preferable, in terms of
easiness of removing a catalyst from a product. The addition amount of the catalyst
is usually 0.001 to 7.5% by weight and preferably 0.01 to 5% by weight relative to the
total by weight of the alkoxysilane (a) (alkoxysilane (c) may be used in combination
according to necessity) in the reaction system. Further, said addition amount may
be about 0.01 to 1% by weight.
As for the method of adding the catalyst, the catalyst is directly added or used

dissolved in a soluble solvent or the like. Above all, it is preferable to add the



Si OH(2) R3/ m[0062] (wherein, plural existing R3 may be the sane or
different fromeach other and each represents a straight chain, branched or
cyclic alkyl group having 1 to 10 carbon atons, an aryl group having 6 to
14 carbon atons or an al kenyl group ha% ng 2 to 10 carbon atons, and m
represents 2 to 2000 as an average value) with an al koxysil ane conpound (a)
represented by the general fornmula (1): XSi(OR2)3 (1) (wherein, X
represents a reactive functional group havi nglﬁan epo yagrou

0 oseeo iyl Sed e v Ll REF oo
syt iR o el B g el v
A LU A A LD
;Eg\(;tei v@??‘fﬁé&i’ %ﬁ@%‘iﬁ{%&ﬁ&ﬁ?g.'ﬁ.@ﬁ@. lTE"[(')sznel cgrrpoyndaaccdr diimng M ?{he
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represeemc?&rﬁibéﬁépawim%ia[ formula (2) is 300 to 30,000. (xiii) The

reactiv group-cont ai ni ng sil oxane conpound according to the
above (Fd();;@r (xii), wherein the equival ent of the al koxy group in the
al koxysi| ané conmpound (a) represented by the general fornmula (1) is 2 to

100 equi val GTH@?fcﬁiu%tibN of tive teastivieviainetibnalf grobe-containivy giloxapei corpeund
silanol-termnal silicone oil (b). (xiv) The reactive functional
gr oup- coftia pregentiinvendios caonpe cadiedt oat dithgut or img sohenbf waddition,(ikis i ),
wherein the silanol-termnal silicone oil (b) represented by the general
f or nul aa(s) possisleltarand a eohiendin teneiddle ofitheé poecuddion pocess.anbhhe seivenhal
met hyl phenyl silicone oil. (xv) The reactive functional group-containing
si | oxants pefeabicaastwniiwhjch disselvesnalkexysilang (@) siligane oiyr(@csrerding to
al koxysi | ane conmpound_(a) represented by the general fornula (1) is,
bet a- gl PEFeRsitye@iPtsilars KSkyan I%B?e%é'%/ & wgamm%ﬂtmgmémq'm,
form (d). Such a solvent can be exemplified by, for example, aprotic polar solvents
such as dimethylformamide, dimethylacetoamide and tetrahydrofuran, ketones such
" as methyl ethyl ketone, methylisobutylketone and cyclopentanone, esters such as
ethyl acetate, butyl acetate, ethyl lactate and isopropyl butanoate, alcohols such as
methanol, ethanol, propanol and butanol, hydrocarbons such as hexane,
cyclohexane, toluene and xylene, and the like. In the present invention, the reaction
is preferably in an alcohol and more preferably in methanol orfand ethanol, in terms of
reaction control. The use amount of the solvent is not particularly limited as long as
it is in the range that the reaction smoothly proceeds, and the solvent is usually used
in an amount of about 0 to 900 parts by weight relative to the total weight 100 parts of
alkoxysilane (a) (according to necessity, alkoxysilane (c) can be used in combination)
and silicone oil (b). The reaction temperature depends on the cafalyst amount but is
usually 20 to 160°C, preferably 40 to 140°C and particularly preferably 50 to 150°C.
in addition, the reaction time is usually 1 to 40 hours and preferably 5 to 30 hours,
respectively in each production process.
[0047]

After completion of the reaction, the catalyst is removed by neufralization and/or



gama- gl yci doxypropyl tri nmet hoxysi | ane, gamma- gl yci doxypr opyl tri et hoxysi | ane,
bet a- (3, 4- epoxycycl ohexyl ) et hyl tri nmet hoxysi | aneor

bet a- (3, 4- epoxycycl ohexyl )ethyl tri et hoxysilane. [0064] (xvi) The reactive
functional group-containing siloxane cinpound according to any one of the
above (i) to (x), which is obtained by, as a first step reaction, reacting
silanol-termnal silicone oil (b) represented by the general formula (2):

[0065] (\ HOsi OH(2) \ R3/ m[0066] (wherein, plural existjn b
t he sanwater washirg.afcordinente asaestiver 1AL 6a%s of @ﬁ?%él@ﬁ'@n% '%'ﬁgpégéﬁgg‘éhaien,
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al koxy%{:%g%f QIR ULt ) ah EREESORYE DUANSAE, IRAREHDEAE "Mldh &) hexane,

R4Si (0
cyclohexane, toluene and xylene, and the like.

[0048]

In the present reaction, the catalyst may be removed only by water washing, but
the reaction is carried out under either acidic or basic condition so it is preferable that
the water washing is carﬁed out after neutralization or that the catalyst is absorbed
using an absorbent and then the absorbent is removed by filiration. 1n the case of
using an absorbent, an absorbent is added to the reaction liquid, treatments such as
stirring and heating are carried out to absorb the catalyst, and then the catalyst and
the absorbent can be removed by filtering the absorbent and also by washing the
residue with water.

For the neutralization, a compound showing acidity or basicity can be used.

Examples of compounds showing acidity include inorganic acidic compounds
such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and sodium
dihydrogenphosphate, or organic acids such as formic acid, acetic acid and oxalic
acid. In addition, as for examples of compounds showing basicity, inorganic bases
such as; alkali metal hydroxides such as sodium hydroxide, potassium hydroxide,
lithium hydroxide and cesium hydroxide; alkali metal carbonates such as sodium
carbonate, potassium carbonate, sodium hydrogen carbonate and potassium
hydrogen carbonate; and basic phosphates such as disodium hydrogenphosphate,
trisodium phosphate, polyphosphoric acid and sodium tripolyphosphate; or organic
bases such as ammonia, triethylamine, diethylenetriamine, n-butylamine,
dimethylaminoethanol, triethanolamine, tetramethyl ammonium hydroxide and the
like can be used. Among them, inorganic base or inorganic acid compounds are

preferable in terms of easiness of removing from an intended product, and further



(wherein, 1R4 represents a nethyl group or a phenyl group, and R2 may be
the same or different fromR2 in the general forrmula (1) and each

i ndependently represents an al kyl group having Ito 10 carbon atons) in the
range that the total equival ent of the7al koxy group in the al koxysil ane
conpounds (a) and (c) is 1.5 to 200 equivalents relative to 1 equival ent of
the silanol group in the silanol-termnal silicone oil (b) for
condensation, and then by, as a second step. reaction ddi ter ta the
obt ai nepreferable aie phegnh@tessuely as sogin diiiaearphospRals of R& AR pasic

al koxy group. (xvii) The reactive fungctional group-containing siloxane
corrpouri%%ﬁﬂf@t“éﬁ ﬁ'cbomagtq%ymrrﬁwpﬁ rgpﬁ‘%"‘ﬁ@'si | anol -t er mi nal
silicone oil (b) represented by the general fornmula (2) is the silicone oi
accor dil9848b the above (xii) or (xiv). (xviii) The reactive functional

Sher: e RS FLTER SRR AT BT B e (oo Y
(o)t o BodPERRURRIRAGARIAL hdelodile, RRUEHERYE reshiind tnE1fke SR8 Ispeeifc |

above (é%éﬁpfgg tﬁé@#ﬂ?%‘f“(%sf‘?d&ﬁ Egﬂog\}_koxysi | ane conpound (c) represented

by the ne tri met hoxysil ane or

phenyl tri ”Efrhewibét%ﬂf‘ear{}pﬂ@mdeﬁ,efﬁr,exbhﬁjlé,}[rﬁrﬁbhé‘tsrfﬁﬁ‘h ToshimCAEinicHs Co.,t he

present invention wll be expl ai ned. he sil oxane conpound of the

pr esent | {dVaRiviafs Earh PSABS 8AAS TaRCTEIEIENGr Nikkanite (G386, &G-168ior G-168),
conposition. Hereinafter, the siloxane conpound of the present invention is
ref er r egrdductsfrosi Mizaaevechmpstiad Ghdmichls; héd. pGadlean Eartreat MizkasAceTpl y
"si | oxane conmpound (A)" in explanation of said curable resin conposition.

I n t hi s(th86upesscript IRT i lepresents cegistated (trademgrkbastiadhe same herdinaléen) onal
gr oup- cont ai ni ng sil oxane conpound according to any one of the above (i) to
(xi x) aadditmelikegles al | conbinations with said siloxane conpound. The

Comound ( ATef AdsiachSEbonn UL 4 AXGRRky PEFE olAENANMRAC
furth tai i { - iti , i t S ,
1y PR HGsna hicor oo Vel PR o phfosR Aot e SRR inc
A / and [ t : hd, ot ' d
Conbi nalorl 4B & FRb TBnga 10RL K iy ohob ASBER GLASOAR BN AL H08, "

(A) of taﬁ ﬁrﬁggnt i nvention, for exanple, the properties as a cured
producta é ° 'd in a curable resin conposition, specifically

L ranspar encym edlind FRISIAN 6r ekaiBle, [oRUMAS Srorh WHiEh Btidwia KB Blecular

properties at a Iow tenperature, n I ness properties, heat cycle

resi st apife IRQLNES orRIX BRd thé&fkér e not |l ost. In some cases, said other
epoxy resin 1 nproves physical properties of cured products of the curable

resin conposiHd §hthdiiteabsérbenpinclltiess frosampler pradunts {rajn Kyowh<imramaht
invention relati've to the whol e epoxy resin conmponent is 20 to 100% by

wei ght , :rm@p‘tgr @6),)L180 Kyowkhass10eei2fa, 390d400r 608y 600.e7@0,a000 a0d 260000%
by weight and it may be 60 to 100% by wei ght or 70 to 100% by wei ght and

al so 80 predudi®Frdmy Ratirghand Hiaendompaoy: AmbearystIYISHWET, 15DRNelQWEd, i n
conbi nation, the ratio of the sil oxane congound of the present jnvention in

t he whoBdVEEExA2A e AimberliteRié IRA#ORIGE IBRAIPSBLE! @rd BrA49AIG] peadiicts HieBht i on
together with another epoxy resin is preferabl to, 90%.b i and
pa?t i culRaw Qh@rwc@lr%@mpgsm:y@@vv%%“’kﬁﬁ-ﬁ‘?&r@"&ﬁ&a? 03 éﬂgﬁh%n%%r abl e

resin conposition of the present invention, the ratio of the sil oxane
conpounﬁagéglcﬁ the present invention alone or the whol e epoxy resin of the

sLLoxane Commoung 8l SRR AR R oL A G g
f bl b 0 % i i . Ai e
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by Vel IRy RSA[08. or 18, STRRRTO. et incuBBEC bl CoRsap, cootlmat e

product n dy i X¥xtr&RionS apd the like.
cﬂh?ﬂgﬁg#¥@§E5§%H%§?E@@H und® Vh&Gh aRsillaBoe X ¥xtt a e like

gl ycidyl™-e various novo?ak resins, nuclearly .
hydr 00eNHeR & Mirdkusbs Mbads OIE) be eRfisd Gshibse ol ihcsombinatiomof o phirality
het er ocycl i ¢ ‘epoxy resins, glycidyl ester-type epoxy resins, glycidyl
am ne-t YR&re®POXY resins, epoxy resins in which a hal ogenated phenol is
glycidylated, glycidylated silicone resin or the I|ike.



[ 0068] The pol yphenol conpound used in the above pol yfunctional epoxy
resin can include bisphenol A, bisphenol F, bisphenol S, 4,4'-biphenol,
tetramet hyl bi sphenol A, dinethyl bisphenol A tetranethyl bisphenol F,

di mret hyl bi sphenol F, tetranethyl 28

bi sphenol S, di et hyl bi sphenol S, tetranet hyl-4, 4'-bi phenol ,

di net hyl-4, 4' - bi phenyl phenol ,

1- (4- hydr oxyphenyl) - 244- (1, 1- bi s- (4- hydr oxyphenyl ) et hyl ) phenyl ] pr opane,

2, 2" - meld@pl1géne- bi s(4- nmet hyl -6-tert-butyl Phenol ), 4, 4' -butylidene

bi s(3-nmethyl -6-tert-butyl phenol), trishydqr phenyl net hane,. resorcinpl ,
hydr oqui nondn the easmel Haction digdiksa N@?ﬁé“’éﬁﬂﬁé isg&?ﬁ)aﬁlq Ertion I?Qﬁ’@pkydf)'s

phenol s having a fluorene structure such_as 1-di-4-h
f1 uor en@{ef@'i?@??)éll‘@tp n\‘!ﬁte(,rdﬁ%gi?dée%qim %@V%‘Pllreﬁofeé?% %?P%ﬁ%%& éﬂ%n by
Therefore, the pol yfunctional Qxy. I esi the:. e i ified
pr oduct ABHIHGR PG BHRSEIT BRI Vekughalef NelPFIZRRET ala thbr anéf ot s
gl ycidyl - et heri.f.i.ed _predu I ) e
Doval aispenf e el BicSabulod, JoyT Sy B8 ARRET, R RALIN system &
novol ak ,resins j I hahingli ' fvari ous
novol aksEBMACer [ 1<BisTph BRORc, AReRed i Wb Eashing 19 R e .
phenol , qﬁ ol s, ethyl phenols, butyl phenols, octyl phenols, bisphenol A,
bispheng . bi sphenol S and naphthols as a raw material, xylylene
skel et on- conisgirnyaerrP&aahg NBYoleioviRgithe shilvart ogsthtabdivenisy concentration
skel et on- cont ai ni ng phenol "novol ak resin, biphenyl skel eton-contai ning
phenol pavet akclifidt thedike| Haeaotve ielctibnat groupatanitaiginghsifmiansaashpauntesi n.
Therefore, the pol yfunctional epoxy resin as the glycidyl-etherified
product of tenpresentinventivokbak beestamesipeci fi cal Iy incl udes
glycidyl -etherified products 38 of these novol ak resins. [0069] The
nucl ear [§038]dr ogenat ed products of the aromatic epoxy resins include
nucl early hydrogenated products of glycidyl-etherified ﬁgquct of a
novol ak resiThe silakars cormpandioly ke presth Twentipve ysia UQO%W@%I%“das a
raw material is a raw material, I

hydrogeﬁ@@ﬂam%épﬁe@ﬁnﬁﬁﬁd@ﬂa&? %:';rlfg ﬁ%ﬁlﬁe’%yﬁggﬁ gutr:]l)\?glr lai resin
bi sphenol _F 15 SiR@RsIcoaReiatARe T BRand Bl RS KB B eBREN C; o
oct y1 phénBreacBiBReligra RS IPosnEing fopF bk SisRate Son ki IERacred |
112,50 R, BB AL i TR S st oy i

skel eto S Pé??é? 58 B GBHEE).0)m- (wherein, Rs and m have the same
2,2 -bi s%?ﬁﬁg?y%@%y ycC é(()rﬂggy 3?[g)(ropa)nze,)m (w ?

3, 4- epow&%ﬁhg@ Y B AdvSidtn e (2)F yar ol eligssyuiexdrexsdgihent represented by

vi nyl cycl ohexéne

di oxi deg% SHOH2RBOKMREIN Ry the Bamesas MmotheXbbvepfoxyiala(4) kexamedeptessnts oxan
e, bis( ,ﬁ-epoxycycl ohexyl)adi pate and the like. The ali phati c-tzpe
epoxy r esits2@ s iancaudmge yaludy| asteheosstitutipoaly pidr &od @tclsgast oneopf the
exanpl e, glycidyl ethers of polyhydric al cohol such as 1, 4-butanediol,

1, 6- hex ailedsquioxame gegmphteaavg giclest pag 1gactig fenetioga) gwup BARGaP BRIVt ol

and xylylene glycol derivatives. The heterocyclic epoxy resins can
i ncl ude greupr ocycli c epoxy resins having a heterocyclic ring such as
i socyanuric ring and hydantoin rin e |

In the silsesquioxane segmegt, gsn ?o} 919 niulr(neber of the reactive functional
group having an epoxy group represented by X from the above alkoxysilane (a)
relative to one silicon atom in the silsesquioxane segment, a ratio of 0.3 to 1 is
preferable, further a ratio of 0.45 to 1 is more preferable, and aratio of 0.6 to 1 is
particularly preferable, on average. In addition, as for the group represented by R4
from the above alkoxysilane (c) relative to one silicon atom in the silsesquioxane

segment, a ratio of 0 to 0.7 is preferable, further a ratio of 0 to 0.55 is more preferable,



The gl ycidyl ester-type epoxy resins can include epoxy resins nmade from
glycidyl esters of carboxylic acid such as hexahydrophthalic acid

di gl ycidyl ester and tetrahydrophthalic acid diglycidyl ester, and the

li ke. The gl ycidyl amine-type epd® resins can include epoxy resins in
whi ch an am ne, such as aniline, toluidine, p-phenylene diam ne,

m phenyl ene di am ne, di am nodi phenyl net hane derivatives and

di am nonet hyl benzene derivatives, and the 39 |like is glycidylated.

The epoayd pastiaof DrioWd ismpartinalesydratesablsnenaveradeyl yei dyl at ed i ncl ude
epoxy resins in which a hal ogenated phenol, such as brom nated bi sphenol A,
br om nal®®§4bi sphenol F, bromi nated bi sphenol S, bromi nated phenol novol ak,

bi sphenol - AThS. BrefeiatiA Tralabliebovan of e Silnsr oBRBSENC I desent

| sphenol ATTS YRy 284 0 1 Use of
pr of or %fawéﬁ’vl TieAma %%elqﬁta”%\ée%éééﬁw?glﬁﬁﬁ%'@?Vﬂg{@%%w@??aﬁﬁpﬁiﬁdgg?@' Pesin
&4 b SR HER BraPHy ZoptpRF a8 6i008! HREbreterdtiy RIRRI 1,000 to
(2 Dy 6 Qoo BREY I mdan Tprbit( dpBugosaphenalobel Pt i aribiiaorie

trishyd hényl‘nmet hane, T esorci'no 6-di tert-butyl hydr oqui none, phenol s

havi ng L iJREI0GK Shae08.a posdIbiifothat ey hegt residtanceiseresibetat on
such asﬁ]fqlélélﬁﬁ-e ylérloxypﬁer’lyl fl uorgne; aﬂgﬂl ycidyl -etherified product of

var i ousaAQ VAt @ob g Ihe Yiftoshy Mrehsds casing haamful affectssompivertaldlitguch as
phenol , cresols, bisphenol A, bisphenol S and naphthols as a raw materi al,

di cycl opent giiceneight edverage cnolesilar ngeightimla weight sverags nmolscylae weight
skel et on-cont ai ni ng phenol novol ak resin and fl uorene skel et on-contai ni ng
phenol (Mw)! ak resms; ef npolystyrepehytheagured edsmdod RFC of (Gel  Permeation
glycidyl-etherified product of a phenol conpound such as bi sphenol A,

bi sphen@hrématigrpplyjoindsrine below-desprkedrongitions. a gl yci dyl - et herifi ed
product of a novolak resin fromvarious phenols such as phenol, cresols,
et hyl ph&esidgionsfoy3Menol s, octyl phenol s, bi sphenol A, bi sphenol F,

bi sphenol S and naphthols as a r§M/nateriaI; an alicyclic epoxy resin

havi ng MarpdegHEslarbinadL-ORPYaiANas

3, 4- epo cl ohexyl nmet hyl 3., .4 - : i dyl et her sof

6 oy SRlimB! CUa JEkT SHOpEX PG ERGIT ROE I Ree sl L TR0l oy

i t dr.opht hal i id diglycidyl ter; the like i

or of or abtiowath TERMR Al cyel | ¢ apoxy oSt n having & cyel ohowane skei et on

are pargjoq%ﬁrt rrﬁh?é:atm"@;i n terms of heat-resistant transparency and
l'i ght resirstan ransparency. These epoxy resins can be used in conbination

as a m - FHRd 1S aryRbfup®RYE ki nds according 40 to necessity of
i nparting %&E?}cssési s%cea@nd t he )ﬁi ke. [0071] The curing agent (B)

and t he sieétoe RE@HGEALATelrBbtiks 86tdctor).he present invention will be
specifically described.

[0055]

The epoxy equivalent of the siloxane compound of the present invention
(measured in the method as described in JIS K-7236) is preferably 300 to 1,600 g/eq,
more preferably 400 to 1,000 g/eq and particularly preferably 450 to 800 g/eq. Ifthe
epoxy equivalent is foo small, the cured product becomes too hard and there is a
possibility of less properties of low elastic modulus, and if it is too large, mechanical
properties of the cured product are deteriorated.

[00586]

The viscosity of the siloxane compound of the present invention {(measured by
an E-type viscometer at 25°C) is usually about 50 to 20,000 mPa-s, preferably about
150 to 10,000 mPa-s, further preferably about 200 to 10,000 mPa-s and most



As the curing agent (B), an am ne-type conpound, an acid anhydri de-type
conpound, a carboxylic acid-type conpound, an am de-type conpound, a

phenol -type conpound or the like can be used w thout any particul ar
limtation. Specifically, it includes 3 am nodi phenyl net hane,

di et hyl enetriam ne, triethyl enetetram ne, di am nodi phenyl sul f one,

i sophor onedi am ne, di cyandi am de, tetraethyl enepentam ne,

di met hyl benzyl am ne, ketim ne cowgounds, pol yam de resin synthesjzed froma
di mer  oprefénablye mboub A0P tobWhynRaes: aﬂihi&ﬁg;,lt'%t IRaBPBCa GAgEEN Hy t§r MRIE
trimellitic acid anhydride, pyronellitjc acid, anhydride | e] CJ

anhydr i prefenably 809 de d@kﬁ%fﬂ%@c&f&ﬂ BARIRYArYIt sy rt%?@éa@amné’néﬁpg aci d
anhydri de, hydrogenat ed nadi c acid anhydride, hydrogenated nethyl nadi c acid
anhydri @&a get hyl nadi ¢ acid anhydri de, hexahydropht halic acid anhydri de,
nethylhexah%drophthalic aci d anhydride, 1,3, 4-cyclohexanetricarboxylic

aci d- 3, ydride, phthalic acid, tetrahydrophthalic acid,

hexahydr ophthal i ¢ aci t.hyl al 4 3 i feito ] i,

Cyel ohexanclAedaiBoive Bafty oK SI0H 2RIt theiidin AbhBondibh fo e

bi sphengl s. pol sate ﬁﬂﬁ ( iBne88hmedl kot - AKBGIsiANE ed
phenol,Oﬁggﬂﬁhé%ggﬁﬁﬁgl%éugg{it Qggﬁhp t opsagpﬂygrégb enzene,

di hydro %&JB ' isiasn et ahVifes sildi@inemeshpaiuihenop the ysresent  a
phenolséﬁﬁ vlr?%S@g%ﬁigﬁkéﬁﬁﬁgﬁénégf’polycondensateshg? phenol s gﬂg

ar omat | ﬁ-.v%hﬂ&ﬁ Wé;?f)e Bout 8E OBALYSmEI whils s peeterasiis toi 50% byl mahdnore

napht hol's or phenol s, biphenols and nodified products thereof, imdazole,
boron t Eiéfb#amg} genaBN D RIBD beqsartioularty Greferalsly i 10atd 28%, bypmbltfoeséaling,
Anong them acid anhydride-type conpounds and carboxylic aci d;h)lé}/pe_
conpoungptiedlSepscthaudtar ¢igmants.er i esstamthehratiatof thepificomptam delanging to
anhydri de, nethyl hexahydrophthalic acid anhydri de, - .,

1, 3, 4- ctivd athmiarstiodneasbgorent.c i this3 ragandhytiiei tem Kiher dolah Aili®@natr®saci d
anhydride and hydrogenated net hyl nadi c acid anhydride are particyl arl 41
pr ef er akiscribhed tebore maps dper tok@r wilicen atemst e hee§llw<€mﬁ1ﬁgmnque %f; Hﬁi’uced
by m xing with an _epoxi resin and transparency 'ﬁf th{a curefchjgrolduct.t

The usepmeaaMtnntione Hihengtingesiatiyasfo fre fntalk sificqy) gtoms, {1 e stigen.atem

ol at | veonging oxrearcaods beoraita o die Sesatneosd el B AW ¢ ne

M

(1(I§>())/0 Ib§ gé%f\gﬁgﬂl‘%"@? tég) 3@% E;e/ WE,‘I g%t aantﬂ_ parlti cﬂﬂgl?ﬁ} pref epaﬁy 0‘?’5 to
. t%i_"bf%%i’aff SUfd F%a]ﬁe Egﬂ‘fjﬁ%ﬁbrﬂfe?lﬁ@ 6B RN wéluwwé ¢ohdeh® of

conposi t1 I'ng accelerator (C) includes, for exanple,

various sh%gé%éblﬁﬁe@éﬁd dSraAchBs.hy iit%dﬂé?:f)@f{o Byrhenyhé chaemténstica-of tikecy |

i m dazol e, hept adecyl i m dazol e, 2-pheny

met hyl i gigdagqliSxand atgnierdt- Bppest itdbdanmhg, resulting in that when using as a

1- benzyl-2-net hyl i m dazol e, 1- cyan oet hyl-2-nethyl i m dazol e, _

1- cyanogpimorienit i@k durdbizaiesinlemypositivhydeseribed éatgt, isntaredapreduct of said

2, 4-di am no-6(2' -nmet hyl i m dazol e(l))ethyl-s-triazine, )

2, 4- di arresio- 64rpesitidedy | savhdad dhatr tHeeidw | elastic modulies prapertiasiais-gdgcedt hy|
, 4-methylimdazole(1"))ethyl-s-triazine,

2, 4- di aneading (@ 'a-tendeyty of wawss weulty péheaf cxcle teszi ne i socyanuric acid
adduct, 2:3 adduct of 2-methylim dazole i _so%anuri c_aci &é 2- phﬁ(\z}/l.iﬁﬁ dazol e
i socyanuri c Heg gilexeneceompewachof the Bresen mveRypR ihgharpptfiizeadn thatithas a

Lo AR T St B
4 i G P S R B T PR, ©
el el e G5k SRR, b B ooV TRBHRD Goul] ARG AT oo i campands
et e A0k e} ALoPNGhirBaNP bAkiactahétR ok MnkhEIcAERKCcaiAbYaRs et ©

aci ds orP
present invention with a higher ratio of the chain silicone segment is suitable for

optical semiconductor sealing. For example, as described above, the ratio of the



42 amoni um sal ts such as tetrabutyl amoni um brom de,

cetyl trinmethyl amoni um brom de, cetyltrimethyl anmoni um hydr oxi de and
trioctyl nmet hyl anmmoni um brom de; phosphi nes and phosphoni um conpounds such
as triphenyl phosphine, tri(tolyl)phosphine, tetraphenyl phosphoni um bromi de,
t et raphenyl phosphoni um t et raphenyl borate and net hyl tri butyl phosphoni um

di net hyl phosphat e; phenols such as 2,4, 6-tri sam nonet hyl phenol ; and am ne

adducts. For example, commercjal  products thereof. include U CAT 18X (which
8 L allicom M HRRInaBB. e dngy MEIPNTR coRMIPRainh SHIMEMkET T dbB | ng

2ppr opr BHEEYSIEEE @E%f’éé‘ébj{s3@5?‘%%?’%%?%%9%?@@%@%%?‘ RE R foPlsiny or d
&L?Efﬁ?ﬁ%ﬁ%ﬂg&‘%@ﬁhﬁ PR el SRR ' RE507%, B0 ol S {4,660 "
s Yo SR by o B 6 SR 3o HE sBEERL R oo hop kh,
parts by aqfkﬁ*eqaﬂe%u&*b? e teﬁkaﬁ& Sdaérllgqfﬁgg 6 PP _HAR é_n?aorf@ayé%gs}]ﬁem BEaLld Ve

function group, or together wt epoxy resin. [00 To t he

curabl egé%bgn?&@h‘a&hhheﬁ%@reﬁd&% RIESRNO0YMERidion, an inorganic filler, a
a In, I

col or ant, Il 1cone resi a leveling agent, a lubricant, a coupling
agent, a | evgld pioasiant silkohUdtoht Bnthe fivd sebinestslv thezsitoxaas compariddeit , a
phosphor and the |ike can be appropriately added according to a purpose, in
the rangge phaderit itvdntianspay eecyalcalated fronphie addition ratidted d reov geatedal of | er
is not particularly limted and includes crystalline or anorphous silica,
tal c, schhdenalsotdetermined byrfHhNMRO®S! AIMIR) elemarital analysis andatheilikedfran t
and the |ike. The col orant is not g_arti cularly limted and includes

or gani cobigired slloranegcarapowtd obtheppresanbityantios, azo, di sazo, qui nacri done,
ant hr aqui none, flavanthrone, perinone, perylene, dioxazine, condensed azo
and azoff38lne-types, and inorganic pignents such as. titanium oxide, |ead
sul fate, chronme yellow, zinc yellow, chrome vermlion, red aoxide, cqbalt
Vol et o' i T o NG SUXae: GorfapiaR of e PresFHORVELRTIS SHBizeRsns fesfibed

oxi dat i Bn chronme and cobalt green. The silicone resin includes

di et hy elgw’; cone, phenyl nethyl silicone, epoxy-nodified silicone,

pol yet her-nmpdi fied sil] i ne- i fi il ' - odi el

sili con@,S rs% Sﬁa-cﬁﬁ%l?"f+é§féﬂ§rjgﬁog]§n%ﬁg%@'ﬂéi%ﬁ%%§. é%@%d’%}’éh %bIFgSe F|)eng
agent i pgludes gl 2P G u | Ghl #hyArdfhs tdnkn8forand
conpri s:‘%ﬁ% an g@éé@%@a&ﬁga‘gﬁéﬁ%ﬂﬂﬁéﬁmgﬁ %ut _y‘?) cFy a?_e and

2-et hyl BeirlorCby | RIC1-CORAUABKFARNEOIREAY 8! Lloucisbleqteaxidin aicabiraly |

al cohol , y(?rogenat d castor oll, titaniumtype coupling agents and the

like. [ @BASkting of a FBSctivéTUhERdHal ighslip HEFINGYEH esatbgduby aendthbr groaptamdsaich
as paraffin wax, mcrocrystalline wax and pol yet hyl ene wax; higher fatty
aci d- t y phehybgraum)tand at et draaiof thadiydirolygisi sonderasation segmentscheingd
stearic acid, arachidic acid and behenic acid; higher fatty acid am de-type
| ubr i castgnrant koatitingaratlieastame pachive flrmtional gulupyhavifgien epoxy group.

met hyl enebi sst ear ani de and et hyl enebi sst eararni de; higher fatty acid
ester-tyije |The reastive Bmctional grpupamntaining sieane eempowd @cceidiag & &e

et hyl ene glycol nono stearate, penta erythritol (nono-,di-,tri-, or
tetra- ) sboupafile; wherghnhdhe tghsin | sllisaneaseamant s -8 segimantarepsessnted (s the

al cohol , pol yet hyl ene ycol and polyglycerol; netal soaps as salts of
lauric Zelayingypimyiad2A¢i d, palnitic acid, stearic acid, arachidic acid,

beheni c @%@Lm ngiﬁ)i c acid, naphthenic acid and the like with netals
such as-~ i cium cadm um barium zinc and |ead; and natural
waxes sych _as carnaub n | S : 10076]
e o PafnCR P B U so B Sl i TP B A2 e LA bt
3-gl yei daaPriRRbhLd BRI Sk Hrodp hdviiih doty RbOSYbBRt Ahd, it BRYRbLGNe.

having 6 to 14 carbon atoms or an alkenyl group having 2 to 10 carbon atoms, and

m represents 2 to 2000 as an average value).

(i)  The reactive functional group-containing siloxane compound according to the

above (i), wherein Rs is an alkyl group having 1 to 10 carbon atoms and mis 2 to 200



g lycidoxyp ropyl methyld i nethoxysi | ane,

(3, 4- epoxycycl ohexyl ) et hyl tri met hoxYsi | ane,

(2- am noet hy03- am nopr opyl et hyl di net hoxysi | ane,

( 2- ami noet hy03- ami nopr opy!l met hyl t ri n& hoxysi | ane,

am nopropyl tri et hoxysil ane, 44

3- nmer capt opropyl tri met hoxysi | ane, vi nyl tri nmet hoxysi | ane,

N- (2- (vi nyl benzyl am no) et hy03- am nopropyl tri net hoxysi | anehydrochl ori de,

3- net ha®P\@AvExa4R}-opyl tri net hoxysi |l ane, 3-chl or opropyl net hyl di net hoxysi | ane

| ane; , titani.umtype coupli ent,s such as

S B S bR P HaRE B e RGr S A5boHRG'S Y
[ | tdi t AN A [

i (ai ocbyp i o rBakit b By Bkerab A Patad oy

di (di oﬁq/doag?osphi te)titanate and neoal koxy

tri(p- a- am noet hyl ) am nophenyl )titanate; zirconiumtype or

31 um DU Y & QUBLAG RN RUGH oBRIiINTENAA SRR AicPBhBIBIay! o

Zr - propronat e, neoa Zlrc , heoal Roxy trisneddecanoyl ziiconate,

[le_oal koéﬁﬁtéf' %d%\f@ml'c% YOF ERERH HAS WA iRl fpRAbRal GrRRp! iEVidg an epoxy
ri s(ethylenedi am noethyl )zi'rconate, neoal koxy

tri s(m gradp RNEMBIVE GFBaRng AR cHBcH MM Bubstautedrtsyt & cycloalkyl grou

Al - acet 9&@& onat el?ylgd(?jr?qet hac?yl ate and Al - propi onate. r1%07%,] d gAs pt he
l'i ght shabingi %85 8 carforngeneshahgent opexy grop. st abi i zer (HALS) is
suitable. The HALS is not particularly limted but typical ones include
pol yconggnsaTheatadiimfuriciionalegrbup-corntaing sitoxane compound according to any

N, N -bis(2,2,6,6-tetranethyl-4-piperidyl)-1, 6-hexanet hyl enedi am neand

N- (2, 2, Bné- bethearakove 101 1i(per wdngrgibuthg HikGeC4 Oidkonystane having a group

di net hy1- 1- ( 2- hydr oxyet hyl ) - 4- hydr oxy- 2, 2, 6, 6-t et ranet hyl Pi peri di ne

pol ycongelested from thé group consisting of a reactive functional group having an epoxy

P L b gtoup.'a methyl group and & phishyl group 16 Hi(E1-CrBfalRSiyaiand mhving & &ur ©* ©
pi peri dypi m n]p hexanet h I?ne %2 2t|’6 6; t et ranet hyl, - 4- pi L dypi i no;llij

b1 1. 2 Shoud B bdmoerbay afare sgbsubied] by s SOl siod BES 1 BRARAT Hlems a y
phenyl ] net. hyl ] but yl mal onat e, bi s(2, 2, 6, 6-tetranet hyl 4-piperidyl)sebacate,
bi s(1, 2,h§,v@,%@'%gﬂ?é3ﬁgf9’rﬂpl- 4- pi peri dyl ) sebacat e,

B o R B SR B 8k pgund accrin o

above (vi), wherein the tri(C1-C10)alkoxysilane having an alky! group of 1 to 3 carbon

3-
2-
N-
N-
3-

atoms substituted by a cycloalkyl group of 5 to 8 carbon atoms having an epoxy
group is beta-(3,4 epoxycyclohexyl)ethyltrimethoxysilane.

(viij  The reactive functional group-containing siloxane compound according to any
one of the above (i) to (vii), wherein the tri(C1-C10)alkoxysilane having a group
selected from the group consisting of a reactive functional group having an epoxy
group, a methyl group and a phenyl group is both tri(C1-C10)alkoxysilane having a
reactive functional group having an epoxy group and tri{(C1-C10)alkoxysilane having
a group selected from the group consisting of a methyl group and a phenyl group.
(ix) The reactive functional group-containing siloxane compound according to the
above (viii), wherein the tri(C1-C10)alkoxysilane having a group selected from the
group consisting of a methyl group and a phenyl group is phenyltrimethoxysiiane or
methyltrimethoxysilane.

(x) The reactive functional group-containing siloxane compound according o any



bis(1,2,2,6,6-pentanethyl 4 piperidyl) and the |ike. HALSs may be used
al one or in conbination of 2 or nore kinds. 45 [0078] The anti oxi dant
i ncl udes phenol -type, sulfur-type and phosphorus-type anti oxi dants.
Speci fic exanpl es of the phenol -type & ioxi dant are exenplified by
nonophenol ssuchas2, 6-di -t - butyl -p-cresol, butyl at edhydr oxyani sol e,
2,6-di-t-butyl - p-ethyl phenol,

stearyl -beta-(3,5-di-t-butyl-4-hydroxyphenyl ) propi onate, .

sooct yane.of 416 280ve (e yid 4uRgrs Aye Mg Brspse mp gcular weight measured
2, 4-bis-(n-0ct I 0)-6-(4-hydroxy-3,5-di-t-butylanilino)-1,3,5-triazine, an
d 2,4-bpi?¥%§ﬂ%bbﬁﬁ% y1] - 0- cresol ; bi sphenol ssuchas2, 2' - net hyl ene
bis(4-nﬁk%% -6-t-butyl phenol), 2,2'-nethylene bis(4-ethyl-6-t-butyl
phenol )i““&>4"' - t hi obi s(3- net hyl - 6-t - butyl phenol), 4,4'-butylidene

ol veor TRV LTRS fedolivél AREAMAarbUh ShIRNG siloxans compound according to any

1, 6- hex Plo1 RPN o) - L +eN Lt =i gTepQY; | el :

NN - nedle e e e ), gl forfaifedey; i Rt BIGREHOEGR] reacting
2,2-thi ey ; fi s ki -ogli Fopi onat e] ,

3 5 i P R QR EprdseRiad by ey erel Rigia )

3, 9- bi sFobE;]ﬁ di met hyl- 2- {bet a- (3-t-butyl -4-hydroxy-5-net hyl phenyl ) Propi onyl o
xy}ethyl]2 ; 4,8, 10-tetraoxaspiro[5, 5] undecane and

bi s(3, 5-di -t #/buRyl - & hydr oxybenzyl sul fonic aci dethyl)cal ci um

andhi gh- nol ecul ar phenol ssuchas

1,1, 3-tHes i r oxy- 5(2) but yl phenyl ) but ane,

[0062]

(wherein, plural existing Rs may be the same or different from each other and each

represents a straight chain, branched or cyclic alkyl group having 1 to 10 carbon

atoms, an aryl group having 6 to 14 carbon atoms or an alkenyl group having 2 to 10
~ carbon atoms, and m represents 2 to 2000 as an average value) with an alkoxysilane

compound (a) represented by the general formula (1):

XSi(OR2)s (1)

(wherein, X represents a reactive functional group having an epoxy group, and Rz

represents an alkyl group having 1 to 10 carbon atoms)

in the range that the alkoxy group equivalent of the alkoxysilane compound is 1.5 to

200 equivalents relative to 1 equivalent of the silanol group of the silanol-terminal

silicone oil (b) for condensation, and then by, as a second step reaction, adding water

to the resulting reaction liquid for hydrolysis-condensation of the residual alkoxy

group.

[0063]

(xii)  The reactive functional group-containing siloxane compound according to the

above (xi), wherein the weight average molecular weight measured by GPC (Gel

Permeation Chromatography) of the silanol-terminal silicone oil (b) represented by



1,3,5-trinethy1-2,4,6-tris(3,5-di-t-buty1-4-hYdroxybenzyI)benzene,
tetrakis-[nmethylene-3-(3 ,5 -di-t-butyl-4'-hydroxyPhenyl ) ProPi onat e] net hane
, bis[3,3 -bis-(4"- hydroxy 3' -t-butyl phenyl)butyricacid]glycol ester,
tris-(3,5-di-t-butyl-4-hydroxy benzyl)34socyanurat e,

1,3,5-tris(3,5 -di-t-butyl-4'-hydroxy benzyl)-S-triazine-2,4,6-(1H, 3H,
SFDtrlone and t ocopherol. [0079] Speci fic exanples of the sulfur-type

?rryn:r(: oy Hpenemhars 'ﬁ)i'egeﬁﬁpgd@#éﬁ;?;yf g :f' LP%@PL?QS%M?L and the
e%eﬁplh O bl Fersgiver lanal oEAST EoSRuRge ST FoBRo Ak R Bt ©
¢ fZFnLtﬁﬁP}sﬁﬁﬁﬁYc% ol pffiEEhy e %ﬁﬁ\ﬁ §%953?%,t%9>&v0%%@sM}ee alkoxysiiane
tris(2, égﬂigy}h KEZ"%}?Q%%BW% n%&aerﬁ iy f\jﬁ?@ttﬁnﬂi@é&@i}éé!ents relative

bi s(octa CcycC open anet e

bi 28 - tu@{ﬁléﬁtﬂiﬁﬂé%&#&ﬁﬁbh?% k;in%l ’E@rﬁﬂﬁé‘ltﬁl'ﬂfotn%tél%)

bi S[ 2- t i V1TRe 'ﬁ@éélbbbf&n&t?orfé?@?@\@k%&ih%ﬁ%‘sﬂ&@f@écﬁmbbﬁ’l’i‘@ BtdiaNY fooshyen

phosphlte oxaphosphaphenant hr éneoxi dessucha

9, 10- di bﬁdr@r?a 8&1@ pitesreira e siaviditenanal siisoae , oill (b)( Rpbestinted iyt fHe 4
hydr oxybenzyl - di hydr o- 9- oxa- 10- phosphaphenant hr ene- 10- oxi de,

10- decygexgrd fd@nmlbf(swmsﬂarmdaeﬁﬁmahdmélaphahemémdrw sianokietmina mdethiyk

i ke. [0081] These antioxi dants can be used al one but nmay be al so used
i n conmbphenylmsiliasineibr nore kinds. Particularly in the present invention,
phosphorus antioxidant is preferable. The use amount of the antioxidant is
usual | 'y (x«)008 heorerctiue fungtionsl graurapentpining signaneccanPewndascyding toyamei ght
relative to 100 parts by weight of the resin co onent in the curable resin

conposi ONEef éxi) tq]@(!\ﬁr ‘é@éfﬁln ’th’rﬁ‘/éHFPP%ﬁ ar{e(mmwoun a)Vgaresehtedby te geners| n

f th t ) duct
B L
an action of, for sone blue |i

el e 8 amma@*xceﬁiwgpyr@?ﬁ%w%‘ﬁa%fél%ﬂem c@%@m@r@ﬁbl SeaETobS e bRt or m
advancePBHP %@ﬁ&%@ﬁ%@ﬁt@eﬁ@%ﬁ%'%P%. S seaed therevith The SF
phosphobe{as(sngt dﬂﬁ(&&*aa@i@n%lt E’Eﬁ‘%‘ﬁ“?“é conventional Iy known phosphor

can be used, or exanple, alumnate, thiogallate
and, ortEm%4 1 cate and the like of rare earth el ements. Mre specifically,
it includes phosphors such as YAG phosphor,

(xvi) The reactive functional group-containing siloxane compound according to any
one of the above (i) to (x), which is obtained by, as a first step reaction, reacting

silanol-terminal silicone oil (b) represented by the general formula (2):

[0065]
Rs

HO Sli —Q H (2)
Fl{s m

[0066]

(wherein, plural existing Rs may be the same or different from each other and each
represents a straight chain, branched or cyclic alkyl group having 1 to 10 carbon
atoms, an aryl group having 6 to 14 carbon atoms or an alkenyl group having 2 to 10

carbon atoms, and m represents 2 to 200 as an average value)



47 TAG phosphor, orthosilicate phosphor, thiogallate phosphor and sul fide
phosphor, and is exenplified by YAI03: Ce, Y3A13012: Ce, Y4Al 203: Ce,
Y202S: Eu, Sr3(POX)3CI: Eu, (SrEu)O0 .Al 203 and the like. As for the
particle size of said phosphor, the pa®@ticle size known in the art is used
and the average particle size is 1 to 250 pmand particularly preferably 2
to 50 pm When these phosphors are used, the addition amount is 1 to 80

parts by weight and preferably 5 to 60 parts ? ight, relative_to 100
bar 5 byitAGIOhEn FIKwRE RS CATSNPENEhEePTEopaey borBpdemsre TeanUBI @) esi n
conposi tions 3;1 th% present invention are as follows. (1) A curable resin
conposi KS&QR er€iln the reactive functional gr oup- cont ai ni ng sil oxane

" of orr oESIe iTPRieRRERY uasnte (g G Rsdup el PRaBFLEP o &

c ¢ Yor
CompountPATE Hora: Ak BPOUF hARRRY U1 FBTBLBA LR BlagoF Akt e Ao ihe
i gt - eEPBERARELPredad 80 o BRfels) Grh@RRTIECE of herwi se speci i cal Iy

not ed) ' t qa4he whol e conposition, and the rest is the curing agent
(B). (F??R?r%%cuo(agl e resin conposition according to the above (1),

wher ei ngm@rew RN RESHEs GBneltsy! @tm@@b?%dprhéhyu beouRngrl R nikay2bé ehd sGme

equi val énts relative to 1 equivalent of the epoxy group in said siloxane
conpoungy Gferekt frdnh TReinCctheaidrisralefirmun (M agid each mciepeddently regresertsare (1)
or (Il), wherein said siloxane conpound (A) and 0- EPO whi ch may be
opt i onahikyl grupsianday drte 1€ocdrbonedoins) a t ot al anmount of 50 to 90% rel ative
to the whole conposition. (I1V) The curable resin conposition according to
any oneimfthe heangeotieat( the tiota] | @quiyalgntrafi the mdkaxyt geowd iBathe glfaxyaiiane
conpound (A) relative to the total anmpunt of said siloxane corrgound (AL and
0- EPO whbatpotags fa) apd (@il 1.§ te sRP aavieiertsyelative 1o dJogauivaipnirakthe siizhe
resin conposition according to any one of }he above (1) to ( , . Wherein
the ratBEuWr iRdhe %ﬁ%@k@rﬁ@"’@inﬁg ©A) _&?)e{oétq’ epaa{uﬁ%, ?Bgat}‘\e/én%n?scﬁ_
said sl LOXANE stonmosttib Aading! watsh %o W CEbiimedfeabh A Yof RYLRIVSE. ' S

condensation of the residual alkoxy group.

(xvi)  The reactive functional group-containing siloxane compound according to the

above (xvi), wherein the silanol-terminal silicone oil (b) represented by the general

formula (2) is the silicone oil according to the above (xii) or (xiv).

(xviii) The reactive functional group-containing siloxane compound according to

the above (xvi) or (xvii}, wherein the alkoxysilane compound (a) represented by the

general formula (1) is the compound according fo the above (xv).

(xix)  The reactive functional group-containing siloxane compound according to any

one of the above (xvi) to (xviii), wherein the alkoxysilane compound (c) represented

by the general formula (3) is methyltrimethoxysilane or phenyltrimethoxysilane.

[0067]

Next, the curable resin composition of the present invention will be explained.
The siloxane compound of the present invention can be used as a component
for a curable resin composition. Hereinafter, the siloxane compound of the present
invention is referred to as “siloxane compound (A) of the present invention” or simply

“siloxane compound (A)”" in explanation of said curable resin composition. In this



48 (VI) The curable resin conposition according to any one of the above
(I) to (V), wherein a curing accelerator is further contained in a ratio of
0.001 to 15 parts by weight relative to 10 parts by wei ght of said sil oxane
compound (A). (VIl1) The curabl e resimBé&onposition according to any one of
the above (1) to (VI), wherein the curing agent (B) is an acid anhydride
conpound or a carboxylic acid conpound. The above curable resin

conposition of the present invention can be obtained by unifornly nXxing
t he abovase,diensitaxahal compouit) (Akthay beothesfeactive fynetiqNiahoumeaplainings; n

conposition of the present invention contains the siloxane c und )
havi ng silaxeaet cappeund Liceaxling to @y Phe QfJF?rﬁj—’oé’&ea& q '%aﬁﬂaqgg‘b'a?ﬁi%ﬁg to
necessity, the curing aécﬁl er at or C?’l’ and in said curable resin

conposi €9mhINatiens ME $d slexANe,FAMBPHEAconponent may be further bl ended i f

TEEESE L R, Ao I on e B O BRRRRR SR B g
These of®d 86%1@3@9 s Bishant (EmoRcS 31 Sibfafe igp%ﬁ@%f‘%fﬁ MLl o
0 to 50Q i i iy . LBt of

amount  S9ei1sy 2 pi dert 5T, ol bt REAEYio Redstai) i W) Surther
preferaplets aﬁgﬁtgriegjog(glriégﬁl iBfﬁ'é}sthQH tH8 éabkané/\laaﬁmlp’buhhe(mq WAy ansurimey

[
bl endi ng~ conpone t is mxed using a bl'endi ng nmachi ne such as

HenschebogisRitor (! Blfd Bftiorabx)/Neshideh banded irecombiaden witiintherdryeader

an extruder or a Heating roll at 80 to 120C and cool ed, foll owed by

gri ndi nghdt & Braieties ofthraidrare corgicind@A) of theopresenhmventiomedor ekampleend
is liquid, it is uniformy dispersed using planetary mixer to give the

cur abl etHeegiropetiesoas ta ocuretl proelust esben usecerin i ancurahleairesingcemposigon,

bl endi ng conponent. [0085] In order to seal an optical sem conductor
such asspecifidlly drgispacersansbeat aesistanneei ight Bgstoessg lawieelastis - Brmdiilufed
conposition of the present invention to obtain an optical sem conductor of
the prepeoperiiesaitadow feonperatwe, mep-gekingss | RIgretliespyieat Aygle: sa%eiNCenal
nmol di ng nmet hod such as transfer nol di n%ﬁ (F::% ressi 091 nmol di n i njection

o e oot e AR SO0V v
-sk(ra]glNinng P?ﬁiiﬁﬁlﬁ?ﬁﬁiﬁsﬁ@i ?@?H&rprag?@{%&ﬁﬁﬁ%a Ifer{??‘?dcoiﬁaoﬂ %%‘nvgﬁgi %t.ﬁ]oapf o
i on t B eiipTieetRa e PALf bikgh et uERfih Fam s Bis inbRYedoa) e 1
hour . GARERENL T 281 Foo7 0 Weldnt, Bréfepstil 50 1 100008y Rheidht sRaIARS! 0 15

Prefera il I i i tywedi bor
exanpl o rEefaly by BPFO byl eianE ozl KRB0 06k by eB b8 e

carryi “?)lyer igttaﬂﬁnél ] 8F Y 100%y WRHLOdESEHding oprthé @isalispect. 0086]

Her ei na e present invention w Il be nore specifically explained with

ref erence t oyReAtRY i dorapipkEsnathe Rtinpl t® siloxaaddidmpound be the present
invention is not limted to these Synthesis Exanples and Exanples. In this

regar d, jpagitiophirs tieawholempoxy raainefi theEsitoxanescovapoued i) eof the prasent
follow ng nethod. (1) Ml ecular weight: the weight average nol ecul ar

wei ght  iimvergionstogbtimorwith Einotheyot ey rasine isvescieratly 28t eu98% by awighthandinder
t he bel ow descri bed conditions bg Cel. Perneation Chronat ography (GPC)

met hod. patictilaily peeferaidy 3GCS0% y weight.

Further, in the curable resin composition of the present invention, the ratio of
the siloxane compound (A) of the present invention alone or the whole epoxy resin of
the siloxane compound (A) of the present invention together with another epoxy resin
is about 30 to 90% by weight, more preferably 40 to 90% by weight and preferably
about 50 o 90% by weight relative to the whole said composition.  Also, it is 40 to
80% by weight and preferably about 50 to 80% by weight, depending on the

embodiment.



Manuf act urer: Shinnadzu Corporation; Colum: Guard col um SHODEX GPC LF-G
LF-804 (three columms); Flowrate: 1.0 m/mn.; Colum tenperature: 40C,

Sol vent used: THF (tetrahydrofuran); Detector: Rl (differential refractive
detector). (2) Epoxy equivalent: neasiired by the nethod described in JIS
K-7236. (3) Viscosity: neasured at 25C using E-type visconeter (TV-20)
manuf actured by Toki Sangyo Co., Lid. 50 Exanples [0087] Herei nafter,
the present invention will be nore specifically explained with reference to

Synt hesi s ESpeplfiesexanplex afpthear. epaxytresinsriaghida polyfhaeiqnal eprEuResing 88t ( s)
by weight" and "% neans "% by wei ght" respectively, in Synthesis Exanples
and Exaarglysidyltethadfied pmﬂucwffaoiaolwnbe@@fﬁ%%%fg %?'Ygéﬂmtﬁ@ﬂ'a?n?xé’i SRSl |
when the unit is not described, it is "g/es]" | n_any case. & le 1
(Exarmpl 35 ahsidaiterlodpodiat o 58 igkireRé. Py AYHeoaNsey
group is 5.3 equival ent | ati. to 1. i val f th i
The Ti r BrodctsyOf BT SPPRY EESiTs.cABYPSh SBBH srins . Nalbeyels BpBky S0
group equi valent: 82.1 g/ f b 1.3, 4. . o
g ggxg /cya‘llj@ﬁg'iﬁsgeé'ftﬁ?? t‘%ﬂ%&‘?{?ﬁﬁg@ &ﬁ@%& , arégu;.- ty P8 AR S TP RY Ui Al et -

aq) i ] _ i e : .
ol ccul BidtLe SRICEPaE bR s S EEYpa o RRRRe @ SlicOy rsin & ¥ BRSSP P0e
as KOH) dﬁeﬁ sol ution of 0.5% potassi um hydroxi de (KOH) in nethanol were
pl aced, the liquid tenperature were raised to 75C. After the

Lenperature RS pbbRERel ESABLIM USRE iRAthe! 880w bolyhdtdtional bpsxpiredih@dror 8
include bisphenol A, bisphenol F, bisphenol S, 4,4*-biphenol, tetramethyl bisphenol A,
dimethy! bisphenol A, tetramethyl bisphenol F, dimethyl bisphenol F, tetramethyl
bisphenol S, dimethyl bisphenol S, tetramethyl-4,4’-biphenol,
dimethyl-4,4’-biphenylphenol,
1-(4-hydroxyphenyl)-2-[4-(1,1-bis-(4-hydroxyphenyl)ethyl)phenyl]propane,
2,2-methylene-bis(4-methyl-6-tert-butylphenol), 4,4'-butylidene
bis(3-methyl-6-tert-butyiphenol), trishydroxyphenylmethane, resorcinol, hydroquinone,
pyrogallol, phenols having a diisopropylidene skeleton, phenols having a fluorene
structure such as 1,1-di-4-hydroxyphenyl fluorene, and polyphenol compounds such
as phenolated polybutadiene. Therefore, the polyfunctional epoxy resin as the
above glycidyl-etherified product of a polyphenol compound can specifically include
glycidyl-etherified products of the above polyphenol compounds.

The novolak resin used in the above polyfunctional epoxy resin can include
novolak resins from various phenols as a raw material, including various novolak
resins such as novolak resin from various phenols, for example, phenol, cresois,
ethylphenols, butylphenols, octylphenols, bisphenol A, bisphenol F, bisphenol S and
naphthols as a raw material, xylylene skeleton-containing phenol novolak resin,
dicyclopentadiene  skeleton-containing  phenol  novolak resin,  biphenyl
skeleton-containing phenol novolak resin and fluorene skeleton-containing phenol
novolak resin. Therefore, the polyfunctional epoxy resin as the glycidyl-etherified

product from various novolak resins specifically includes glycidyl-etherified products



The silanol equivalent of 530 g/eq was cal cul ated by dividing the weight
aver age nol ecul ar wei ght of 1060 neasured using GPO as the nol ecul ar wei ght
of the silicone oil into halves because of having two silanol groups per
mol ecule. Also in the foll owi ng Exanpl#s, each silanol equivalent of the
silanol-termnal silicone oil (b) was determ ned in the sane manner.

The second step reaction: To the reaction |iquid obtained above, 305 parts
of net hanol were added, 86.4 parts of a solution of 50% distilled water in
net hanoPf theseyelak 1888t o dr opwi se over 60 minutes and then the mixture
was reacted under reflux at 75C for 8 hours. After conpletion of the
react i olP08%he reaction liquid was neutralized with a 5% aqueous sodi um

e
RO 38 A SRR sty

N bRy fih, RO R BRSO UARA Bholk Mt o Papifdiiabiianal o Of

a bl ock- oxane comnpou having a reacCtive function group (A-1). As

for the,phbgineds e icdilje W%e%d{@érﬂﬁt N@froderataded prédstgei ght

aver age nol ecll ar wei ght was” 3700, e viscosity was 600 nPa s, and the

appear a@@/%idw-%tﬁéﬂﬂéﬁ' Fro8udiRbftd ADSHlakeasin from varibugdshdnons) fot Brampld, 0 aof
the silicon“atom bel onging to the sil sesqui oxane segnent (ratio of the

si | i conppbAG) dMEburE SGcH 88 bBphenoreA, bisphensld, afisprenob Stdrel 4 di-biphenbl con
atons, which was calculated fromthe ratio of the added raw materials) was
19. 6% bylyeilyl-ethérifisids produlces éitd movdblakhresin ficrorplenaly breisolsyiatbylpbendls,
chain silicone segnent was 80.4% by nol. [0088] Exanple 2 (Exanple where
react i obutyksherans,iaety!poenals, bisphendl, hisphensd Ft hispherek§ agdaaphias. 3maB
equi valents relative to 1 equivalent of the silanol group) The first
step retir likmas grmay matesiglt i on contai ner, 197.1 parts (al koxy group

ivalent: 82.1) of beta-(3,4 _ | ohexyl ) et hyl tri met hoxysi | .237. 4
par (o1 | adie SlRYEIPEREY teRiRe PoBINGNIB ADPGISHOTAI R ARG S FREBAE o
havi i ght | ecul i ght 6120 (val d by, GPC
and 20, SKBIEIGR (55 KEHEN 0 1 paft) of SCKAPIPRUIF.of 0. SHRERI i n melIES

e B P SRR, 125, 00 L G e e
h . i i 0

it anop DRSSPI FHRGRRY PRAmee
adiod Sigihae OV TR IRILRRINLBS SIS R ARy pISKEre i 20

neut r al il789 Mbbdaveldhad atoshd Rl dr ogenphosphat e sol uti on and then
t he net Hg‘ﬁd vv%s yi(‘:i:'())fl I ectgﬁe distillation at 80C. Thereto, 380 parts of

M BK wer e addfdaifgithtioayps epasirékingvesn ireghedd glyciilyl bthers oepolyBydiriealaehsl, v,
the sol vent was renoved fromthe organi c phase under reduced pressure at

100C t ofebt@iampe) phcidyl obtierbl af k pojyhydsc] ateote! csnpburd (W4Dbutdnadioly a
reactive functional group. As for the obtained conpound, the epoxy

equi val dpB-heaanddibl, g/petyethyleneeighaol avpalyrepmenec dlyeohnepemacndiritol 6and t he
viscosity was 481 nPa-s, and the appearance was col orless and transparent.
| n addi xyiytene glycelderivaiiveshe silicon at om bel onging to the sil sesqui oxane

segment was 19.6% by mol. Likew se, the rati%:)n of the. silicon atom bel onging
to the chai Mhg hetespeydisrRaw RSNBEaRIRHded\eteogygln epoxy resins having a

heterocyclic ring such as isocyanuric ring and hydantoin ring, and the like.

The glycidyl ester-type epoxy resins can include epoxy resins made from
glycidyl esters of carboxylic acid such as hexahydrophthalic acid diglycidy! ester and
tetrahydrophthalic acid diglycidyl ester, and the like.

The glycidyl amine-type epoxy resins can include epoxy resins in which an
amine, such as aniline, toluidine, p-phenylene diamine, m-phenylene diamine,

diaminodiphenyimethane derivatives and diaminomethylbenzene derivatives, and the



Exanpl e 3 (Exanpl e where reaction was carried out so that the ratio of the
al koxy group was 80.1 equivalents relative to 1 equivalent of the silanol
group) The first step reaction: Into a reaction container, 98.6 parts
(al koxy group equivalent: 82.1) of bet3# (3,4

epoxycycl ohexyl ) et hyl tri nmet hoxysil ane, 118.7 parts (silanol equivalent:
7900) of silanol-termnal dinethyl silicone oil having a wei ght average
mol ecul ar wei ght of 15800 (val ue neasured by GPC) and 10.0 parts (as KOH,
0. 05 palike isarlyeidgatagti on of 0.5% KOH i n net hanol were placed, and the

liquid tenperature was  raised to 75C. After the tenperature was raised,
reaction wadnNBRRAOYJESINS I0MaiEh & hplogepatersehenpl '%Mﬂ?ted inclugig LRAXYond

o “Bons et i i Rk, 50 R Bl St
Rl s e R
37 ) S HBRAB T OB S AR iRt o' ¢

washi ngigpgy; repeated 3 tines. Subsequently, the solvent was renpved from
t he org!anl c”'phase under reduced pressure at 100C to obtain 169 parts of a

bl ock-type g hQé%f‘%e%@%‘a&Weéiﬁs?t}\e@lQ MY particARFliniRtbHNBUE PhadngWss AS

for the obtai ned conpound, "t he epoxy equival ent was 447 g/ eq, the weight

aver agecHBlASMYas 1B Prefdfsbld I8 Qerrhbf thahaparengy).t Yawsly/ H0poifunctionaind
t he appearance was col orl ess and transparent. In addition, the ratio

of the gpbkfessiat asnaglyeidylatedt praduet sif| Isigsisenal xAn bisphgnmeh, visisplichdt 98 by
mol . Likewi se, the ratio of the silicon atom belonging to the chain

si | i cong,4seipremmolwas 80. 4% by nol . [0090] Exanpl e 4 igtExmefiiyb4whidighersdct i on
was carried out so that the ratio of the al koxy group was 8.6 equival ents
rel ati vé-(dehytirexyphealybid-[4o(1, 1 His-$4-hydsixygheoy)ethyl)phemélprepane, st ep

reaction: Into a reaction container 49.3 parts (al koxy group equival ent:

82.1) ofrishydeoxyphangpwthane repeseingle2 Byditari-atyHsdyeqayinaae, penplghayiag a

(3 ontaipositine” Soisodt & SheREcHak e tibrorshakaddh B 5
ond 10, B kSR SRBRRVOTuS e 5 Syl She SR BioteE FTRERI0IE Akl
tenper ardies g 7 BubtaR S R VU BrERRY Sl bileroloprefbibidplnel,.
432" paft s BFPIRRET OB BhEP ATRRORT: pf. f B! Mttty P halchaBbeRBiARe!
For T hol g A o AP eRel O ontint g phondb

neut r al hze6laki fdird ahlh AGBIeABSsIAiontsHtaHp prenbPshakk FBint & ofuckedHyt hen
t he met hanol was collected by distillation at 80C. Thereto, 191 parts of

M BK wehgdigépetetnproteiceof aasiydity-etherified paddeett 3f i preshol Sobpoyudrduch, ad he

sol vent was renoved fromthe organi c phase under reduced pressure at 100C
t o obt absphéfobAr bisphienal B, dispherme Sahdxédkbiphepolmt ¢fra 4)lydidylietgerfied
reactive functional group. As for the obtained conpound, the epoxy

equi val pradughsf 8 ndvglakgesintfeomeiagibus phenalsesuabl asphenolyeregals, QEB/ME{E‘@JSJ he
viscosity was 4600 nPa s, and the appearance _was col orl ess and

t r anspabgtyiphenols, qotylplaenals drispherolAthigphanal e bigphesshS andmarhitbelgiass t o
t he sil sesqui oxane segnment was 22.5% by npl . Li ke t he o of the

si | i conraw omatRiialn ginn glieyelich epoxy, resin "having a cy\g]o%%’xane s}Ee%fon such as
3,4-epoxycyclohexylmethyl  3'.4’-cyclohexylcarboxylate;  glycidyl ethers  of
1,6-hexanediol, polyethylene glyco! and polypropylene glycol; triglycidyl isocyanurate
or hexahydrophthalic acid diglycidy! ester; or the like is preferably used, and an
alicyclic epoxy resin having a cyclohexane skeleton are particularly preferable in

terms of heat-resistant transparency and light resistant transparency. These epoxy

resins can be used in combination as a mixture of 1 kind or 2 or more kinds according



chain silicone segnent was 77.5% by nol. [0091] Exanple 5 (Exanpl e where
reaction was carried out so that the ratio of the al koxy group was 8.6
equi valents relative to 1 equival ent of the silanol group) The first
step reaction: Into a reaction contai®r 49.3 parts (al koxy group

equi valent: 82.1) of beta-(3,4 epoxycycl ohexyl)ethyltrinmethoxysilane, 27.2
parts (al koxy group equivalent: 45.4) of nethyltrinmethoxysilane, 118.7
parts (silanol equivalent: 850) of silanol-term nal nethyl phenyl silicone
oi | haviomecesaly ghtmparding heattedstanae andithadikes 1700 (val ue measured by
GPC) and 10.0 parts (as KOH, 0.05 part) of a solution of 0.5%KCH in

net hanolC0/d1 e pl aced, and the liquid tenperature was raised to 75C. After
t he tenpera&Hre was rais
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M BK were and wat e was repeated 3 tines. Subsequently, the

sol vent hMaSaiLtOPRV&inbEHE IdReth@r (ki cand Baseseth dithdue e papticesiaru fimitatior.00C
to obt aPn 151?ggrts %f a bl ock-type sil oxane conpound (%— 5) having a

reacti vgpkeifigailyonal itgr ounciudesf or didreirddiphersimethapeund, distieylepsixiamine,
equi val ent was 832 g/eq, the weight average nol ecul ar wei ght was 5850, the

Vi scosi friethgendetr@mife,  diamimodiiphenydgyifomea nise phamnediamines s deyandiamide,
transparent. In addition, the ratio of the silicon atom belonging to
the sil ttepthyleaeperdamins, dimeathyioeggdpiney ketimineoprvpounts palyarsidefresine
silicon atom bel onging to the chain silicone segnment was 80. 0% by nol .
[0092] Synthasizedviomxansimen ofsinperignscid vkt ethegbedigmings phihdlice@acifut so
that the ratio of the al koxy group was 1.4 equivalents relative to 1 .

equi val anbydride, htrirselitie opcigr Giydpdanpheoprelifie Ad ey drid. | Madgics ggid
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at 75C ours, the reactant was a vent -ins e gel ated product
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presence of water so that the ratio of the al koxy group was 5.5
equi val piHthylhekatydteph@alic ecdival grhellific t Rridi | eyudhaameicarboxylic  acid,
1,2,3,4-butanetetracarboxylic acid, bisphenols, polycondensate of phenocls (such as
phenol, alkyl-substituted  phenol, naphthol,  alkyl-substituted  naphthoil,
dihydroxybenzene, dihydroxynaphthalene) and various aldehydes, polymerization
products of a phenols and various diene compounds, polycondensates of phenols
and aromatic dimethylol, or condensates of bismethoxymethylbiphenyl and naphthols
or phenols, biphenols and modified products thereof, imidazole, boron
trifluoride-amine complexes, guanidine derivatives, and the like. Among them, acid
anhydride-type compounds and carboxylic acid-type compounds are particularly
preferable, and hexahydrophthalic acid anhydride, methylhexahydrophthalic acid

anhydride, 1,3,4-cyclohexanetricarboxylic acid-3,4-anhydride, hydrogenated nadic

acid anhydride and hydrogenated methylnadic acid anhydride are particularly



Into a reaction container, 98.6 parts (al koxy group equivalent: 82.1) of
beta- (3,4 epoxycycl ohexyl)ethyltrinethoxysilane, 118.7 parts (sil anol

equi val ent: 530) of silanol-termnal dinethyl silicone oil having a weight
aver age nol ecul ar wei ght of 1060 (val uél neasured by GPC), 131 parts of

met hanol and 10.0 parts (as KOH, 0.05 part) of a solution of 0.5%KCH in
nmet hanol were placed, and the liquid tenperature was raised to 75C. After
the tenperature was raised, 43.2 parts of a solution of 50% di bi |1 ed wat er
i n et hpreferakde dndetred of PspReswor bie @fothgireginecermRasitiag F}WS!%F?C@ Y&8XWact ed
under reflux at 75C for 8 hours. Aftefr conpl etion of the reaction, the
react i owithiajueRoxaesHEand Hansearapcy et she gl 945k odi um
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out in t water so that "the ratio of the al koxy group was 30.7

equi val ggttRe 'cerifhi agnt PB)LisosteferabRng. 3ab 20% by weigbt agd paplicularly prefetaibéy same
manner as the synthesis nethod in Patent Literature 1, 45.4 parts (al koxy
group eQus \al ¢0% b?ZWé)gm,f rélative (t3, thee ppoxy yaroabeoonitaiaingy compoentoiy #id ane,
54.6 parts (silanol equivalent: 3060) of silanol-termnal dinethyl silicone
oi | havicomhpositkonght aver age nol ecul ar wei ght of 6120 (val ue neasured by
GPC), 10.0 parts of triethylam ne and 500 parts of MBK were placed into a
reacti of0@f2}t ai ner, 100 parts of distilled water were added dropw se at

roomtenperature under stirring over 30 mnutes, and after the te rature
was rai sed tkhesowing mecaiexator dChARCIHAeS 1o exaMRienvRriQus NP'?@FO'%%P Bn of

it o S R R
S e T L P
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reacti om gogt ai ek i ' L i uivalent: 82.1) of beta-(3,4
fg&%ﬂr@% ﬁﬁtmﬁahioﬂeﬁ eI SLAERined ) (

epoxycycl ohexy t hoxysi' | ane,” 94.0 parts (silanol equivalent:

3060) 0f2,&J’dié}ﬂmozégv-mwaééylﬂhiaam»t1'gétﬂw@rtﬂa,@ihb, havi ng2@-deinghb-6iR'esthge
nol ecul ar wei ght of 6120 (val ue nmeasured by GPC), 104 parts of nmethanol and

8. 0 par UsricHisyliftitaz&le D)) othivi-p-tobziaesol ution of 0.5% KOH in net hanol were
pl aced, and the liquid tenperature was raised to 75C. After the tenperature

was rai Sedhdidbird-§@-hwethflimidaable(1'Yethofl-s-t5iazEew gosyanuried agid eadductnegd-Banol
wer e added dropw se over 60 mnutes and the m xture was reacted under

ref | ux addosC of o2-nsethylimisiazefe égocyanprietacis, dfpharwlimidazale isogyeaurissreidon
liquid was neutralized with a 5% aqueous sodi um di hydr ogenpho Pat

sol ut i oradsiugtt hen the nethanol was col | ec2aRN@yld3giyd ‘?’Fﬁﬂe‘g@ n@gg%_zole,
Thereto, 152 parts of MBK were added and water washing was repeated 3
tines. §:|BB@@H&TPV%OXVH@t@HT%WhﬂE@%%%ed from the organi c phase under

reduced pressure 00 btain 151 rts of a white-turhid |i-quj

(o) Pty ceAbendes Slpy oy obBRy mble R opficapats’ ort tise

sem conguet O 188 2hnd YpiRtShuoyic 5842%kuch as phthalic acid, isophthalic acid,
terephthalic acid, trimellitic acid, pyromellitic acid, naphthalene dicarboxylic acid,
maleic acid and oxalic acid; amides such as dicyandiamide; diaza compounds such

as 1,8-diaza-bicyclo(5.4.0)undecene-7; and salts thereof, such as tetraphenylborate

and phenol novolak; salts with the above polycarboxylic acids or phosphinic acids;



Ref erence Exanple 4 (Exanple where reaction was carried out in the presence
of water so that the ratio of the al koxy group was 80.0 equival ents
relative to 1 equival ent of the silanol group) Into a reaction

contai ner, 98.6 parts (al koxy group edti valent: 82.1) of beta-(3,4
epoxycycl ohexyl ) et hyl tri nmet hoxysil ane, 118.7 parts (silanol equivalent:
7900) of silanol-termnal dinethyl silicone oil having a wei ght average
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These curing accelerators are appropriately selected according to the properties
which are required for transparent resin compositions, for example, transparency,
curing rate and working conditions. The curing accelerator is used in an amount
ranging usually 0.001 to 15 parts by weight and preferably 0.005 to 5 parts by weight,
and further preferably 0.05 to 1 parts by weight, relative to 100 parts by weight of the
block-type siloxane compound (A) having a reactive functional group, or together with
another epoxy resin.
[0073]

To the curable resin composition of the present invention, an inorganic filler, a
colorant, a silicone resin, a leveling agent, a lubricant, a coupling agent, a leveling
agent, a lubricant, a light stabilizer, an antioxidant, a phosphor and the like can be
appropriately added according to a purpose, in the range that the transparency is not
impaired.

The inorganic filler is not particularly limited and includes crystalline or
amorphous silica, talc, silicon nitride, boron nitride, alumina, silica-titania mixed-meit
and the like.

The colorant is not particularly limited and includes organic-type coloring
matters of phthalocyanine, azo, disazo, quinacridone, anthraquinone, flavanthrone,
perinone, perylene, dioxazine, condensed azo and azomethine-types, and inorganic
pigments such as titanium oxide, lead sulfate, chrome yellow, zinc yellow, chrome

vermilion, red oxide, cobalt violet, iron blue, ultramarine blue, carbon black, chrome
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green, oxidation chrome and cobalt green.

The silicone resin includes dimethyl silicone, phenylmethyl silicone,
epoxy-modified silicone, polyether-modified silicone, amine-modified silicone,
vinyl-modified silicone, silyl-modified silicone and the like.

[0074]

The leveling agent includes oligomers having a molecular weight of 4,000 to
12,000 and comprising an acrylate such as ethyl acrylate, butyl acrylate and
2-ethythexyl acrylate, epoxidized soybean fatty acid, epoxidized abietyl alcohol,
hydrogenated castor oil, titanium-type coupling agents and the like.

[0075]

The lubricant inciudes hydrocarbon-type lubricants such as paraffin wax,
microcrystalline wax and polyethylene wax; higher fatty acid-type iubricants such as
lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid and behenic acid;
higher fatty acid amide-type lubricants such as stearylamide, palmitylamide,
oleylamide, methylenebisstearamide and ethylenebisstearamide; higher fafty acid
ester-type lubricants such as hydrogenated castor oil, butyl stearate, ethylene glycol
mono stearate, penta erythritol (mono-di-iri-, or tetra-)stearate; alcohol-type
lubricants such as cetyl alcohol, stearyi alcohol, polyethylene glycol and polyglycerol;
metal soaps as salts of lauric acid, myristic acid, palmitic acid, stearic acid, arachidic
acid, behenic acid, ricinoleic acid, naphthenic acid and the like with metals such as
magnesium, calcium, cadmium, barium, zinc and lead; and natural waxes such as
carnauba wax, candelilla wax, bees wax and montan wax.

[0076]

The coupling agent includes silane-type coupling agents such as
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyimethyldimethoxysilane,
3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
N-(2-aminoethyl)3-aminopropyimethyldimethoxysilane,

N-(2-aminoethyl}3-aminopropylmethyltrimethoxysilane, 3-aminopropyltriethoxysilane,



[ 0099] Into a reaction container, 37.0 parts (al koxy group equival ent:
82.1) of beta-(3,4 epoxycycl ohexyl)ethyltrinethoxysilane, 63.1 parts

(al koxy equival ent: 1250) of nnethoxy-term nal dinethyl silicone oil having
a wei ght average nol ecul ar wei ght of 2800 (val ue neasured by GPC), 64 parts
of nmethanol and 5.0 parts (as KOH, 0.025 part) of a solution of 0.5%KCH in
nmet hanol were placed, and the liquid tenperature was raised to 75C. After
the tenperature was raised, 16.2 parts of a solution of 50%distilled water
i n et hamoeroaptaprapyliiinethopysiltdcover 60 minutes and t h¥itimgtoxysian@act ed
under reflux at 75C for 8 hours. After caonpl etiog of the re ctd' or‘},I t.he
react i oN-(2rgyinydbenaylaranoiethy d@mineRropyomethRe§Eav@di um ydrochloride,
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aluminum-type coupling agents such as Zr-acetylacetonate, Zr-methacryiate,
Zr-propionate, neoalkoxy zirconate, neoalkoxy trisneodecanoyl zirconate, neoalkoxy
tris(dodecanoyl)benzenesulfony! zirconate, neoalkoxy
tris(ethylenediaminoethyl)zirconate, neoalkoxy tris(m-aminophenyl)zirconate,
ammonium  zirconium carbonate, Al-acetylacetonate, Al-methacrylate and
Al-propionate.
[0077]
As the light stabilizer, a hindered amine-type light stabilizer (HALS) is suitable.

The HALS is not particularly limited but typical ones include polycondensate of

dibutylamine . 1,3,5-triazine
N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)-1,6-hexamethylenediamine and
N-(2,2,6,6-tetramethyl-4-piperidyl)butylamine, succinic acid

dimethyl-1-(2-hydroxyethyi)-4-hydroxy-2,2,6,6-tetramethylpiperidine polycondensate,
poly[{6-(1,1,3,3-tetramethylbutyl)amino-1,3,5-triazine-2,4-diyl}{(2,2,6,6-tetramethyl-4-
piperidylimino}hexamethylene{(2,2,6,6-tetramethyl-4-piperidyl)imino}],
bis(1,2,2,6,6-pentamethyl-4-piperidyl){[3,5-bis(1,1-dimethylethyl)-4-hydrxyphenyllmet
hyljbutylmalonate, bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate,
bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate,
bis(1-octyloxy-2,2,6,6-tetramethyl-4-piperidyl)sebacate,
2-(3,5-di-t-butyl-4-hydroxybenzyl)-2-n-butylmalonic acid
bis(1,2,2,6,6-pentamethyl-4-piperidyl) and the like. HALSs may be used alone or in

combination of 2 or more kinds.
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[0078]

The antioxidant includes phenoltype, sulfur-type and phosphorus-type
antioxidants.

Specific examples of the phenoltype antioxidant are exemplified by
monophenols such as  2,6-di-t-butyl-p-cresol, butylated  hydroxyanisole,
2 6-di-t-butyl-p-ethylphenol, stearyl-beta-(3,5-di-t-butyl-4-hydroxyphenyf)propionate,
isooctyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate,

2,4-bis-(n-octylthio)-6-(4-hydroxy-3,5-di-t-butylanilino)-1,3,5-triazine, and
2,4-bis](octylthio)methyl]-o-cresol; bisphenols such as 2,2’-methylene
bis(4-methyl-6-t-butylphenol), 2,2'-methylene bis(4-ethyi-6-t-butylphenol),

4,4'-thiobis(3-methyl-8-t-butylphenol), 4,4™-butylidene bis(3-methyl-6-t-butylphenol),
triethylene glycol-bis[3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate],
1,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate],

N,N’-hexamethylene bis(3,5-di-i-butyl-4-hydroxy-hydrocinnamamide),
2,2-thio-diethylene bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate],
3,5-di-t-butyl-4-hydroxybenzylphosphonate-diethyl ester,

3,9-bis[1,1-dimethyl-2-{beta-(3-t-butyl-4-hydroxy-5-methylphenyi)propionyloxy}ethyl]2
4,8,10-tetraoxaspiro[5,5]undecane and bis(3,5-di-t-butyl-4-hydroxybenzyl sulfonic
acid ethyl)calcium; and high-molecular phenols such as
1,1,3-tris(2-methyl-4-hydroxy-5-t-butylphenyl)butane,
1 ,3,5-trimethyl—2,4,6—tris(3,5—di~t-butyl-4-hyd roxybenzyl)benzene,
tetrakis-[methylene-3-(3',5'-di-t-butyl-4-hydroxyphenyl)propionate]methane,
bis(3,3"-bis-(4’-hydroxy-3'-t-butylphenyl)butyric acid]glycol ester,
tris-(3,5-di-t-butyl-4-hydroxy benzyl)-isocyanurate, 1,3,5-tris(3",5'-di-t-butyl-4’-hydroxy
benzyl)-S-triazine-2,4,6-(1H, 3H, SHjtrione and tocopherol.
[0079]

Specific examples of the sulfurtype antioxidant are exemplified by
dilauryl-3,3'-thiodipropionate, dimyristyl-3,3'-thiodipropionate,
distearyl-3,3"-thiodipropionate and the like.



A-3 80.1 447 4130 Col orless and transparent |iquid Exanple 4 A-4 8.6 874
2630 Col orl ess and transparent |iquid Exanple 5 A-5 8.6

46

[0080]

Specific exampies of the phosphorus antioxidant are exemplified by phosphites
such as tripheny! phosphite, diphenyl isodecyl phosphite, phenyl diisodecy! phosphite,
tris(nonylphenyl)phosphite, diisodecyl pentaerythritol phosphite,
tris(2,4-di-t-butylphenyl)phosphite, cyclic neopentanetetrayl bis(octadecyl)phosphite,
cyclic neopentanetetrayl bis(2,4-di-t-butylphenyl)phosphite, cyclic neopentanetetray!
bis(2,4-di-t-butyl-4-methylphenyl)phosphite,
bis[2-t-butyl-6-methyl-4-{2-(octadecyloxycarbonyl)ethyl}phenylihydrogen phosphite;
oxaphosphaphenanthrrene oxides such as
9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide,
10-(3,5-di-t-butyl-4-hydroxybenzyl)-9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-
oxide, 10-decyloxy-9,10-dinydro-8-oxa-10-phosphaphenanthrene-10-oxide; and the
like.

[0081]

These antioxidants can be used alone but may be also used in combination of 2
or more kinds. Particularly in the present invention, phosphorus antioxidant is
preferable. The use amount of the antioxidant is usually 0.008 to 1 part by weight
and preferably 0.01 to 0.5 part by weight relative to 100 parts by weight of the resin
component in the curable resin composition of the present invention.

[0082]

When the curable resin composition of the present invention is used for optical
semiconductor sealants, a phosphor can be added according to necessity. The
phosphor has an action of, for example, absorbing some blue light emitted from biue
LED element and emitting yellow light of which wavelength is converted to form
white light. The phosphor is dispersed in the curable resin composition in advance,
and then an optical semiconductor is sealed therewith. The phosphor is not
particularly limited and a conventionally known phosphor can be used, and it is
exemplified by, for example, aluminate, thiogallate and orthosilicate and the like of

rare earth elements. More specifically, it includes phosphors such as YAG phosphor,
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TAG phosphor, orthosilicate phosphor, thiogallate phosphor and sulfide phosphor,
and is exemplified by YAIOs: Ce, Y3Als012: Ce, Y1Al20g: Ce, Y2028: Eu, Sr5(PO4)sCl:
Eu, (SrEu)O-ALQs and the like. As for the particle size of said phosphor, the
particle size known in the art is used and the average particle size is 1 to 250 ym and
particularly preferably 2 to 50 ym. When these phosphors are used, the addition
amount is 1 to 80 parts by weight and preferably 5 to 60 paris by weight, relative to
100 parts by weight of the resin component.
[0083]

Preferable curable resin compositions of the present invention are as follows.
() A curable resin composition, wherein the reactive functional group-containing
siloxahe compound according to any one of the above (i) to (xix) (hereinafter referred
to as siloxane compound (A) of the present invention or said siloxane compound (A))
and an epoxy compound other than said siloxane compound (A) (hereinafter also
referred to as O-EPQ), which may be optionally contained, are contained in a total
amount of 30 to 90% by weight (hereinafter, % represents % by weight unless
otherwise specifically noted) relative to the whole composition, and the rest is the
curing agent (B).
(I)  The curable resin composition according to the above (I), wherein the curing
agent (B) is contained in the range of 0.2 to 1.5 equivalents relative to 1 equivalent of
the epoxy group in said siloxane compound (A).
(1) The curable resin composition according to the above (l) or (1), wherein said
siloxane compound (A) and O-EPO which may be optionally contained are contained
in a total amount of 50 to 90% relative to the whole composition.
(IV)  The curable resin composition according to any one of the above (1) fo (lil),
wherein the ratio of said siloxane compound (A) relative to the tota! amount of said
siloxane compound (A) and O-EPO which may be optionally contained is 50 to 100%.
(V) The curable resin composition according to any one of the above (1) to (IV),
wherein the ratio of said siloxane compound (A) relative to the total amount of said

siloxane compound (A) and O-EPO which may be optionally contained is 30 to 90%.
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(V) The curable resin composition according to any one of the above () to (V),
wherein a curing accelerator is further contained in a ratio of 0.001 to 15 paris by
weight relative to 10 parts by weight of said siloxane compound (A).

(VIl)  The curable resin composition according to any one of the above (1} to (VI),
wherein the curing agent (B) is an acid anhydride compound or a carboxylic acid
compound.

The above curable resin composition of the present invention can be obtained
by uniformly mixing the above raw materials in any method
[0084]

The above curable resin composition of the present invention contains the
siloxane compound (A) having a reactive functional group, the curing agent (B) and,
according to necessity, the curing accelerator (C), and in said curable resin
composition, another optional blending component may be further biended if
necessary. Another optional blending component can include an inorganic filler, a
colorant, a silicone resin, a leveling agent, a lubricant, a coupling agent, a light
stabilizer, an antioxidant, phosphors and the like. These other blending components
can be appropriately added in the range of 0 to 500 parts by weight relative to 100
parts by weight of the total amount of said siloxane compound (A) and the curing
agent (B), and preferable is about 0 to 100 parts by weight. When a blend with
another blending component is solid, it is mixed using a blending machine such as
Henschel mixer, Nauta mixer and the like, and then kneaded using a kneader, an
extruder or a heating roll at 80 to 120°C and cooled, followed by grinding to obtain in a
powdered state. On the other hand, when the blend is liquid, it is uniformly
dispersed using planetary mixer to give the curable resin composition of the present
invention containing another blending component.

[0085]

In order to seal an optical semiconductor such as an LED, a photo sensor, a

transceiver by using the thus-obtained composition of the present invention to obtain

an optical semiconductor of the present invention, formation may be carried out by a
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conventional molding method such as fransfer molding, compression molding,
injection molding and dispensing methods, and printing method.

In addition, the heating method to cure the resin composition for optical
semiconductor sealing after formation is not particularly limited and a conventional
known method such as hot-air circulation heating, infrared ray heating and
high-frequency heating can be employed. As for curing conditions, heating is
usually carried out at about 80 to 250°C in the range of 30 seconds to 15 hours, but
there is no harm if the conditions are appropriately changed. Preferable conditions
are that curing is carried out at 110 to 200°C, for example, a method of carrying out
the first curing at 100 to 140°C and then carrying out the final curing at 130 to 200°C
is preferable.

[0086]

Hereinaifter, the present invention will be more specifically explained with
reference to Synthesis Examples and Examples. In addition, the present invention
is not fimited to these Synthesis Examples and Examples. In this regard, each
physical property value in Examples was measured by the following method.

(1) Molecular weight: the weight average molecuiar weight in terms of converting
polystyrene was calculated by measuring under the below-described conditions by
Gel Permeation Chromatography (GPC) method.

Conditions under GPC:

Manufacturer: Shimadzu Corporation;

Column: Guard column SHODEX GPC LF-G LF-804 (three columns);

Flow rate: 1.0 mi/min.;

Column temperature: 40°C;

Solvent used: THF (tetrahydrofurany);

Detector: RI (differential refractive detector).

(2) Epoxy equivalent: measured by the method described in JIS K-7236.

(3) Viscosity: measured at 25°C using E-type viscometer (TV-20) manufactured by

Toki Sangyo Co., Lid.



White-turbid liquid Note: "Conp. Exam" represents "Conparative Exanple”
and "Ref. Exam" represents "Reference Exanple". [0101] From t he above
results, it can be confirmed that Conparative Exanple 1 where the conpound
represented by the general fornula (1)50and the conpound represented by the
general formula (2) were added in an al koxy group/silanol group equival ent
val ue of 1.4 was a solvent-insoluble gelated product and cannot be used as
an epoxy resin. In addition, it can be confirned that Reference Exanple 1,
Ref erence Exanple 2, Reference Exanple 3 and Reference Exanple 4 (A-7, A-8,
A-9 and A—lO? where the conmpound represented by the general forrmula (1) and
t he conpyamgless0 represented by the general fornula (2) were added at a
time together with an alkali catalyst and water for synthesis were

whi t e- tB3O87H 1i qui ds and not suitable for optics application. Further, it
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Exanpl es ere the conpounds represented by the

gener al if QBEsRAbED)it is(‘Qednf eh)casere reacted in 2 steps gave col orl ess
and transparent resins and were suitable for optics application. [0102]

Conpar aE’kgﬁ‘,pEé(qnpl e 3 The synthesis was carried out using

di met hyl di met hoxysi |l ane of the following fornula (6) as a raw material so
that t hgExamplenvheeneaationtwamcdisoyouinsg that te maticpf the slkene aipup is 5.3
structure contained in the conpound was the sane concentration (% by nol)
as in tbquivhlents Elalive tes1 quivalenited the st@naligigurli met hyl si | oxane as a unit
structure. [0103] CH3 H3C -0 -Si -0 -CH3(6) .

The first step reaction: Into a reaction container, 197.1 parts (alkoxy group
equivalent: 82.1 gleq) of beta-(3,4 epoxycyclohexylethyltrimethoxysilane, 237.4
parts (silanol equivalent: 530 gfeq) of silanol-terminal dimethyl silicone oil having a
weight average molecular weight of 1060 (value measured by GPC) and 21.3 parts
(0.11 parts as KOH) of a solution of 0.5% potassium hydroxide (KOH) in methanol
were placed, and the liquid temperature were raised to 75°C.  After the temperaiure
was raised, reaction was carried out under reflux at 75°C for 8 hours.

The silanol equivalent of 530 gfleq was calculated by dividing the weight
average molecular weight of 1060 measured using GPC as the molecular weight of
the silicone oil into halves because of having two silanol groups per molecule. Alsc
in the following Examples, each silanol equivalent of the silanol-terminal silicone oil
(b) was determined in the same manner.

The second step reaction: To the reaction liquid obtained above, 305 parts of
methanol were added, 86.4 parts of a solution of 50% distilled water in methancl was
added thereto dropwise over 60 minutes and then the mixture was reacted under
reflux at 75°C for 8 hours. After completion of the reaction, the reaction liquid was
neutralized with a 5% aqueous sodium dihydrogenphosphate solution and then the

methanol was collected at 80°C by distillation. To the rest reaction liquid, 380 parts



CH3 [ 0104] In the same manner of synthesis as described in Patent
Literature 1, 33.9 parts (al koxy group equivalent: 82.1) of beta-(3,4
epoxycycl ohexyl ) et hyl tri met hoxysi | ane, di nethyl di net hoxysi | ane (al koxy
equivalent: 60.1), 10.0 parts of triethylam ne and 500 parts of MBK were
added to a reaction container, 100 parts of distilled water were added
dropwi se at room tenperature under stirring over 30 mnutes, and after 61
the tenperature was raised to 80C t e was reacted for 6
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parts (a y gro equi val ent of beta-(

epoxycyghphiexy bhattfspardmt hoxysi | ane, 252.8 parts (silanol equivalent:
356) of silanol-termnal dinmethyl silicone oil having a weight average

mol ecul ar W ghdditidn, 1 80D ratial ofe theeasilivord diymGBE)ongirdy 20. thep ailsesduiexat@eH,
0.1 part) of a solution of 0.5% KOH in nethanol were added, and the liquid
t enper asegmentafratiaict ¢he silicad @torAfhatding ¢o tenferapen atoas rekativede thetatel on
was carried out under reflux at 75C for 8 hours. The second step

r eact i oailican tatomaduihich B85 qaiculstest frae thenwitio elathe addadsrar matesals) ivas of
50% distilled water in nethanol were added dropw se over 60 m nutes and the
mi xt ur e 1965 hyawekd Likewise, b natioaf thesilicen Qoﬂbl?ﬁlgng'ﬂﬂttérthé&ﬁﬁl%@'l'@ﬁﬂ%f
the reaction, the reaction liquid was neutralized with a 5% aqueous sodi um
di hydr o§eamest wast80.4% B Mah and then the methanol was col | ected by

distill ﬁ“gq at 80C. Thereto, 352 parts of MBK were added and wat er

washi ng repeated 3 tines. Subsequently, the solvent was renoved from

t he organi F'Hﬁh%ie under reduced pressure at 100C to obtain 333 parts of a
bl ock-t ¢ 6xane conpound (A-13) having a reactive functional gr oup As
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silicone segnent was 85.1% by nol
equivalent: 82.1) of beta-(3,4 epoxycyctohexyl)ethyltnmethoxysnlane, 2374 parts
(silanol equivalent: 3060) of silanol-terminal dimethyl siliconé oil having a weight
average molecular weight of 6120 (value measured by GPC) and 20.0 parts (as KOH,
0.1 part) of a solution of 0.5% KOH in methanol were placed, and the liquid
temperature was raised to 75°C. After the temperature was raised, reaction was
carried out under reflux at 75°C for 8 hours.

As the second step reaction, after adding 260 parts of methanol, 86.4 parts of a
solution of 50% distilled water in methanol were added dropwise over 60 minutes and
the mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium

dihydrogenphosphate solution and then the methanol was collected by distillation at

80°C. Thereto, 380 parts of MIBK were added and water washing was repeated 3



Conpar ati ve Exanple 4 The synthesis was carried out using

di net hyl di net hoxysi |l ane of the followng fornula (6) as a raw material so
that the content concentration (% by nol) of dinethylsiloxane unit
structure contained in the conpound was same concentration (% by nol) as in
t he above Exanpl e 6 when regarding dinethylsiloxane as a unit structure.
[0107] CH3 H3C-O -Si-0 CH3(6) CH3 [0108] In the sane manner of
synthesis as described in Patent Literature 1, 26.6 parts (al koxy grou

equi val mes. 8Bulseguebtly,athes sohansxyay destesh SRy |thei arganio Rheseatade73. 4
parts (al koxy equivalent: 60.1) of dinmethyldinmethoxysilane, 10.0 parts, of
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first s{gm;g]eacti on: To a reaction container, 59.1 parts (al koxy group

equi val ent: "82.1) of beta-(3,4 epoxycycl ohexyl)ethyltrimethoxYsilane, 130.6
parts ($xagie 3equival ent: 850) of silanol-term nal methyl phenyl silicone
oil having a wei ght average nol ecul ar wei ght of- 17(_)00§)val ue nmeasured by
GPC) angEtémplepwhiese (eactikiDHyas. carped ut so that dheraiim obthe almxy@ioup was

met hanol were added, and the liquid tenperature was raised to 75C. After

t he t emB&rhequivalents relatieaito 1 equivalantwidhe siaNAQrewR) under reflux at 75C
for 8 hours. . The second step reaction: After addi 135 rts of
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(A-15) havihg a tive ronal "group. As for the obtained conpound,
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2680, the viscosity s, and the appearance was col orl ess and
transpargified out under reflux at 75°C for 8 hours.

The second step reaction: After adding 142 parts of methanol, 43.2 parts of a
solution of 50% distilled water in methanol were added dropwise over 60 minutes and
the mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methanol was collected by distillation at
80°C. Thereto, 191 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C to obtain 169 parts of a block-type siloxane compound

(A-3) having a reactive functional group. As for the obtained compound, the epoxy

equivalent was 447 gleq, the weight average molecular weight was 4130, the



In addition, the ratio of the silicon atom belonging to the sil sesqui oxane
segnent was 13.6% by nol. Likewise, the ratio of the silicon atom bel ongi ng
to the chain silicone segnment was 86.4% by nol. [0110] Exanples 8 to 13 and
Conparative Exanples 5 to 7 The above-3¥nt hesi zed sil oxane conpound (any
one of A-1to 3 and 12 to 15) 64 or a comrercially avail able
alicyclic-type epoxy resin (ERL-4221) conventionally used for optical

' duct o, i ' ith [ t (B-1.to B-3 ith
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Conpar atdlm Exanpl e 5: A conposition using the conpound A-12 and the curing
agent B-1; é)orrpar ative Exanple 6: A conposition using ERL-4221 and the

curing Egﬁgm\ﬁ@nl. Exanpl e and Conparative Exanple described in Table 3
are as below Exanple 11: A conposition using the conpound A-13, the curing

agent B(Bxahpld WRefdfdadton el eiriib@ouCsd th&lthpanid bf thebxlkoxy grolip was 8.6
conposi tion using the conmpound A-14, the curing agent B-3 and the curing

accel er agaivaferits relative toxanggjuivaderet ctghp siladohgroé@pnpl e described in Table 4
are as below Exanple 12: A conposition using the conpound A-15, the curing

agent B- 3" arffthe Hiestcsteipneantioat dntt ar réaction contaibeinfPs padts CEtpmya growp
Exanpl e described in Table 5 are as bel ow. Exanple 13: A conposition using
t he conmpouivalent1 B2.1 heofc betar(B.4gepoxyygichexybatviimetiosianer &%f rarts
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part) of a solution of 0.5% KCH in methanol were placed, and the liquid temperature

was raised to 75°C. Afier the temperature was raised, reaction was carried out

under reflux at 75°C for 8 hours.

The second step reaction: After adding 123 parts of methanol, 43.2 parts of a
solution of 50% distilled water in methanol were added dropwise over 60 minutes and
the mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methano! was collected by distillation at
80°C. Thereto, 191 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C to obtain 168 parts of a block-type siloxane compound
(A-4) having a reactive functional group. As for the obtained compound, the epoxy
equivalent was 874 gleq, the weight average molecular weight was 2630, the
viscosity was 4600 mPa-s, and the appearance was colorless and transparent.

In addition, the ratio of the silicon atom belonging to the silsesquioxane

segment was 22.5% by mol.  Likewise, the ratio of the silicon atom belonging to the



65 [0112] (UV resistance transmttance test) Each curable resin
conposition obtained in Exanples 8 to 13 and Conparative Exanples 5 to 7
was subjected to vacuum defoami ng for 20 mnutes and then gently

cast-nol ded into an al umi num cup havi ng¢ a base dianeter of 5 cmand a

hei ght of 2 cm The cast-nol ded product was placed into an oven and cured
under predeterm ned curing conditions to obtain a test piece having a
thickness of 2 mmfor transmttance test. Using these test pieces,

t r ansni chaincsilicans segraentrwaadd.o tyrmal. t ravi ol et irradi ati on (maasur ement
wavel engt h: 375 nm 400 nm and 465 nm was neasured by a spectrophot oneter
and the?@ﬂﬂi‘ﬂgi ng ratio was calculated. The ultraviolet irradiation
conditigns are as follows: Utraviolet irradiation machine: Eye Super W
tester 529@“115&% Terrperature: 60C, Irradiation energy: 65 mNcng;
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[0114] EYaraasmitcdsd :))mmlehbvtetr@mrebl nizstall sheraib siticoRs ol hawneos Wisight avbtr@gmed

in Exanples 8 to 13 and Conparative
molecular weight of 1700 (value measured by GPC) and 10.0 parts (as KOH, 0.05
part) of a solution of 0.5% KOH in methanol were placed, and the liquid temperature
was raised to 75°C. After the temperature was raised, reaction was carried out
under refiux at 75°C for 8 hours.

The second step reaction: After adding 123 parts of methanol, 43.2 parts of a
solution of 50% distilled water in methanol were added dropwise over 60 minutes and
the mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methanol was collected by distillation at
80°C. Thereto, 166 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C fo obtain 151 parts of a block-type siloxane compound
(A-5) having a reactive functional group. As for the obtained compound, the epoxy
equivalent was 832 gfeq, the weight average molecular weight was 5850, the
viscosity was 4610 mPa-s, and the appearance was colorless and transparent.

in addition, the ratio of the silicon atom belonging to the silsesquioxane
segment was 20.0% by mol.  Likewise, the ratio of the silicon atom belonging to the
chain silicone segment was 80.0% by mol. |
[0092]

Comparative Example 1



66 Exanples 5 to 7 was subjected to vacuum defoam ng for 20 m nutes and
then gently cast-nolded into a nold for test pieces having a wwdth of 7 mm
a length of 5 cmand a thickness of about 800 pm and after that, a lid of
polyimde filmwas put onto the nold. 5Bhe cast-nol ded product was cured
under the conditions described in Tables 2 and 3 to obtain a test piece for
dynam c viscoelasticity. Using these test pieces, dynam c viscoelasticity
test was carried out under the bel ow conditions. Measurenent conditions:
Dynami c{Eissnplelveareceastiarewas canipd et sathatthe mitiaofdbe allxyraevpnvas b¢
TA-instrunments; Measurenent tenperature range: -30C to 280C, Rate of

t enper aequivalentserelaiiyerio dtequivalent pf the sland.graup; BXamMPlR of geltignsinABesr 5
nm x 50 mm (t hi ckness of about 800 pm was used. Analysis conditions: Tg:
The peafirshsiamregetiandn- del ta in DMA neasurenent was Tg; Elastic nodul us at
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The specific conditions are shown bel ow. for measurenent itens,

i |1 um nafReetHeeaiferatifle ddsaaisk) whenrthbirghdtiondiomis wasasdtied ursiengefaux at
i ntegrating sphere, and the retention ratio of 1llum nance was cal cul at ed.

| n addi yhumfortdhaostsatiee actdve waghtsobmntinsulutee gatated puodectdAB)t er 100 hour
| ighting was 67 observed.
- [0093]
Reference Example 1 |
(Example where reaction was carried out in the presence of water so that the ratio of
the alkoxy group was 5.5 equivalenis relative to 1 equivalent of the silanol group)

Into a reaction container, 98.6 parts (alkoxy group equivalent: 82.1) of beta-(3,4
epoxycyclohexyl)ethyltrimethoxysilane, 118.7 parts (silano! equivalent. 530) of
silanol-terminal dimethyl silicone oil having a weight average molecular weight of
1060 (value measured by GPC), 131 parts of methanol and 10.0 parts (as KOH, 0.05
part) of a solution of 0.5% KOH in methanol were placed, and the liquid temperature
was raised to 75°C. After the temperature was raised, 43.2 parts of a solution of
50% distilled water in methanol were added dropwise over 60 minutes and the
mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neufralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methanol was collected by distillation at
80°C. Thereto, 191 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C to obtain 176 parts of a siloxane compound (A-7) having a

reactive functional group. As for the obtained compound, the epoxy equivalent was

459 gleq, the weight average molecular weight was 3300, and the appearance was



Specific lighting conditions: Em ssion wavel ength: 375 nm Driving system
Constant-current system 60 mA (light-emtting el enment specified current;
20 md); Driving environnent: 25C 65% [0116] Table 2 (Bl end) Exanple 8
Exanpl e 9 Exanple 10 Conp. Exam 5 Comgg Exam 6 Conpound A-1 100

white-turbid, whereby it couid not be used as a composition for optical
semiconductor-sealing materials.

[0094]

Reference Example 2

(Example where reaction was carried out in the presence of water so that the ratio of
the alkoxy group was 30.7 equivalents relative to 1 equivalent of the silanol group)

In the same manner as the synthesis method in Patent Literature 1, 45.4 parts
(alkoxy group equivalent: 82.1) of beta-(3,4 epoxycyclohexyl)ethyltrimethoxysilane,
54.6 parts (silanol equivalent: 3060) of silanol-terminal dimethyl silicone oil having a
weight average molecular weight of 6120 (value measured by GPC), 10.0 paris of
triethylamine and 500 parts of MIBK were placed into a reaction container, 100 parts
of distilled water were added dropwise at room temperature under stirring over 30
minutes, and after the temperature was raised to 80°C, the mixture was reacted for 6
hours. After completion of the reaction, the reaction liquid was neutralized with a
20% aqueous sodium dihydrogenphosphate solution and then water washing was
repeated 3 times. Subsequently, the solvent was removed from the organic phase
under reduced pressure at 100°C to obtain 85 parts of a white-turbid liquid (A-8),
which could not be used as a composition for optical semiconductor-sealing
materials.

[0099]

Reference Example 3

(Example where reaction was carried out in the presence of water so that the ratio of
the alkoxy group was 31.0 equivalents relative to 1 equivalent of the silanol group)

Into a reaction container, 78.8 parts (alkoxy group equivalent: 82.1) of beta-(3,4
epoxycyclohexyl)ethyltrimethoxysilane, 94.0 parts (silanol equivalent: 3060) of
silanol-terminal dimethyl silicone oil having a weight average molecular weight of
6120 (value measured by GPC), 104 parts of methanol and 8.0 parts (as KOH, 0.04
part) of a solution of 0.5% KOH in methanol were placed, and the liquid temperature

was raised to 75°C. After the temperature was raised, 34.6 parts of a solution of
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50% distilied water in methanol were added dropwise over 60 minutes and the
mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liguid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methanol was collected by distillation at
80°C. Thereto, 152 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C to obtain 151 parts of a white-turbid liquid (A-2), which
could not be used as a composition for optical semiconductor-sealing materials.
[0096]
Reference Example 4
(Example where reaction was carried out in the presence of water so that the ratio of
the alkoxy group was 80.0 equivalents relative to 1 equivalent of the silanol group)

Into a reaction container, 98.6 parts (alkoxy group equivalent: 82.1) of beta-(3,4
epoxycyclohexyl)ethyltrimethoxysilane, 118.7 parts (silanol equivalent: 7900) of
silanol-terminal dimethyl silicone oil having a weight average molecular weight of
15800 (value measured by GPC), 142 parts of methanol and 10.0 parts (as KOH,
0.05 part) of a solution of 0.5% KOH in methanol were placed, and the liquid
temperature was raised o 75°C. After the temperature was raised, 43.2 parts of a
solution of 50% distilled water in methanol were added dropwise over 60 minutes and
the mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methanol was collected by distillation at
80°C. Thereto, 191 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C to obtain 189 parts of a white-turbid liquid (A-10).
[0097]
Comparative Example 2

The synthesis was carried out using silicone oil having a terminal of an alkoxy

group represented by the following formula (5), instead of silanol-terminal silicone oil
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of the formula (2) used in Examples 110 5.

[0098]

- CH3
HC—O——Si—O——CH;  (5)

CHa

[0099]

Into a reaction container, 37.0 parts (alkoxy group equivalent: 82.1) of beta-(3,4
epoxycyclohexyl)ethyltrimethoxysilane, 63.1 parts (alkoxy equivalent: 1250) of
methoxy-terminal dimethyl silicone oil having a weight average molecular weight of
2500 (value measured by GPC), 64 parts of methanol and 5.0 parts (as KOH, 0.025
part) of a solution of 0.5% KOH in methanol were placed, and the liquid temperature
was raised to 75°C. After the temperature was raised, 16.2 parts of a solution of
50% distilied water in methanol were added dropwise over 60 minutes and the
mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methanol was collected by distillation at
80°C. Thereto, 88 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C to obtain 80.6 parts of a white-turbid liquid (A-11), which
could not be used as a composition for optical semiconductor-sealing material.
[0100]

The properties of resins A-1 to A-11 obtained in Examples 1 to 5, Comparative
Examples 1 to 2 and Reference Examples 1 to 4 are summarized in Table 1.

Table 1
Compound Addition Epoxy Molecular Property

equivalent value equivalent weight
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(Alkoxy group /Silanol group)

Example 1 A-1 53 457 3700 Colorless and
transparent liquid

Example 2 A2 30.8 468 4160 Colorless and
transparent liquid

Example 3 A-3 80.1 447 4130 Colorless and
transparent liquid

Example 4 A-4 8.6 874 2630 Colorless and
transparent fiquid

Example 5 A5 8.6 832 5830 Colorless and

transparent liquid

Comp. Exam.1 A6 1.4 - - Gelated product

Ref. Exam. 1 A7 5.5 - - White-turbid liquid
Ref. Exam. 2 A-8 30.7 - - White-turbid liquid
Ref. Exam. 3 A9 31.0 - - White-turbid liquid
Ref. Exam. 4 A-10 80.0 - - White-turbid liquid
Comp. Exam.2  A-11 - - - White-turbid liquid

Note: “Comp. Exam.” represents “Comparative Example” and “Ref. Exam.”

represents “Reference Example”.

[0101]

From the above results, it can be confirmed that Comparative Example 1 where
the compound represented by the general formula (1) and the compound represented
by the general formula (2) were added in an alkoxy group/silanol group equivalent
value of 1.4 was a solvent-insoluble gelated product and cannot be used as an epoxy
resin. In addition, it can be confirmed that Reference Example 1, Reference
Example 2, Reference Example 3 and Reference Example 4 (A-7, A-8, A-9 and A-10)

where the compound represented by the general formula (1) and the compound



El astic nmodul us at -30C 1449 1515 1615 1801 4567 Surface tacki ness None
None None None None (UV resistance transmttance test)

60

represented by the general formula (2) were added at a time together with an alkali
catalyst and water for synthesis were white-turbid liquids and not suitable for optics
application. Further, it can be found that A-11 (Comparative Example 2) where the
compound of the formula (5) as silicone oil having a terminal of an alkoxy group was
used as a chain silicone segment instead of the compound represented by the
general formula (2) was also a white-turbid liquid and not suitable for opiics
application. On the other hand, it can be confirmed that Examples 1 to 3 (A-1, A-2
| and A-3) where the compounds represented by the general formula (1) and the
general formula (2) were reacted in 2 steps and Examples 4 to 5 (A-4 and A-5) where
the compounds represented by the general formulas (1), (2) and (3) were reacted in 2
steps gave colorless and transparent resins and were suitable for optics application.
[0102]
Comparative Example 3
The synthesis was carried out using dimethyldimethoxysilane of the following
formula (6) as a raw material so that the content concentration (% by mol) of
dimethylsiloxane unit structure contained in the compound was the same
concentration (% by mol) as in the above Examples 1 to 3 when regarding

dimethylsiloxane as a unit structure.

[0103]
CHs,
HyC—~O—Si—0~CH, (6)
CH,
[0104]

In the same manner of synthesis as described in Patent Literature 1, 33.9 parts
(alkoxy group equivalent: 82.1) of beta-(3,4 epoxycyclohexyf)ethylfrimethoxysilane,
dimethyldimethoxysilane (alkoxy equivalent: 60.1), 10.0 parts of triethylamine and
500 parts of MIBK were added to a reaction container, 100 parts of distilled water

were added dropwise at room temperature under stirring over 30 minutes, and after
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the temperature was raised to 80°C, the mixture was reacted for 6 hours. After
completion of the reaction, the reaction liquid was neutralized with a 20% aqueous
sodium dihydrogenphosphate solution and then water washing was repeated 3 times.
Subsequently, the solvent was removed from the organic phase under reduced
pressure at 100°C to obtain 60 parts of a siloxane compound (A-12) having a reactive
functional group. As for the obtained compound, the epoxy equivalent was 459 gleq,
the weight average molecular weight was 940, and the appearance was colorless and
fransparent.

[0105]

Example 6

(Example where reaction was carried out so that the ratio of the alkoxy group was 3.8
equivalents relative to 1 equivalent of the silanol group)

The first step reaction: To a reaction container, 147.8 parts (alkoxy group
equivalent: 82.1) of beta-(3,4 epoxycyclohexyl)ethyltrimethoxysilane, 252.8 parts
(silanol equivalent: 356) of silanol-terminal dimethyl silicone oil having a weight
average molecular weight of 1060 (value measured by GPC) and 20.0 parts (as KOH,
0.1 part) of a solution of 0.5% KOH in methanol were added, and the liquid
temperature was raised to 75°C. After the temperature was raised, reaction was
carried out under reflux at 75°C for 8 hours.

The second step reaction: After adding 255 parts of methanol, 64.8 parts of a
solution of 50% distilled water in methanol were added dropwise over 60 minutes and
the mixture was reacted under reflux at 75°C for 8 hours. After completion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methanol was collected by distillation at
80°C. Thereto, 352 parts of MIBK were added and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C to obtain 333 parts of a block-type siloxane compound
(A-13) having a reactive functional group. As for the obtained compound, the epoxy

equivalent was 578 gleq, the weight average molecular weight was 5250, the
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viscosity was 257 mPa-s, and the appearance was colorless and transparent.

In addition, the ratio of the silicon atom belonging to the silsesquioxane
segment was 14.9% by mol. Likewise, the ratio of the silicon atom belonging to the
chain silicone segment was 85.1% by mol.

[01086]
Comparative Example 4

The synthesis was carried out using dimethyldimethoxysilane of the following
formula () as a raw material so that the content concentration (% by mol) of
dimethylsiloxane unit structure contained in the compound was same concentration

(% by mol) as in the above Example 6 when regarding dimethylsiloxane as a unit

structure.
[0107]
CH,
H,C—0—Si—0O~CH; (6)
CHj;
[0108]

In the same manner of synthesis as described in Patent Literature 1, 26.6 parts
(alkoxy group equivalent: 82.1) of beta-(3,4 epoxycyclohexyl)ethyttrimethoxysilane,
73.4 parts (alkoxy equivalent: 60.1) of dimethyldimethoxysilane, 10.0 parts of
triethylamine and 500 parts of MIBK were added to a reaction container, 100 parts of
distilled water were added dropwise at room temperature under stirring over 30
minutes, and after the temperature was raised to 80°C, the mixture was reacted for 6
hours. After completion of the reaction, the reaction mixture was neutralized with a
20% aqueous sodium dihydrogenphosphate solution and then water washing was
repeated 3 times. Subsequently, the solvent was removed from the organic phase
under reduced pressure at 100°C to obtain 60 parts of a siloxane compound (A-14)
having a reactive functional group. As for the obtained compound, the epoxy

equivalent was 561 gleq, the weight average molecular weight was 830, and the
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agent B-1: As a curing agent, a mxture of 30 parts of

1, 3, 4-cycl ohexanetri carboxylic acid-3, 4-anhydride ("H TMA", manufactured by
M t subi shi Gas Chem cal Conpany, INC. )ézaand 70 parts of "M+ 700G

(manuf actured by New Japan Chem cal Co., Ltd.) as a m xture of

nnet hyl hexahydrophthalic acid anhydride and hexahydrophthalic acid
anhydride was prepared in advance, and it was used as a curing agent B-1.
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properties than Conparative Exanple 6 as a conventional alicyclic epoxy
resin. t&ApbRitdQ wheblaisedl kxaBpCe Adtet Bhertdinperature was raised, reaction was
carried out under reflux at 75°C for 8 hours.

The second step reaction; After adding 135 parts of methanol, 25.9 parts of a
solution of 50% distilled water ih methanol were added dropwise over 60 minutes and
the mixture was reacted under reflux at 75°C for 8 hours. After compietion of the
reaction, the reaction liquid was neutralized with a 5% aqueous sodium
dihydrogenphosphate solution and the methanol was collected by distillation at 80°C.
After that, 170 parts of MIBK were added to wash and water washing was repeated 3
times. Subsequently, the solvent was removed from the organic phase under
reduced pressure at 100°C fo obtain 162 parts of a block-type siloxane compound
(A-15) having a reactive functional group. As for the obtained compound, the epoxy
equivalent was 707 gleq, the weight average molecular weight was 2680, the
viscosity 727 mPa-s, and the appearance was colorless and transparent.

In addition, the ratio of the silicon atom belonging to the silsesquioxane
segment was 13.6% by mol. Likewise, the ratio of the silicon atom belonging to the
chain silicone segment was 86.4% by mol.

[0110]
Examples 8 to 13 and Comparative Examples 5 to 7

The above-synthesized siloxane compound (any one of A-1 to 3 and 12 to 13)
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or a commercially available alicyclic-type epoxy resin (ERL-4221) conventionally
used for optical semiconductor sealing was mixed with a curing agent (B-1 to B-3) or
with both a curing agent (B-3) and a curing accelerator C-1, in an amount of the parts
by weight shown in Table 2, 3, 4 or 5 to obtain compositions of Examples 8 to 13 of
the present invention and Comparative Examples Sto 7.

Examples and Comparative Examples described in Table 2 are as below:
Example 8: A composition using the compound A-1 and the curing agent B-1;
Example 9: A composition using the compound A-2 and the curing agent B-1;
Example 10: A composition using the compound A-3 and the curing agent B-1;
Comparative Example 5: A composition using the compound A-12 and the curing
agent B-1;

Comparative Example 6: A composition using ERL-4221 and the curing agent B-1.

Example and Comparative Example described in Table 3 are as below:
Example 11: A composition using the compound A-13, the curing agent B-3 and the
curing accelerator C-1;

Comparative Example 7: A composition using the compound A-14, the curing agent
B-3 and the curing accelerator C-1.

Example and Comparative Example described in Table 4 are as below:
Example 12: A composition using the compound A-15, the curing agent B-3 and the
curing accelerator C-1.

Example and Comparative Example described in Table 5 are as below:
Example 13: A composition using the compound A-13, the curing agent B-3 and the
curing accelerator C-1;

Comparative Example 6: A composition using ERL-4221 and the curing agent B-1.
[0111]

Transmittance test, mechanical property test (dynamic viscoelasticity test) and
LED lighting test below-described were carried out on the curable resin compositions
obtained in Examples 8 to 13 and Comparative Examples 5 to 7, and the results

thereof are shown in Tables 2, 3, 4 and 5.
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[0112]
(UV resistance transmittance test)

Each curable resin composition obtained in Examples 8 to 13 and Comparative
Examples 5 to 7 was subjected to vacuum defoaming for 20 minutes and then gently
cast-molded into an aluminum cup having a base diameter of 5 cm and a height of 2
cm. The cast-molded product was placed into an oven and cured under
predetermined curing conditions to obtain a test piece having a thickness of 2 mm for
transmittance test. Using these test pieces, transmittance ratio before and after
ultraviolet irradiation (measurement wavelength: 375 nm, 400 nm and 465 nm) was
measured by a spectrophotometer and the changing ratio was calculated.

The ultraviolet irradiation conditions are as follows:

Ultraviolet irradiation machine: Eye Super UV tester SUV-W11;
Temperature: 60°C; A

Irradiation energy: 65 mW/cm?;

Irradiation hours: 100 hours.

[0113]

(Heat durability transmittance test)

Each curable resin compositions obtained in Examples 8 to 13 and
Comparative Examples 5 to 7 was subjected to vacuum defoaming for 20 minutes
and then gently cast-molded into an aluminum cup having a base diameter of 5 cm
and a height of 2 cm. The cast-molded product was placed into an oven and cured
under predetermined curing conditions to obtain a test piece having a thickness of 2
mm for transmittance test. Using these test pieces, transmittance ratio before and
after being left in an oven at 150°C for 96 hrs (measurement wavelength: 375 nm,
400 nm and 465 nm) was measured by a spectrophotometer and the changing ratio
was calculated.

[0114]
(Mechanical property test)

Each curable resin composition obtained in Examples 8 to 13 and Comparative
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Examples 5 to 7 was subjected to vacuum defoaming for 20 minutes and then gently
cast-molded into a mold for test pieces having a width of 7 mm, a length of 5 cm and
a thickness of about 800 um, and after that, a lid of polyimide film was put onto the
mold. The cast-molded product was cured under the conditions described in Tables
2 and 3 to obtain a test piece for dynamic viscoelasticity. Using these test pieces,
dynamic viscoelasticity test was carried out under the below conditions.
Measurement conditions:

Dynamic viscoelasticity measuring instrument. DMA-2980 manufactured by
TA-instruments;

Measurement temperature range: -30°C to 280°C;

Rate of temperature rise: 2°C/minute;

Test piece size: A piece cut into a size of 5 mm x 50 mm (thickness of about 800 pm)
was used.

Analysis conditions:

Tg: The peak point of Tan-delta in DMA measurement was Tg;

Elastic modulus at -30°C: Elastic modulus at -30°C was measured.

[0115]

(LED lighting test)

Each curable resin composition obtained in Examples 8 to 13 and Comparative
Examples 5 to 7 was subjected to vacuum defoaming for 20 minutes and then filled in
a syringe, and using a precisely discharging apparatus, it was cast-molded into a
surface mounting-type LED mounting a light-emitting element having a emission
wavelength of 375 nm. After that, it was cured under predetermined curing
conditions to obtain an LED for lighting test. The lighting test is carried out under
accelerated conditions, so lighting test was carried out at 60 mA which is three times
the specified current. The specific conditions are shown below. As for
measurement items, illuminance before and after 100 hour lighting was measured
using an integrating sphere, and the retention ratio of illuminance was calculated. In

addition, the state of the light-emitting element surface after 100 hour lighting was
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observed.
Specific lighting conditions:
Emission wavelength: 375 nm;
Driving system: Constant-current system, 60 mA (light-emitting element specified
current; 20 mA);
Driving environment: 25°C, 65%.
[0116]
Table 2

Example 8 Example @ Example 10 Comp. Exam.5 Comp. Exam. 6
(Blend)
Compound A-1 100 - - - -
Compound A-2 - 100
Compound A-3 - - 100 - -
Compound A-12 - - - 100 -
ERL-4221 - - - - 100
Curing agent B-1 30.5 30.0 31.1 30.3 -
Curing agent B-2 - - - - 71.8

(Mechanical property test)

Tg - 113 113 116 92 254

Elastic modulus 1449 1515 1615 1801 4567
at -30°C

Surface tackiness  None None None None None

(UV resistance transmittance test)

375 nm 95% 95% 95% 94% 72%
Transmittance retention ratio

400 nm 98% 98% 98% 96% 76%
Transmittance retention ratio

465 nm 100% 100% 100% 99% 90%

Transmittance retention ratio



Weight retention ratio 95% 91% 70 hexahydrophthalic acid anhydri de was
used ("WH 700G', manufactured by New Japan Chemi cal Co., Ltd.). Curing
accelerator C 1. "U CAT 18X" (which is a trade nane) commercially avail abl e
from San-Apro Ltd. was used as a reactggpn accel erator for epoxy resin and
acid anhydride. Curing condition: 120C for 2 hrs + 140C for 2 hrs, for
all. The unit of Tg is [C] and the unit of elastic nobdulus at -30Cis
[MPa]. 2) There was a trace of foam ng, and an appropriate sanple as a
cured pNeEsiCtCdnty. EmdieprassnteciCashparativecBxamiptest be -obt ai ned. *3) A
trace of foam ng of Conparative Exanple 7 was confirnmed in *2), and

t her ef oj0#t 1t7he reducti on amount of resin was neasured in making a sanple for
WV resistance transm ttance property test and the weight retention ratjo
was conti r@urihg agent nB-hi sAsegar diuringe agerfht & efmiNuien afat3d Rags of

Cast o cyiobananeaovas | R hooh esof H T g
ener at MBRRIShh GBS EEPIRBE GAmAG. dg i 70 e a7 ot Brtwec ou o
11, o ch cNeyJRRR Ceoeh Coackitnees Bripare e iCRRRLAREAY apt” ©
raduct | SRR ang: AR PE4] Beli o FE e, BRRET AT PR o
Cur oo WP B A AR SoF B at i ve. xanpl e 7 haa 9% r educed amunt
uhile the CHih! Gdeht! B.o0MRAS! bl oflirilg ExgERL € o1 igdurenl of aboulpase I erluced

anount, the ¢ resin conposition-of the present invention has |ess

reductiqm hfbyE cXAREMcaRsh9fie andd-af4-anhpdridag (‘HMTMAT e mastfaotirddd by

product for L packages have fewer dents after curing, whereby it is found
that t hegigdbii SdeShamicnBuhpa®y) INC.} Aed BOgeaty of MWdW00ST (nsaralfactured

suitable as a conposition for LED sealing in this respect. Further, Exanple
11 is abyoNewceapantChiemical Co., Ltd.) as a mixture of methylhexahydrophthalic acid
anhydride and hexahydrophthalic acid anhydride was prepared in advance, and it
was used as a curing agent B-2.
* ERL-4221: Alicyciic-type epoxy resin manufactured by The Dow Chemical
Company.
* Curing condition: 120°C for 2 hrs + 140°C for 2 hrs (Examples 8, 9 and 10 and
Comparative Examples 5 and 6).
* The unit of Tg is [°C] and the unit of elastic modulus at -30°C is [MPa].
[0118]
From the above resuits, it is found that the curable resin compositions of
Examples 8 to 10 using the siloxane compound (A} of the present invention
synthesized in the 2-step reaction have a higher Tg and an excellent heat resistance
and also have reduced elastic modulus at low temperature compared with
Comparative Example 5 using a compound likewise having the same content
concentration (% by mo!) of dimethylsiloxane unit structure, and are excellent in heat
resistance and low elastic modulus properties. In addition, it can be confirmed to be

more excellent in light fastness and low elastic modulus properties than Comparative

Example 6 as a conventional alicyclic epoxy resin.



71 WV resistance and heat resistance of transmttance ratio, conpared with
Conparative Exanple 7. [0121] Table 4 Exanple 12 (Bl end) Conpound A-15100

Curing agent B-321.4 Curing accelerator C-10.1 (Mechanical property test)

Tg45C El astic nodul us at -30C1539 Surfgce tacki nessNone (UV resistance

transmttance test)

[0119]
Table 3

Example 11
(Blend)
Compound A-13 100
Compound A-14 -
Curing agent B-3 28.9
Curing accelerator C-1 0.1
(Mechanical property test)
Tg | 57°C
Elastic modulus at -30°C 1139
Surface tackiness | None

(UV resistance transmittance test)
375 nm

Transmittance retention ratio

400 nm

Transmittance retention ratio

465 nm

Transmittance retention ratio
(Heat durability transmittance test)
375 nm

Transmittance retention ratio

400 nm

Transmittance retention ratio

465 nm

Transmittance retention ratio
(Weight change after cured)*3)
Weight retention ratio

* Curing agent B-3: A mixture

94.6%

99.0%

100%

97.4%

99.1%

100%

95%

Comparative Exampie 7

100
29.9
0.1
*2)
*2)
*2)
93.8%

97.2%

100%

84.0%

89.4%

96.1%

91%

of methylhexahydrophthalic acid anhydride and



375 nnB8. 1% Transm ttance retention ratio 400 nnmd3. 9% Transni ttance
retention ratio 465 nnB9. 2% Transm ttance retention ratio [0122] Curing
agent B-3: A mxture of nethyl hexahydrophthalic acid anhydride and

hexahydr opht hal i ¢ aci d anhydri de was uged ("MH 700G, manufactured by New
Japan Chem cal Co., Ltd.). Curing accelerator C 1: "U CAT 18X" (which is a
trade nane) commercially available from San-Apro Ltd. was used as a
reaction accel erator for epoxy resin and acid anhydride. Curing

condi t i jpsaihydPOshthalic ket anhyafidefwas udeds (“MAFOOAGT, tmahufegtured[ oy MNewl t he
unit of elastic nodulus at -30Cis [MPa]. 72 It is found that the

cur abl ejapesi @henmgjﬂd.j lotd.)of Exanpl e 12 using the siloxane conpound (A) of
the present invention synthesized in the 2-step reaction becones a cured’
product* Hawiing accetarator aSt1:c “WdsAT u$8Xy dwhigh jie\é tteadse Nangle coprmmergiallyani e
° available from San-Apro Ltd. was used as a reaction accelerator for epoxy resin and
acid anhydride.
* Curing condition: 120°C for 2 hrs + 140°C for 2 hrs, for all.
* The unit of Tg is [°C] and the unit of elastic modulus at -30°C is [MPa].
* 2) There was a trace of foaming, and an appropriate sample as a cured product for
dynamic viscoelasticity could not be obtained.
*3) A trace of foaming of Comparative Example 7 was confirmed in *2), and therefore
the reduction amount of resin was measured in making a sample for UV resistance
transmittance property test and the weight retention ratio was confirmed.
In this regard, the weight retention ratio was calculated by (weight of
cast-molded product after curing / weight of cast-molded product before curing) %
100.
[0120] |
As for the curable resin composition of Comparative Example 7, a trace of
foaming was generated and a cured product for dynamic viscoelasticity measurement
could not be normally made, while as for the curable resin composition of Example 11,
a cured product without tackiness properties could be made and it is found to be a
cured product having a low elastic modulus. In addition, the reduction amount of
resin in each sample for UV resistance transmittance property test was measured
before and after curing, resulting that the curable resin composition of Comparative
Example 7 had 9% reduced amount while the curable resin composition of Example
11 had only about 5% reduced amount, the curable resin composition of the present
invention has less reduction in the amount before and after curing, and the
cast-molded product for LED packages have fewer dents after curing, whereby it is

found that the curable resin composition of the present invention is also suitable as a

composition for LED sealing in this respect. Further, Example 11 is also excellent in



Exanpl e 13 Conparative Exanple 6 Non-seal ed (Bl end) Conpound A-13100

ERL- 4221100 Curing agent B-271.8 Curing agent B-329.1 Curing accel erator
C-10.1 (UWV resistance transnittance test) 375 nnB2.5%2% Transm ttance
retention ratio 400 nnn96. 5%6% Transm ttance retention ratio 465

nmb9. 7980% Transnmittance retention ratio (LED lighting test) Illum nance
retention rati091%21%83%

UV resistance and heat resistance of transmittance ratio, compared with Comparative

Example 7.
[0121]

‘Table 4

Example 12

(Blend)
Compound A-15 100
Curing agent B-3 214
Curing accelerator C-1 0.1
(Mechanical property test)
Tg 45°C
Elastic modulus at -30°C 1539
Surface tackiness None
(UV resistance transmittance test)
375 nm 88.1%
Transmittance retention ratio
400 nm 93.9%
Transmittance retention ratio
465 nm | 99.2%

Transmittance retention ratio

[0122]

* Curing agent B-3: A mixture of methylhexahydrophthalic acid anhydride and
hexahydrophthalic acid anhydride was used (“MH-700G”, manufaciured by New
Japan Chemical Co., Ltd.).

* Curing accelerator C-1: “U-CAT 18X" (which is a trade name) commercially
available from San-Apro Ltd. was used as a reaction accelerator for epoxy resin and
acid anhydride.

* Curing conditions: 120°C for 1 hr + 150°C for 3 hrs.

* The unit of Tg is [°C] and the unit of elastic modulus at -30°C is [MPal].



State of elenent surfaceCol orl essBrownCol orl ess [0124] * In order to
observe deterioration of the elenent itself, LED lighting test was carried
out at the sanme tinme on a non-seal ed LED where resin is not injected. *
Curing agent B-2: As a curing agent, agm xture of 50 parts of

1, 3, 4-cycl ohexanetri carboxylic acid-3, 4-anhydride ("H TMA", manufactured by
M t subi shi Gas Chem cal Conpany, INC.) and 50 parts of "M+ 700G

(manuf actured by New Japan Chemical Co., Ltd.) which is a mxture of

net hyl hexahyds ggliid eidtehe Caratsié desintuoinpasitiom of Eeastpel i 3pisinathesiaxage
anhydride was prepared in advance, and it was used as a curing agent B-2.
Curi ng e@ﬂﬁbuﬁdfm) Af thexpresenbinvertitly shethesizeddribe 2-step dgaeticinb§enmes dand
hexahydr opht hal i ¢ aci d anhydri de was used ("MH 700G', manufactured by New
Japan ChemidogrodGot havingl a)low efastiongodolis| eMest airlow-temperaighe: 18X (which is a
trade nane) commercially available from San-Apro Ltd. was used as a

reacti of01@3jel erator for epoxy resin and acid anhydride. *ERL-4221:
Alicyclic-type epoxy resin manufactured by The Dow Chem cal Conpany.

Curing dehWi®ion: 110C for 6 hrs (Exanple 13). Curing condition: 120C for
1 hr + 150C for 3 hrs (Conparative le.6). * . .Th ' f Tg.l and
the unit of elastic nodulus at ’-‘%’@@E?wagﬁ%p?@ﬂg]%xgmﬁle%rom ?!r-']%ezéggve
results, it |s found that when the curable resin conposition of Exanple 13
usi ng tﬁ%‘eé‘ﬂb oxane conpound (A) of the present invention synthesized in the
2-step reaction is1 sed for LEDqS ling materials, its illum nance

retent | GPMRRYN AstSpparent Iy nor@ excel ent than that of the curable resin
conposi %4?%1Conpar ative Exanple 6 using a conveppgonal alicyclic epoxy
resin. is, it can be confirnmed that the curable resin conposition of
the pr eﬁl}ﬁqgj ngrﬂtg_gn is suitable_as an LED sealingqaterial. -

Curing agent B-3 29.1 - -
Curing accelerator C-1 0.1 - -
(UV resistance transmittance test)

375 nm 92.5% 72% -
Transmittance retention ratio

400 nm 96.5% 76% -
Transmittance retention ratio

465 nm 99.7% 90% -
Transmittance retention ratio

(LED lighting test)

liluminance retention ratio 91% 21% 83%
State of element surface Colorless Brown Colorless
[0124]

* |In order to observe deterioration of the element itself, LED lighting test was carried
out at the same time on a non-sealed LED where resin is not injected.

* Curing agent B-2: As a curing agent, a mixture of 50 parts of
1,3,4-cyclohexanetricarboxylic  acid-3,4-anhydride (‘H-TMA", manufactured by
Mitsubishi Gas Chemical Company, INC.) and 50 parts of “MH-700G” (manufactured
by New Japan Chemical Co., Ltd.) which is a mixture of methylhexahydrophthalic



74 CLAIMS |. A reactive functional group-containing bl ock-type-sil oxane
conpound having a chain silicone segnent and a hydrol ysis condensati on
segnent of tri (CLl-Cl0)al koxysil ane having a group selected fromthe group
con sisting of a reactive functional group having an epoxy group, a nethyl
group and a phenyl group, at |east one of the hydrol ysis condensation
segnents being a segnent containing at |east one reactive functional group
having an epoxy group, which is obtained by, as a first step reaction,
reacting igiérﬁ@kmé%@ tﬁ@largfdlfémﬂﬁ@licnéd:id (@nhydege agas prapapgd imadyains; gnd
formul a ? ): \' I Si oH(2) R3/ m(wherein, plural existing R3 may be the
same or i Jiddf @Ernss brourngajendB2r and each represents a straight chain,

branched or cyclic al kyl group having 1 to 10 carbon atons, an aryl group
having 6 Caridg ageritoB-&it dmmisturanofantethylheyabydrorhthaig QC‘fjoa%@V%ﬁ/@o&%d

atons, and mrepresents 2 to 2000 as an average v(il ye%@wi h.an al koxysi | ane
conpounbexahydrephthatiat aaid bynhyssidgewasavsed rinMiHa7 ¢ é);:, W&ﬁ@?@@i;’y(%g’rei n,
X represents a reactive functional group having an epoxy group, and R2

r epr esedapamhenkigal Geoldd-having 1 to 10 carbon atons) in the range that

cui val Broungl Beseleld &8 Udient B8 OO EaflologY oA} Gunercdy 70

silanol -term nal silicone oj b) fo [ I Vaid ane
rod 11 cavRbaale (&) SareapRerbyesel oS B1HECIRL sBabfoPIdn o e 210
t he resul Haang r&@di on liquid for hydrolysis condensation of al koxy groups
in both3f €al koxysi |l ane nodified form (d) and the al koxysil ane

compoundca) j5h§.he\RO&N {p8NGpdRy rBSinA! haxyfch#B8 BYTPIHENAD6W) -Chemical
Company.
* Curing condition: 110°C for 6 hrs (Example 13).
* Curing condition: 120°C for 1 hr + 150°C for 3 hrs (Comparative Example 6).
* The unit of Tg is [°C] and the unit of elastic modulus at -30°C is [MPal].
[0125]

From the above results, it is found that when the curable resin composition of
Example 13 using the siloxane compound (A) of the present invention synthesized in
the 2-step reaction is used for LED-sealing materials, its illuminance retention ratio is
apparently more excellent than that of the curable resin composition of Comparative
Example 6 using a conventional alicyclic epoxy resin. From this, it can be confirmed

that the curable resin composition of the present invention is suitable as an

LED-sealing material.



2. The reactive functional group-containing bl ock-type-siloxane conpound
according to Caiml, wherein the hydrolysis condensation segnent is a

si | sesqui oxane segnent. 3. The reactive functional group-containing

bl ock-type-sil oxane conpound according to Claim2, wherein mis 2 to 200.

4. A reactive functional group-containing bl ock-type-sil oxane conpound
which is a bl ock-type sil oxane oligong# having a chain silicone segnment and
a hydrolysis condensati on segnment of tri (Cl-Cl0)al koxysilane having a group
selected fromthe group consisting d@LAIMSactive functional group having an
epoxy group, a nethyl group and a phenyl group, at |east one of the

hydr ol ysi s condensati on segnents being a segnent containing at | east one
reactive functional group having an epoxy group, which is obtained by, as
the first : j L AGird Bl i hh a(dhhi

repr esent1e' EB%C{] e g%%ra 531@%? %ﬁcbrruﬁﬁéé I)S‘IBE:]{ fﬁgis%*@%)ﬁégoi@@na(ﬁ?gh%\?hﬁ%g n,
plural existin X r..differ f h ach
represent%“czgngt%regﬁ"&ﬁf%g%% hﬁgﬁgg%oﬁgegérghfgﬁcﬁ%gbeﬁ E’E?It ﬁgﬁ%@)ﬁg\&/’i‘)ﬁg eet o 10
carbon atons, an aryl agr having 6 to 14 carbon atonms or an al kenyl group
havi ng 2 eq'QEOaQ’QPBéﬁIegﬁegﬁ'&m &‘ﬁcﬂrﬁ'l“?‘é?ﬂ' esents 2 to 200 as an average val ue)
with both an al koxysi |l ane conpound &g)_ represented by the general fornula
(1): XSi (osing3of(a yéqehme fanchional grepk S8WAY ANepRYQPYR ?mbﬁcﬂfavp Gre

havi ng an epoxy group and each R2 represents an al kyl group having 1 to 10
car bon atpmhesyl gnodp.aat ledst oxegif [t bydiolygisuramdensation segmentschpeing atsegmgaher al
formula (3): R4SI (OR2)3 (3) (wherein, R4 represents a nethyl group or a
phenyl gremginiag cht Reagsregnebeeactiee Siamotional ghobp drasing &n @poldR group, hhigerer al
formula (1) and each independently represents an al kyl group having 1 to 10

carbon atgyimhed By,!die firaN@ép Fdurtion adtpgalilatsltértana Blicoie bihgd) adpresentar oup in
t he al koxysi | ane conpounds (a) and (c) is 1.5 to 200 equivalents relative
to 1 equi igbanol group in the silanol-termnal silicone oil
(b) for cﬁéﬁhg Egia{al)ﬁr?htﬁ%@f(%)?m an al koxysilane nodified form (d), and then
by, as the secqond,step reaction, adding water to the obtained reaction

ﬁ? ondensation of al koxy groups in both the above

orm (d) and the al koxysilane (a) in the coexistence

react(iQx)e functional group-containing

ound according to
m

liquid for hydfol'y&is
al koxysi | ane dified

of al koxylO S

bl ock-type-si foxahe cor
Rs

(wherein, plural existing R; may be the same or different from each other and each
represents a straight chain, branched or cyclic alkyl group having 1 to 10 carbon atoms,
an aryl group having 6 to 14 carbon atoms or an alkenyl group having 2 to 10 carbon
atoms, and m represents 2 to 2000 as an average value) with an alkoxysilane
compound (2) represented by the general formula (1):

XS8i(ORz)s (1)

(wherein, X represents a reactive functional group having an epoxy group, and R;
represents an alkyl group having 1 to 10 carbon atoms)

in the range that the alkoxy group equivalent of the alkoxysilane compound is 1.5 to 200



77 represents a nethyl group or a phenyl group, R2 in the general formula
(1) each independently represents a nethyl group or an ethyl group, and R2
in the general fornula (3) nay be the sane or different fromR2 in the
general fornula (1) and each independently represents a nethyl group or an
ethyl group. 6. The reactive functional group-containing
bl ock-type-sil oxane conpound according/do any one of Clainms 1 to 5, wherein
X in the general formula (1) is an epoxycycl ohexyl ethyl group. 7. The
reacti ve dquivaléntmiatige ta p-eqoinaianiofiibe bilamokgroyp ef thel silamaidertingd slindnacit or di ng
to any one of Clainmsl to 5, wherein the weight average nol ecul ar wei ght
(My) of t(Bgf@bbﬁdesaﬁcﬁftmfw ai$ bkb@ngnedinbodifibd fotn (U angemsy &), abarsedbad (2) is
300 to 18,000. 8. The reactive functional group-containing
bl ock-t ypgssSi ¢ i ; rein
Risp réa%ﬁaﬂ%deﬁ, Qrdtoalﬁég%éty[t%%%t?ﬂglggﬂefop@yoo%g%gs cér.t&é?wsaﬂﬂ?

t he wei ght "average nol écul ar wel Oto The reactive

St Y SRR B BB B PR e ©
et G 8B OB AL 8 SRS Rl oY oo o

group having an epoxy group in the silsesqui oxane segnent contains an
epoxycycl ohexyl group. 78 11. The reactive functional group-containing
bl ock-type-sil oxane conpound according to any one of Clains 1 to 10,

wher ei n the dpexgadtiyefunctienal group-cGuoaining bbBldyreyrsiloxane campoynshagdouding
functional group-containing bl ock-type-sil oxane conpound according to any
one of CltaiGiaim 1,avHebein theemarolysis eosddrsatibn segmenidd a siidesquingara seghieEnt.
represented by the general fornmula (2) is a silanol-term nal nethyl phenyl
silicone oil. 13. A nethod for producing a reactive functional

gr oup- cont ai ni ng- bl ock-type sil oxane conpound which is a bl ock-type

si | oxane DligqaEEVBINARENS FOGH-BorthinirBIEckEG BERMxaRE CompBYAd abdbtiRg to

condensati on segnent of tri(CL-Cl0)al Koxysilane having a group sel ected
fromthe LR ﬁﬁé}ainsrhii@tooio ‘ reactive functional group having an epoxy
group, a fat hyl "gf oup and a phienyl group, at |east one of the hydrolysis
condensation segnments being a segnent containing at | east one reactive
functional group having an epoxy group, which is characterized by, as a
first step reaction, reacting silanol-termnpal silicone oil (m]_ re_gresented
by the ge‘ﬁeﬁ*dﬁa?tﬂﬁnfh‘ﬂﬁt'm groypscagitaining block-type-sitoxane compound” which is a

block-type siloxane oligomer ha\iing a chain silicone segment and a hydrolysis

condensation segment of tri(C1-C10)alkoxysilane having a group selected from the
group consisting of a reactive functional group having an epoxy group, a methy! group
and a phenyl group, at least one of the hydrolysis condensation segments being a
segment containing at least one reactive functional group having an epoxy group, which
is obtained by, as the first step reaction, reacting silanol-terminal silicone oil (b)

represented by the general formula {2):

R3

HO——Si—O-~+—H 2)

Rs m



0 H(2) R3 (wherein, plural existing R3 may be the sane or different
fromeach ot her and each i ndependently represents a strai ght chain,
branched or cyclic alkyl group having Ito 10 carbon atons, an aryl group
having 6 to 14 carbon atons or an al kenyl group having 2 79 to 10 carbon
atons, and mrepresents 2 to 2000 as an average value) with an al koxysil ane
conpound (a) represented by the generalé fornmula (1):

(wherein, plural existing R; may be the same or different from each other and each
represents a straight chain, branched or cyclic alkyl group having 1 to 10 carbon atoms,
an aryl group having 6 to 14 carbon atoms or an alkeny! group having 2 to 10 carbon
atoms, and m represents 2 to 200 as an average value)

with both an alkoxysilane compound (a) represented by the general formula (1):
XSi(ORz); (1)

(wherein, X represents a reactive functional group having an epoxy group and each R,
represents an alkyl group having 1 to 10 carbon atoms)

and an alkoxysilane compound (c) represented by the general formula (3):

RsSI(OR2)s  (3)

(wherein, R, represents a methyl group or a phenyl group, and R, may be the same or
different from R; in the general formula (1) and each independently represents an alkyl
group having 1 to 10 carbon atoms)

in the range that the total equivalent of the alkoxy group in the alkoxysilane compounds
(a) and (c) is 1.5 to 200 equivalents relative to 1 equivalent of the silanol group in the
silanol-terminal silicone oil (b) for condensation to form an alkoxysilane modified form
(d), and then by, as the second step reaction, adding water to the obtained reaction
fliquid for hydrolysis- condensation of alkoxy groups in both the above alkoxysilane

modified form {d) and the alkoxysilane (a) in the coexistence of alkoxysilane (a).

5. The reactive functional group-containing block-type-siloxane compound according to

any one of Claims1 to 4, wherein R; in the general formula (2) each independently



XSi (OR2)3 (1) (wherein, X represents a reactive functional group having an
epoxy group and R2 represents an al kyl group having 1 to 10 carbon atons)
in the range that the al koxy group equivalent in the al koxysilane conpound
(a) is 1.5 to 200 equivalents relative to 1 equivalent of the silanol group
in the silanol-termnal silicone oil (b) and in the presence of a catalyst
for condensation to form an al koxysi |l afie nodified fornm(d), and then by, as
a second step reaction, adding water to the resulting reaction liquid for
hydr ol ysi eprezenticasatthging@iipadikaxphenylogmsip] R;bintthe tdemead) doamualh KoX eatch ane
nodi fied form (d) and the al koxysilane (a) in the coexistence of
al koxysi | paepdrifenth freddifts laeaRtHyP yréupEe BR AdthANsrols! 6 Rgdn ahe Yfenkel 150 C
for 5 to 30 hours.” 14. The nethod for producing a reactive functional
gr oup- co - z d

%ﬁhﬂl’grtt@)o Hzaggd_% ¥R &P&ﬁﬂ%&%nfggm%“i tRé g;gﬁglaﬂﬂ:rhgla%??ﬂa ¥3ch

wherein mis 15. A net produci reactive functi onal

i Toxane. BRPoRRert BHoss B e €REp DA e ey of ys o

condensati on segnent of tri(CLl-Cl0)al koxysi | ane having a group sel ected
fromthe group consisting of a reactive functional group having an epoxy
group, a nethyl group and a phenyl group, at |east one of the hydrolysis
condens at §-ofhestegrivet fangisnagaraur-sgaminacllptralyRE Biloxane| corwousd acsddipgitd e
functional group having an epoxy group, which is characterized by, as a
first steany eneof Glaimgdrideénydterein X watbeigsnersl forgailas(1) 4neh-apexydynlghexyl | i cone
oil (b) represented by the general fornmula (2): R3\ Si OH(2) R3/ m
(wher ei n, etpligralip.exi sting R3 may be the same or different from each ot her
and each i ndependently represents a straight chain, branched or cyclic

al kyl group having 1 to 10 carbon atonms, an aryl group having 6 to 14
carbon atons or an al kenyl group having 2 to 10 carbon atons, and m

represents fhd Ragfl faﬁctﬁnapqrg&ﬁtasm\é?kgg%sg(c\é@-fgge%no@ng%ﬁohﬁ@%cea?g(ﬂalié‘d (a)

represented by the general rmula (1) R2)3 (1) (wherein,

repr esent gnyg%,q%l%i;q]g‘@sﬁ ‘{B%ivﬂ{é%in%ﬁ?%i@ﬂvé\fégaocﬁ_nm%%% rg\%e‘? i? A@ﬁk@%{}%i | ane

represents roup havil ng car at ons

(wher i n, SBhor ERFBECAICERe S oy HERaIeEe P B PO RO0Ena R’ by be t e

same or different fromR2 in the general formula (1) and each independently
represents an al kyl group having 1 to 10 carbon atons)

8. The reactive functional group-containing block-type-siloxane compound according to
any one of Claims 1 to, wherein the weight average molecular weight (Mw) is 800 to

20,000.

9. The reactive functional group-containing block-type-siloxane compound according to

Claim 1 or 4, wherein the R3 is a methyl group or a phenyl group.

10. The reactive functional group-containing block-type-siloxane compound according
to Claim 2 or 10, which is characterized in that the reactive functional group having an

epoxy group in the silsesquioxane segment contains an epoxycyclohexyt group.



in the range that the total equivalent of the al koxy group in the

al koxysi | ane conpounds (a) and (c) is 1.5 to 200 equivalents relative to 1
equi val ent of the silanol group in the silanol-termnal silicone oil (b)
and in the presence of a catalyst for condensation to form an al koxysi |l ane
nodified form (d), and then by, as a second step reaction, adding water 81
to the resulting reaction product for ®ydrol ysis condensation of al koxy
groups in both the above al koxysilane nodified form (d) and the

al koxysi | #Hn@heapactivet fhectonekgmupostagfing blook4ypietslnkaneagompalad adeerdirgact i on
condensations performed at 50 to 150C for 5 to 30 hours. 16. The method
for produsiang ofelofgrdirhy @ th UDCIheraml thg epoy: epaténtiery 300t td00g¥kRe Si | oxane
conmpound according to any one of Clainms 13 to 15 which is characterized by
successi vely conducting the first step reaction and the second step
reaction in one-pot as a production process. 17. The nethod for producing

a reactivg, ynct| I al 'an.g?- & ¢ =S NP

accordi ng 'Jlﬁgn'%b%ﬁ% fgﬁ&%ﬂg{ﬁr&%?oﬂ%l b\%&%?%ﬁﬁ?ﬁ@i%&?@ﬁ anemg% ound

e RS REA B2 T, e isutormintstcone o o representea by

bet a- (3, 4- epoxycycl ohexyl ) et hyl tri et hoxysj | ane. 8. The nethod for

produci ng}hﬁgﬁ"ﬁé’@ ﬁ%“'ﬁlﬁ%’dﬁ iao"‘t'iﬁmlﬁ?%ﬁ@’d%‘?fbgimieﬂﬂ S‘é‘l"B'(‘fF(S’f'ype- si | oxane

conpound according to any one of Clains 13 to 17 wherein R3 in the

silanol -term nal silicone oil (b) represented by the general formula (2)

may be the sanme or different fromeach other and each independently

r epr esentt3. & metHogl fogprodpciog aaepttivefungicoalpgroug-sontamingywidekdydeosilogangiuci ng

a reactive functional group-containing block-type-sil oxane conpound

accor di nG&:dntpoanyl whivh 9t Kdak-tgPe ditbxane bigorhar raivingtanehadh kiogrsi degnreencangpound

represented by the general formula (3) is at |east one kind selected from

the group hﬁ?roﬁgg%bﬁaéﬁsaﬁ&i sEFho df iRt O MRbky®NEne RAGRY bigrouppédisotysi | ane,

met hyl tri ethoxysil ane and phenyltriethoxysilane. 20. A curable resin

conposi ti [ | o [ Y | Ri ' t4 onal
il 6 g"*@f%?ﬂﬁéﬁf}*%@- 5ok eV uROAl Bl kdlind %ﬁﬁégﬁot‘kg Jarglg}y, 4

group-contal nin oxane conpound acco one of

d ai 1to,.1 d i . T, . I L ti
aceor di ndneo e ady 8 Wi gPE b bt s s ROV GR Brfod BBl SRRy ©°

i I t C). 22. A duct f tjcal 1 duct ,
Whi oh°i & RS Predris eaiaring b ipeshent drative aeffieh BfhsediEh A B8R ng to
Claim 19 g%upz,o\}vhich is characterized by, as a first step reaction, reacting silanol-terminal

silicone oil {b) represented by the general formula (2):

Ts

HO ——Si—O0—+—H (2)

Rj m

(wherein, plural existing R; may be the same or different from each other and each
independently represents a straight chain, branched or cyclic alkyl group having 1 to 10

carbon atoms, an aryl group having 6 to 14 carbon atoms or an alkenyl group having 2



23. An optical sem conductor elenment, which is sealed with the cured
product for optical sem conductors according to Cl aim21.

79
to 10 carbon atoms, and m represents 2 to 2000 as an average value) with an
alkoxysilane compound (a) represented by the general formula (1):
XSi(ORz); (1)
(wherein, X represents a reactive functional group having an epoxy group and R;
represents an atkyl group having 1 to 10 carbon atoms})
in the range that the alkoxy group equivalent in the alkoxysilane compound (a) is 1.5 to
200 equivalents relative to 1 equivalent of the silanol group in the silanol-terminal
silicone oil (b) and in the presence of a catalyst for condensation to form an alkoxysilane
modified form(d), and then by, as a second step reaction, adding water to the resulting
reaction liquid for hydrolysis- condensation of alkoxy groups in both the above
alkoxysilane modified form (d) and the alkoxysilane (a) in the coexistence of
alkoxysilane (a) under the reaction condensations performed at 50 to 150 °C for 5 to 30

hours.

14. The method for producing a reactive functional group-containing block-type-siloxane

compound according to Claim 13, wherein m is 2 to 200.

15. A method for producing a reactive functional group-containing block-type-siloxane
compound which is a block-type siloxane oligomer having a chain silicone segment and
a hydrolysis condensation segment of tri{C1-C10)alkoxysilane having a group selected
from the group consisting of a reactive functional group having an epoxy group, a
methyl group and a phenyl group, at least one of the hydrolysis condensation segments
being a segment containing at least one reactive functional group having an epoxy

group, which is characterized by, as a first step reaction, condensation reaction of



80

silanol-terminal silicone oil (b) represented by the general formula (2):

R
HO——Si—0+—H 2)

Ry /m

(wherein, plural existing R; may be the same or different from each other and each
independently represents a straight chain, branched or cyclig alkyl group having 1 to 10
carbon atoms, an aryl group having 6 to 14 carbon atoms or an alkenyl group having 2
to 10 carbon atoms, and m represents 2 to 200 as an average value)

with an alkoxysilane compound (a) represented by the general formula (1):

XSi(ORz)s (1)

(wherein, X represents a reactive functional group having an epoxy group and R;
represents an alkyl group having 1 to 10 carbon atoms) and an alkoxysilane compound
(c) represented by the general formula (3):

RsSi(ORz)s  (3)

(wherein, R4 represents a methyl group or a phenyl group, and R; may be the same or
different from R; in the general formula (1) and each independently represents an alkyl
group having 1 to 10 carbon atoms)

in the range that the total equivalent of the alkoxy group in the alkoxysilane compounds
(a) and (c) is 1.5 to 200 equivalents relative to 1 equivalent of the silanol group in the
silanol-terminal silicone oil (b) and in the presence of a catalyst for condensation to form

an alkoxysilane modified form (d), and then by, as a second step reaction, adding water



81
fo the resulting reaction product for hydrolysis- condensation of alkoxy groups in both
the above alkoxysilane modified form (d) and the alkoxysilane (a} in the coexistence of
alkoxysilane (a) under the reaction condensations performed at 50 o 150 °C for5to 30 -

hours.

16. The method for producing a reactive functional group-containing- block-type
siloxane compound according to any one of Claims 13 to 15 which is characterized by
successively conducting the first step reaction and the second step reaction in one-pot

as a production process.

17. The method for producing a reactive functional group-containing block-type-siloxane
compound according to any one of Claims 13 to 16, wherein the alkoxysilane compound
represented by the general formula (1) is
beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane or

beta-(3,4-epoxycyclohexyl)ethyltriethoxysilane.

18. The method for producing a reactive functional group-containing block-type-siloxane
compound according to any one of Claims 13 to 17 wherein R; in the silanol-terminal
silicone oil (b) represented by the general formula (2) may be the same or different from

each other and each independently represents a methyl group or a phenyl group.

19. The method for producing a reactive functional group-containing block-type-siloxane
compound according to any one of Claims 13 to 16 wherein the alkoxysilane compound

represented by the general formula (3) is at least one kind selected from the group
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consisting of methyltrimethoxysilane, phenyltrimethoxysilane, methyltriethoxysilane and

phenyltriethoxysilane.

20. A curable resin composition, which is characterized by containing the reactive
functional group-containing block-type-siloxane compound (A) according to any one of

Claims 1 to 13 and a curing agent'(B).

21. The curable resin composition according to Claim 20, which is characterized by

further containing a curing accelerator (C).

22. A cured product for optical semiconductors, which is obtained by heat curing the

curable resin composition according to Claim 19 or 20.

23. An optical semiconductor element, which is sealed with the cured product for optical

semiconductors according to Claim 21.



