1 DESCRI PTI ON SI LOXANE COVPOUND, CURABLE RESI N COVPOSI TI ON, CURED PRODUCT
THEREOF AND OPTI CAL SEM OCONDUCTOR ELENENT Techni cal Fi el d [ 0001] The
present invention relates to a novel reactive functional group-containing
si | oxane compound, a nethod for producing the same and a conposition

thereof. More specifically, it Dﬁ%@fg@ﬁ@,\p curabl e resin conposition for
optical sem conductors being excellent in transparency, |ight fastness and

| ow el gHtORANEICOMPRILNG! CURRRLE RE QN EOMMBOR] HICN, GDREP pRDIBPETC!
sem conductor element sealed with a cured product thereof. Background Art

[0002] As FHESREORANBIEPTEAL SEMITIONBUCGERDRGRIEMENTT €l enents such

as LEDs, epoxy resins have been conventionally enployed in terns of the

bal ance of performance and econom c efficiency. Bisphenol A-type epoxy

resins, alicyclic epoxy resins and the |ike having an excell ent bal ance of,

parti dechnicgl Fiedcht resi stance, transparency and nechani cal properties have

been wi dely used. Recently, it is pointed out that progression of

wavel €41 shortening (360 nm 480 nm) of LED enission wavel ength and

i mprovenent of |um nescence intensity resulted in coloring of the above

seal i ng netér PEgseat dnventicRerelateade amavehreadiive TUneHPNG @reverastainingn of

the characteristics ,as LED. So, siljcone resins were under

consi ﬁﬁ?ﬁqeoHOWPUPHeap’ﬂ?@gﬁjefqromé\%pﬂgc@leo?@‘ﬁﬁ 1 SeePNRESHAR dhprofpy

| i ght ,, However ne r.esins n_be selectﬁd qnl .n.a sealed formof a
g gp Pt
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surfaces *o€cur "after séa

? low 't@gﬁfqu{uré,oahgp{ooéﬁ 6%@%\18&8H&o?%gﬁeﬂp%!éf%&iﬁs 23Rge SO

t acki ness operties of the a I'cone resins, polyorganosi| oxane

havi ngrgqWeigdreopver age of 500 to 1000000 is obtained by heating a silane
conmpound havi ng an epoxy group and a silane conmpound havi ng no epoxy group
in the presence of an organic solvent, an organic base and water in Patent
Literature 1. Said pol yorganosil oxane is nore inproved than conventi onal
epoxy B=eRgrsmndnAter ns of |ight fastness. In addition, tackiness properties
and hardness are inproved by increasing the introduction anount of the
trifuf@0d)nal al koxysil ane conpound rel ative to the bifunctional

al koxysi | ane conmpound. However, by hardening the cured product for

i npr ovi ng Asugfseaing awKerielsfor ppbpareaneisondiactde & armants eoch tdse. BDasepaxynodul us
particularly at a | owtenperature regi on becones higher (level of -30C or

| ess) resigs hiavedigan ceawridionstly smpleve@limdéeins pbihe belancepel pedornmvmer at a

| ow tenperature (-30C or less) in heat cycle test. .
and economic efficiency. Bisphenol A-type 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 fackiness and deformation of

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



It is one of the inportant properties in optical sem conductor seal ants

t hat seal ant-cured products have a | 6w el astic nodulus at a | ow
tenperature, and inprovenent of this point is an inportant problem Related
technical Literature Patent Literature [0003] Patent Literature 1: WD

2005/ 100447 cﬁjdeis‘{mdf?\?é ifé&ﬁeéé“ﬁﬁ%@%’?g\{%@b?g% g%?in@earﬁpla‘é&g R s

I nvention [0004 an obj ect € ntion to provide a

Si | OXRGp&aED MKk BBYIAGiIRONE VBYING CASIbMRNOYNGHdRNRAVIBE S et BvBRide | 1 ght
fastness and | ow el astic nmodulus at a’l ow tenperature as an LED seal i ng

mat er iohl500a0 cO0BIODE i§ @BidINEOBP IRIating™ SifdrRdcdrhpodid halingdn 6pbxy group

sem conduct or el enent using said curable resin conposition as a sealing 3
mat er iaak.a SerscahpSoty haginghe e gosip[if @S presence Dianmrgasitsdivergnt or s
have intensively studied to solve the above problens and found that a

r eact ianeorgantet basrahng malpr woRéat@inh Litgradinteok.an8aicomgpongdnobilatankzas moehai n
silicone segnent obtained by reaction of silicone oil (silicon conpound)
havi ngMaraiadalein cenyeHianal époxy diesss by tarms Patight destoesbedngadditian,

formul a QZ%ﬁ with a reactive functional group-containing trialkoxysilane
conpol@RINESs iPEepertistpdihd)ardassiie ninievedoRy igesasinendhe Intfadirtion s
condensati on segnent, of trial koxysilane is useful to solve the )
aboveﬁgé@ﬁﬁi BgéﬂﬁrHHP@Wnai‘h% ox¥silapge FORPRENdoiRialiYhale dhe ubilimatiopaki n
conposjtion. containing said siloxane caompound satisfies, t above probl ens.
BRI BB lfe sy Bl e ARG o Lol s o vEen be
effici i - I tjyon,, Lp the result, the present
nventrnCh AR BhER pEi e Gt SLBRRARE: LR ags e S el Bhpound of
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of al kexy&iont9olRILSR ABLYIus Prbs&siayidexan &ﬂwérr Rl (@0 e of
sai d hydrol ysis condensati on ?eg‘?ﬁanits contitléls at %%rst on(e Org@tsi%\%g
f unct R84t @fciedhavi ng an epoxy group.
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



The present invention wll be descriged bel ow. [0006] That is, the present
I nvention relates to: (1)A reactive functional group-containing sil oxane
conmpound, which is a bl ock-type siloxane oligonmer having a chain silicone
segnent and a hydrol ysis condensati on segnent of tri (Cl-C10)al koxysil ane
havi ng,a.g5oup 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 condensation segnents being a segnment containing at
| east one reactive functional group having an epoxy 4 group, (2) The

r eact iNgarfd oS bomal therayBreg@nt ai ni ng si | oxane conpound according to the
above (1), wherein the hydrolysis condensation segnent is a silsesqui oxane

segnmef®Q05](3) The reactive functional group-containing siloxane conpound
according to Claim1l or 2, which is obtained by, as a first step reaction,
reacti ng shiecapmeisenbinmentalrs savé ciersioely stlojied épselserhedbbye pheblgenaral
formula (2): [0007] ( 73\ HOSi OH(2) \ R3 / m[0008]
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 triatkoxysilane compound (silicon compound)
containing an epoxy group and a hydrolysis condensation segment of trialkoxysilane
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 result, 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 {ri(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



(wherein, plural existing R3 may be %he same 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 atons, and mrepresents 2 to 2000 as an
aver age, @Jue) wi th an al koxysi |l ane conpound (a) represented by the general
f or mulFa XSi (0OR2) 3(1) (wherein, X represents a reactive functional

group(@)aVl ﬁﬁe%a&ﬂféx%n%%ﬁ! ,gr308- g t%ﬁiﬂgeﬁﬁ)&ﬁﬁe%n%&ﬂd géﬁo&e H&a’}g {P‘}% Lo

10 carbon atons) 1 n the range t OXYy group equiva

al koxypolane!)corpeens ine hyardlpsugogomhs\é@bﬁn%égﬂ%@hat#svg fsﬁsélscﬁ%uéf@ ent of
the silanol group of the silanol-termnal silicone oil (b)

condenggtriept, and then by, as a second step reaction, addi ng vvater to the
resulting reaction liquid for hydrolysis condensation of the residual

al koxy3)gr odje r¢aitivEhtunctiansli geodpioohtaoiag slosape cosrhpoumd gactiordingnie
conpound according to Claim3, wherein mis 2 to 200, 5 (5) The reactive
f unct iCoaian Tgpfo%pwb@htlalohtalgeélD}O)&&n@ ﬁcsjrﬂjenmdaamn'damgug silarod-tapovel (1),
which is obtained by, as the first step reaction, reacting silanol-term nal
si | i c&Hisone|oil((B) r&mﬁﬁ%@t@dtbe/dh@;@emﬁéaig@ﬁ@wm(2)orrrula (2): [0009] R3 Si OH(2)
R3 / 10] (wherein, plural existing R3 nay be the sanme or different
from other and each 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 0 200 as an average value) wth both an al koxyS| | ane conpound
(a) repres nt%ﬁ by\the general fornula (1): XSKOR2)3 (1)

s;m 2)
Ra m

[0008]
(wherein, plural existing Rz 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 2000 as an average value) with an alkoxysilane
compound (a) represented by the general formula (1):
XSi(ORz2)s (1)
(wherein, X represents a reactive functional group having an epoxy group, and R2
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,



(wherein, X represents a reactive functional group having an epoxy group
and each R2 represents an al kyl group having 1 to 10 carbon atons) and an
al koxysi | ane conmpound (c) represented by the general fornula (3):

R4S (OR2) 3 (3) (wherein, R4 represents a methyl group or a phenyl group,

and R%Sr)ggyﬂl?e? ré?cﬁiv%af’ﬁc%néq rBBf)] }hlt(g ﬁlﬂg}sﬁ%xé etﬁﬂwﬁﬁg%@rmﬂm&th{en and

each penden represent avin bon™ at ons)

in thephonqe), t\}oz%ht.@ btt h@a Ucis\’ﬁ"eeﬂrtsi%g REA AR KYa Al BIA b i dfing

al koxysi | ane’ conpounds équi va ents relative to 1
equi valiieBhe & (bh@ep'ieé@m@a bgrtﬁérgeh@rém@rnsuibqul-term nal silicone oil (b)
for condensation, and then by, as the second step reaction, adding water to
the opp@igled a reaction liquid for hydrolysis condensation of the residual
al koxy group, (6) The reactive functional group-containing siloxane
conpound acg¢oigding,to any 6 one of the above (3) to (5), wherein R3 in the
general forfmul,& (2)\ each independently represents a methyl group or a
phenyl qgro p,|R2 |n t he gener b formula (1) each independently represents a
nethy”*é# groug,)and R2 in the general fornula (3) may be

t he sanme o ddffere t fromR2 in the general fornmula (1) and each

i ndependent\l yR-gpreseqnts a nmethyl group or an ethyl group, (7) The
reactive fuhctional group-containing siloxane conpound according to any one
of the above (3) to (6), wherein X in the general formula (1) is an
epoxycycl ohexyl ethyl group, (8) The reactive functional group-containing
siIOXﬁﬂgvgonpound according to any one of the above (3) to (6), wherein the
wei gh rage nol ecul ar weight (Mv) of the silanol-termnal silicone oi

(b) Of ﬁg'l%:rg ﬂEFaqlexns?m%ﬁm(a??é%g’ggn‘}e orlgrf‘%QQﬂth Ingchtcgt%éﬁyﬂg acg];:tive

functlon gr'oup-co oxahé comnpound accor t he

above %ﬂ%&séﬂt&%)stﬁ@ﬂr@délnt an%'eﬂhér %g(ﬁircaglﬁ hé{}fnﬁgﬁ 99t1d Midhdns 800

to 20, reacti nctio gro tarni S|onane conpound
accor gidiis ! #n BRE 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 both 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 each
Rz represents an alkyl group having 1 to 10 carbon atoms)

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

(wherein, R4 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

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



above (1) or (2), which is characterized in that a substituent on the

silicone in the chain silicone segnent is any one or both of a nethyl group
or a phenyl group, (11) The reactive functional group-containing siloxane
conpound according to the above (1) or (10), which is characterized in that

seqregnecthfiartlie (OB cHf: %ﬂi%?ﬁ’gfé‘ aEREY B st e Beb SRt e s
" eact i URe! Lol 9TRUR, SO FBhDORIEDYENS, SRMBENHER ABAGE (5 cach

characteri ze n,” react fng silano
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(wherein, plura I sting be the sane o ferent from'each other
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al kyl group having 1 to 10 carbon atons, an ar group having 6 to 14

car boimddpeieieatly aaprakietayd m@tioy yroay ongn2thyd gl@u;@,ar bon atons, and m
represents 2 to 2000 as an average value) with an al koxysi |l ane conpound (a)

r epr esént etihdyeadtaregrnetiahalfgroopican{aifingXSiokaR2 cd (rijounhacairdingXorapr esent s

a reactive functional group having an epoxy group and R2 represents an

al kyl ofiecriphéabowg (3)tto (8D wareionX it thesgenatat faemoknd¢ i dmepokgcyaldbexy! gr oup

equi val ent in the al koxysilane conpound (a) is 1.5 to 200 equival ents

rel at ie¥yltgsoup.equi val ent of the silanol group in the silanol-terninal

silic ne 0|I Qbé and_in theéresence of a . catalyst for condensation, and
ashe reeet

then §%) wﬁdﬁ@p@%l @HP&Q”@G@Q@'%F%PWQW AEEANOHg 3Wact i on
I d f dr ol t f th d | k 13) Th
g Lo B o h o ESaEERG Himebiash Aot ol g i Beuis ™~

?8?"8%3%@%%8@%1 Sukos 87 (B Re i b Bete e g L Podhe compouna,

whi ch ,ﬁhar acterized by, as a first step reaction, condensation reaction
of si I ano termnal silicone oil (b) represented by the general fornula

(2): [(Q)O14i'he 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—0—+—H 2)

Rj m



/73 HOSi 0 \ R3 [0015] (wherein, plural existing R3 may be the sane or
different fromeach other and each iﬁdependently represents a straight
chain, branched or cyclic alkyl group having 1 to 10 carbon atons, an aryl
group having 6 to 14 carbon atonms or an al kenyl group having 2 to 10 carbon
at ons mrepresents 2 to 200 as an average value) 8 with an

alkoxy% ne conpound (a) represented by the general forrmula (1):

XSi (0 rekn: i i I g an
cpoxy nasth R Ao RERREEME o8Bt biteferls ok SRl q@el dRgRtre o)

and ar i B Ve i r
for rrulriha@é 3): éﬁgﬂ?ﬁ(e %Q%%(Q %‘@?\},\ﬁg?i@f ﬁ?&%}%ge&grc sgﬁtais@ziabf%qwhg?\ggggu%l or a

phenyl{ogsfuen a@t@ﬁs'?%n”ﬁ%r tgeo%h%aw@mb i Chasenbtdmo®r B bikehbegarnper al
n

!
formula (1) and each independently represents an al kyl group having 1 to 10
car bomaglgn® Yo M0 ddnisor atgas tdvad nt kpréodrath 22@UR0G0 antancdvdrbge abk@ywihy oup in
t he al koxysi | ane conpounds (a) and (c) is 1.5 to 200 equivalents relative
to 1 egulkahsianetotipeusidl(ahaprgsentpdiby thegesicralfotmular(ty:nal silicone oil
(b) and in the presence of a catalyst, and then by, as a second step
react XSH(ORgdi ngtwater to the resulting reaction product for hydrolysis
condensation of the residual alkoxy group, (15) The method for producing a
r eact ilveeraincXi GREESaI® @ reantivai fHNaiPa! | BREp VB GINBPAGC BIWPMENE &2 he
above (12) to 14% which is characterjzed by successively conducting the
first 'epiEsep 2 [%'i?él‘pthﬁé"%édﬂdos‘i%ﬁo'ﬁ@é@%%n in one-pot as a production

Pr Oceslr?thel Paonlg%] 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, 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 m is 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]
Ffs

HO s|i~—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 alkenyl group

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



(16) The nethod for producing a reactive functional group-containing
si | oxane conpound according to the aBove (11) to (15), wherein the
al koxysi | ane conpound represent edbyt hegeneral formul a(1l)is

bet a- (3, 4- epoxycyclohexyl)ethyltrinethoxysilaneor

A h hod f
B?ggug\lﬁtﬁg ’?B?‘)é%g%’*%'&%w (%I ongai) ré‘?ou%méé/oari B %nésr%f%%@#ea Frrpgundor

accor

bove (12) to (16), wherein R3 in the silanol-term nal

sili cone o] 23(b) represented by the general fornula (2) may be the sanme or

di f f ex®Akrdif O l%%?@sé?ﬁ@%r ré’dl‘ﬁvé%ﬁcﬂz&%%@ﬂgﬁﬂévmd R &S §raupB

hényt, group

or a phenyl group, 9 The nmet hod for producing a reactlve functlonal

gr ouprépresanty ag sndyo@aep cmim@gmd acaor danent atdrhs) akev en( dkoxy§idntd) .
wherein the al koxysil ane conpound represented by the general

at | eesmpanedkchrbsetautddyfthefolidwingrgemeraidoshsiti (By of

nmet hyl t ri met hoxysi | ane, phenyl tri net hoxysil ane, nethyltriethoxysilane and

phenyR4Gi(@Rwxys{d)ane, (19) A curable resin conposition, which is
characterized by containing the reactive functional group-containing

si | oxéWBeEﬁbfﬁrpBufﬁpréﬁ@mé@tWHggf@bp anp penbirek atsbRe nfay) be éh¢ sameand a
curing agent %ﬁ‘@ The curable resin conposition according to the
above Of eremﬁr@rﬁz R%'rb

obt a|

r%ﬁ%ﬁi @é@ub’y(k)@ﬂ%@@cfcmﬁﬁﬂﬁgﬂw%ﬁsws an

oms

formula (3)

S

I roduct for optical sem conductors, which is
acce era or L&ﬁ?—;\@wes& t)ﬁg car 51 p

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, 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,

[00186]

(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 {1) is
beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane or
beta-(3,4-epoxycyclohexyhethyltriethoxysilane,

(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,



the curable resin conposition according to the above (19) or (20), (22) An
optical sem conductor el enent, whi ch? s sealed with the cured product for

optical sem conductors according to the above (20). Effect of the Invention
[ 0017] The cured product of the curable resin conposition containing

br opet {fles e eREPniet i PGaocdcBiact STh Gl erab B ST b a8 e
and | gévmﬁo%ﬁh' &ea&%ga tRE %@%E’E'eﬁéi 8 ggep', %e&&gﬁgéaé%@snm@rc%wo% the

curab €si n conmposrtion o i nven nis extrenely useful as a

seal i 'ﬂ&)r%@%@gfgt?y RS gBREIE RrmRfar SPRIMCIAIE onbifiey ket fishiitheQylouphe

| nvention e reactive functional group-containing siloxane

conpouaﬁlsi@m he PeassindtRyeibRg, phengtmaéiekysilse, rrﬂé@fyttﬁéthb&r@&ﬁan%i | oxane
conmpound of the present invention, for sinplicity) has, in 1 nolecule, a

chai n gaidlgHepneristerpsitanand a hydrol ysis condensation segnent of

trial koxysilane, preferably a sil sesqui oxane segnent 10 containing a

react i{(¥® f uhcurabralregn @oppusitiong wariche soohargctetpeadng quotaniogeherabitivea

t hr ee- di mensi onal network sil sesqui oxane segnent . The sil oxane
conpodunttiohat froupraadaningsiexane cormnmindy Al ascerding & aty anepiiihe glve
condensati on segnent.of trial koxysilane, preferably a sil sesqui oxane
segmeht) f(14) Aee woruwing ag@&ttdBe cal | ed sil sesqui oxane spreading in three

di mensi ons, .and a structure in which the chain silicone s?‘([]?rgent .s&retches
and cédfPect sTh® &Iragiet regiar 6@W§P§‘t'98n§§?@5m%ﬁos%@%{ovﬁf b aVRISRY S | ane,
preferably a.si]se i oxane .segnent. The present. . structure gives a bal ance
of hatcgﬁ e’%\?ﬁfj ﬁayﬁﬂhﬁrﬁ% '?'Bgt%%urmﬁﬁc%?r@i% Jof the curable conposition
of th resent invention. ., The.sil oxan npoun f [es
"nvent?h naue i Sprortism SROUIE LS SRR Ploek o BRRCRIng

pr ef erabl I j j i‘bhgone segnment as

Gescr 1 podtamis AT SMARRRER SR8 1o W alo e B FuUabEa": £ *Tan be 2

bl ock+ e sl lox P j Qe e

pr eserg%y)lonvéhtcrbglgggsa&nﬂggﬂg{r}gt&%%%iﬁ’ vah,mq [c%:% eazgérjrp @n@se a rg\lﬁ? éirdal?{érfégl, an

al koxmibgrgeerﬁ@gﬁgyﬁsrt{iﬁ(-éé%rgﬂ@qbgh@%igbqé (@pyso referred to as al koxysilane

(a-1)) represented owi ng general” formula (10):
XSi (R1) n(0R2) 3_n(10)

Effect of the Invention
[0017]

The cured product of the curable resin composition containing the siloxane
compound of the present invention is free from tackiness properties and deformation
and excellent in transparency, light fastness and low elastic modulus properties at a
low temperature. Therefore, the curable resin composition of the present invention

is extremely useful as a sealing material for optical semiconductors.

Mode for Carrying Out the Invention
[0018]

The reactive functional group-containing siloxane compound of the present
invention (hereinafter also referred to as siloxane compound of the present invention,
for simplicity) has, in 1 molecule, a chain silicone segment and a hydrolysis

condensation segment of trialkoxysilane, preferably a silsesquioxane segment



(wherein, X represents a reactive fupnctional group having an epoxy group,
R-1 represents a substituted or unsubbtituted al kyl group having 1 to 10
carbon atons, a substituted or unsubstituted aryl group having 6 to 14
carbon atonms or a substituted or unsubstituted al kenyl group having 2 to 10

" apr oLafeR a3 TReL Ry “RETbRer kbt M PR ok 1 FRITHREIET = 2

gl ur altﬁr%é_&%eﬁgiomﬁggﬁv%ggg%mﬁaﬁ@ géﬂ?ﬁm fromeach other), preferably

n al Koxysi |l ane ¢co 'S reinafter also referred to as
al koxysi | d b engk I 4
Rt (012) 30T Ehplarce RORGATINGC PNt esph! MicMcRCIRIAl hasldelole o

for nuhgdfclisis cdiepkhiie®neadthént( Bf thigRbesSRNed h¥fdraBlyganensdsduiimea (2),
and according to necessity, 11 an al koxysil ane conpound (c) represented by

t he abeymepentaaletforathact(@) calkn silsesqhiexasedpasiding nwhies eirmahsibns,

conbi nation with the above al koxysilane (a-1), preferably (a). The chain

si | i cand ssignante innwhich the lcbranslicompsegdenf strétehes asd onneeEnbi Dnexis
formed fromsilicone oil (b), and a hydrol ysis condensati on segnent of

tri al kysigdydianzondensatiomiggraenii 0§ dsig ax%ié@esag@&mbbfna sisasqpiefameabl y a
t hr ee-di nensi onal network sil sesqui oxane segnent, is fornmed from an

al kox§8omant cbnp GuesEntstnictuns: gives abglapgs qfadiagrgss leadeliedility, topthef er abl y
(a), and al koxysigtgne L&c& when an al koxysi | ane conmpound (c) (hereinafter

al so FEIES PEdUEhohigeguaRipGarpRsitien of the Riseant IRVeMIAS-nati on according to

i lﬁ‘k’?f?. tsty)érﬁer%g?effﬂr%aﬁog?phbfr ?%fitﬁi@?pg‘é%” el;ﬂ%%%fi@%ﬁﬁf%?&Bméaﬁaéﬁéﬁé%ﬁf of the
necos PRy PRy WRUDEHR, elsPup & BrGulRiTo nBORENR A eBRFY S, on
wher e oo BleH el s et SHISIT Aly Yk et 4R eor deng Jaecesshiye R

re bonde oXane conpoun ormed’fromwsa tructural” unit

IS calb'%_ip%gﬁé%ﬂ@g&ﬂgouw@pr eby said hydrol ysis condensati on segnent can

be cal sesqui oxane segnent. [0020] Hereinafter, each raw materi al
w | | ?ﬁ) ecifically expl ai ned. X in the al koxysil ane conpound (a-1)
or (a) represented by the above general formula (10) or (1) is not

particul arTyeldilokags campdmg aSthd pieSedd iric@ifibh CczBY BE broautdty udimgeEPOXY
group. It includes, for exanple, a glycidoxy Cl1-C4 al kyl group such as

bet a- gkgaiptoay atraw mataiaiearg bkokgsiiayprapybodnt( g dfrergihgltedakyboferted a

gl ycidyl group; an al kyl group having 1 to 5 carbon atons substituted by a
cycl o&b kylallgxyaiareia-ny reptesedtathbpdre &tllomindhgenemgl fornmepoxiO)ri ng (oxirane
ring), such as a beta-(3,4-epoxycycl ohexyl)ethyl group, a
gammaXSB(Rr@Edxyspcl oh€b8)l ) propyl group, a beta- (3, 4- epoxycycl oheptyl) et hyl
group, a beta-(3,4-epoxycycl ohexyl)propyl group, a

bet a- (8haredhoXy Esiiesaaisy B) raciveghsgionald gioup having an epoxy group, R

bet a- ( 3, 4- epoxycycl ohexyl ) pentyl group. Anmong them an al kyl group having 1
to 3 i%wsafﬁ tﬁtﬁ)ﬁ‘ébﬁlﬁ%@@i%ﬂ%‘bﬁyt‘g@&aﬁﬁ gedpP BRY0 Toto Hhcargn algrsu@ havi ng

L RSB B OB SR AN el i p LB SO S LB
bet a- %lr yﬂsﬂ%ﬁtﬁ@é’ lasﬂ{e%% ’g?gm'vﬂﬁlﬁl %i gooﬁﬁp(r:gr%%!”ugétgprps?rﬁz represents alkyl
group having 1 to 10 carbon atoms, n represents an integer number of 0 to 2, and
when Ry plurally exists, a plurality of R1 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,



bet a- (3, 4- epoxycycl ohexyl ) et hyl gr oup 1spref er abl e, anda

bet a- (3, 4- epoxycycl ohexyl ) et hyl grouk) Is 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 chai n,

br anC Bt RiBEN EorblouBSEHAReed ik BYATR B0y JTRLRIORAAUDS) ééa‘rg,%s

an n- rot gro p

gr OUpbea u%?&t a?% yrlam,g RieriaPin nccﬂﬁﬂﬁ%klgﬁa%ﬁeﬂ%n ok)gxéﬂkog%

cycl opentyl group, a cyclohexyl group or t nethyl

group p@éfeaéblﬂéoyl THeOsHHIh Bi1ROAE ealchit N theasiBaRE! coh®olhd &f ﬂ?u@rﬁrb%flwtar ly
preferable, 1nterns of reaction conditions such as conpatibility,

r eact irwdritioand fofeed iffoen siliconeldil @ddbbd enhyd@iyshi cbﬁdéﬂf@tmr@égaheﬁto@mul a
(10), the description of each group in the description of |ater-described

R3 i ntrggkexasilaher mreéeraBly cansibesquiokede asegiens. ahf022re prefaPaiiermabl e
speci fic exanples of the al koxysilane (a-1) or (a) represented by the
gener #reeetimana{on@) netwdrk) silsebadioxbre segmeasit disxipeniyl| ftornraet htkoxysilaesee,
bet a- gl yci doxyet hyl tri et hoxysi | ane, gamma- gl yci doxypr opyl t ri met hox S|Iane,
gamcgnwmdx(@pibwete,ra@yr{@)(ﬁgikpéyfélane (a-1), preferably }/ and alkoxySI ane

bet a- (3, 4- epoxycycl ohexyl ) et hyl tri net hoxysi

bet a- é(@) Whébm&%}%ﬂi@ﬁ?lf}%‘ﬂwrﬁr {cét(H@sa»@afF%rrﬁéafhdﬂ%neidk@ ahalkoxysilane

a0 SNy BeY '@)a?s%@h)"@e%’e%ﬁﬁi' Lbe used al'one or 1 n’ conbi nati on
f 2 h

2t or - ren S NEHOETAR FoFfenedeD i S ey L HEnGEHER 75 pE TR e o)

Th

10 o5 ot D8RSy and Bbal B brtaridenigudh br ARG PRI br BRI e 2
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condensation, it has a configuration where a piurality of structural units as X

but yl

(according to necessity, Rs4) Si0O3/2 are bonded. The siloxane compound formed
from said structural unit is called silsesquioxane, whereby said hydrolysis
condensation segment can be called silsesguioxane 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-glycidoxypropy! and gamma-glycidoxybutyl: a glycidyl
group; an alkyl 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-epoxycycioheptylethyl group, a beta-(3,4-epoxycyclohexyl)propyl group,
a beta-(3,4-epoxycyciohexyhbutyl group and a bheta-(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



In the general formula (2), plural existing R3 may be the same or different
fromeach other, and represents an al yl group having Ito 10 carbon atons,

an aryl group having 6 to 14 carbon atons or an al kenyl group having 2 to

10 carbon atons. The al kyl group having 1 to 10 carbon atons can

oo O ST STPORNH BB B WA RO, AR
0 U ol REAPUA Bl MU MaBSaBBinBlY! e Hece vty

0 OUP bR Ra K ofIONBIBIRNC! PR 0T OP: 2 GURLERRXYI oD, ap, ooty

group, a group,” a no group, a decyl group and the

AONG kB, 48 dBRYBYd ol8Ea RN ARr &MY pAHioWRr9hréfetaibohexyl group is
preferabl e, considering’l'ight Tastness. The aryl group having 6 to 14
carbomogeyns can include, for exanple, a phenyl group, an o-tolyl group, an
mtolyl group, a p-tolyl group, a xylyl group and the |ike. The

al kenyl griRum thaypegei2l fornlllagdOpan (4) esshdadeperodendly @preddeamydn glkgup such
as a vinyl group, a 1-nethylvinyl group, an ally' group, a propenyl group,
a but emglip dawing, 1 do péncavph afoospaachdnay hexamydt giraigpt chain, bR3ded or
preferably each independently a nethyl group, a phenyl group, a cycl ohexyl
gr oup cyelican Ihinshusiss, for example, eenetydUrouy RN sl B, ANdntRsapyIrereliBt ance
and particularly preferably a nethyl group or a phen¥l group. Specifically,
for tIRE FRAOPKBITOND: IR FEWEH Hrotir Al-RUNY ) droumed daddditd Ziove, amdT-pRiiY! t hat

ho T o oHe! 41 BOHBUABET b2 Y oRHEYY S Priglnlieyl BERHD GRDANT J4EnehSans
nmbi nat i t h f.. whil di f t 14 i nat i ixed.in th
Fptth%sge%f }aghieghyloq@uﬁgogﬁp:ag{figﬁ GFoun S SRR hx‘i@rﬁ%ﬁi‘{ E%@nad ea
i 1 o BhEe B reB AR R Bt Shlecle R PR S U s e Py 2R ebbos)
r2n0|08 ta'?x‘?i tﬁgrﬁRgund of the general formula (2) is, as an average value, 2 to
, preferably 2 to 200, nore preferably 3 to 100 and particularly
pr ef er abl yinZddiiaf-fof R, tife hBAetAYorntllg (30), AHe RcREHGHo BF GBS ghouiar d that

| ow el astic nodul us propertiés are reduced. mis I gh,

nechanhé absBiRReY 6f [8erdfestNBed W;ef gphei¢6rmiad2s SabBedgiotsd a5 atied. [ 0026]
The wei ght average nol ecul ar wei ght” (Mv) of silicone oil (b) is usually

W t hi gommﬁ 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 ( GPO neasured
val ue) . ArPrederabEnspddiic exdrapidsast theiadtuxysitamo(ze 1 poetaraptesedéi by tHd, 000
considering the elastic nodulus at a | ow tenperature, further preferably
300 t @ehetdlo fdrswilaonsi@eriong (he owhpde i Bidtatglycitiexyatiovivoaethgxysiade,
particularly preferably 500 to 3, 000. If the wei ght average nol ecul ar
wei ghtbeita-glyeikaxystyjtrieienysiiana possi bigdemyatghygidexeropdisispethesysivnehe
chain silicone segnment noiety are hardly exhi bited. For the nol ecul ar

wei ghtdashmardyddexiysaeylgiathessilaRes he present invention, the wei ght average

I I i ght [ . of erti | yst | cul ated b
roas e ACrOURN B BUBREI TR RS RIR | onb USi ng PO (el Per meat fon
ol ampear R G see bl dB et anBos ' 3FHol it | RS, 7" PR O™

beta-(3,4-epoxycyclohexylethylirimethoxysilane 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 oil {b) is chain silicone oil having a silanol group at a terminal and
having a structure represented by the following formula (2):

[0023]



Flowrate: 1.0 mM/mn.; Colum tenperature: 40C, Sol vent used: THF
(tetrahydrofuran); Detector: RI (dif%%rential refractive detector). 15

[ 0027] The kinetic viscosity of the silicone oil (b) is preferably in
the range of 10 to 200 cSt and nore preferably 30 to 90 cSt. If the
viscosity is too low, the viscosity of the intended sil oxane conpound of
the present invention becones low, resulting in that it nay be not suitable

as an optical osem gonductor sealant, and if it is too high, the viscosity
of the bl ogk-tV¥pe sil oxane conmpound (A) increases, resulting in that the
wor kabi | it té_nds tb have har{iul effects. [0028] Speci fic exanpl es of
the sifl -pbr i met hy )silicone oil where R3 in the silicone oil

(b) are ne hyI| groups can include the follow ng product nanes. For exanpl e,
it includeg PRX413 /apg BY16-873 as the products from Toray Dow Cor ni ng
Silicone Corporation, X-21-5841 and KF-9701 as the products from Shin-Etsu
Chemi cal Co., Ltd., XC96-723, TSR160, YR3370, YF3800, XF3905, YF3057,
YF3807002¢43802, YF3897 and XF3905 as the products from Monentive
Performance Materials Inc., DV5-S12, DWVS-S14, DMs-S15, DMS-521, DMVB- S27,
DVB- S3wheNs- R32nd DVBrSB®, sdivMS-aS3fescived sieyeDVS- S45 and DVB- S51 as t he
products fromGelest, Inc., and the |ike. Preferable specific exanples of

t he silicdndhe generallfomaylpyR).pHery) existing Rm@agine iecsamedridiffersat ¥pM cone
oil (b) are a nethyl group and a Ilohen I ,groggacan i nclude the foll ow ng

pr oduGACAAREY, apg reResfpisean akky| auRdEyIng3804 0Larboi alirag A 8T PP

Mb i Per f i al . PDS- 0332 d PDS-1615 h d
o B 514 T TGRS e o R I8 BB e £ P
o o orer AT b AT HARBEF ke AREVaRER RAFY el RERRe ZPERIN PRI 23,
I . R I PR*4 6,87 21
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N . : 15," DVE- no
rong eh & RUIERREE o IABHT, GouBP e Rbyb Blell, AN -HUOFHSrE oD 1Y
Segﬁem-tbutyﬁ-g%éﬂ&gléec%%@gﬁ?p, aYE§§Q@groYF§%ﬁ%-pQN§1 ﬁﬂ‘fhﬁ% iEpStHedraupr e

particularly preferable i'n ternms of ol ecul ar wei'g hese as” the silicone

oi | (ki 48yMBsollE disethedlPIROWY, d @cﬁ@;b@itw?@ﬂogpr af oyl SHeXyP G eoUt, s obtyer eof .
W

[ 0029] Next, "t he al koxysilane conpound (c be specifically nentioned.
The algtouy,sd bastiey!bexp aumeb, (Chomagreusta dedyigeoaf ahdiend kid. ovhmgng dierul a (3) :

R4S1(OR2) 3( 3)
a methyl group, an ethyl group or a cyclohexy! 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 allyl group, a propenyl group, a
butenyl group, a pentenyl group and a hexenyl group.

Rs are preferably each independently a methyl group, a pheny! group, a
cyclohexyl group or an n-propyl group in terms of light fastness and heat resistance
and particularly preferably a methyl group or a phenyl group. Specifically, for the
two Rj in the general formula {2}, the cases can be included that they are methyl 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



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

[ 0030] R2 in the general fornul%l4(3) may be the sane or different from
R2 in the general formula (10) or (1), each independently represents an

al kyl group having 1 to 10 carbon atons, and nay be any of strai ght chain,

branch r..cyclic., Specificall it 1nclud a lified
"t neBteltatRi s o PRSS I Bt Yorald Ghi B8 616 £500ReR 4 BE R BREI,

above, ..inGl.udj fara ; -

pr of oAl B eRlevied, TPiof e PR BRI L B0k R etR b YL

met hykt i} o) } ; i i WRHES Raxaei | ane,
phenyfﬁ%FgﬁhﬂkégﬁFgﬁﬂﬁgﬂﬂgfﬁgbﬁthebﬂﬁgﬁgk{ﬁ%ﬁﬁﬁgegﬁﬁﬁg?ﬂﬁ*triﬁgthoxysilane
or ph dgiri met hoxysilane is preferable. [0032] In the present

i nvention, the al koxysil ane conpound (c) can be used in conbination with an
al koxysi | anen anesupduddofihe gerairarabhuia @) is,ias @ desrate veard, 2ob 2009,

nol ecul ar wei ght of bl ock-type sil oxane conpound (A), the conpatibility as
a conposfetaton 2 to2&0heatre pesfiesdtain Sep 100dHMd pasitulesly préfenabipidstolite  1f m
perneability and | ow gas perneability of the cured product, and the I|ike.

[ 0033Jis too lowTlee asredgirodutt fcontas $0 kasd/ibial lve etastip owrdiilyg praperites are70% by
mol, preferably O to 55% by nol and nore preferably 0 to 40% by nol

rel at irg@ugast. t Hg”"t isttap rwmdﬁgmmwmmewm purgd predugttend tghst er abl y
(a), and (c)). Wen the al koxysilane conpound (c) is used in conbination
with eEeriRB&ysi | ane conpound (a), the al koxysilane conpound (c) is
prefe&g used in the range of 5 to 70% by nol, 17 further preferably 5
to 50 nol and particularly preferably 10 to 40% by nol relative to the

L?;ESLC?Lém%ﬁqﬁéﬁ?ﬁé’%ﬁﬁ%{aﬁgﬁﬂqw b BEEIBRNR b o PR HEL 1 ea
pr 00U nie .

or 2@'&@%@?@%@*"@8%%%%@{bzrﬁﬁérégﬁp%aﬁ‘?éfréﬁ@? B P80 FE0e8Rod e o 1o
Cher el nGETARI T terdde oPH6D %6 3800 PLKARKEL I FAIGONTARENG Blom. 108, ¢ one
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compoun e used in conbination as a raw materi al .

product jontephpdraturel fRTSHreRIBOYEBDIO0 $000R1ISS ebhsidBMegth®RoadatiBNB} OY any
nmet hods as long as 1t can produce the sil oxane conpound of the present

I nventitgh bawvposinghanabavticutanty sregerentys500 to 3,000e nost suitable nethod is
t he above net hod (one-pot nethod) where, as the first step reaction,

si | anol - t df henaleightlaveoage oidledldlr aveihhdlik axysr I380¢ tHaae 13 sppeszbibtlyl that a) ,

and according to necessity, al koxysilane (c) are reacted for condensation

i n t héhe grgpettieatoft the ehainxgilicpneupegant aiciely ak bardhabsbibitatlkokgsthane
conpound is 1.5 to 200 equivalents relative to 1 equivalent of the silanol
gr oup Mmeleckler svaiahiodt ther siierne silI(brintheopresep) iInendonhie weigheavesadmd st ep
reaction, water is added to the resulting reaction liquid for hydrolysis .
conderBAEFBRT ovelght W) ditalterink oxXly CgP¥eRsng polystyrene ‘was calculated by

measuring under the below-described conditions using GPC (Gel Permeation
Chromatography).

Conditions under GPC:

Manufacturer: Shimadzu Corporation;

Column: Guard column SHODEX GPC LF-G LF-804 (3 columns);

Flow rate: 1.0 mi/min.;

Column temperature: 40°C;

Solvent used: THF (tetrahydrofuran),

Detector: RI (differential refractive detector).



[ 0035] The above first step reaﬁ%ion is preferably carried out in the
absence of water and in the presence*of an acid or base catalyst,
preferably a base catal yst. As for the ratio of the above al koxysil ane
conpound and the silicone oil (b) in the reaction of the al koxysil ane
(a-l){O@g@ferably (a) (and according to necessity, an al koxysilane (c) is
used i'n conbination) with the silicone oil (b) in the above first step

reaction, ﬁﬁéek;ﬁ.éw%caéiw;@etﬁwmng X @y@ g&fégb%ﬁﬂﬁqgﬂgé%w%'z%e (c)

is used in conbination, total a equi v al koxysi | ane
(a-1) cspeatienafd me&@rhbf(yax@to 08 ddie Altkexkeobap® (0o bw, thd DRcBLKPSY B ane
(a-1), preferably (a) (and according to necessity, an al koxysilane (c) is
used intended siatdnengorhpowsdial the drebehdnZ@ti@nbboahedicw, eakiagabinatd to 200
equi val ents, nore preferably 2 to 150 equivalents and further preferably 2
to 10naqbevadtentimbie batary epticallsayicondletor sebldieasd libitds tgo digh,i thet he
silicone oil (b). In addition, as for said ratio, the al koxy equival ent of
t he aNipgesitly oxXpsiblagetypenpiansthenagmipeuati é\) Antieates, ezpuiltrg) émtisat the
preferably 4 to 100 equivalents and further preferably 5 to 100 equival ents
r el at weskakylity teges ({ahave harmiuheffeetsanol group in the silicone oil (b).

| f th? an?unt of the above al koxysil ane conpound | argely exceeds the above
upper PG4l range, there is a possibility that the preferable physica

P OpeT S R BRI 8 PR i B SRR ST bl 2
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Condersition®n CRirpd@AtBh K KYIIBRNE LAMIOR P MoApldilRld Ifh_EhpHRIEN an
al koxysi | 'ane conmpound’ havi ng no functional group atinmein e presence

of waiRerhisausi! | MdCaxiod7 2t Tdrkeyd SeRIABARL epBabh 9{%965? ¥F3057, t

However, when silicone oil (b) is used as a raw material 1'n addition to

al koxyFidsame ¥#&38D2, PYEBEsAbland( aXF$gusl akkaexy sipkdmesté C ¥rons C Mdhaetiveo
necessity) as in the present invention, reaction of those raw materials

al t og@ehlarmiance eaferiakeimee DM®RSdal MMSIS BHdDNEE-8n 51 esubise 1, ropseserent i al
progress of hydrolysis condensation reaction of the al koxy groups in the
al kox BB, (MEFS3pr BMB-SH3y QM BP-$3HdDRIE4Ps DMBS4E pnddomiSdE 6 dso
necessity), whereby in sone cases, a forned sil sesqui oxane conmpound and
unr eathedredudts dram doelegh) Incemmich thmdke heBeefarablé repexifiat éxdreplekeafdineg to a
t endency of generating an inhonogeneous and white-turbid conpound. Such
whi t estligeredepangongindsheexalicons qiovheigi Rab thefsgicopptdildl) aegpalnethyi on.

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

a t enERISYABF SRRV AP UMeamBIckiR Hie EPYO BIOdURENaMREhe §PE 6¥aBWIHIUNd and

?lsts R thme%% ffteedﬁﬁba&@ttﬁ? 59916 oMEBlie ﬁg%ﬁﬁa@'@%ﬁﬁf%tgééhggg%e i
i i . 037 T i
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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-S12, DMS-514, DMS-815,
DMS-521 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, XC06-723, YF3800, YF3804, DMS-314 and PDS-1615 are

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



Production process (0: a process of E%rning an al koxysilane nodified form
(d) by deal coholization condensation“of silanol-termnal silicone oil (b)
and the above al koxysilane for al koxysilane nodification of the silicone
oil termnal (formation process of a chain silicone segnment); Production
proce?ﬁa»fbéhseéa‘?ér%%ﬁﬁx éHm@iRéﬂer‘%f%o*PYﬁ&%‘Mﬁa thcegggf?“sat'on. segment of
al koxysi1 ane, prefterably silTsesquioxane Segnent, by hydrol ysis condensation
of th?oggﬁoxy groups in the al koxysilane nodified form (d) and the above

al koxysi | ane conpound in the presence of water (formation process of a

hydr ol ysi sy&angenaréiy@iase e8riboul @) MWégbéaﬁéaﬂgI Mehtiéndy,oduct i on
processes (i) and 00, the reactions nmay be carried out in any order as |ong
as goi ng tTepsigbx@diahe PodgRamd (c) has d dtrasigid dfaRe follbvERTBoERIRS3):t he
reactions of the above production processes (i) and (H may be carried out

in ondspiess, @ere the silanol-terminal silicone oil (b) and the above
al koxysi | ane conpound are reacted by such a nethod as sequentially adding
wat er dr opgwi indhe Benerad formiiaf3sidpsesants exarthyh groumgora ghenprrgroapk oxy
substituents alternatively synthesized therefrominstead of the above

al koxyeé#3Q&ne is used in (i), the siloxane conpound of the present invention
can be obtained only in the production processAgi). %0038 , Pref erabl e
product i of"1/B{AS 9&NETR! farauila §pppy ibedhe pamener digeiaskifioy Raietheagengral

pr odu 20 <Productj on

P o hadoia TONaE vl Shdt urtependen i Pofadents ant flkvgisuae braRe o el (i)
f bt ai nj | k il di, fi f i ried. b

denl oof S?f?ﬁ@?%%aaféﬂ%&%@% Ak o el gy Sreseobr hy) SpadikgTh €11 ano

o fop it amha sk bt RIS 8 ddkabfgil P REH fiederdatalBRiRE V- "

al koxysiTane (c usé I ndat1o or
e . . ¥ il duct |
or ocodtd 01 CERERR kS OB AR rat ara e RO HretdRp olRR o "

havi ngo@y%shai n silicone segnent {usually represented by-(0Si (R3)2)m
(wherein has the sanme neaning as in the fornmula (2))) and a hydrolysis

condensatiRJafesrga:éergpe@fﬁcaléx@wpﬁééa@{e,th@r%ﬂ@fx?billahesiécﬁﬁﬁaw)x ejrRaaEent, is
produced by, preferably in the coexistence of al koxysilane (a) (and

accor dhathytrometesysidne, an al gerystrihenegotyeilahs, used infetagiibtnetyiahe,
carrying out hydrolysis condensation reaction of the al koxy groups in the
al koxydiehgirethodydileed &od thédikeof Ainbhgothe ebbvabtratimddinmethbkesilanedact i on
process (i) or, in the case of coexistence of the above al koxysil ane
conpophényltfireetioysiany isypsfdarableot h t he above al koxysil ane nodified form
(d) and the above al koxysil ane conpound, in the presence of water.

<Pr 0dl@@34n nmet hod (B)> A net hod wher ei n: Firstly, a process of

obt ai ni ng hydrol ysis condensate of al koxysil ane, preferably silsesqui oxane
(e), havi g K¢ ARBE GIVEOHOWN the rAkpe/siBnaceraprPand alcy i @t dig uspd In

(and_ GEEUTRAHG WON et BLOYS Ene PO REHYL (T AP B Pt (el SHIEE SHPRED! oy i n
the prtﬁés%]&%cglfarmv@éigﬁf 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 0 to 40% by mol relative to the total
alkoxysilane compound (the total of (a-1), preferably (a), and (c)). When the
alkoxysilane compound (¢) 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,



Subsequently, the above sil oxane conFound of the present invention is
produced by carrying out by preferab i solation of the hydrolysis
condensat e of al koxysilane, preferably sil sesquioxane (e), synthesized the
above" and then by deal coholization condensation reaction of silicone oi

(b) h ol ar h rm n nd_t he drgl.ysis,,cendensat e of
al koxysi ﬁ%hgﬂﬁé?§$ ?agﬁ§52i%§ @8ﬁ'h§aﬁ@“§8?ﬁy3§?ﬁﬁﬁgﬁﬁﬂ§d%a%@6bgydﬁ8 erably
inth & met hod (C)> One-pot net hod wherein:

Fi rstﬁsgh§§ﬂfﬁe %?%%ﬂ%?wsﬁﬁ&?%@@@bﬁﬁg)1 t he above al koxysil ane nodified
forn1g€b 41s forned by deal coholization condensation reaction of silicone

oi | %AV|ng a silanol group at the termnal with al koxysilane (a) (and
accor di Ng H&relRARS SiHey melifodfdio bﬁ‘du'cﬁrgﬁtr(ébstd»@arlesééﬂhbﬂuﬁéfm' that hragnt
preferably in the absence of water and in the presence of excessive

al koxysidraine vie derddyedbalove, and then as the production process (ii), the
above sil oxane conpound of the present invention is produced by carrying
out hydr ol Ykéessitoadensatiponndeat the nprekehh énwadnitiony cgn oligs as ntHehaboesj dua

al koxysilane (a) (the residual al koxysilane (a) and (c) in the case of

usi ng paedudeacoxgid anealkoysilaneoownpaundraatic rafeingfteo alewestartag taras in the
above al koxysilane nodified form (d) in the presence of water. [0039]

I'n the“ﬁwgiaﬂe i (Avbnt iseferaklyi gnpalkpyysilane icempaums ¢8) s(h@reveaﬁ@fg algte
productj on process to use the above-nmenti oned production nethod (C) of

succe$8iay@doiteds Btkox¥sIACOrR) W?é‘rdeth@h%b%\?cé'ﬂi@@%@ ep (Phastraynmpaterigly.&nd y
carried ou t hout isolati ono t he react in the first

Fer el Rappting i BSHsiort GBI T Potte (riebadssd i boabihitien as
productjon thod) will be rmre specifically mentioned. In the

one- p@traﬁ’e'frﬁg%f’aqt he production process (i) is the first step reaction and

L i B

d b
c()i I) %9 ﬁ%’ H\tﬁﬁsoxym héé?'g) aﬁﬁ%ﬂ o%:sﬁg%ér%(] (?) ccor dltolrrlgﬂ orB ng‘%}é{sg?{'i)
for mnwgm,@ﬂtﬂaq,m {hetgtig\)ymcp gh@m of the termnal silanol group in

silicone oil oxysi | The first step reaction, which is carried

out preferg fsﬁo\ét shieatle assthbl q@tm:,f aWeeﬁWetﬁiﬂﬁﬁm@bomeﬁﬁ)d)Wé?e 8% the
condensati on of the al koxy groups, so it is considered that mhen t he al koxy

gr oup first ste@ededionnsiemo@utihaladilichreroin) aneciikogistans (4-a) ptafemblyp(a),
equi val ent of the silanol 22 group, the al koxysilane nmodified form (d)

exi st sndsaczosding ¢d neeesdityywalkbyysitamef (o} bmncagtddiomebadédgationhiatiedyande i s
considered preferable to carry out the subsequent hydrolysis condensation
of t héhall thexslkgxy gpaumbgeivatent mhithe mboive sallsdryail anelicongubunerr im 1.8)to 200
Therefore, it is one of preferable aspects to carry out said reaction using
3 equiegalivaieds relatioe tedurarayaentsoidghetsiianal dreup igtivagilanaldeinvieat gligone
equi val ent of the silanol group in the silicone oil (b). [0040]
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



[ 0041] In the formula (4), R2, R3 and m have the sane neani ngs as
descri bed above, and R6 may be the sifire or different and each i ndependent |y
represents the above X and/or R4. [0042] In the first step reaction,

if the al koxy group is reacted in ?n amount of Iesslf(han 1.0 equi val ent
lati . '. .

[ 25 AT FEDE oL A REu R hR e B R BN P B EE

bet el T y0ang" 1TEOkTRne ) & ol ot SREINABRS) B o BRUERL FReld 20 A

al kox)é%;hl\%@té,a%)re(f@t%‘?ﬂ b"t%x%@@ 'eﬁpﬁ/a(éﬁts,aﬁ%‘?% g?%ré‘%rétﬂy@?@si%bt édui@él%nlfsgam ed

with the silanol group In the silicone o resufting in a'too h

pol ynehdroHBeLbiaabOIRI €00 8RuRbIdie rdibfivd tost BRuVBRFH: bPthd SIRMONEdD

gelation. Due to this, it is necessary to react the al koxy group in an

amountin tfe dilicorey oi)e @ndyidbeasiorelait iatie, the dikesybyaivarint of tHawosid anol
group. In terns of reaction control, 2.0 or nore equivalents are

pr ef erattdxgsilane compaanhdi tiayn bei alsios 3picefl@fableivalenter prefedbpr ddici 1P t he
hydr ol ysi s condensati on segnent of al koxysilane as a preferable

si | sesguivsients apddngher ptederabheb 40 KOReqrwlpnisseladive torl equisateohof tife 3 or
nore equi val ents, preferably 4 or nore equivalents 23 and further

pr ef eS&BNY Wowp inHieesibepne/el Bnts rel ative to 1 equival ent of the silanol

group. In this regard, the siIses&uioxane segnent in the present

i nvent i on [P BEONAY 0bINa gbews Al@yEHRIFOTRAES [2TBSY, exeradsaieyabove

sl KPRt gy P Bap & poom Y that g Bestois PBYPIGH! BIOREREST PFEE stop
Yrar . O BPR step

uhr o b BUSERL o PSSP kRl PRTIO T LR  or ydrorysrs o

conderr%@%é]on of the al koxy groups. The addition anpunt of water is
about "0. 5 equi val ent to 100 equivalents relative to 1 equivalent of the

al koxy grayipdiant NeeaRGKe NV'GP%M@?)J%@ﬁg?)‘?%@ﬂ?%@@%ﬁﬁ@ﬁé?ﬁ @‘ifhb@' ;

Preferably, water 1s used In a vo et erably

oot sheHory 4 Tags e iy ALl YN SRR Ea BN 0 Vel
step measddx@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 (¢) 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.



It is considered that the reactions (1) to (I11) shown in the

bel ow descri bed occur in the second ep reaction. (1) Hydrolysis
condensati on reaction of the al koxy groups of the residual al koxysilane (a)
(and al koxysilane (c) when used in conbination according to necessity) in

t he syste L rolysis.condensati.on reactiop.of the alk roups of
the a koxyRiadionaiipRat hg RHERIEYR el FRHE Frect B MRl fon° ana
t he al i : L) - ed. | ' i
accor dr i MRS e PREih B IS ARRe Y SBRURESd BB BRI ot oups
of th |, k¢ k| £ r P tad Neskd W St icShi egction
and h)?%‘?%(ﬁ@%%{gécop errr%g%'lttiﬁs&écjnﬁ Bteh%%rgﬁé%%s?ﬁl ane é(sg,) %ﬁ%ﬁ%ﬁkgngﬁuﬁn@c(p)
when  y$esln iaorefirBbRadiioRBnacemsiung dfah8 eeessittimertioaduced in the reaction
of the above (1). In the second step reaction, the above reactions

si mul f@g@Emusly occur in conbination, so formation of the above hydrolysis
condensati on segnent, preferably silsesqui oxane segnent, and al so

condensat ide wdthotl hfer givedaciag| theoreacsieg nienttidmad nyro24-t¢dreaiaing sidmeara | (b)
are carried out at a same tinme. [0044] The bl ock-type sil oxane
conpowndpsfundhe theesreaeni mventiooingindidgdbd aboveugiinete mettexd stedgrabbact i on
and the second step reaction described above is excellent in transparency,
and a goesdaraghythe predywdion proaessaesiavt Shivesiollowmaudiang! (i is excellent in
transparency and | ow el astic nodul us propertjes. [0045] The production
of t h&rpfeelian prreess| bx aneressp RN A akpvadieneenpdiiet feral (Cér%p of
the present i.nvention can be carrjed out without a catalyst ut using no
cat af ROl PHERy DOGRFaPTLOT HIEnCEIEN SbgnasST 4B) 1and $REr ahGtem) o n
terns qf reduction i,n reaction ti.ne.to r ut in the presence of a

cat al FRORIHR PRSI E AHOHECRINR oo el P Hiconeo i dertal doemaT s nows
aci di basi GlLL:V.. .the acidic catalyst include inorganic

aci ds%%@%ssa@ %é’gélocﬁq%ﬁggegz?eg{t)’sul furic acid and nitric acid and organic
aci ds ] [ [ ' i; ' LA as for
excarp 00 RIS (PE f pr st d BENAaE MyRRitele BPiEnsauf e dumeRtor T
hydr ox] . et rhdl i g . . i de,

o el T o Lo RSP

sodi urg|isalr gERHSC R BenatliengRlamotrasgifim faydr Rgeang ahboasd s dlktRdomie bases
such as ammoni a, and organic bases such as triethylam ne,

di et hyloefiunidain the, proséndey bawate, (fefhimiohyprageswef hanalrolysisicindensatwr ne and
tetramet hyl amoni um hydroxi de can be used. Anong them i norganic bases are
pr ef ersehhesrdiod afkxysitaniedr | y sodi um hydr oxi de and pot assi um hydroxi de are
preferable, in terns of easiness of renoving a catalyst froma product. The
addi t ilothapoactctioh prheessssalyand (i3, theuskciios 0GY he carrEw oyt insingirdand
preferably 0.01 to 5% by weight relative to the total by weight of the

al koxyasi lpaa@s(going Hirrugl secamscteSs. may be used in conbination according to

necessity) in the reaction system Further, said addition anount may be
about 0. 01ntasiditigyn weMgheases, the reactions of the above production processes {i)

and (ii) may be carried out in one process, where the silanol-terminal silicone oil (b)
and the above alkoxysilane compound are reacted by such a method as sequentially
adding water dropwise. Further, when silsesquioxane having 2 or more alkoxy
substituents alternatively synthesized therefrom instead of the above alkoxysilane is
used in (i), the siloxane compound of the present invention can be obtained only in
the production process (i).
[0038]

Preferable production methods include, specifically, the following three kind

production methods including the above optimum method.



As for the nethod of adding the cata%¥st, the catalyst is directly added or
used di ssolved in a soluble sol vent the like. Above all, it is
preferable to add the 25 catalyst in the state of being predissolved in an
al cohol such as net hanol, ethanol, propanol and butanol. In this case, its
add|t| cﬁiﬁ%ﬂrﬂg a\golutlon using water or the |ike pronotes unil ateral
conden R5on o s u(ygllane (a) (according to necessity, alkoxysilane (c)
used Wﬂ%ﬂﬁﬁi éﬂp) as descri bed above, whereby there is a possibility

t hat e produce Si | sesqui oxane oligomer and silicone oil (b) are

i nconpat i @u‘%tl?”gsWﬂetrﬁOHHé%rﬂpr&&QQG(]l a procE8 M@Qﬂéﬁ:h@%nofa!kbﬂgseifaﬂ%c“ ve

functional group-containing siloxane co ound of the present Invention can
be camacﬁ@b@mrmd)h%br@d bt 18y debienblizdtidnastfiden@Btion feddtionl FGsilRRse bl e to
add a solvent in the mddle of the production process. The solvent is

pr ef ebiliby havisgl & sitdnottdrobp ditgselteesinal Witk yakdaniafa)a) &rld aotrdigl to( b)
(according to necessity, al koxysilane (c) can be used in conbination) and
al koxyscessity, mndakbrysifoenic] djay Sechserl socueminatem) der exathifplationect tye, f or
exanpl e, aprotic polar solvents such as di nethylforman de,

di net kificapeod4eindieabioclkexysidaper of uran, ketones such as nmethyl et hyl

ket one, nethylisobutyl ketone and c clopentanone esters such as ethyl

acet ate, Bbpeqdestintas thetmoduetion saio@ea%l %pbfeglyrtymimaae@orrmww S

such a t hanol , .et hanol ropanol and, putanol, hydrocarpbons such as
hexané’? gchEﬂWSHBV@@t&méﬁg'ﬁ pEh&licang sRETENk dusygily; hePiseeaiest

i nventio on, | ref abI in an. al coho nor e eferably in
ot nany CaREAMS: eern R ahedRedliod Sos o TowTal; QZSf} A& o

the ¢ B §%§%%"%§*°b S@@Z%Eyofﬁ@%fﬁi 8 Ay ggas gsdéﬁzqsqf?% DSeqmogs
amunie Gloipn? RAIBLPRTHS BENELRLE of SBHLEA Ak anewgfgg@t 100

parts o atcordi o nece55| can be
used i [ i fdhcn ( epends
on thg@g%&ﬂﬁ@?@ﬁgﬁ&%ﬂ%ﬂgné { ﬁsgg??ym ggm%% pré?gggb y 4 thJ%ngC and
par ti eghashyatRieicicBsh Yof 3Re ek oub8 zHQHétdﬂ%kys%‘ﬁe neRGfie®forkh (@ bF

usually 1 to 40 hours and prefera Iy 5 to 30 hours, respectively i'n each

pr oduetiicone pilasngined iR 04 prodfuctibn peordLt (ijosr, af tHeheageeatideKistoh s of Bleal yst
is renoved by neutralization and/or 26 water washing, according to
necesabbye dlkoxtyedanasmnabowat, ethevalkbkyngroups iis huteftecadbevd allkattgsitarol vent
whi ch can be separated from water, depending on the kind of solvent.

Pr ef enadyliked Girveftt) sndahe b oeratibiyiilate bypmpoondexatinpl peresdsteonfesatench as

met hyl ethyl ketone, nethylisobutyl ketone and cycl opent anone, esters such
as etH%Voéwﬁﬁmk@eﬂbmi@ﬂ>acetate ethyl lactate and isopropyl butanoate,
hydrocarbons such as hexane, cycl ohexane, toluene and xyl ene, and the |ike.
[ 0048A method whernipr esent reaction, the catal yst may be rennved only by
wat er washj.n but the reacglon i s carried out under eith ?CIdIC or basic

condi tion E&Bg'i Y, i& RiOEFEs abl eOPWz&‘?'“Qh@y\%@’é?'s\/\égﬂij%@sﬁt‘é e r@' gwsdaneaf t er

tral t that th t | b bed ‘bent ,and th
That DRy Y sduiState ) Bl BlkoRy utons Vet Mk iRl is Bl pent o

and nobt PRavl Mgﬁ‘*?ﬂs%ﬁ%%ﬁ FEREbA%R 4 Bty 88 PERBALANE 1D B ie&[iyé‘?
vaishi RGoE RO RENeely i AERYERrRY (@ e Lk PP P LERRR PEPle 856 D1 o ng

aci di ty,tgf basicity can be used. Exanpl es of conpounds shomnng acidity
i ncl ude 1 norganic acidi c conpounds such as hydrochloric acid, sulfuric

acid, nitrgghasdisbntRhapehapbée %io‘iaﬁédc@%buﬁadbmfﬁ'é O@e@@hpsmten %4
organi c acids such as formc acid, acetic acid and oxalic acid

addi t pesducedi borcaxanplas of prefpaindsotion di\‘gtrtz;awdrdlymslmﬁemate bases
such as; alkalr netal hydroxides such as sodi um hydroxi de, potassium
hydr oxildeysilartehi prefdrpdiyogilsgainkacesfa) mspytthesizedetheabbkada, mahdltheartponat es
such as sodi um carbonate, potassium carbonate, sodi um hydrogen carbonate
and pdeakwholzaticr cywlensatipo naaeionaeicsiixaiecoip i dstvings sdantl gisupiad dud um
hydr ogenphosphat e, trisodi um phosphate, pol yphosphoric acid and sodi um
tri pofl:l aglmﬂtine ldrelygisriandease @f@dkpwﬂarnweéerabwlsefsﬁwaﬁxw (e),

di et hyl enetri am ne, n-butyl am ne, di nethyl am noethanol, triethanol am ne,
tetramet hyl amoni um hydroxi de and the |i ke can be used. Anong t hem

i norgani ¢ base or inorganic acid conpounds are preferable in terns of
easi ness of renoving froman intended product, and further



27 preferable are phosphates such aszgodiun1dihydrogenphosphate or the
above basi c phosphates all owi ng easy“adj ustnent of pH near to neutral.
[ 0049] The absorbent can be exenplified by activated earth, activated
carbon, zeolite, inorganic organic synthetic absorbents, ion-exchange

resin i oyl her eof include products bel ow.
The a&%il&\ﬂig%é;gbé{éé'f%re?ér}gpﬁgggﬁé ?g?gmﬁé%&product s from Toshin Chem cal s
Co., Segudrdd vatiRs gasth (SA35, SAL, T, R 15, or E) or N kkanite (G 36,
G 153 or G 168), products from M zusawa | ndustrial Chem cals, Ltd.: Galleon
Ear t h (e-poemictfsPRhiMdifhe superscript RTMrepresents registered trademark,
as is the sane hereinafter), and the I|ike. The activated carbon

i ncl udes, Figtlyexatmd grodpeisty pictelt 9N thiel dERVetkdiyRRaie alowFidedforml (@Iﬁéis‘ CL- H,
Y-10S or Y-10SF, products from Futanura Chem cal Co., Ltd.: S, Y, FC, DP,
SA100Gornded By dealcdolicaild0 BRhdeMkRidARcactiGiVbB BMiconabilt (td Havikey a silanolThe
zeolite includes, for exanple, products from Uni on Showa K K. : nol ecul ar

si eve gBAP 44, tBa tarmdeX, withd alkoxykildee (a) (artheacopndihgt ix mdasshgntan

i ncludes, for exanple, products from Kyowa Chem cal I|ndustry Co., Ltd.:

Ky owa edéRYMlaso(c) 2 osedoocompimatisob pregembly pothe1adeenaadf 2606y apd suther s from
Rohm and Haas Conpany: Anberlyst RTM 15JWET, 15DRY, 16WET, 31 WET, A21,

Amber IPres8eee PR&1OBSFNYe alkoxysimmccregpibekaboys cendpiheaurs $he msadeehion

e PTG S o A B Rl
QU . | t g filtrati

'n %ﬁ?‘ﬁ?k@?@@ﬁ&&%ﬁ%?'Bﬁa?f???%ﬁiﬁy RSl akeaY SFRUPRIR P CSPUR! means
J T A T
t:ar ri %‘ﬂ(&?&iléﬂé’@ iR EohbirkRiR! él"?:to‘r(ﬂpg% n%c@%#@'a‘nb%nttﬁ@ra%{/e aﬂ%&ygi%]

n the case o action using a wat&ér-m xa Sol'vent as a reactron

sol vemkodifidd kmPIBTisiRPhRdePBE drwt¥at er - m xabl e reaction solvent is
removed fromthe systemby distillation or concentration under vacuum after

neutradpaxti on, and then water and a solvent which can be separated from
water is added to the reaction systemto dissolve an intended reaction
product, whdheagfressntwatentiovgshisgrdferabas in estniubf sh@®@8@hg the production

process to use the above-mentioned production method (C) of successive one-pot
reaction where the second step reaction is directly carried out without isolation of the
reactant in the first step.

Hereinafter, the production method (C) (the above 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 modification 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



After water washing, by renoving the sol vent used above by concentration
under vacuum or the |ike, a reactive?functional gr oup- cont ai ni ng sil oxane
conmpound of the present invention can be obtained. [0053] The sil oxane
conmpound of the present invention is usually colorless and transparent in
appear ance

conpo s R Ayt moRfsntol WPkl By ERErasbounBiud RRLE,
react ke [gned, @%re?ﬂ/otfp COLERIAY BLAGKHEY RS éér‘jx&’te 1RO AR ent

conprrses a ‘chain silicon SCri bed

above.n BESGE Bh¥eRARA & b ld16a8 @@ﬁg%%rr&mﬁm%%&ya plsHARBIoF)

(wherern ave t he sanme nings as in the above tormul a and

a sil 3gpaufRranee SRITEIHe beprr@e%ﬁredaépéc(d?%lc@w 2p i shhRIRtBR xfg@ng g the

same as in the above fornula (4) and nx represents 2 to 20 as an average
val ueecas/afertonst 200 bganleifidf taBdalRbxy epslp eBkitied tbhe ajuietssudormne
segnents have at | east one reactive functional group having an epoxy group.
I n t heilandisgsquiimgansilisagmeith). as for the nunber of the reactive functional
group havi ng an epoxy group represented by X fromthe above al koxysil ane
(a) rd40@40lve to one silicon atomin the sil sesqui oxane segnent, a ratio of
0.3to 1 is preferable, further aratio of 0.45 to 1 is nore preferable,

and a ratlo dﬁa 0.6 to 1R35 partycul aRky preferable, on average. In

addi tion, for the up repré‘sent d by R4 fromthe above al koxysil ane
(c) rel atrve to ane |I|con ato he si.l sesqui oxane segnent, a ratio of
0 to YR T5 gHeré?aplle, S urtnés io obk@to Oéﬁis nore preferable,
29 and a ratlo of 0 t\i OI 4is p t|c larly preferable, on average. [0054]
The pref er ablsgs nol ecul\arg vver ght omt s| | oxane conpound of the present
invention is,” & a wei ght average nol’eCul ar wei ght neasured by GPC, about

500 t? 8% 000 nore preferably about 800 to 20,000, further preferably
about 9 30 to 10,000 and particul arl referably about 1,500 to 6,000. If
p y p y

the wei ght axerage aaleqyl 3 A Bhhate t1PSa BnobREE dsSdsPBREI sl Y L hat

t he heat resrstance i's”reduce I's too h viscosity

incre 8 Skgtﬂ?eaééﬁrélor%ff?é‘r%hﬁaﬁ@ e‘é@h lfﬁ’dfhlde‘nrd%ntty repreEBﬁtsV’tﬂegiﬂiové\b@r age

nol ecul ar I's a weight average nol ecul'ar weight in ternms of
pol ystaﬁoe@eRgeasured usi ng GPC (Gel Perneation Chromat ography) under the
bel ow descri bed conditions. Conditions for GPC. Manufacturer: Shinmadzu
Cor porjgp4gn; Col um: Guard col um, SHODEX GPC LF-G LF-804 (three colums);
Gowrate: 1.0 m/mn.

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 resulting 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



Col um tenperature: 40C, Sol vent used. THF (tetrahydrofuran); Detector: R
(differential refractive detector). 055] The epoxy equi val ent of the
si | oxane compound of the present invention (nmeasured in the nethod as
described in JIS K-7236) is preferably 300 to 1,600 g¢/eq, nDre preferably

400 t%ﬂé %Pleg ?@fe?m r{'n%”eaééé%vgl (F:{?Q{) ‘ﬁ?q 5 u@g% ?qh sjtil%HSi epoxy

equi v 06 “LraY he " cur SConES efe is a
possi biLity of less propertles of IOM/eIastlc nodul us, and |f |t is too
| ar ge, Chani cal properties of the cured product are deteriorated. [0056]

The vi SCOSIhttMs%géibe 15 SRR GRMRBEY &t ih ke @F@s’%@ﬂ‘in\}éﬁh@ﬂtmﬁﬁ b(e"@ﬂﬁur ed
by an E-type visconeter at 25C) 1s usually about 50 to

pr ef eppdaLcaReiigehefhlt lBdder- ialfy rihgréfaicdoeaien )brabmdonQ do

10, 000 nPa s atr?d nost 30 ‘S’?@f @bl?abgutﬂ%o tOQSO%%i nPa s. %

addi t iseidctures sameit asessidéredite banusugly ef mibabieythedébft o 10, 000 nPa s and
particularly it is further preferably 800 to 5 000 nPa s. [0057] The
rati o[0O043]ative to the total silicon atons, of the silicon atom bonding to
three oxygens belonging to the hydrolysis condensatlon segnent of

al koxysi | afifesr qanepletianiof the fist stemraskianethsesprond step reaetian (wrduetiatonpound
of the present invention may be about 5 to 95% by nol while it is

pr ef ePE@TEES5(iDbisoasied fel Whete avaieeiecdiryd t9 the mewdiny liamid asqit is for

parti preferably 10 to 25% by nol for sealing optical sem conductor

el F_rre%‘[ylg%r;f%% CPQQ?T$§‘Q:H§ thﬁﬁ”ﬁ”‘dfgrﬁH@Sm li con atom bel onging to the chain
Z'ﬁst?BEdS‘iﬁ% Sedien Aqled o L 58l ad0s h B R f’oniﬁ%?%?yaﬁ%glt_%a%”%d of
of theSs) PigbeEt %%%E%ﬁhﬁ%ﬁj FglBiih e oai)yg% ARRhRIBEF By Be 3 o

S11 Se3all AR CPRRaf, FLRY E%003 TRl & AIBRENSF AR PHioCT00mhe chain

silicone segnent ap Bb nich, resul en using a

Comow%réag a%oﬁ%’ﬁ%@'sehrﬁ@@t% FRERARIA b%u@'@ leagvéc%ts@éry Br f r%%@g oduct

of said resih conposition tends to be too so ngtoaco cern of

sur f ag@nbBRKARASST l‘P‘tBQe§i@U§F sihegy gtdug éftéi‘sccﬁﬁﬁétiéﬁ%f e firek st v@action.
characteristics of the silsesqul oxane segment appear too nuch, resulting in

that when |URi dthsiserad cRaPBBEBhclicis (N Gy shdven refiebglowrsickibed odeser i bed
| ater, a cured product of said resin conposition is so hard that the |ow

el ast iis thodedars pieppentiies are reduced | eading to a tendency of worse
results of heat cycle test. The sil oxane conpound of the present

i nvention {5 cHadedyssicedennatidratreactidraof dhe ralkoxysidrogenef sbgnesiduahd a
hydrol ysi s condensation segment of the above al koxysil ane (preferably

si | sesqui oxl&nxysileged@) Yaad alesysildrml (@bghen asedtinagonipipatien Lecosiygint has
a reactive functional group having an epoxy group, and in particular it is
al so a si glﬁWQ%’éMlmcthﬁrSé{ét%ﬂi stic that the sil oxane corrpound of the present

invention w.th her ratio of the chain si|icone seg is sujtable for
opti cal se@rDcoﬁ%(ﬂf?gfﬁ'ss%qeﬁéa“%m@'&ﬁﬂféhe §g<oefé§6?‘|1%ﬁ t’é‘S(ﬂ“éOthsﬂ@’? atio

of the 31modiﬂed form (d) obtained in the first step reaction and the alkoxysilane (a)

(and alkoxysilane {c) when used in combination according to necessity).

(1)  Condensation reaction of the alkoxy groups of the alkoxysilane modified

form (d) obtained in the first step reaction and hydrolysis condensates of the

alkoxysilane (a) (and alkoxysilane (c) when used in combination according to

necessity) produced in the reaction of the above (l).

In the second step reaction, the above reactions simultaneously occur in
combination, so formation of the above hydrolysis condensation segment, preferably

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



silicon atom bel onging to the hydrol %/il S condensation segnent of the above
al koxysil ane (preferably silsesqui oxahe segnent) relative to the total
silicon atons in the siloxane conpound of the present inventionis 5 to 50%
by nol, the ratio of the silicon atom belonging to the chain silicone

segment Eﬁiaéﬁebﬁégf%’gb%’aﬁﬂ@b oul Pt addjt] ffe @ pr eferable ratio of the silicon

at om bel ongi ng arn silicone segnent is 70 to 92% by nol and
furthzgoﬂeferable is 75 to 90% by nol . The ratio of the silicon atom
inth twd segnents in the siloxane conpound of the present invention may

be cal cul atrdplocRypd8iaeHd EOMpbahi OfAhe HreSMTBIER TG pRIdUERR thRRSO
determ ned by 1H , 29Si NMR, "elenental analysis and the |ike of an

obt ai miesl figdt| pEpreaciurPatt dhofsetbbrd pias esdctionvesddrived 48RSk excelledh®
si | oxane conpound of the present invention is summarized as descri bed

bel owtrangparefcyeartd \ae clitett thicdyabbgired-firoont ai reising contpmsitive asmgputnéd whi ch
is a block-type siloxane oligonmer having a chain silicone segnent and a

hy dr olexséerd dimtfeanspaicony segriewtelastia mod dus@irOpattiesxysi | ane havi ng a group
selected fromthe group consisting of a reactive functional group having an
epoxy [@04Up, a nmethyl group and a phenyl group, and at |east one of the
hydr ol ysi s_condensati on segnents being a segnent containing at |east one

reactive fURctRTEAEFIYT Rip tfﬁ%vb!ﬁgk-érpeegﬂwaae oGpmpopnd) haniadr @adeagitve

i o gL AR O B g AR SRR RS S B B et
a1 oV 68 BRARNlead o RIY b e Terb ok rloliBRE R TR AT g i haTor -
T4 ca  SROUHSRERE R Mg b a8 SR ORCP B g Or . Eaisfedy Dancttafl 1, *°
o oupael cant beHaa TR ARy R Bad R Tong e A hS%E,a6RRY I B T R

;3;2 gE@JéaIﬁYdleQrd?Ltﬁe NeydiE Tthig st I ARIL RbrgaRBBaddd slbh Sas? i @rofBdric34cian
sulfuric acid and nitric acid and organic acids such as formic acid, acetic acid and
oxalic acid. In addition, as for examples of the basic catalyst, 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, inorganic bases
such as ammonia, and organic bases such as triethylamine, 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 (¢) 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 fo add the



(iv) The reactive functional group- cgpt ai ni ng sil oxane conpound accordi ng
to any one of the above (i) to (iii)*’wherein R3 is a methyl group. [0059]
(v) The reactive functional group-containing siloxane conpound according to
any one of the above (i) to (iv), wherein the reactive functional group

havi n%a?&{f)ésggﬁy’{% gs(rt:é’t%r’of' t?qg@g pgégi}égol%(? hit rﬁaé{licgﬂgll%%c?b%% %Z(%tggﬂoﬁte?f@nol,

substitu oa roup havi nél 5°t0 ons havi ng ‘an

. aroup° having'5*to"8 T bon "ar ot
CompobPatl arihtalde 10 cip! IREUURRohi SRuEpl, FORRE, Sing KRS

tri (ChrGHR) akkopmhoaBeuRmbRg Sortdeniatiss! 6F takbysAahé h@)g{é&ﬂé@r&ﬁ Sfesti ng
of a reactive functional group having an epoxy group, a nethyl group and a

phenynegessity, iatkdxyki{drle @ Qsaldkiaxysnbiaatomaas B8s@ibatl Kybverotdredl; thefeo 3
carbon atons substituted by a cycloal kyl group of 5 to 8 carbon atons

havi nés anpessikjitygtimipghe rodured retisesquitkanes foligotieprald ghioupe cin{iai aieng

si | oxane conpound according to the above (vi), wherein the

tri ( Cincongatitherpdivhiteetunbidi ng an al kyl group of 1 to 3 carbon atons
substituted by a cycloal kyl group of 5 to 8 carbon atons having an epoxy
group [#@48let a- (3, 4 epoxycycl ohexyl )ethyl tri nethoxysilane. (viii) The
reactive functional group-containjng siloxane conmpound according to any one
of the abov¥ pioducton i ithe repetive; Wnehenal grogr-contyiaingokipganarenmrarngg a

. | co . ; ional gl

L R ST B R T
ri - . )

group%g%dp%?ﬁ'%'ét-g APR f&‘éff?ﬁﬁe”wg‘ﬁ? ﬁé?&e QFW?'QQI%gP% fr Fﬁléfe@tr ogp Y
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the group consisti'ng o net Nyl “group and a phenyl” group i's _
phenykdiv (@t N&EH 4 38BReRl cAF bRYd:idrhaRiduoxy 3bht é%glregix%%&ihgp@gg%!v\éﬁts

functional "group-containing siloxane conpound acc

such as dimethylformamide, dimethylacetoamide and tetrahydrofuran, ketones such
as methyl ethyl ketone, methylisobutylketone and cyclopentanone, esters such as
ethyl acetate, butyl acetate, ethy! lactate and isopropy! 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 or/and 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 o necessity, alkoxysilane {c) can be used in combination)
and silicone oil (b). The reaction temperature depends on the catalyst 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 neutralization and/or



33 one of the above (i) to (ix), wherein the weight average nol ecul ar

wei ght measured by GPC is 500 to 20,000. [0060] (xi) The reactive

functi onal group-containing siloxane conpound according to any one of the
above (i) to (x), which is obtained by, as a first step reaction, reacting

roooer oy TR S §§“@§8%09§%023Fr" SRBhed e R 89081 s fidabe, ()
Lhe ARl diidNATLy LeRBucash aba%rora%t@@g@géﬁ RS #nd b 2gbi chai n

branched or cyclic a aving 1 to 1 atons, an aryl group

havi ngpr@fetr@mé%omarnb@aa@b@@eﬂﬂzmm@dqiykﬁmexa%mépkétaﬁé@guaw 59 M&hgpsRon
atons, and mrepresents 2 to 2000 as an average value) wth an al koxysil ane

conpokatbrieamdtepiesentiesioby ahbdeysrpenaindre), sulets 6ldh a%@ttﬁ@ﬁ%b&té)bdwher ein,

X represents a reactive functional group having an epoxy group, and

r epr esentaie amstiat kidctaje oapd hisgpropyt thutdloater Honredcarte)s i sudthessr amgané,hat t he
al koxy group equival ent of the al koxysilane conpound is 1.5 to 200

equi valyelnhexars, doiveaetandixydens aaldethe libe. t he sil anol group of the
silanol-termnal silicone oil (b) for condensation, and then by, as a
secondd@p reaction, adding water to the resulting reaction liquid for

hydr ol ysi s condensati on of the residual al koxy graou [0063] (xii) The
reactive M8 PEsENt bﬁwﬁﬂcm%ﬂtwyﬁbmWIW&ﬁ@V@é‘rﬁfwgd watebwaphigot but he

o0V s IS S LRI ALPLaE O SOt e St IEmsiL et B, OO

repr e?ﬁer‘%vaqerb%ash:ng is carried out after neutralization or that the catalyst is absorbed

using anh absorbent and then the absorbent is removed by filtration. In 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

iike 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



34 the general formula (2) is 300 to 30,000. (xiii) The reactive
functional group-containing siloxane %onpound according to the above (xi)
or (xii), wherein the equivalent of the al koxy group in the al koxysil ane
conmpound (a) represented by the general fornmula (1) is 2 to 100 equival ents

iy ?El@)ﬁ%@%ﬁf"?*%@%%ﬁm?éﬁ Fes hrgh B A AR RB AR EE A 3 2PhFR GBI oxane
conpouyg ﬁ&%@%u@%.ﬁ ea@'agtré(?%r)u%eam h8af ﬂaé%trmmre' n the

si |l anol - rmna resented Dy the general fornula (2) is
Ssi | angd)m; rm nal di rret hyI silicone oil or silanol-term nal nethyl phenyl
silic i1. (xv) The reactive functional group-containing siloxane

conpound anesBédHEehOcAN e AX@nRflifiEdiby é&uv(az@d/éartw\h@dtwbd berpdhkoxyie! ane
conpound (a) represented by the general fornula (1)

bet a- ghoyrghAiRxyefdnyd gynth@ﬁmgby@bbafseaorb@k@hamge:ne@wm@ Iftyé fike, efriospesdificane,
ganna-glycidoxypropyltrinethoxysiIane,ganna-glycidoxypropyltriethoxysiIane,
bet a- €amdeoiheryal inblexty|pretints beiovet hoxysi | aneor

bet a- (3, 4- epoxycycl ohexyl )et hyl tri et hoxysilane. [0064] (xvi) The reactive
functi onalT@@@tbeEzaﬁtimiin@Jcms doraarsroplapputdictscicomdi oshin Ehanjicalaof t he
above ii) (x), which is obtained by, as a first stég reaction, reacting

si | an@dtéﬁﬁwa’caﬂ earthi (S48, §A1. ThR-A BppeEkat Mikkeyite (G-3rferd3 eoPmas), (2)

products from Mizusawa Industrial Chemicals, Ltd.: Galleon Earth or Mizuka-AceR™
(the superscript RTM represents registered trademark, as is the same hereinafter),
and the like.

The activated carbon includes, for example, products from Ajinomoto
Fine-Techno Co., Inc.: CL-H, Y-108 or Y-10SF, products from Futamura Chemical
Co,, Ltd.: 8, Y, FC, DP, SA1000, K, A, KA, M, CW130BR, CW130AR or GM130A,
and the like.

The zeolite includes, for example, products from Union Showa K.K.: molecular
sieve 3A, 4A, 5A or 13X, and the like.

The synthetic absorbent includes, for example, products from Kyowa Chemicall
Industry Co., Ltd.: Kyowardo®™ 100, 200, 300, 400, 500, 600, 700, 1000 and 2000,
products from Rohm and Haas Company: AmberlystR™ 15JWET, 15DRY, 16WET,
31WET, A21, AmberliteR™ [RA400JCI, IRA403BLCI and IRA404JCI, products from
Dow Chemical Company: DowexR™ 66, HCR-S, HCR-W2 or MAC-3, and the like.
[0050]

After completion of reaction or after neutralization, purification can be carried
out by means of water washing, filtration and in addition, separation-purification
commonly used. The purification means includes, for example, column
chromatography, concentration under vacuum, distillation, extraction and the like.
These purification means may be carried out alone or in combination of a plurality

thereof.



[0065] R3 Si OH(2) R3M [0066] (wherein, plural existing R3 may be the sane
or different fromeach other and eacﬁSrepresents a straight chain, branched
or cyclic alkyl group having 1 to 10 carbon atons, an aryl group having 6
to 14 carbon atonms or an al kenyl group having 2 to 10 carbon atons, and m
repreiﬁggﬁ 2 to 200 as an average value) 35 with both an al koxysil ane
conpo a) represented by the general forrmula (1): XSi (0R2)3(1) (wherein,

X represe%%h@cfﬂggl%tfiré!&ufomfésﬁ@galiatt%wgamgoﬁ%rﬂ%s% ctigh b4k ot R2

represents an a group havi carbon atons) and an al Koxysi |l ane

COWDOE):}‘ne(“éBIertﬁBf BRE YRE-Rx e §&R{rﬁlsoifv@hf“r§h?erhl§\)éd R (tQBﬁQy%&% by

& ré
(wher R4 represents a nethyl group or a phenyl group, an may be the

same Qfistithtib e optontenatdh LAdéheadrne after hettmdlizatibh) apadheactatendaaendent |y
represents an al kyl group having 1 to 10 carbon atons) in the range that

the t gbaleneauihichl @i tef sbparatddkdrymonowd isnadded abkibeysidction swpoutids (a)
and (c) is 1.5 to 200 equivalents relative to 1 equivalent of the silanol
gr oup digsdhreeasiintandéd teaationgirodutt, obeecafidr wakpr ivashimgnderasddd ont. and t hen
by, as a second step reaction, adding water to the obtained reaction |iquid
for hyddd?lysis condensation of the residual al koxy group. (xvii) The
reactive functional group-containing siloxane conpound according to the
above (xviAfterwatesi washiagsiblyarasnoyieg nihaasoléent ees@ abiove(y coageakatinied by

the general fornmula (2) is the silicone oil according to the above (xii) or
(Xi V)g_under vacuum or thg i?ke, a reactive functional group-containingg sifoxane compourgﬁ( )

of the present invention can be obtained.
[0053]

The siloxane compound of the present invention is usually colorless and
transparent in appearance and a liquid having flowability at 25°C.

The siloxane compound of the present invention obtained by the above reaction
is a reactive functional group-containing block-type siloxane compound characterized
in that it comprises a chain silicone segment as described above, preferably a chain
silicone segment represented by -(Si(R3)20)m- (wherein, Rs and m have the same
meanings as in the above formula (2)), and a silsesquioxane segment represented by
{ReSi03/2)nx (wherein, Rs is the same as in the above formula (4) and nx represents
2 to 20 as an average value) as a constitutional unit and at least one of the
silsesquioxane segments have at least one reactive functional group having an epoxy
group.

In the silsesquioxane segment, as for the number of the reactive functional
group having an epoxy group represented by X from the above alkoxysilane (a)
relative to one silicon atom in the siisesquioxane segment, a ratio of 0.3 to 1 is
preferable, further a ratio of 0.45 to 1 is more preferable, and a ratio of 0.6 to 1 is
particularly preferable, on average. In addition, as for the group represented by Rq
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,



(xviii) The reactive functional groug-containing si | oxane conpound
according to the above (xvi) or (xvi %, wherei n the al koxysil ane conpound
(a) represented by the general formula (1) is the conpound according to the
above (xv). (xix) The reactive functional group-containing siloxane
compound _accor di any .one of the above (xvj) to (xviii), wherein the
aIkox?gsﬁ%ﬁ@%égéggU%g'?8%“@ %F@&Eﬁ%ﬁaggyo ﬁgeig%%ral formula (3) is
nethykédé t hoxysi |l ane or phenyltrinmethoxysilane. [0067] Next, the curable
resin coﬁggsition of the present invention will be expl ai ned. The

si | oxane coupAyd MHie LRBIRY %biﬁ&?vﬁniﬂeoﬁil eb%ngﬁgm@SoPtﬁ@O”@‘étQﬁfgtt for a

curabl e resin conposition. rei ter, the siloxan onpound

Pr esefydnivhng,| & aiweibRf 8Vér8deRoReulas Imbé?g\we'é@@mwap@, ModtBpopesent
invention” or sinply "siloxane conpound (A)" in explanation of said curable
resi n 2000IR Sinbtd hrefetablipi 8bod680@Se, 20 /0005 ifLaKen @refergyngbdud) 1,009 fe t he
reactive functional group-containing siloxane conpound according to any one
of t hd 0y angi patticulaxiyx predachbiynabodest , 500 toodidi00at iloiise wreibhs avdragd oxane
conpound. The curable resin conposition of the present invention

cont aindecdier vicightanéox bwpdberd 64 possibitity ek fenheahresigtanre wsrealicepoxy
resin coannent and further contains a curing agent (B). In addition,

accor @nddr i s ieedugki the visqosimynaragsereeausing Aerman effeets @pweykadldyn ot her
than the sil oxane conpound (A) or/and a curing accel erator é%%. Sai d ot her
epoxy resiMecHeiPY aEage ine§ebianaveight Ji enwsiahicavesngR NAsEUBRVYEBhert i es

of the siloxane conpound (A) of the present inventjon, for exanple, the
prope?Mi""@s s rE’l’f’rrrESyp !ffeﬂﬁen”\?%éaf% &S a?l':g(?re(gﬂ c%ﬁ%@%‘?’t{qrbn,
specifi,cally transparen heat resistance .l.ight fastness, |low elastic
ngdul rB?E%%Q?ngfﬁﬁ&ﬁ%%8QGF§Wﬁ@F8?E$£FOW@hgﬁﬁckiness properties, heat
CyC|eC&§§@§%§Q§FS;i rdness and the |like are not lost. In sone cases, said

ot her "€ roves physical properties of cured products of the

cur ab'hﬁaﬂﬁﬁ&t@{&‘.’@Hﬂﬁ%&%@@orr{%@%iﬁ@ti o of the siloxane conpound (A) of the

present invention relative € whol e epoxy resin conmponent is 20 to 100%

by weiceiimnP Gfafd 8Bl SHODEIRUFY | ¥RGAIE.88A Ghnet bR ST erabl y 50 to
100% by wei ght and 1t nay be 60 to 100% by weight or 70 to 100% by wei ght

and almewdaid.of 4eQ% iy wei ght, depending on the use aspect. When used
in conbination, the ratio of the siloxane conpound of the present invention

in th@m@mlnqeﬁms(tur@sdmc@f the sil oxane conpound (A) of the present
i nvention together with another epoxy resin is preferably 20 to 90% by

wei ghtScwvehipseti THiFa(tétyalpraederaddl y 30 to 90% by wei ght. Further, in
the curable resin conposition of the present invention, the ratio of the

si | ox drsectonpufuiffgraptiafrefraetivir égtestor).nvent i on al one or the whol e epoxy
resin of the siloxane conpound (A) of the present invention together with
anot hé®0%floxy resin is about 30 to 90% by weight, nore preferably 40 to 90%

by wei ght and preferably about 50 to 90% by weight relative to the whole
sai d conpolig iehexyaegeivalentiaf #e 1sHords HPNMROWHE ddnthepPess@ibinyealiut 50

7 Sotsehed o RO AS TR oo EFEE o 5o =
015t T RO PSR o OTBRA oo B BHEARE) e 0o
nuct ealoin WAIOHERLeHPL SANCHR. Blicl QIRLLF LEROXLSI 63 g A4 GYGLIE £POXY

resins, ¢ ¢ epoxy resins; gl _ er-type epoxy resins,
PhenoPtes A & e BRENIGe Sl eln SRl Hod i S 118 (60 B MREFRRIEE )
properties of the cured product are deteriorated.
[0056]
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



The pol yphenol conpound used in the above pol yfunctional epoxy resin can
i ncl ude bi sphenol A, bisphenol F, bi@bhenol S, 4,4 -biphenol, tetranethyl
bi sphenol A, dinmethyl bisphenol A tetranethyl bisphenol F, dinethyl

bi sphenol F, tetranethyl

3: rsrg? ﬁgéﬁ%ﬁ%bjslf r%o%éﬁ@(fﬁﬁgﬁ@(#)é ’r%star-%.rmtquyaldélttiéﬁf B ps%%%"dases, it is more
> o SRR SR G P00l ripla & AT PR LS AT Pt B, Lo SivRne:

bi s( 34 hyl - 6-tert-butyl phenol ), trishydroxyphenyl methane, resorcinol,
hydr oqui none, pyrogallol, phenols having a diisopropylidene skel eton,
phenolgggﬁving a fluorene structure such as 1, 1-di-4-hydroxyphenyl
quoréne and pol yphenol conmpounds such as phenol at ed pol ybut adi ene.

Ther ef or e, THe&tiBO FSlAACEd BRaAbIR RMEYNIRSMS, abthehslicma®ngbyadidgltoatieer i fi ed
product of a pol yphenol conpound can specifically include

gl yci axygetdebéibhgthgpriodiied shpdrotyses atandengatigpheagmendbnpbuailisxysiiane, The
novol ak resin used in the above pol yfuncti onal epoxy resin can include
novol akefeeshiinsa feilsasqaipkans seyemeits iasthe sdoxarnst epmwlounidnef dae neresant ous
novol ak resins such as novol ak resin fromvarious phenols, for exanple,
phenolinventiesdhay betahaupbead?®o tyumgl phiad is preferghipieiecd@’% i Sphenere A,

bi sphenol F, bisphenol S and naphthols as a raw materij.a

s cremeco & 4§ pherl bl b it SEing
e L R
e dee fangin SsiPShl SRahisThe JEPRIY R B 1 e yGeL SR aldrRe:

01! oS 8 BEAgup Lo 0ol N3RSV Bl LI ok 00R8) o e Th
nucl eﬁéé’erﬂﬁ%é’rﬂﬁ:{bﬁ} gﬁth%r %Bcféﬁfi\ye & Wﬁ% ﬂ&fél%hcgtﬁ{ E{dn%i cﬂrtﬂg%‘fﬂc%noefatofns as a

novol resin in a novolak resin from above 'vari ous pheno

raw ”%to%i@ dtd ghr ef&ggaﬁé Weiﬁg&i@tﬁ@%%ééﬁ?ﬁdﬂaﬁei 854rHE% BUSISRTS% by |

hydr ogenat products~of gl ycl etherifie roducts” of a novol ak resin

from vasii aus cRERIEHstick A tﬁémlresm_@omg@?hqm@@%aﬂt@wﬁmo@@ réssafenol A,
bi sphenol F, bi sphenol S and 4, 4' - bi phenol or glycidyl-etherified products

of a RpxWaknreshd skroaopeneht far£sotsble ebbiyl irapoditon klebylipde fates, a
octyl phenol s, bisphenol A, bisphenol F, bisphenol S and naphthols, and the

| i ke asired pavdumtersadd resin comflositain eydbito teptwoysofe EHaung & ai suricede of
alicyclic epoxy resins having an aliphatic

skel etsunfroe Haskiges® hod mceatohéshi ihdl isdwer 50% by mol, the characteristics of the
2,2 -bis(4-glycidyl oxycycl ohexyl) propane, . . )

3, 4- eFdisgRYDVAEX \Sagsnentl agpaak fot y ayushoegHiiegc 4t BBRY Ivdhen using as a
vi nyl cycl ohexene

di oxi d@mpqEMfepbeyaiablsHesin jarspesigpn deserbad @ies AcgereERane) 52 di oxan
cpony TP8E! FATRANTDRC RS a1 ahBb e Kb dagie pekpmuprepetfes st rephred "
o heSariBater pgRhar il Brn BB RT hBal Ve tene ol yool . pentaerythii to
and xylyl “hfe ghé’)?a%le (goerﬁb&‘:f\]id %Fthe present invention is characterized in that it has a
chain silicone segment and a hydrolysis condensation segment of the above
alkoxysilane (preferably silsesquioxane segment) as described above and that the
latter segment has a reactive functional group having an epoxy group, and in
particular it is also a significant characteristic that the siloxane compound of the
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



The heterocyclic epoxy resins can ingiude het erocycl i c epoxy resins having
a heterocyclic ring such as isocyanurtc ring and hydantoin ring, and the
like. The gl ycidyl ester-type epoxy resins can include epoxy resins
made from gl ycidyl esters of carboxylic acid such as hexahydrophthalic acid
di gl yghiflyh %E}nef r P@I’Bﬂgh@t g hydr Q@mazgiéCc@t‘f('_iéjns%'tiglwygég%lep?zigfe the AWhJNE
li ke. e glycrdyl® am ne-type epoxy resins can rnclude epoxy resins in

whi ch A@8ldKR ﬁﬁfeé'?agi? RBbdd é’xaﬁé)%, hdbR we%‘éif?@?@%@&ﬁa@i%ﬂrﬂgtoms in

m phenyl ene di a am nodi pheny t hane rirvatives and

di am nesrelibyvArResaepeule df e ipy&sentankrith® is391d BB% b§ rably ®idlVaRs 8fihe

The epoxy resins in which a hal ogenated phenol is glycidylated include
epoxy silieshrsomeMmdghg & tral agﬁnauiedn@b@ﬂ@iem sushtagsBrmmnaat gd Ridapirenol A,
brom nat ed bi sphenol F, brom nated bi sphenol S, brom nated phenol novol ak,
br om repreterabksmEtionsitbé skicoo tdtomi nelbeginhits phe vbbinSsitewhec b nienibiserDd to

bi sphenol A is glycidylated. [0070] In use of these epoxy resins,

t her e 9286 hy mpairaricciurtaer prafetadie en75 bu®O0Ynley hali ng | ess col orability is nore
preferable in ternms of transparency. Usually, a polyfunctional epoxy resin
as a gl ycildig etedoipthediiiaonoaton §pHienbyo agomiestshisnibie siloxens piesmepurg of
4, 4" -bi phenol , tetranet hyl-4, 4'-bi phenol » _ )

1- ( 4- KYRIPESSASY daventiopsmay De caledlated Fpat g prdlippeaig 1of gheavw Imsetakere,

tri shydroxyphenyi net.hane, r i nal 6-di tert-butyl hydroqui none, phenols
navi n§oR B RegaRTTRaR Ry ERERIRAS! MR elaialatansia Ade dhe Siadt ot on
such L h-4-hydroxyphen fluarene: a.qglycidyl-etherified product of
vari o%?téaé%gg%%@s/?%pé%(ﬁOgg]en%r\%?gﬂm}’g&'(ﬁ"f rom vari ous phenols such as
phenol[ ggiesol s, bisphenol A, bisphenol S and naphthols as a raw material,
dicyclope&tadiene skel et on- cont ai ni ng phenol novol ak resin, biphenyl

skel et on- qg{%gﬁdﬂa% P48 %@%\*%@%ﬁ@h%%ﬁﬁd ré%gﬁg}aﬂgghgésoaég&meﬂ ni ng

phenol nov resin;, a early ogenat ed pro
gl yci gkt herified product of a phenol conpound such as bi sphenol A,
bi sphenol F, bisphenol S and 4, 4'-bi phenol, or of a glycidyl-etherified

produg ofA Redravekakctioasl GrdupCiBritainirdHsildXaRBUcin Sl @hichNE RoblockhRiP! S,
et hyl phenol s, butyl phenol s, octyl phenols, bisphenol A bisphenol F,

bi sphaiickar atigomap halvipigs aashain rsilivomet ssdradnt and al hodllysis epaYEnsSHom
havi ng a cycl ohexane skel eton such as

3, 4- epogyent| ohax(T i t))aBoxsilaogc lhaingy | & agtoopy Isatested yitonly Ithe hgraaf
1, 6- hexanedi ol , pol yethyl ene glycol and pol ypropyl ene glycol; triglycidyl
i socy&nngistieg of aleaetiveduopiinnaligreumbadngdiagl sixyydroest @ metbyl grbep lanke i s
preferably used, and an alicyclic epoxy resin having a cycl ohexane skel eton
are p&hengugeaupy giepbleastonen of dheshyerolieist consisinselion segameparkaiey aand
| ight resistant transparency. These epoxy resins can_be used in conbination
as a SERMENE CoptniRg nPtpast one wapkva iungiional@pdPhqvingoan 6PA%Y 85QHR Y of
. i . he 1ikKe.
| par t(ﬁ)ng ﬂweeatreertc%ﬁfles u%gﬁc?naa}ngotlfobp%onltalﬁging siloxane compound according to the
above (i), wherein the chain silicone segment is a segment represented by the
following formula (2A):
-{Si(R3)20)m-  (2A)
(wherein, Rs may be the same or different from each other and 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).
(ify ~ The reactive functional group-containing siloxane compound according to the

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



[ 0071] The curing agent (B) and_the curing accelerator (C) used in the
present invention wll be specifical? descri bed. As the curing agent
(B), an am ne-type conpound, an acid anhydride-type conpound, a carboxylic
aci d-type conpound, an am de-type conpound, a phenol -type conpound or the
i ke %nggagged W thout any particular limtation. Specifically, it

i ncl udes™ di am nodi phenyl met hane, diethyl enetriam ne, triethyl enetetram ne,
di ami i phany ' p nedi an T A _

et hyl Qe e Rt Rk ST R R AT Raccording 10 & ani de
resin o?;)érﬁfhﬁélab@degi') WNiB, WHREINAR, I DRI Gragh d and et hyl enedi am ne,
phthalic acid anhydride, trinellitic acid anhydride, pyronellitic acid
anhydir@osg) mal ei c aci d anhydride, tetrahydrophthalic acid anhydride,

nmet hyl t et rahydropht hal i ¢ acid anhydri de, hydrogenated nadi c acid anhydri de,
hydr ogenat Elde meadtivienfadctoread igtoapopdtdiciag gilexkbyd nadippuadi atandingrtodeny
hexahydr opht hal i ¢ aci d anhydri de, nethyl hexahydrophthalic acid anhydri de,
1, 3, 4ompchiothexapate (it 40 HiokyWhereitittle 3edctivehfpdictideal griouhahhdvinge@indepoxy
tetrahydrophthal ic acid, hexahydrophthalic acid, nethylhexahydrophthalic
aci d, oreupns an eiky! geoup havisg dhéx%ﬁéquf‘c&ﬁomwmilt@f@ﬁohy a cycloalkyl group

1, 2,3, 4-butanet etracarboxylic acid, bisphenols, polycondensate of phenols
(such Ng¥INgh P caphqy plosbhBaYIng BEERMYPUPnapht hol , al kyl - substi t ut ed

R PR e B S T S T

P re RSB R IE TP G e TBI S TR s PonE LA SRbl 1

Rer | vSpRRrAdf i the rPRg dofisishi W & e dchl A ATING oBR A 3 SRl 01 60°
pvar . &

o PORMbS, FFidh @86 RO BB R GolBit I ALK RLEIRIAN foFin kot

1, 3, A5y ehq?x@@eéarrb&@%wy%usﬁﬁetnégﬁ 1?% ég?pigxégﬁnhggﬁwm pogRakRh ﬁﬁ% acid

anhydri1 de and hydrogenat ed net hyl de are particularly 41
pref emgllrRy an @pb@y@ﬁ)@_ proper work life of the resin conposition produced
by m xing with an epoxy resin and transparency of the cured product.

The ugei)amolhy reafctivb dusstidngg geggntohBning shteires adhpoahd wccOrding @ thed
equi val ents and particularly preferably about 0.3 to 1.2 equival ents,

r el at iabeve ¢vil, elgereirathenti(©1 -CGa0)efroxysigneumving shealkydgedupepokio Besrborof t he
si | oxane compound (A), together with another epoxy resin in the
conpositernsrsubishitudeldi by engyddeatkylsgroapoeind tof 8 tdasbeurEiteonys duing @ar epoxyt ar |l y
when using tertiary am ne such as benzyl dinethylam ne as the curing agent
(B) i groveischetpt(p,Depoxyeyeoheny)stbygnnetnxypiand.cul arly preferably 0.5 to
10% by weight, relative to the epoxy group-containing conmpound in the
conpodYit} onIhe geastive functional geeuir-agniadtiag saxaie ¢anPPHed ageardingio @Ranpl e,

;/ﬁ{ idgg:%upiap- %%%3@2@?0 ﬂﬁq)éa@fﬁtrgm ithrg ?r? O1|-(e)’1 O§a_ifgg>?yns¥lla;1(raﬁ fga%ztr?é %\’ g?duupndecyl

2 e N B8 bl RoBSRBRAC B heving an epory

L cyengebid AP 4820y BHAIER DX EALERIME SRR heving -

)2”’ f“ girénée’%tﬁ%l‘ fﬁ%gﬁh@@%b;@ﬂ%% ;%ﬁ)gaﬁ% g;‘z?{agl% !ahﬁ'tﬁ((': A8 M atkofy AR DR 2 -eth

I mdazo
2, 4- digAgHo-<R&ite ARORY IHaTbARROLHSI thhedy ety

adduct, 2'&% adduct of 2-nethylimdazol e | socyanuﬁ%aggiéﬁ%ﬁ%gd i ﬁ‘lpldgzol e
I socyayr i Thaciedcads aaictidnBhemip-coltaftimy dnorafetdmbbihd azebgiing 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 phenyltrimethoxysilane or
methyltrimethoxysilane.

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



2- phenyl - 4- hydr oxynet hy1l- 5- net hyl i m gizol e,

1- cyanoet hyl- 2- phenyl- 3, 5- di cyanoet hoxynet hyl i m dazol e; and salts of those
i m dazol es and pol ycarboxylic acids such as phthalic acid, isophthalic
acid, terephthalic acid, trinmellitic acid, pyronellitic acid, naphthal ene

di car Yhd | eji s I i id- i :
diCya?@?;ﬁ?ﬁg%ﬁgﬁgégq?Jwgb3@3%“@3@%Qﬁgbﬁf§@§?§§§ﬁ§k§§%¥§%§Qﬁ?@§ﬁﬁﬁ§%@ne-7;
and sahtgpthemesfio &ughp.as tetraphenyl borate and phenol novol ak; salts with
t he above pol ycarboxylic acids or phosphinic acids; 4.2 amoniumsalts
such ag0a®t r abut yl ammoni um broni de, cetyltrinmet hyl anmoni um brom de,

cetyl trinmet hyl amoni um hydroxi de and trioctyl nmet hyl ammoni um br om de;
phospltkines Tapdepbidaphmationaicpopourasaiainghsikxahe i gphgml ehaswriing, to any
tri(tolyl)phosphine, tetraphenyl phosphoni um brom de, tetraphenyl phosphoni um
t et r apinengd ther abevaafitl togkhyWhichbat ghtpinesphynasim fiistrestdyy redaimph agactinghenol s
such as 2,4, 6-trisam nonet hyl phenol ; and am ne adducts. For exanple,
comesiandl-ipromat scome pi ¢b) iepeesansedbgATe gere(aMivrotuiag2r trade nane:
manuf act ured by San-Apro Ltd.) and the |ike. These curing accel erators my
be ni&@@%ﬂcapsulated. These curing accelerators are appropriately sel ected
according t hge roperties which are required for transparent resin
conposi ti ogs, ', Por &xanpl e, transparency, curing rate and worKking
conditions/ The curyng accelerator is used in an anount ranging usually
0.001H®@ i ght ald) preferably 0.005 to 5 parts by wei ght, and
further prefeﬂably .05 to 1 parts by weight, relative to 100 parts by

wei ght of heﬂgloc -hype siloxane conpound (A) having a reactive functional
group, or tvogether/wth another epoxy resin. [0073] To the curable
resin conposition of the present invention, an inorganic filler, a
coIorT@@52F13ilicone resin, a leveling agent, a lubricant, a coupling
agent, a l'eveling agent, a lubricant, a light stabilizer, an antioxidant, a
phosph@aherdid, S0kl dxXRingaR; bty 2B RO ey dARISS REROSAHMBIHEP ahdPsddiPse, in
the range that the transparency is not inpaired. The 1 norganic filler

i s notepaisthubkadttaight ehdigd beditthicacbrdedicCakgt atdup@avingamabpt®esrisdn i ca,
talc, silicon nitride, boron nitride, alumna, silica titania m xed-nelt
and t lséorhskan aryl groUihbéaeiolgd ant4 icaret atoaid ocah atkenyl groupeldaving 2itoclQudes
organi c-type coloring matters of phthal ocyani ne, azo, disazo, quinacridone,
ant hr agdigroatemd, lasdamtrapmsentp2 to 2068 asper svenge vdie)avitinen adanxgsitesed azo
and azonet hi ne-types, and inorganic pignments such as titanium oxide, |ead
sul f acempshingri@) yepresantedi mctheadrenal formolae(Wer mi i on, red oxi de, cobal t
violet, iron blue, ultramarine blue, carbon black, chrome 43 green,
oxida?ﬁ%“33ﬁﬁoné1bnd cobalt green. The silicone resin includes
dinet?yh si.l i gone, g?enylnethél si |l i cone, @525 -nmodi fied silicone,

pol yetHEPIGbaRf EREESEN'S GofRACt4RiTHRCHRIA! redP diavindoAR eRAXNYITORBARNH &l
silicone, silyl-mdjfied silicgone and the |ike. [0074] The | eveling
Sgent Piesahian AgLusEd Raxingd 18 Miacbaf 20wl gh of 4,000 {0 12,000 and

2 ot i M el Y e i i SO Fh AP bR P ERR R B T ety
al conoho Byl ARREAHEGAR A Qlibalcht GRTHYTBILHBP GRRIPT T SRR ReARRF he

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



[ 0075] The | ubricant includes h%gr ocar bon-type lubricants such as
paraffin wax, mcrocrystalline wax ahd pol yet hyl ene wax; higher fatty

aci d-type lubricants such as lauric acid, myristic acid, palmtic acid,
stearic acid, arachidic aci d and beheni c acid; higher fatty acid am de-type

| ubri q@@géngw%,ﬁﬁj@&%@ @&l m tyl am de, ol eyl am de,

nmet hyl enebi sst earam et hyI eneb| sstearam de; higher fatty acid

est er {kjype TH@rré@cﬁ%sfuﬁb'%haﬁ‘%rwﬂbg%ﬂﬂﬁg‘%n&%@éoﬂﬁbun@.‘étc%r(ﬁﬁg?ﬁf Ml

et hyl ene gl ycol nono stearaté&, penta erythri

t et r a-gheveaxht e (i caheleib wpe dalvaieants tﬁél@lkcﬁ@ g@iwpl iratife0 BMoxy Silery V!

al cohol , pol yet hyl ene gl ycol and pol ygl ycerol ; soaps as salts of

| aur i @:oamadmdr’(m represeateddy el garidral faeindla stdarRito KD dquiesieety @dilgtaci d,
behenic acid, ricinoleic acid, naphthenic acid and the like with netals
such & Trepiesentnef thalsdanohgroagmi thg sitzanci-temminalreiicome die@d; and nat ur al
waxes such as carnauba wax, candelilla wax, bees wax and nontan wax. [0076]
The cédp) i nghageaetiviedeneitgl sroumeontzping sliptanepcepatind soetrdar to any

3-gl yci dox yl tri met hoxysi | ane, 3- gl yci doxypr opyl met hyl di met hoxysi | ane,
3-gl y&ngoggg?)og?yl(ﬁ’é)t M%ﬁ%i%ﬁ&%ﬂqiéﬁ@mnai silicone oil (b} represented by the

ﬁE‘Z’ SRR RIS, By OTR) AeieYhollydna aiher silanokterminal methy/

N ( m.n Ih 03- a nopr opyl met hyI trimet hoxysil ane,

3-a 88 [SSQQI ee?i oxysi | ane,

3- t ,

N ( ?’g‘.ﬂnﬁ r‘fﬁeﬁﬁé é&#’ﬁ%’{%h#%@#@@ébﬂ&w@%ﬁé{%@@ Fidaesprdingcmam de.

3-

an ge 5%?%[%fr@Y&%’“@y%ﬁ%?@@?‘@%@e FiR R PButeTBhitd o) R dal L on° s
| sopr epyhul4 R‘H)ei%rbété-@mﬂlélt %5k§§{9ﬁéebeta -glycidoxyethyltriethoxysilane,

i sopropyltrii'sostearoyltitan te titaniu

di (di gammayriesphasalretaegisthfe, t et rg%nﬁr‘ﬁ@@?&’Boxypropyltrtethoxyaiane
di (di octyl phosphite)titanate and neoal koxy

tri ( pbbtd-B4eppxyopsdwy)athyiepignykydiiehanat e; zirconiumtype or o

al um numtype coupling agents such as Zr-acetyl acetonate, Zr-nethacryl ate,
Zr - pr bpia(htespoxgondi@loey | etindiviedioxysitemal koxy tri sneodecanoyl zirconate,
neoal koxy tris(dodecanoyl ) benzenesul fonyl zirconate, neoal koxy

tri s(é@@ﬁ% lenedi ami noet hyl ) zi rconat e, neoal koxy

tri s(mam ngphenyl)zirconate, anmmoni um zirconi um car bonat e,

Al - ac &) acEﬁ@m@ve/iunmr}mmm@@ntamng\sd@rm erapeund eoauHing to ams t he
l'i ght stabl | izer, a hindered am ne-type |ight stabilizer (HALS) is

sui t aBne. ofTihe ﬁa@@ (i3 tadx), pﬁfﬁlf:hdamtwem bﬁ t s aplirst sign ceactione seastiiaude

| d
po ycglril ecgsfg'trg'”g‘ ?'ﬁ?‘?’ﬁréi' ﬂ?r/sllre@reﬁﬁeﬁ@‘?qi E%I?é 9289%Hﬁ%{|ﬁ§?)enedl am neand

[0065]
Sl —0 H
m
[0066]

(wherein, plural existing Rz 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)



N-(2, 2,6, 6-tetranmet hyl-4-piperidyl )bglgyl am ne, succi ni caci d o

di met hyl- 1- ( 2- hydr oxyet hyl ) - 4- hydr oxy- 2, 2, 6, 6-t et r anmet hyl pi peri di ne

pol ycondensat e, _
poly[{6-(1,1,3,3-tetranet hyl butypam no-1, 3,5-triazine-2,4-diyl}{(2,2,6,6-te

trametfid hékh an atkoxysilane compound (a) represented by the general formula (1):
pi peri dypi m no} hexa}FrSet hyl enep{ (2, 2(, (1) 6Etet rametyhyl % pl per |r8yp| )no}] ,

bi s(1X5i0R;)6- pent anet hyl 4
pi peridyl)[[3, 5-bis(1,1-di met hyl et hyl)-4-hydrxyphenyl ] net

hyl ] bytvirbraih oOateprdi et a2 réadbve gunetidianygrodp Ridveid anl oselagaie and R,

bis(1, 2, 2,6, 6-pentanet hyl-4-piperidyl)sebacate,

bi s( 1+eptegkotsy ap, 2/ky] Giroeprdamendgy1- - g0peaibdyl ps@bacainel an alkoxysilane
2-(3,5-di-t-butyl - 4- hydroxybenzy1l) - 2- n- but yl mal oni caci d

bi s( 1,Cgﬂm%l,nﬁ-(p%mmmﬂrtyﬂi-b@-tbewnieemmrramd (Bhe |ike. HALSs may be used

al one or in conbination of 2 or nore kinds. 45 [0078] The anti oxi dant
i ncl ucﬁ%@(ﬁ}%ﬁbl -t3)pe, sulfur-type and phosphorus-type anti oxi dants.

Speci f,i ¢ exanpl es of the phenaol -type antioxidant are exenplified by

mnopk‘&ﬁ%f%@ hEreReRts & X}19rpUle 08 SoPh e Greu @ifuiRe xydnbe dhe same
ot oar T IBHTEN 505 ¢ i YA eral ot e, P9t BiepRadanty represents an
IZSZOE)%}S%Z ﬁr%% 6‘?‘9#@ 3)t8gto\(/éar§9h%g§(®>§gpgeg?/l % p[)(lj[);/logﬁ;t |el no)-1, 3, 5-triazine, an
bi o 4" Ry (9% YRV HKL S QSHIERE of NP SR SHENEHE, e BB M Brenol ).
E’I g( 3%9@?}?&1@6%(?}3%&% 'ﬁ)gﬁsn%ﬁ ?b?:éﬁ;uﬂ@?rgﬁgéfa’d@é“té! by éj(ﬁn@alent of the silanol
gl ycolgrdis [iB-tha- diraPl-rmmaresiivd e oy @) oy RRAIBh L RIAPT SRA%RER bey],,as a

1, 6- héxanedi ol - bi s[ 3- (3, 5-di -t -butyl-4-hydr oxyphenyl )'pr opi onat
second step reaction, adding water to the obtained reaction liquid for hydrolysis-
condensation of the residual alkoxy group.
{(xvii)  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 to 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 (¢) 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 compaosition. In this



N - hexanet hyl enebi s(3, 5-di -t-butyl
2 t hi o-di et hyl enebi s[3-(3,5-di -t- bﬁ%y - 4- hydr oxyphenyl ) pr opi onat €] ,
5-di-t-butyl 4 hydroxybenzyl phosphonat e-di et hyl ester,
9-bis[1,1- dlnethyl 2- {beta (3-t-butyl -4-hydroxy- 5- nethylphenyl)propionylo

le t%gézth >ﬁa?|0t Sésrn Rﬁ\ %Qg%euﬂ%e?@é(]ﬁw@nﬂng 1§r(a?1 @oﬂh éoz{?é'ib%

r ox enz nrc ['cl um an nol ecul eno ssughas

dr

, 31 Ye
3,5s*fé*aﬁng@ﬁw;%déa@f@@gw PR R ) o i
et r algbfim@idngl wifte sdid(shoxane @brisolmkly 1- 4' - hydr oxyphenyl ) propi onat e] met hane
bi s[ 3, 3" -bis-(4"'-hydroxy-3'-t-butyl phenyl)butyricacid] gl ycol ester,

tris-(3, 5-The tukibly redin hoshhgogitidren? the presantanuerticn contains the siloxane
1,3,5-tris(3,5 -di-t-butyl-4'-hydroxy benzyl)-S-triazine-2,4,6-(1H, 3H,

5H) tr |con33cmmd (Acoptier ptesdrda@ntion as Speepbiye remanqmbmﬁoméntt ared Jutther - t ype
antioxi dant are exenplified by dilauryl-3,3'-thiodi propionate,

di myr icontairg 28'cutihy oatigntofid)onan exddificst, eacqprdi®g3to niecessity, dpircantiertaerd t he
i ke. 46 [0080] Speci fic exanpl es of the phosphorus antioxidant are
exenplconiadi ﬂﬁ*@ﬂ’tﬁfo@wﬁw ®sins glerdsan thpedipyang kespraung, (Ai vt/ B ¢Widecyl
phosphi t e, n di i sodecyl phosphite,

tris( ﬁ&ﬁ?le;'ﬁiéhﬁ() phoRip IRt Qﬂqxé(déééwaﬁb?@ Hé??fﬂmﬁ@”t“'@l%@@pﬂ@m'@ the range

f).r'sféi@%ﬂéﬁrg%@ééﬁ?ﬁg?’seﬂg@g‘ﬁ%%@ I @ﬂ@? nefea esré% ll?ﬂ%teghon%orexampie
01 (2 1s propefity LRAEMKIABNBRBNIE € Cld &y NEORSNIABR! FAGAY bompositon,
bt oL 2<hiibxty SARLAYLad (7sbookarenlonygar barmBel My PBERNL) Mslifiaen

phosph r eneoxi dess
properties at a low temperature, non-tackiness properties, heat cycle resistance,

hydr oxy- hydr oci nnamam de),

- "'"i—‘l—‘3>< wwh Z
<<=

hardness and the like are not lost. In some cases, said other epoxy resin improves
physical properties of cured products of the curable resin composition. The ratio of
the siloxane compound {(A) of the present invention relative to the whole epoxy resin
component is 20 to 100% by weight, preferably 30 to 100% by weight and further
preferably 50 to 100% by weight and it may be 60 to 100% by weight or 70 to 100%
by weight and also 80 to 100% by weight, depending on the use aspect.

When used in combination, the ratio of the siloxane compound of the present
invention in the whole epoxy resin of the siloxane compound (A) of the present
invention together with another epoxy resin is preferably 20 to 90% by weight and
particularly preferably 30 to 80% by 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 fogether with another epoxy resin
is about 30 to 90% by weight, more preferably 40 to 80% by weight and preferably
about 50 to 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.



9,10-dihydro-9-oxa-10-phosphaphenantg;ene-10-oxide,
10-(3,5-di -t-butyl -4-hydroxybenzyl) -9 10- di hydr o- 9- oxa- 10- phosphaphenant hre
ne- 10- oxi de,

10- decyl oxy-9, 10- di hydr o- 9- oxa- 10- phosphaphenant hr ene- 10- oxi de; and t he

l'i ke. [0O0 e T L OX] can. (Wole Y. D so used
i n conbi na |eocri1ﬁco?xaﬁ§%§nc§%h%(%@ %gr |E8§ﬁ'g*ré f@cﬂyiﬂm? E(Zn%;étgggﬁtre?ﬁ%elﬁti on,
phosphok us; 43 NE iRk i I T, : e i oxtfdant is
PR R ket b SR N T e L
rel at iggeat Qydid0l-RRBHSePYrHQIANGf Ghrid e nb98iaR 1ERIMRONAMedry higrogehatie resin
conposition of "the present invention. [0082] When the curable resin
CoMpogirddRits @f dr@ape %‘?}@ﬂ% reSive Nt Spusgdeding, BElrE@clis IFoRPNELIaEOr

seal ants, a phosphor can be added according to necessity. The phosphor has
an actghaidfestéetypexepadyereshiss alyciog soire-typeeepightesim, témskyf rezinsolnue LED
el emrent and emtting yellow |ight of which wavel ength is converted to form
whi t e whigha. hdltgenptied phenoliis gifcighdatsddgiynidyteded siliabhe regisian thelij@si tion in
advance, and then an optical sem conductor is sealed therewith. The
phosph@?68}s not particularly linited and a conventionally known phosphor

can be used, and it is exenplified by, for exanple, alumnate, thiogallate
and ort hosig eatvehgnal eprappire used igr becabeve epwiwtionalepexypesinfgaal | v,

phospliEH 108 AIRGBRNP b P BRGSAIG> PRTEa! Fi e BiDepRb= ARG TR biseBRaO R od by
A 203 UABIO PRS0 A5 TeSreREY pRISEES! & Ui P B ol e B 11 ol e
o 20 AOAHD, o5t EHE SRS 208 P LU ES A 3dndf250 b
ot AT eI 5 b ST I P Y oty SRR
foll o&sa.pluﬁ%lﬁ)!é&g&b:ﬁqrsgﬁ?g&r(g’?%%ﬁ%@ﬂ%ﬁw&ﬁ@yg?ﬁ% I]g?arfgéakﬁ:éf’i ve functi onal

gr oup-XonhaiHyildie-bist AxanRycnmeunt)seandi ng to any one of4 sheylemes (1) to
(xi x) (hereinafter referred to as 'sil oxane conpound (A) of the present

i nyenttjisv(a-métrqaeetestiduaytphén@lﬁ,rmQWOQ@he@mﬂeMr@pmrcm@pw%mﬂitﬁre,t han
sai d sil oxane conpound (A) (hereinafter also referred to as 0-EPO, which
may beyopdaliohaphenae iaaimed, digapropyiiceneeskaletoa, poablsahmuing affludberned 90%
by wei ght (hereinafter, % represents % by wei ght unl ess otherw se
speci fstraturg sushez) 1rletiied-hydraxyphaesyMhoirene caqpbpdlypbanclatemptendsestch s t he
curing agent (B). cél ) The curable resin conposition according to the
above sl phenplatesd maitsitadienag dgenefo(m) thes pebiurstiveal iepoxierasihgs #1€ 0.2 to
1.5 equivalents relative to 1 e?uivalent of the epoxy group in said
si | ox@vevedtpetdretaified predum ©f @ palypiepessamperbsanispeciicaty diakéda o t he
above (1) .or (11),, wherejin id
Y ggygidyi-etlgxeriﬁed produc%s ofstﬁle 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, cresols,
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



si | oxane conpound (A) and 0- EPO whi CQ may be optionally contained are
contained in a total amount of 50 to°90%rel ative to the whol e conposi tion.
(I'V) The curable resin conposition according to any one of the above (1) to
(1), wherein the ratio of said siloxane conpound (A) relative to the
total gapunt L. si | oxane conpound (A) and 0- EPO whi ch may be

opt i or?gl 'y c%ﬂozlﬂﬁﬁta ”?és' 50 to 100% (V) The curable resin conposition
accori@gj@to any one of the above (1) to (1V), wherein the ratio of said

si | oxane conmpound (A) relative to the total amount of said sil oxane
conpound (Te #eiddrEPRMaLeRaRY pheiRe Itk draremidicpedy iesRR IRIRR® 48

(VI') The curable resin conposition according to any one of the above (1) to

(V), whefeziry lydtogémgeaqred estatodrglysdfiathdeiied produictedl & hovolaM te@irPfn 0. 001
to 15 parts by weight relative to 10 parts by weight of said sil oxane

conpouvidelf A) novglek Irgsifhfeormuihebéieovee sariceo mpeadlsi an sacawmditegat & amawone of
the above (1) to (VI), wherein the curing agent (B) is an acid anhydride
conpoumzfesel, a ead boggeditcalyi d indugeunauciearly Thedrapevatedur gbbduatesi of
conposi tion of the present invention can be obtained by uniformy m xing
t he alSbicddylRiperitest pradecisnofamionelakgasindogn]various phes 6oee&am§é,eaesi n
conposition of the present invention contains the siloxane conpound (A)

havi n@hﬁnpb‘éﬁ‘FPQ@”? gH%'? A8 RiaPhens LY, biﬁﬁ@e’&@rﬁsr%sw S(asyd ‘&ﬁapi%@é@@i ng to
L P b LR A Ao Ao 1
i epup gD At BEEAAR isRaERA B SHTRIE b gans = eflindS it

coupl i : t., ' stabilizer, an antioxidant, phosphors and the |ike.
Thesetﬁghgg(‘agl err‘?gl{ }rllqléa%cﬁoarimonents can be appropriately added in the range of

0 to 500 el j t ' :

amount of "o 4 ST ERae et S Rl TUog RoRRE hoRy EShe B Ala s Al

pref esfblefort S abougyéh to 100parts byyMeh8fdne When aignd wi t hinoider
bl endi ng conponent is solid, it is mXed using a blending machi ne such as

Hensclped' 1% [y ciyadix eExy@neoddre | | ke, and then kneaded using a kneader,
an extruder(mﬁ%1 yaﬂgea??yr?g rolyfa)@atﬁ 80 to 120C and cool ed, followed by

gr i ndi3ndrepoxpditcioexymethpbldesskigl/alobexéie t hearbbhgatdhandnylohieohékendl end
is liquid, it is uniformy dispersed using planetary m xer to give the
cur abldioxidsi n ¢ &fihdicpioapcyafiohdwy|)et,&ssmio- (3d-epbkypey cbareaine)-n g3-divokher
bl endi ng conponent. [0085]

bis(3,4-epoxycyclohexyladipate and the like.

The aliphatic-type epoxy resins can include glycidyl ethers of polyhydric alcohol,
for example, glycidyl ethers of polyhydric alcohol such as 1,4-butanedio,
1,6-hexanediol, polyethylene glycol, polypropylene glycol, pentaerythritol and
xylylene glycol derivatives.

The heterocyclic epoxy resins can include heterocyclic epoxy resins having a
heterocyclic ring such as isocyanuric ring and hydanioin 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 diglycidyl 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,

diaminodiphenylmethane derivatives and diaminomethylbenzene derivatives, and the



In order to seal an opti cal senicondggtor such as an LED, a photo sensor, a
transcei ver by using the thus-obtained conposition of the present invention
to obtain an optical sem conductor of the present invention, formation nmay
be carried out by a 49 conventional nolding nmethod such as transfer

nmol di i oﬁ@a”‘{ n nol di ng, injection nolding and di spensi ng net hods, and
pri nt{ﬂgglﬁg&ﬁg ) &8 In addition, the heating nethod to cure the resin

ng _In ad ting method to cure
par i oul ar T F o e e RSP A ZBIR! LERdePeBphy

ci r culrggihenn heagh @%aib@érﬁa’ié@?bk{e@bl,@ﬁhié\egbﬂﬂﬁin@télhbfsPﬁ@H@E”A}’bRﬁﬁihbf&i can be
enpl oyed. As for curing conditions, heating is usually carried out at about

80 t o hxgfEniohFt beormiaagel bispREnsies ondenibatelipHemal siovblak, bRghiBatey desbar m i f
the conditions are appropriately changed. Preferable conditions are that

cur i ngoivelakachioddateat bisphdrkd 3 an@e0iGrinated eixphpha A & gietidgidtaf, carryi ng out
the first curing at 100 to 140C and then carrying out the final curing at
130 t G0OQUYUC i s preferable. [0086] Herei nafter, the present invention
w |l be nmore specifically explained with reference to Synthesis Exanples
and Exanpl/B#iS€|9} thrfs epfy, resie, Brese dnpo patisntardimifationobll one hevngdesshese
VAl uo SDIP R ReE CHATREAGBRCA TsymPHe FaNHEENG ok hely. B P IES0REr
SRR GRS T NN ST AN
Conl g aehinfel P reaton Chromet oarepty (°0) g oty NGRS, unte
e SRR ALTE KRB St R ooy 21
ref r aghidiRird8fgteh9iiethane, resorcinol, 2,6-ditert-butylhydroquinone, phenols having a
diisopropylidene skeleton, or phenols having a fluorene skeleton such as
1,1-di-4-hydroxypheny! fluorene; a glycidyl-etherified product of various novolak
resins such as novolak resin from various phenols such as phenol, cresols, bisphenol
A, bisphenol S and naphthols as a raw material, dicyclopentadiene
skeleton-containing phenol novolak resin, biphenyl skeleton-containing phenol
novolak resin and fluorene skeleton-containing phenol novolak resin; a nuclearly
hydrogenated product of a glycidyl-etherified product of a phenol compound such as
bisphenol A, bisphenol F, bisphenol S and 4,4’-biphenol, or of a glycidyl-etherified
product of a novolak resin from various phenols such as phenol, cresols, ethyiphenols,
butylphenols, octylphenols, bisphenol A, bisphenol F, bisphenol S and naphthols as a
raw material; an alicyclic epoxy resin having a cyclohexane skeleton such as
3,4-epoxycyclohexylmethyl  3',4’-cyclohexylcarboxylate;  glycidyl  ethers  of
1,6-hexanediol, polyethylene glycol 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



(2) Epoxy equivalent: neasured by the nmethod described in JIS K-7236. (3)
Vi scosity: neasured at 25C using E-t%%e vi sconeter (TV-20) manufactured by
Toki Sangyo Co., Lid. 50 Exanples [0087] Herei nafter, the present
invention will be nore specifically explained with reference to Synthesis
Exarrpl r Lt(s)" means "part(s) by weight”
and /5 meanstl"?r)ﬁgmggﬁwé1 ﬁ\?]ét%glg{sagg%t&vdeﬁhe%ﬁ n Synt hesi s Exanpl es and
Exanph@szil n addition, as for the equivalents of al koxy and silanol, when
the unit I's not described it is "g/eq" in any case. Exanple 1 (Exarrple
wher e reactHeOuNBg &@ét ?) uH §@ tchﬁh?t@@:ér@rar&r of) t@edalm@%y HeguR s 5.3
equi valents relative to equi val ent of the silanol group) The first
step freacitivowil betspesificatg tieserigent ai ner, 197.1 parts (al koxy group

equi valent: 82,1 g/eq) of beta-(3,4 epoxycyclohexyl)ethyltrinethoxysilane,
237. 4 parths (3¢ lcunop agenitvEl)erdn abBle-gym coafpaindarol atier mhhadiridb-tyetehy |
silicone oil having a weight average nol ecul ar weight of 1060 (val ue
measuCeIUNGPCRr drdoylisa maid-type0.compaind & KaHjdeofypa swinpdwd, ofa 0. 5%
pot assi um h%/dr oxi de (KOH) in nethanol were placed, and the |iquid

t enpePAENPLYREr eomap@efér qrothes ke sare et Heed éwﬁm@tmse m&ctﬁer dedfatipeact i on
was ¢ rrrc—;f ut under r I ux at 75C for 8 hour he sil anol

equi vaPESICEY 530 b/ eq! &8al Clﬂ’%wqwh%m@ h?é‘et he ﬂ@tbﬁﬁﬂﬁv’@ﬁaﬁ@

s t he,.nol ecul ,ar ht of the

%:Dr f"ﬁﬁrh%%reﬁe?eﬁr%mﬁsrl y 8%”@@@6@%936“ @%ﬁ%@%ﬁdﬂ%f&lwﬁ“ﬁe 8 coul o,
21 1 anfraivbRebellefiag AR FogATRM s REw L R0 FRke gpafrr%afﬁﬁiﬁr@?'“
The S%ﬁﬂﬂ?\‘es%ﬁp frro?r?gée dfﬂ%é-rgf tIrIHS ern?@ce}drd) nar#d Wy eﬂ?d%&{ﬂﬁ%i g)lrlrw rc parts

of nethanol "were ad s of a solutio er in

et ha@r‘ﬁh gﬁl@l@“itthe%%roo Q{@%WP @Vrﬁfne@lﬂrcm eénﬁﬁﬂ gwnatlegiﬁ tg}%?dt ure

was reac ed un ux at 7/ ours ter corrp et

react i@Rydiidls T’ fRAGNyARoHIEAIC WRRI nehy aﬂia@edm@trﬁ te%ra%%w@ér?c S@djgum
di hydr ogenphosphate solution and then he met hanol was coll ected at 80C by

di sti lahaydade, hodidienaesd RACtAN Aniydrdie, 39rpgehatedd mdéthylnadic acid
met hyl i sobut yl ket one (M BK) were added and then water washi hg was repeated

3 ti mashy&uds.equetit\iyadit heaaid ganihydpitias e hershydrpphiiiatid aaudd t evmytiide sol vent
was renoved therefrom under reduced pressure at 100C to obtain 344 parts of
a bl ockethylpexahydiephthationpowait! haviangydrideact i ¥,8,4-opcohexaietdcarbpxyls 1) . As
for the obtained conpound, the ep ox%/ equi val ent was 457 g/eq, the weight
aver a@et%,l%@ms&nd@eunjrhlnalrmec@?detra yérophthedisi agidwhexsopdrophthadic aeid, t he
appear ance was col orl ess and transparent. _
methylhexahydrophthalic acid, trimellitic acid, cyclohexanetricarboxylic acid,
1,2,3,4-butanetetracarboxylic acid, bisphenols, polycondensate of phenols (such as
phenol,  alkyl-substituted  phenol, naphthol, alkyl-substituted  naphthol,
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



In addition, the ratio of the silicon atom belonging to the sil sesqui oxane
segnent (ratio of the silicon atom bonding to the 3 oxygen atons rel ative
to the total silicon atons, which was calculated fromthe ratio of the

added raw materials) was 19.6% by nol. Likewi se, the ratio of the silicon

: at e 19. 6% | O
Beampre D e o R RO, Mot R EIPR, O oSt B RL oy B e

al koxmaﬂf@wagw reéxih Bn8akinéphAiHey drehaklingl prodhcequi val ent of the silanol
group) he first step reaction: Into a reaction container, 197.1 parts

(al koxy gring eguiavedent of 8Re 1gurdiy Reicat (B)4is preferably about 0.2 to 1.5
epoxycycl ohexyl ) et hyl tri nmet hoxysi l ane, 237.4 parts (silanol equivalent:

3060) egfuivaldrdacdnd e@anicuwdrydipnefehally siddutdn@ toi Il 2hayguivalentseiadtiveateriage

nol ecul ar wei ght of 6120 (val ue nmeasured by GPC) and 20.0 parts (as KOCH,

0. 1 padqujvadéntafsnl apdxyhgafupOinsiteKGt ieporetresinadf the rsélopame edmpanddt (8¢, | i qui d
tenperature was raised to 75C. After the tenperature was raised, reaction
was capgetear with anedhar apspyugrsiatin tiseccompositivour 1 addition Ahet ke smoontiokt ep
reaction, after adding 260 parts of nethanol, 86.4 parts of a solution of
50% ditR® CHIRG a@gPeRantifulzely MeHY Usiag dedigeamitaopuiisas bearysimetmiamieand t he

m xt ure S reacted der refl 75C for 8 hours. After conpletion of

t he réﬂ‘éc%gcﬂﬁ‘,””gf?@%g@)c |So‘?fe&fraﬁi§/o&£}é952§e)€|2’b’d4’?‘9 Haﬂﬁ’tpﬁrté{;@ifyan})@é%@glysodi um
di hydr.ogenp phate sqluti,on and then the nethanol .was collected b

ai 11 (S ePOROT B Bete FulE T8 a b S Tn SRRk ¥R G G E i iar the

washi L nYﬁ?o%i [Gpeat ed 3 52 tines. Subsequently, the solvent was renoved
fromt%e organi c phase under reduced pressure at 100C to obtain 360 parts

of a l’{)d)@ﬁiﬁ-type si | oxane compound (A-2) having a reactive functional
group. As for the obtained conmpound, the epoxy equival ent was 468 g/eq, the

wei ght aVeﬂ'iﬂﬁéuﬁP&;%Héi@?at\ﬁr?i(gmndméeélf@pexéﬁﬁalé’,i\?é?ﬁjs;im&ﬁfoi@%u@ﬁaasS’ and

t he appearance was col orl ess and transparent. rtron, the ratio of

the sigineeiyiigtiemdie) giwieﬂg;ima_tzb@,%-hﬁ@écwniimmiéeﬂneﬁfad@@ﬁ idR261By nol .
Li kew se, the ratio of the silicon atom belonging to the chain silicone

segmet-phesy-g0méthyiynid@tole[ 0089] Exanpl e 3 ( Exanpbenyhi€x-phémaiptitarolwas

carried out so that the ratio of the al koxy group was 80.1 equival ents

r el at itvieenzyl-R-regthiwialigsdolef the silanol grougd}cyanoethyl-2-methylimidazole,
1-cyanoethyl-2-phenylimidazole, 1-cyanoethyl-2-undecylimidazole,
2 4-diamino-6(2'-methylimidazole(1))ethyl-s-triazine,
2,4-diamino-6(2'-undecylimidazole(1'))ethyl-s-triazine, 2,4-diaminc-6(2'-ethyl,
4-methylimidazole(1"))ethyl-s-triazine,
2,4-diamino-6(2'-methylimidazole(1))ethyl-s-triazine - isocyanuric acid adduct, 2:3
adduct of 2-methylimidazole isocyanuric acid, 2-phenylimidazole isocyanuric acid
adduct, 2-phenyl-3,5-dihydroxymethylimidazole,
2-phenyl-4-hydroxymethyl-5-methylimidazole,
1-cyanoethyl-2-phenyl-3,5-dicyancethoxymethylimidazole; and salts of those
imidazoles and polycarboxylic acids such 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;



The first step reaction: Into a reac;lé'éon container, 98.6 parts (al koxy
group equivalent: 82.1) of beta-(3,4 epoxycycl ohexyl)ethyltrinethoxysilane,
118.7 parts (silanol equivalent: 7900) of silanol-term nal dinethyl
silicone oil having a wei ght average nol ecul ar wei ght of 15800 (val ue
rreasura«,a,qlm ‘ n . 0. t ; Lilf ; 0.5%
KOH in metB ﬁ%@;@a\/‘\%r gu%l?a%eg,é{r%%g@t%ﬁ%%ﬁﬁ‘gﬁ tgﬁrr%ée’r 313'? rltgﬁwmegfs?yigéilng%}’gﬁ’{no 75C.
Af ter grbmide i vaFSagd | ' i el ux at
51 o T o M S ot
met hapblospHided pantis phogorivthi ororfpc2@Ysdi stith | egs WatighehipRBEHIARS] Wer e
added dropwi se over 60 m nutes and the m xture was reacted under reflux at
75C f dri(t@yhohowsphinkd,t etetephehgiphospobnite eesiden, tethpheagiphbephdiiani d was
neutralized with a 5% aqueous sodi um di hydr ogenphosphate sol ution and then
t he mé¢tihapionylasateobhe enelthybybutybhickphadhiom dimé&agphthpnatep phéddispsudhs of
M BK were added and water washing was repeated 3 tinmes. Subsequently, the
sol ves WekOrtesmuegniatoyiphaeoloraghiatniprasddustder Fasdexaiple: esyumereial 100C

to obtain 169 parts of a bl ock-tég)(e si | oxane conpound (A-3) havi ngba
r eact iPFRAYGn chrErnd| inglusiep U-B4\Tr dBXt hisht isi Aetiadenpinad mamdaelpesd by

53"vi SEBSE bisl) 18 HAME o THRS B4 BAPENES 1Y BooT GT PERATRWAISG.
transparent, . In| g%giti on, the r.att' 0 Oif wf silicon at%m bel Og?ei ng to
the si'l $85qthGaRECEELHRI AR LPRCBR Sb’ RBEC] REGP'GHNT (R dNPaPiOReHES: he

silicon.: ngi L Sili egnent_.was _80.4% by nol .
;00007 Hth AP dBHEPE B MBnkEe R Fefier boshBRRTo B P el SUaPRATETE 7 a i o
of th Lvalents . rel atl : | val.en he
ot 1 anc 9 gas 46 Roltily FoRafiy. SrAgiErhg Adefatet S R eRhmBlnkr 0. 5
parts i i ; 5 ;
epoxyéél’idﬁiéﬁg%ylgg}g?@ﬁ??i@%%%&%,%ﬁkﬁgﬁt@s&?%&%)?)Pagﬁso%wgl h|t\/al ent:
66. 1) a0l thﬁ_@ﬁ/bltéTér%lW@.@)ﬁstb"!aPﬁnts blSveigharéiative td 200/haR8WHVRbRAL of §r0) Of
silanol -term nal nethyl phenyl silicone oil having a wei ght average

ol eclgok-weeiibxaie ddBPo(Mal AEhABAS W redchye @?@}ioﬁﬁlfbréQFporpt@@bﬂ\dr&ﬁth1
0.05 part) of a solution of 0.5% KOH in net hanol were placed, and the

| i qui eénbtrgpepaixyresinas rai sed to 75C. After the tenperature was raised,
reaction was carried out under reflux at 75C for 8 hours. The second
step [@a63]i on: After adding 123 parts of nethanol, 43.2 parts of a solution
of 50%distilled water in methanol were added dropw se over 60 ninutes and
the m xt url® tescurells wsinusaeposdionuy the resentdnventimiuran inarganic didempleet i on
of the reaction, the reaction |iquid was neutralized with a 5% aqueous

sodi usPlraYdoslieef seHAL 8 1eveling asening vhdsantha eruminscrgaris adsveling ed by
distillatjon,at, 80C. Thereto, 191 parts of MBK were added and water

washi A§eRas? }@5@5%@ 49k %@Ei"zgnb%ﬁaua%%at EheNQPRABANARS gr698 P r om

t he organi c. phase, under reduced pressure at 100C to.obtain 168 parts, of a
bl ock PRSP e ctiepbing 6 & B BRES fe rFRBRIA RS PP aRacy s B, Ac
for tlﬂﬁ 85}%&& ned conmpound, the epoxy equival ent was 874 g/eq, the weight

averageprm ecul ar wei ght was 2630, the viscosity was 4600 nPa s, and the

appear ance,—%asmg,%'aﬂ[d eRar 3@? SEE ﬁﬂ?g?xplggidlimited LAq aﬁl%il}d-[e%\?\ég\}g hé(?/; %@ of

the silicon atom“belongin ui oxaneé segiren

mol . Ligk@WhRBus Siktar 8lid Silffont Mgidd, oM nREIEN ABKARGI dithd- Btdiie miRéd-melt
and the like.

t he

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, uliramarine blue, carbon black, chrome



chain silicone segnment was 77.5% by HEI. [ 0091] Exanple 5 (Exanple 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 container 49.3 parts (al koxy group

equi v : : = cycl ohexyl ) et hyl tri nmet hoxysil ane, 27.2
parts%%§%i6¥§%g%%ugﬂggﬁﬁ@%§§%§@?§§.45 of methyltrinmethoxysilane, 118.7
parts (silapol spaguhyaliesih BeRidedl dirangl - digsdidal pmbtpheRyicons! i cone
oi | having a wei ght average nol ecul ar wel ght of 1700 (val ue measured by
GPO) pdxIOnédingd t silicase KObblyBtH¥p-rpsdified ofsilkopel UbhiRePhodlfi&do Kildohs,

nmet hanol were placed, and the liquid tenperature was raised to 75C. After
t he t eimanaddified siisomna ssiglmodéact sikconaesnd arg liked out under reflux at 75C
for 8 hours. The second step reaction: After adding 123 parts of

met haf@l74]43. 2 parts of a solution of 50%distilled water in nethanol were
added dropwi se over 60 m nutes and the m xture was reacted under reflux at
75C for 8 Huurayeling tagent dinpldes ohgomerhbavegce irspleculas weight pba.A00gta d was
neutralized with a 5% aqueous sodi um di hydr ogenphosphate sol ution and then
t he nEolandaSormrising e Berdpta isucht pdnetyl m!a%.eb@%,acml@t%aaﬁob of
M BK wer dded and wat er shi ng S repeated 3 tines. Subsequently, the
sol verreDEruhasBaats GROINIZER GRMDEaphEsY aRKer cRetRIced FRIBLLAIEORA! 100C
to obtain 151 rts of.a.block:type siloxane,co und (A-5) having a

Feact 1OETaGE PO RaTtoD Pblsan A M S B RS BRI R Che apoxy
equivzb§§glmas 832 g/ eq, the weight average nol ecul ar wei ght was 5850, the
vi scosity“was 4610 nPa s, and the appearance was col orl ess and

he st seos dgriesrl ARAides, RyobBRebet Wbl bty B o PR B R, °
he . OBy _ 1o ofti
0002 ER I A ¢ ARk At OV BRR, WAL HARITARE SRRTHAARCIEMESN R ot so

that taeid atitonRkistibach, kaxyitaraue sesrid aficcaroradieidd aAlddnenid Acid;
equi val ent of the silanol group: Exanple of gelation in the first step

react indgher fatty | 8¢i@ anti@edyponiubadhrisneich3 &s0 shediryRintiakk opnityRinmde,
equi val ent: 82.1) of beta-(3,4 epoxycycl ohexyl)ethyltrimethoxysilane, 170.9
part s dejldmidd, eetiwelabissted@Didef asd |sthpkntbissicamdmiteyetibibr $atty aoite oi |
havi ng a wei ght average nol ecul ar wei ght of 1060 (val ue neasured by GPC)
and 12Zs&rpigpe dulfracsankOslicl) 26 yoiaeggnaiéd astaruili bntyb Bterrats, kdhyleme ghtchbanol
were placed, and the liquid tenperature was raised to 75C. After the
t enpera®np esihasateai serta \igtihritdle (meaect,dodri, i gui tetwaistearate e dleotutypeef | ux
at 75C for 4 hours, the reactant was a sol vent-insol ubl e gel ated product
( A- 6) lubrizons seeh ap pbe atsehpblsdeary! 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-glycidoxypropylmethyldimethoxysilane,
3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyllethyltrimethoxysilane,
N-(2-aminoethyl}3-aminopropylmethyldimethoxysilane,

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



(Exanpl e where reaction was carried gg in the presence of water so that

the ratio of the al koxy group was 5.5 equivalents relative to 1 equival ent

of the silanol group) Into a reaction container, 98.6 parts (al koxy

group equivalent 82.1) of beta-(3,4 epoxycyclohexyl)ethyltrinethoxysilane

118.7 : 530) of silanol-ter ilicone
PHES SafiBh oBORHr B RhGNE Rl

oi | haV|ng average nol'ecul ar wei ght of 1060 sured by

GPC) , M—?ﬁ-(@@%bénﬂlaﬂﬂid}@ﬂ@lﬁ@ﬁan%%r&bmme?h&ﬁ%ligﬁ@ 0.05 paydrbeRbrie,

sol ution of % KOH 1 n nmét'hanol were placed,” and the liquid tenperature

was I @-grethdddyléRipropl iehetHigybiRiRer agwhervpopyahsedidithdtdx@siidrie ofardy
solution of 50% distilled water in nethanol were added dropw se over 60

m nut eéscladorb tphepyh timateoxyaianeatitaedurditges doebling @&ients Guchr a8 ibopropy! Af t er
conpletion of the reaction, the reaction liquid was neutralized with a 5%

aqueolll-atogiaornaéthydr own;m()ﬁﬁphatee solsoprapyltrfebstésaytitenatet hardivdnivas
collected by distillation at 80C. Thereto, 191 parts of M BK were added and
wat er dméﬂmtyigyr@@@%efp@aﬂwasetatﬁeéetrmmr@@ubrwﬂdchtylnbosmlt@manm arshoved
fromthe grgani c phase under reduced pressure at 100C to obtain 176 parts
of a ﬁeloéﬂ‘é’ﬁé coﬁﬁﬁ@é%ﬂ’@(t%ﬁ‘)“”ﬁﬁ\ﬁyﬁgﬂhn@%wwe?nﬁﬁ\ct| BieONigNd¥pe AsOf or the
obt ai ne und, the epoxy equival ent s 45}3@% the wei 8ht aver age
mol ec @4P veRUPY8g 2 t BeC pﬁéa tOB%teWhZféth ?B"yﬂatewhereby

i 2?%?%5‘35@588645’““%4@%&?@%%@ ek AT TP ¢ BRI o KO 1 el
h h h | k 30.7
caui vATEAPECREREREGRZend U BINPUl cnt of tireRRodnol group)  MESHROAES o

o oup R IS IERISY B E”?ta STRERES ot BiiEatidmehREleda g ane.
54.6 RaRhsnfubh | aARlorRgH! vebmenat@»%w R AADNM! o AL PRinLIBISY Lok | i cone

oi | having a wei ght average nol ecul ar wei'ght 20 (val ue asured by
GPO) , AWpr8pipakies of triethylanmine and 500 parts of MBK were placed into a
reaction container, 100 parts of distilled water were added dropw se at
room f rature under stirring over 30 mnutes, and after the tenperature
was raised to 80C, the mxture was reacted for 6 hours. After conpletion of
t he react iAmnthe hghtretaisitizem al hindéddvarsineetypedight ethbiiZzeh (AAREYoisiguigaibis. sodi um
di hydr ogenphosphate sol ution and then water washing was repeated 3 tines.
SubsedientALS tihenatopatinulangslimiéed viad fypmal tdresoirgdude pohasedansate ofduced
pressure at 100C to obtain 85 parts of a white-turbid liquid (A-8), which
coul d difpttyleainged as a conposition for opt| cb,l3 SHizbvnduct or - seal i ng
materials. [ 0095] Reference Exanple e where reaction was carried

out i m:-Nrdipfed Bifctetigmethyed- pﬁlﬁrmﬁﬂ @H@&ametbyleﬂe@ﬁmae koxy groupfighs 31.0

?222??@%&%2'%§ b IePBRAY MBI % oup equi VAHERDE 82. 1) of'%é?daa<3,4

2883%' B At St %{W&*‘*ﬁ’aﬁrﬁ% 2 pieciserihY Ry PR HEe 8y EPage

5. 0 piFl {é“ﬁfs‘*”%&?étba@‘éé%b@ bRt s 2o ybRe P SuddBi fere ™

S 0 R A M e he oo st
bis(1,2,2,6,6-pentamethyl-4-piperidy)[[3,5-bis(1,1-dimethylethyl)-4-hydrxyphenyllmet
hyl]butyimalonate, 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-hydroxybenzyi)-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.



50% distilled water in nethanol were ,added dropw se over 60 m nutes and the
m xture was reacted under reflux at 75C for 8 hours. After conpl eti on of
the reaction, the reaction liquid was neutralized with a 5% aqueous sodi um
di hydr ogenphosphat e sol ution and then the nethanol was collected by

di stikdatdion at 80C. Thereto, 152 parts of M BK were added and water
V\B.Shll[l V\As repeated 3 tines. Subsequently, the solvent was renoved from

the or ganithPhase 4usiar at"ié%ElHé‘@d éﬁél b8, abuhf% éoa%t% bripafpe of a
white-turbid liquid (A9), WhIC coul not be u d as a conpositi for

opti cahtisgAassenduct or-sealing materials. [0096] Reference Exanple 4
(Exanpl e where reaction was carried out in the presence of water so that

the rati o Syediflie ekdmplesgrafughaaphddoltypeui arstioxidamtr elrat iexeniplifiddeduyi val ent
of the silanol group) Into a reaction container, 98.6 parts (al koxy

group nespapheinetst : 8il) af belé-d(-Bbdtyepeorgsgicl obekyatpdt hyHydroxgensniy,si | ane,
118.7 parts (silanol equivalent: 7900) of silanol-term nal dinethyl

si | i ce@r@dbl-butyhpieibylaherdlghsteargrtaie-(ddl-dieubaly-ddivghexyphensBooplorstee
measured by GPC), 142 parts of nethanol and 10.0 parts (as KOH, 0.05 part)
of a $GHIon(b dﬁﬂ'@%%&wd{omm@m@ﬁé@@atﬁl aced and the liquid
terrperatgre was raised to 75C. _After the tenperature was raised, 43.2 parts

of a <Sot6is %OQWE@@/@C@SWWP@H?’V%Qbfrb‘l:bf'at‘f‘g ﬁ@f Fv&ﬁ’?‘é‘”&dded dropvvlesﬂréi1 over
, X 75
artor 2Bl BERhS AT b SR Ton C'tﬁﬁhf?@ﬁ%lte | 0PN qui @5 was ZRdTPEY f%‘é&%m
a 5%
cor | e ELAS TG PO 5T 56 c2 2R BvRe 1 o1 R PE el Rty B G ana
vt o MBSO ¥R TPERLER B LAATES ¢ PURSORNFR' i BB SpleveRl ooV

fromthe or a se u ced pre sure a parts
g;n?h\gs.%té E\-/?Bgr(t:;(rjr: Iegu:)?ﬁl)g%gljoﬁl@s Iqlcb?:!(?) t»%ﬁﬂaw ?E?llvn%ﬂ)ﬁ?piopate al koxy
0 op TR 05 4 SR IS Blopbgns, o 5 ot (el
[ 0099N,N’-hexamethylene bis(3,5-di-t-butyl-4-hydroxy- hydrocmnamamlde),
2,2-thio-diethylene bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate],
3,5-di-t-butyi-4-hydroxybenzylphosphonate-diethy! ester,
3,9-bis[1,1-dimethyl-2-{beta-(3-t-butyl-4-hydroxy-5-methylphenyl)propionyloxy}ethyt]2
,4,8,10-tetraoxaspiro[5,5]undecane and bis(3,5-di-t-butyl-4-hydroxybenzyl sulfonic
acid ethylcalcium; 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-hydroxybenzyl)benzene,
tetrakis-[methylene-3-(3',5'-di-{-butyl-4’-hydroxyphenyl)propicnatejmethane,
bis]3,3’-bis-(4’-hydroxy-3’-t-butyiphenyl)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, 5H)trione and tocopherol.
[0079]
Specific examples of the sulfur-type antioxidant are exemplified by
dilauryl-3,3’-thiodipropionate, dimyristyl-3,3'-thiodipropionate,
distearyl-3,3’-thiodipropionate and the like.



Into a reaction container, 37.0 part% (al koxy group equivalent: 82.1) of
beta- (3,4 epoxycycl ohexyl)ethyltrine %oxysi | ane, 63.1 parts (al koxy

equi val ent: 1250) of nethoxy-term nal dinethyl silicone oil having a weight
average nol ecul ar wei ght of 2500 (val ue neasured by GPC), 64 parts of

met hapghg@nd 5.0 parts (as KOH, 0.025 part) of a solution of 0.5%KOH in
nmet hanol were placed, and the liquid tenperature was raised to 75C. After

the tenpergiaie ¥esmpRsdhe bRodpMerib ariibxapPhkt é%hqﬁﬁﬁe"z%’g Bhasphitead water
i n nmet hanol were added dropwi se over 60 minutes and the m xture was reacted

under suehlagxriphe i Ghbephite, Rivphieny! Alddety! p@ite Oph&yl th€od&Af bheshhitehe
reaction liquid was neutralized with a 5% aqueous sodi um

di hydtrig(enpylpbphgiEhasphiiej on andiigdusnyt he nmepbatearythas!col | eqiredphite,
distillation at 80C. Thereto, 88 parts of MBK were added and water washing
was r épeatdedi-BbitypenyBohesiitentcyglic nhepsatbnetetraph dis(ectadedyljprasphie,

organi ¢ phase under reduced pressure at 100C to obtain 80.6 parts of a

whi t ecydlibngopeifaneatetriayl bis(2.ddidrbwiphanyiiphasehitseayelis acepaniesetetran! f or
optical sem conductor-sealing material. [0100] The properties of
resi n2"3@f“@‘ot“wtill"f‘émtﬁb’ﬁ@@&“wﬁp@@ﬁ%?es Ito 5, Conparative Exanples 1 to 2

oo BRI R N2 A S TPy e dBE VATEaaeH vaTehPikPght 50
(A KOt BU T B 0U0) SXael ayhiy 10 34073700Gglor L eos and o g
Exanploe 2amialo-845a* 16 MRk BhaSRhaMifleheaNeBRiygnt 11 quid

10-(3,5-di-t-butyl-4-hydroxybenzyl)-9, 10-dihydro-9-oxa-10-phosphaphenanthrene-10-

oxide, 10-decyloxy-9,10-dihydro-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 blue
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,



Exanpl e 4A-48. 68742630Col orl ess and éf]ansparent i quid Exanpl e

5A- 58. 68325830Col orl ess and transparent |iquid Conp. Exam 1A-61.4Cel ated
product Ref. Exam 1A-75.5Wiite-turbid liquid Ref. Exam

2A-830. 7White-turbid liquid Ref. Exam 3A-931.0Wite-turbid liquid Ref.

Ex i t @s turbi S ' i . | o

A, T R Ay S, BB IS
t. " H n ; . .I t Can

0T oSpRLS o BaiAENss PXRIPLS, Y.AQIICe, Yuuiend hecobors, SeRdACl | o

the gener@rELRD MiLAs(dnd ang likee FRMRRIUNE HaRTERS aite bf Dyaid Nshapner alhd or mul a
(2) were added in an al koxy group/silanol group equival ent value of 1.4 was

a sol vanticie sizel kngiven ethatatisprsedunid thet\veragebahieisied @9 tarR5Ep@KYaridesi n.
In addition, it can be confirnmed that Reference Exanple 1, Reference
Exanplpariuliéf prefacbERatmpbe |BnandvirRet tressec phdsmps eard (sad7 théd-Riditibrd and
A-10) where the conpound represented by the general fornmula (1) and the
conpo@hepurgds 1 to 80 parts by weight and preferably 5 to 60 parts by weight, relative to
100 parts by welght of the resin component.
[0083]
Preferable curable resin compositions of the present invention are as follows.
(I) A curable resin composition, wherein the reactive functional group-containing
siloxane 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-EPO), 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 (1), 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 (1) or (ll), wherein said
siloxane compound (A) and O-EPO which may be optionally contained are contained
in a total amount of 50 to 30% relative to the whole composition.
(IV)  The curable resin compaosition according to any one of the above (1) to (il}),
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 50 to 100%.
(V)  The curable resin composition according to any one of the above () 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%.



represented by the general formula (%% were added at a tinme together with
an al kali catalyst and water for synthesis were white-turbid |Iiquids and
not suitable for optics application. Further, it can be found that A-11

(Conpar ative Exanple 2) where the conpound of the fornula (5) as silicone

T hawi e | : i
glegme }W)ings-ﬁqeéag&op. l%ﬁ.eegép%p%ﬁnd res?é@‘éﬁ{dg’?g@??ﬁwgaggﬂleefgﬁb}?%?f%gpgw% was
al o gydbfrea taiiplydaddefiathraB dy ARk éHhﬁaﬁmCﬁmferaﬂetdmo@@%'@bbﬁ@-bﬁ the
ot her hand, 1t can be confirnmed that Exanples 1 to 3 (A-1l, A-2 and A-3)

wher e WdightcrelRivenes| 0F stLs e WepshtRY shitbsi@gaaeaonpssund @)(1) and the general
formul a ?2) wer e reac"%‘e}d iﬁ 2 steps and Exanpl es&z to@\g (A-4 and A-5) where

t he c@unpundberepasieaatedcdyipbéitoyeresaling oo amy ame d) the( owand) (S vher e
reacted in 2 steps gave colorless and transparent resins and were suitable
for optharsinaph@ cedng @genf (RPZ aComparathyded&xampbpeurd! or a catexgyntbesi s was
carried out using dinethyldi methoxysilane of the followng fornula (6) as a
raw nmEEsIM@INdso that the content concentration (% by nol) of

di met hyl si ]l oxane unit structure contained in the conpound was the same

concent r at iishapoyaguradllg regin icennesitbovethexpriespakinventon cande eelgied ng

di net hyl si.| oxane as unit structure. [0103] CH3

H3C- 07U 0@3’(@}"“@9—@‘? aheve raw matenalsip a8y meethfner of synthesis as
descri@(?éi in Patent Literature 1, 33.9 parts (al koxy group equival ent:
82.1) [ ‘Het a- (3,4 epoxycycl ohexyl)ethyltrimethoxysil ane,

LT ) SRR AT el R et 1o
e | bl MDY PSR B o
he TG (8RS, o Sl Spodbigly SOl 9 ! e

di hydreggnritesPhahsthep! YbticHal apRnbRN ot finaMSH=Y9 heasufiedediethied tif mes.
Subsequently, the solvent was renoved fromthe organi c phase under reduced

pr essweeedsaryO0BnbthadiiohabBlpriin$ cOmpanght eXansclcaeReURGrdaivid Zllehayi ng a
reactive functional group. As for the obtained conpound, the epoxy

equi vabtranies ARDng/ egin,t Adeveirghgangradebmadrecal esuplidigohtemasa gt and

t he appearance was colorless and transparent. [0105] Exanple 6 (Exanple
wher e staziitdroan wagoxidani, posphors@ridiae likke iTaese offierttiendihi aoynmmenfs was
3.8 equivalents relative to 1 equivalent of the silanol group) The
first candpe pparspriately podadriedie rarge ohd 40 500, parkrbg weaghtseladiviedry Hibup
equi valent: 82.1) of beta-(3,4 epoxycycl ohexyl)ethyltrimethoxysilane, 252.8
par t s PEsis nsreighfupl lieetntal ameynbpf spidasinxaner eemapuad A pd &e cwine oi |
havi n% a wejght average nol ecul ar Wei@)ht of 1060 (val ue neasured by GPC)

and 209SThABLSANGHTHETA0B 13 aha)0 & 1ROsBRIE BYWEIaNG, SUHEn e HoRgtHihol

wer e added nd.the liquidte rature was raised . to,75C. After the
{orperhely HASdng: SumPoRent s S0 whdS SKER oS p BIRRUPGMaRFRIRS AUCHERS 1 or

hourS'HenscheE 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 &
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



The second step reaction: After addi ng 255 parts of methanol, 64.8 parts of
a solution of 50%distilled water in nethanol were added dropw se over 60
m nutes and the m xture was reacted under reflux at 75C for 8 hours. After
conpletion of the reaction, the reaction liquid was neutralized with a 5%
aqueous 5ot dHa dindydh 9968 € a8Oblh ihge ANl GiNGS

Y QUPRRNRP RAZHE 280l HhsRR %g,t RohfifeSBbA AR

coll ected by distil i on at ereto, were added and

vat er viasfibrghondisg beRei Rchshd H@%ds§%§!%ﬂ1‘ﬁiﬂb'rﬁeth‘bﬂ? sol vent was renoved
fromthe organi c phase under Teduced pressure at 100C to obtain 333 parts

of a bl ocknt ygéitish) exanegPewtod Aol dlird1ané Ngsth reAsddsittord YBEtdppinal

group. As for the obtained conpound, the epoxy equivalent was 578 g/eq, the
wei ghtseavesraetornsedingaafteveioginationds 56 Gartikidarip Imitesicarsd aycovaeribranPa s,
and the appearance was col orl ess and transparent. In addition, the

rat i o kebwnhengthbidcsncit e bet-aingcinguiaition heeatiries e gqtdred aney slegatigt amas 14. 9%
by nol. Likew se, the ratio of the silicon atom belonging to the chain

si | i cogh-Seguenty Weeating. aan e wotployed.06 AsChrnpawidng aoneitims| dreating is The
synt hesi s _was carried out using dinethyldi nmethoxysilane of the foll ow ng

f or mulugualy cagies uhatahost B8l oW fratt %ﬂéae%pé Eseeente 46 erreebuvly nol )
of dinethyl siloxane unit structure contained in the conpound was sane
conceMiFE 1P ey HBIPNALIANS 4'ReRRIGNEAENAFIANTES. wikdR aTegergartiions

fotospte NG el Bl 6 oty et ecs o Sl ™
Li : 20, [ 82 = 4
epoxy ATy RS A AR b AT RO IR PR b bl A bR o0, 1)

of di r,ga&]t@fé% pet hoxysilane, 10.0 parts of triethylam ne and 500 parts of

M BK were a ged to a reaction container, 100 parts of distilled water were
added ;giggawi se at room tenperature under stirring over 30 mnutes, and
after the tenperature was raised to 80C, the m xture was reacted for 6

hours. Af tiggrefmel eth®prebettheved@ohi @fll behendreashe@ficdllyX BUpRINRS with
neutralized with a 20% aqueous sodi um di hydr ogenphosphate sol ution and then

wat er refesdnaegtor8gnthepisaE eaimBldsi aves ExGrpiesiuantddditid)ehs Pryesit indenticemoved
fromthe organi c phase under reduced pressure at 100C to obtain 60 parts of

a sil xaot licdtgubtmdhg¢se By)nttsis ritkeanpleacdnd Exaumdées.onal thgs ceparddsedar t he
obt ai ned conmpound, the epoxy equival ent was 561 g/eq, the weight average
mol ecphysicakprgpertvaa! 830, Exardplelevas measured by the following method.

(1) Molecular weight: the weight average molecular 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 ml/min.;

Column temperature: 40°C;

Solvent used: THF (tetrahydrofuran);

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.



63 appearance was col orl ess and tranicFar ent. [0109] Exanple 7 (Exanple
where reaction was carried out so th the ratio of the al koxy group was
4.8 equivalents relative to 1 equivalent of the silanol group) The
first step reaction: To a reaction container, 59.1 parts (al koxy group
equi valent: 82.1) of beta-(3,4 epoxycycl ohexyl)ethyltrimethoxysilane, 130.6
parts (silanol equivalent: 850) of silanol-term nal nethyl phenyl silicone
oi | h@_\kiaﬂqﬂéasmei ght average nol ecul ar weight of 1700 (val ue neasured by
GPC) and 10.0 parts (as KOH, 0.1 part) of a solution of 0.5% KOH in

et hapgdgaer e added, and the liquid tenperature was raised to 75C. After
the tenperature was raised, reaction was carried out under reflux at 75C
for 8 hournsereinafter,Thiee yrecatt sveptioeawlli 0B: mireespeditaly &35lapridt svitf

met hanol , 25.9 parts of a solution of 50%distilled water in nethanol were
added refieopvies o Qyetheds Hxaotmses and Exemplest ule thissregaatt egdadEeémeafd ux at
75C for 8 hours. After conpletion of the reaction, the reaction |iquid was
neut r aparkey bwivdighat” avgiateoaans ddi ynweighy despecipieds ph SyatrmsisiEkampiasd t he
met hanol was collected by distillation at 80C. After that, 170 parts of

M BK wefExamaeigst b agditionas iRathe eduyalends easlkesysadsdanot whes the unit
Subsequently, the solvent was renoved fromthe organi c phase under reduced
pr ess i BOLEEsEied: b ISKYad WNAY ¢ s of a bl ock-type sil oxane conpound
(A-15). having a reactive functional group. As for the obtained conpound,

t he eﬁ%@\y’%‘aai val ent was 707 g/eq, the weight average mol ecul ar wei ght was

2050, (ERSRHISSRBIS YordhalThR i h O L 0P WP R NS By MRS RN G0 5% (o
t he S'elqﬁﬁl%?éﬂtg)éﬁgﬁvé?@ﬁr%%{'\}%@e?ntjo?fiﬁg%ﬁ’%%ou i kewi se, the ratio of the

siliconatom onging to the chain Si e 'Segnent was 86. 4% by nol .

[0110] Exarp ﬁ%t%t?gﬁlr%%cﬁ&q ﬁ:ﬁgpaarréé%t}fﬁw BYREM &S A@Itf gégtggﬁékc)ﬁ groups g4

above- synt hesi ze oxane conpound (any one o

or a RmRI&Hald/1 ayR) abf %_e@é-i(?},xcbbéx} RHBGNYtHyRAMBIHGHSI4RS 1237 4

conventional Iy used for optical sem conductor “Sealing was mxed wth a

cur i ngaageiaidd-dquivalBni)530r g}\éiq? bf RkRoRtetMMaN @it s(iBods diNBadngW i N9

accelerator C- 1, 1n an anmount of the parts by weight shown in Table 2, 3, 4
or 5 taeighit araragenposctiaoneight dxt060 aalde heedkdired byhePR) esen?1 Bt i on
and Conparative Exanples 5 to 7. Exanpl es and Conparative Exanpl es
descri(ddd partsTablOB) af & aslubeh @i.0. BapplassBim Aydomds (KO6f) inshetipanbe
conpound A-1 and the curing agent B-1; Exanple 9: A conposition using the
conpouvafe lacathdndribediguichtpnapgraturB-vieremaiaggl to 73C. A Aftargbsitemparaigieng t he
conpound A-3 and the curing agent B-1; Conparative Exanple 5: A conposition
usi ng Waseraisadh sepetion was gadi taunden gefhgeat 7B Crtor 8 hours.
The silanol equivalent of 530 g/eq 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.  Also
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 paris of a solution of 50% distilled water in methanol 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 paris



Conpar ati ve Exanple 6: A conpositi on5ysi ng ERL-4221 and the curing agent
B- 1. Exanpl e and Conparative Exanple described in Table 3 are as

bel ow. Exanple 11: A conposition using the conpound A-13, the curing agent
B-3 and the curing accelerator C-1; Conparative Exanple 7: A conposition

_ , _ _ _ |
c 10 M kA DR il SR e AR B PR el

bel omm@ganm@as,laaUemzﬁqm%bbh@gph@émafs%maWMd Aédd thé RBIVeHE WG agent
B-3 and the curing accelerator C- 1. Exanpl e and Conparative Exanpl e

descrirb@dvet thabdfeorh anderasedielcawprdasar®! st 180°Q\ tooaPRS t34aN pastsnef tshe
conpound A-13, the curing agent B-3 and the curing accelerator C1;

ConpabéidkvigpEcdopare Gompotonposiing anreastiveg flritioh22 §raupd(A-HE cAis ifmgthegent
B-1. [01111 Transm ttance test, nmechanical property test (dynam c

vi scoebiainedi egmpend, dml ¢ERY eghiviefentt wes BEY opledestbel bedghvie aeewer i ed
out on the curable resin conpositions obtained in Exanples 8 to 13 and
ConpaRpGdarweigtavas 3700, thearscasity was 600 nPRes.cvTd HecapprAtaNte Wasbl es 2,
3, 4 and 5. 65 %0112] (UWV resistance transmttance test) Each curabl e
r esi nCEEﬂ‘ﬂ%%iaﬁ]idd 5HEs¢™Hed i n Exanples 8 to 13 and Conparative Exanples 5

cast - ot dad PREHSEn Yr%ﬁﬁﬂﬁlgﬁ g%oﬂa@ﬁﬁ@f&bﬁg?%%@e%%gﬁhgee ke d
under 500t EPe e SAbRE RS Rk P T 03, BvASE Selb SpRlug R RYL " ©
thi Ck@ﬁi%ﬁnodcto%smﬁi&[)e rsaéhﬁ&sléfe%“ﬁgmt B3l ratidSof et ARG Faﬁﬂn&'eﬁ%@ig\{ﬁsemm

transmttance ratio ore and after ultraviolet irradi i on

wavel eugidi:p\3f8) NNikéRReNA ioﬂcﬁﬁh@?licﬁﬁ%tmbﬁ@pg%{oﬁgggﬁﬁmﬁ&%om er

and the changing ratio was cal cul ate e ultravi ration
condi st%ﬂ@n@m%sa@_ﬁ% bpwil, U traviolet irradiation machine: Eye Super W
UV- W1,

tester Tenperature: 60C,
[0088]
Example 2
(Example where reaction was carried out so that the ratio of the atkoxy group was
30.8 equivalents relative to 1 equivalent of the silanol group)

The first step reaction: Into a reaction container, 197.1 parts (alkoxy group
equivalent: 82.1) of beta-(3,4 epoxycyclohexyl)ethyltrimethoxysilane, 237.4 parts
(silanol equivalent: 3080) of silanol-terminal dimethy! silicone oil having a weight
average molecular weight of 6120 (value measured by GPC) and 20.0 parts (as KOHM,
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% agueous 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



lrrad

iation energy: 65 mWcn®; Irradiation hours: 100 hours. [0113] (

durability transmttance test) ch curable resin conpositions
obtained in Exanples 8 to 13 and Conparative Exanples 5 to 7 was subjected
to vacuum defoam ng for 20 minutes and then gently cast-nolded into an

TR o el 7 U s ero 0 0 A0 oRsETLodety e

al um
cast -

curin
trans
after

nm 40nma

Yo GPOH Eh%%%ré At ‘%'@b%’} aoﬁtﬁr?at 36 ‘S)%ﬁsrﬁvé Mo k- %b%ﬁi’&‘iéﬁe@onﬁp i o or

mttance test Usi ng t ese test I eces, transmittance rati (0]

hez r}ﬁh\)u? B rbac% ARAoRAl drelf. T @ls 136 the Bb{dTRAP b RIBORd WL SHaL

Heat

re and
h: 375

was neasured by a spectrophotoneter and the changi ng

rati Oew@a;ar@itcwb@t eela dRgl4he (Weighaniveabg®r@pricllart @sight Eaes £18@bte resin

conpo
7 was

sition obtained in Exanples 8 to 13 and Conparative 66 Exarrpl es
viadosite ived 481 miteu s nane treaappeprboce Masntolotiess amtlirehspargeant |y

5to

cast-nolded into a nold for test pieces having a wwdth of 7 mm a |ength of
5 cm and la addittknése ratio abibetsilBam aom beldngingeto thhatisesquitoxkref sgghgnin de

film

was put onto the nold. The cast-nol ded product was cured under t

he

condi tWasn39@sdni el | kewisieeshe rafiel o8 the sdisai atos bekngn@ée thechajmani c
elasticity. Using these test pieces, dynamc viscoelasticity test was
Silicene sgamantivas YerwPk8Mi ti ons. Measurement conditions: Dynanic

Vi Sco
carri
Vi SCO
TA-in
t enpe

T0%ents” Measurensnt ¢ emperature range: -30C to 280G Rate of
rEat ;ﬁe@ se: 2C/ m nute;

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

The first step reaction: 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 silancl-terminal dimethyl silicone oil having a weight
average molecular weight of 15800 (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 reflux at 75°C for 8 hours.

The second step reaction: After adding 142 parts of methanol, 43.2 paris 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 gl/eq, the weight average molecular weight was 4130, the



Test piece size: A piece cut into a s ze of 5 mmx 50 mm (thickness of
about 800 pm) was used. Analysis condi ti ons: Tg: The peak point of
Tan-delta in DVA neasurenent was Tg; Elastic nodulus at -30C. Elastic

nodul us at -30C was neasured. [0115] (LED lighting test) Each curabl e
resi n \&QUROS Wlso Phipal- ne LY wh g Lompa wes Exanpl es 5
to 7 was Sﬁ%] egt ed ttg%vgc%a% déz%oamrﬁﬁc a% éb?cr)n nut es anggﬁé{en filled in a

syringe, andaysitios, ah@raebset Xh@“ﬁ%@f wt@r& @ewgng&o iHe WASesABsxdA ded
into a surface nounting-type LED nounting a |ight-emtting el enent havi ng a

eni ssisegmut Mlasnl. 6%oby Eh. NnikéWise! tHehattio dfthavabicen Besh Wallaiging eslgteer m ned
curing conditions to obtain an LED for | ighting test. The lighting test is

carr i ettabusilicoTdesegmee] waaBOd % dydndi.ons, so lighting test was carried out
at 60 mA which is three tinmes the specified current. The specific
condi {0@#H are shown bel ow. As for neasurement itens, illuminance before
and after 100 hour lighting was measured using an integrating sphere, and
the r&*@npled ratio of illuminance was calculated. In addition, the state
obser JEE @%”e%ei#q”acgﬁ%e”e”éaaﬁgéLﬁgég?ﬁ%ﬁs?gig&f&%éak%&éf%%@“wﬁa?m%e
obser R
speci PRUTARITR EETVSES el ot IR IIakaRNR: 256, 65% [0136] Table 2
The first step reaction: Into a reaction container 49.3 parts (alkoxy group
equivalent: 82.1) of beta-(3,4 epoxycyclohexyl)ethyltrimethoxysilane, 39.7 parts
(alkoxy group equivalent: 66.1) of phenyltrimethoxysilane, 118.7 parts (silanol
equivalent: 850) of silanol-terminal methyl phenyl silicone oil having a weight average
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 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% aqgueous 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 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 g/eq, 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



(Bl end) Exanple 8 Exanple 9 Exanple ;LQ Comp. Exam 5 Conp. Exam 6 Conpound
A-1 100 Conpound A-2 100 2

chain silicone segment was 77.5% by mol.

[0091]

Example 5

(Example where reaction was carried out so that the ratio of the alkoxy group was 8.6
equivalents relative to 1 equivalent of the silanol group)

The first step reaction: Into a reaction container 49.3 parts (alkoxy group
equivalent: 82.1) of beta-(3,4 epoxycyclohexylethyitrimethoxysilane, 27.2 parts
(alkoxy group equivalent: 45.4) of methyltrimethoxysilane, 118.7 parts (silanol
equivalent: 850) of silanol-terminal methyl phenyi silicone oil having a weight average
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 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 neufralized with a 5% aqueous sodium
dihydrogenphosphate solution and then the methano! 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 to 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 gleq, the weight average molecular weight was 5850, the
viscosity was 4610 mPa-s, and the appearance was colorless and transparent.

In addition, the ratioc 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



Compound A-3 100 Compound A-12 .. 100

bb

(Example where reaction was carried out so that the ratio of the alkoxy group was 1.4
equivalents relative to 1 equivalent of the silanol group: Example of gelation in the
first step reaction)

Into a reaction container, 37.0 parts (alkoxy group equivalent: 82.1) of beta-(3,4
epoxycyclohexyhethylirimethoxysilane, 170.9 parts (silanol equivalent: 530) of
silanol-terminal dimethyl silicone oil having a weight average molecular weight of
1060 (value measured by GPC) and 12.3 parts (as KOH, 0.06 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, when the reaction liquid was reacted under reflux at
75°C for 4 hours, the reactant was a solvent-insoluble gelated product (A-6).

[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 equivalents relative to 1 equivalent of the silano! group)

Into a reaction container, 98.6 parts (alkoxy group equivalent: 82.1) of beta-(3,4
epoxycyclohexyl)ethyltrimethoxysilane, 118.7 parts (silanol equivalent: 530) of
silanol-terminal dimethy! 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 neutralized with a 5% aqueous sodium
dihydrogenphosphate soiution 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 gl/eq, the weight average molecular weight was 3300, and the appearance was



ERL- 4221 - 100 Curing agent B-1 3965 30.0 31.1 30.3 Curing agent B-2 -

white-turbid, whereby it could 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: 3080} of silanol-terminal dimethyl! silicone oil having a
weight average molecular weight of 6120 (value measured by GPC), 10.0 parts 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 liguid (A-8),
which could not be used as a composition for optical semiconductor-sealing
materials.

[0095]

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)ethyltrimethoxysitane, 94.0 parts (silanol equivalent: 3060) of
silanol-terminal dimethy! 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% 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% agueous 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-9), 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)ethylirimethoxysilane, 118.7 parts (silanol equivalent: 7900) of
silanol-terminal dimethy! 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 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 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



at -30C 1449 1515 1615 1801 4567 Sur_igace t acki ness None None None None None
(W resistance transmittance test) °

of the formula (2) used in Examples 1 to 5.

[0098]

CHs
HsC—0 Si—O—}—CHj (5)

CH4

[0099]

Into a reaction container, 37.0 parts (alkoxy group equivalent: 82.1) of beta-(3,4
epoxycyclohexylethyltrimethoxysilane, 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 methano! were placed, and the liguid temperature
was raised to 75°C. After the temperature was raised, 16.2 parts of a solution of
50% distilled water in methano! 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, 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 liguid (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

equivatent value equivalent weight



375 nnB5% 95% 95% 94% 72% Tr ansnmni ttagé:e retention ratio 400 nnm8% 98%

(Alkoxy group /Silanct group)

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

Example 2 A-2 30.8 468 4160 Colorless and
fransparent liguid

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

Example 4 A-4 8.8 874 2630 Colorless and
transparent liquid

Example 5 A-5 8.6 832 5830 Colorless and

transparent liquid

Comp. Exam. 1 A-6 1.4 - - Gelated product

Ref, Exam. 1 A7 55 - - White-turbid kquid
Ref Exam. 2 A-8 30.7 - - White-turbid figuid
Ref, Exam. 3 A-Q 31.0 - - White-turbid #iguid
Ref. Exam. 4 A-10 80.0 - - White-turbid liguid
Comp. Exam. 2 A-11 - - - White-turbid liquid

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

represents “Reference Example”.

[0101]

From the above resuits, 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



98% 96% 76% Transni ttance retenti on éda\t i o 465 nnl00% 100% 100% 99% 90%
Transmttance retention ratio

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 optics
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]
CH,
H,C—O—8i—O~CH, (6)
CHs
[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 epoxycyclohexyllethyltrimethoxysilane,
dimethyldimethoxysilane (alkoxy equivalent: 60.1), 10.0 parts of triethylamine and
500 parts of MIBK were added to a reaction container, 100 parts of distilied water

were added dropwise at room temperature under stirring over 30 minutes, and after



68 Note: "Conp. Exam" represents ' arative Exanple". [0117] Curing
agent B-1: As a curing agent, a mxtu e of 30 parts of

1, 3, 4-cycl ohexanetri carboxylic aci d-3, 4-anhydride ("H TMA", manufactured by
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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 methano! 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



[0119] Table 3 Exanple 11 (Bl end) Copgpound A-13100 Conparative Exanpl
Compound A-14 100 Curing agent B-3 .9 29.9 Curing accelerator C1

0.

1

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.

[0106]
Comparative Example 4

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 same concentration

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

structure.

[0107]
CHs

H.C —O“"“Sii"‘"““o“‘CHa (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 epoxycyclohexyhethyltrimethoxysilane,
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 gl/eq, the weight average molecular weight was 830, and the

e 7
0.1



(Mechani cal property test) Tg 57C *2) Elastic nodulus at -30C 1139 *2)
Surface tackiness None *2) (UV resistance transmttance test)

appearance was colorless and transparent.

[0109]

Example 7

(Example where reaction was carried out so that the ratio of the alkoxy group was 4.8
equivalents relative to 1 equivalent of the silanol group)

The first step reaction: To a reaction container, 59.1 parts (alkoxy group
equivalent: 82.1) of beta-(3,4 epoxycyclohexyl)ethyltrimethoxysilane, 130.6 parts
{(silanol equivalent: 850) of silanol-terminal methyl phenyl silicone oil having a weight
average molecular weight of 1700 (value measured by GPC) and 10.0 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 135 parts of methanol, 25.9 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 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 to 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 g/eq, 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 5to 7

The above-synthesized siloxane compound (any one of A-1 to 3 and 12 to 15)



375 nm 94. 6% 93. 8% Transm tt ance r et ﬁ&t ion ratio 400 nm 99. 0% 97. 2%
Transmttance retention ratio 465 nim 100% 100%

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 5to 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.



Transmttance retention ratio (Heaf.durability transmttance test) 375
nm 97. 4% 84. 0% Transmi ttance retentioh ratio 400 nm 99. 1% 89. 4%

[0112]
(UV resistance transmittance test)

Each curable resin composition obtained in Examples 8 to 13 and Comparative
Examples 5 to 7 was subjected {o 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;

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 defocaming for 20 minutes
and then gently cast-molded into an aluminum cup having a base diameter of 5 cm
and & 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



Transmittance retention ratio 465 100% 96. 1% Transnmi ttance retenti on
ratio (Wei ght change after cured)* Wei ght retention ratio 95% 91%

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 ym)
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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and a I .as a cured product for dynam c viscoelasticity
coul d%r%?ﬁkg%hgﬁg%r@gmbg) A trace of foam ng of Conparative Exanple 7 was
confi IHRdsioR weleRitl: Bhgnhei.ore the reduction anmpunt of resin was neasured
in making a sanple Tor UV resistance transmttance property test and the
wei ghiDigi@ s gohetansufenf isiReh, 60 mAl nighhlemiﬁmgaél@mérhesp@imm
retention ratio was cal cul ated by (wei ght of cast-nolded product after

curi ngutrengiZhinAQf cast - ol ded product before curing) x 100. [0120] As
for the curable resin conposition of Conparative Exanple 7, a trace of

f oam Ayivives egeneraeed 28M0, 85%ur ed product for dynami c viscoelasticity
measur enent could not be normally nmade, while as for the curable resin
conpod®11@n of Exanple 11, a cured product w thout tackiness properties
could be made and it is found to be a cured product having a | ow el astic
modul déblei4y addi tion, the reduction amount of resin in each sanple for W
resistance transmttance property test was neasured_ before_and after
curing, resulting tEri‘éf“pﬂEhg 53?@5 e r BXFRPIE dPp d<P TP on<edt ScorpapPaExare Exanpl e
7 had g%reduced anount while the curable resin conposition of Exanple 11
had ot S?”ﬁ)oout 5% reduced anount, the curable resin conposition of the
prese j.hyventi on has.kess reduction in the anount before and after curing,
and th%egnpfé'ﬁgr%?ded ;s)lpéduct for LED packages have fewer dents after curing,
whereby it i§A9und that the ggpable resin conposition of the present
invention 1s also suitable as a conposition for LED sealing in this
respeismddintines. Example 11 is also exggllent in _71 W resistance and
heat resistance of transmttance ratio, conpared wi th Conparative Exanple

7. [ 0B&Mpound 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



Tabl e 4 Exanple 12 (Bl end) Conmpound A: 15100 Curing agent B-321.4 Curing
accelerator G 10.1 (Mechanical property test) Tg45C El asti c nodul us at
-30C1539 Surface tacki nessNone (UV resistance transmttance test) 375
nB8. 1% Transm ttance retention ratio 400 nmB3. 9% Transm ttance retention

ratio Note: “Comp. Exam.” represents “Comparative Example”.

[0117]

* Curing agent B-1: As a curing agent, a mixture of 30 parts of
1,3.4-cyclohexanetricarboxylic acid-3,4-anhydride (“H-TMA", manufactured by
Mitsubishi Gas Chemical Company, INC.) and 70 parts of “MH-700G” (manufactured
by New Japan Chemical 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-1.

* 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.) 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: Alicyclic-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 [MPal].

[0118]

From the above results, 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 mol) 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.



465 nnmb9. 2% Transm ttance retention éqati o [0122] Curing agent B-3: A
m xture of methyl hexahydrophthalic acid anhydri de and hexahydropht halic

acid anhydri de was used ("MH 700G', nanufactured by New Japan Chenmi cal Co.,
Ltd.). Curing accelerator C 1. "U CAT 18X" (which is a trade nane)
corrrreigj@ély avai l abl e from San-Apro Ltd. was used as a reaction

accel erator for epoxy resin and acid anhydride. Curing conditions: 120C

for 1-fyner3150C for 3 hrs. The unit of Tg is [C and the unit of elastic
nodulus at -30Cis [MPa]. 72 It is found that the curable resin
conposi tion of Exanple 12 usinExdreplgifioxane cowpmisrativeNExampldz present
i nvention synthesized in the 2-step reaction becones a cured product havi ng
a | ow(Blemslyi c nodul us even at |ow tenperature. [0123] Table 5 Exanple 13
Conpar ati ve Exanple 6 Non-seal ed (Bl end) Conpound A-13100

Compound A-13 100 -

Compound A-14 - 100
Curing agent B-3 28.9 29.9
Curing accelerator C-1 0.1 0.1
(Mechanical property test)

Tg 57°C *2)
Elastic modulus at -30°C 1139 *2)
Surface tackiness None *2)
{UV resistance transmittance test)

375 nm 94.6% 93.8%
Transmittance retention ratio

400 nm 99.0% 97.2%
Transmittance retention ratio

465 nm 100% 100%
Transmittance retention ratio

(Heat durability transmittance test)

375 nm 97.4% 84.0%
Transmittance retention ratio

400 nm 99.1% 89.4%
Transmittance retention ratio

465 nm 100% 96.1%
Transmittance retention ratio

(Weight change after cured)*3)

Weight retention ratic 95% 91%

* Curing agent B-3: A mixture of methylhexahydrophthalic acid anhydride and



ERL- 4221100 Curing agent B-271.8 Curjf(pg agent 8-329.1 Curing accel erator
C-10.1 (W resistance transmttance test) 375 nnmb2. 5%2% Transm ttance
retention ratio 400 nnD6. 5% 6% Transmittance retention ratio 465 nnB9. 79%90%
Transm ttance retention ratio (LED lighting test) Illum nance retention

rati oREIRAYEIINFAL LAl SRR RA6T ASEEAMAHL PEGEY, OMARN RN &S bl Ged]
Japan Chemical Co., L.td.).
* Curing accelerator C-1: “U-CAT 18X” (which is a trade name) commercially
available from San-Apro Lid. 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 [MPal].
* 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) x
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



* In order to observe deterioration of the elenent itself, LED |ighting
test was carried out at the sane ti on a non-seal ed LED where resin is
not injected. * Curing agent B-2: As a curing agent, a mxture of 50 parts
of 1,3, 4-cycl ohexanetri carboxylic acid-3,4-anhydride ("H TMA", manufactured

by M et ol ‘ o ,
Cranup STt SnE TR s R B angdftahp o e q Hin GRS e

met hylég(%wQ!e}(opht halic 73 acid anhydri de and hexahydrophthalic acid
anhydride 'was prepared in advance, and it was used as a curing agent B-2.
Curin nt 6-3: A mxture of nethyl hexahydrophthalic acid anhydri de and
hexahydr opht hal i ¢ aci d anhydri de was used ("M+ 700G', manufactured by New
JapanTghesycal Co., Ltd.). Curing accelerator C 1: "U CAT 18X" (which is a
trade nane) commercially available from San-Apro Ltd. was used as a

reacti on accel erator for epoxy reskExampid #id anhydride. *ERL-4221:
Alicyclic-type epoxy resin manufactured by The Dow Chem cal Conpany.

Curi ngBleondli ti on: 110C for 6 hrs (Exanple 13). Curing condition: 120C for
1 hr + 150C for 3 hrs (Conparative Exanple 6). The unit of Tg is [C] and

t he ufiampeund Astd ¢ nodul us at -30C 180 MPa] . [0125] From t he above
results, it is found that when the curable resin conposition of Exanple 13
usi ngqtﬁé‘gsﬁ’%ﬂiﬁ‘l@ conmpound (A) of ta"i'e4present i nvention synthesized in the
2-step, reaction i d for LED-sealipng materials, its illum nance

reten 'Lﬁﬁ‘gr%‘iqeé?rﬁior;‘;"gar ently nore echI | ent than that of the curable resin

conposjtipn of, Co rati,ve Exanple 6 using a conventional alicyclic epoxy
resi n.?MlglcﬁﬁWFﬁi gr,o%}%ﬁygg Ybe confirmed that the curable resin conposition of
t he pr.[%sent invention is suitable as,gih LED- sealing material. 74 Cains

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", manufactured by New
Japan Chemical Co., L.td.).

* 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 [MPa].



1. A reactive functional group-contajning siloxane conpound which is a

bl ock-type sil oxane ol i goner having % chain silicone segnent and a

hydr ol ysi s condensati on segnment of tri (Cl-Cl0)al koxysilane having a group
selected fromthe group consisting of a reactive functional group having an
epoxy gro r - St :

hydr ol ysi ﬁ%‘ﬁagﬁgﬂﬁ t(r)]% @Egt%%&ggﬁb(gél}ﬁgg%“gégﬁr:%r)](tamc%%ﬁgl éﬁﬁ%%‘%}f‘:’ﬁ%}a&s € one
reacti t j fi T : j

Fanot oo P LIRS Sy Rt chr 4R 2-ctop TRl AR PEbReS 4 e ei n
the h)é@?éq Eﬁjo%.ct:ﬁaﬁﬁgs&%wagﬁ@mmusse@erﬁaﬂ PRS@H R agesegnent . 3. The
reactive nctional @roup-contal ning siloxane conpound according to Claiml
or 2, jwpgh is obtained by, as a first step reaction, reacting

silanol -term nal silicone oil (b) represented by the general fornula (2):
R3 \ H@bie BH(2) (wherein, plural existing R3 may be the sane or different
fromeach other and each represents a straight chain, branched or cyclic

al kyl group having 1 to 10 cErboplatdns Canpanajive draupiadvi nijos-sealeti
carbon atons or an al kenyl group having 2 to 10 carbon atons, and m
repredBltnsl)2 to 2000 as an average value) with an al koxysilane conpound (a)
represented by the general fornula (1): XSi (0OR2)3(1) (wherein, X represents
a readioeotthé&eidnal group hatPHg an epoxy group; and R2 represents an

al kyl roug having 1 to 10 carbon atons) in the rg@ge that the al koxy group
equi vﬁ(]&lﬁﬁ éf the al koxysi |l ane conpound is 1.5 t 80900 equi val enfs rel ative
to 1 ui val ent the silanol group of the silapgl-termnal silicone oil
(b) f r&f%%‘?@a@%on, and then By, as a second s?gﬁ reaction, adding water

75 to the resulting reaction ligyid for hydrolysis condensation_of the
resid leerﬁ %@‘?&} E%'Soup. 4. The ?g‘gcti ve functional group-containing siloxane

conpomir?gcggée%@%rt@_p aim 3, Merei nmis 2 to 200. )

(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)

llluminance 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



5. The reactive functional group-containing siloxane conmpound according to
Caiml, which is obtained by, as t hée’ first step reaction, reacting
silanol-termnal silicone oil (b) represented by the general formula (2): 7
R3 HOSi 0 \R3 (wherein, plural existing R3 may be the sanme or different

a1 ko1 SorbapHEers s FRERAFRER BeB 2Bk uF Bl A EHE R S ' ©
car bo'?tﬁ%és)ﬂge?%s%%&g@e%ént%@”p having 2 to 10 carbon atoms, and m

represen average value) with both an al koxysil ane conpound

(a) [ SPCERAg! rﬁgeﬁ’ty.at-@?ﬁ‘?ﬂ&h% {)Prnﬁéﬂhg;h(e%lah%cg%'gﬁ%h%éﬂj BHAGA RIS ard

represents active functional group havi n epoxy group and each R2

repr esRRbERy@BRAHENE S&iaUBNIAII Y WdsO ud&d CEKPRPOBGD MMarrmsttaredlbyores) | ane
conpound (c) represented by the general fornula (3): R4S (0OR2)3 (3)

(wher gigpanRhdraigaesSentisd.a net hyl group or a phenyl group, and R2 may be the
sane or different fromR2 in the general fornula (1) and each independently
r epr esefusingnaetdigiatgr disp: HakCAg 18X0 (Whiclariboa aadesharie) tdenmeangaliyt hat
the total equival ent of the al koxy group in the al koxysilane conpounds (a)
and ( @vailable.fEorn SaBApayLids atasntsed a$ atreastion accelgatoniasapoxy resid &nd anol
group in the silanol-termnal silicone oil (b) for condensation, and then
by, agcCihanhy@ideecond step reaction, adding water to the obtained reaction

liquid _for hydrolysis condensation of the residual ko roup.
g "ERL-4221: Al%yc!ic-type epoxy resin manufacture %y %Jhe X%O\% (H'Pemical

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 [MPa].
[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 suifable as an

LED-sealing material.



6. The reactive functional gr oup-congfli ni ng sil oxane conpound according to
any one of Clains 3 to 5, wherein R3'Tn the general formula (2) each

i ndependently represents a nethyl group or a phenyl group, R2 in the
general formula (1) each independently represents a nethyl group or an
ethyl (ggpyp, and R2 in the general formula (3) may be the same or different
fromR2 I1n the general fornula (1) and each independently represents a

t hyl ; i i . .
met hyl{, gr qURRfvafrRtiBYhE! SloRBRontdinink\Qioh _ﬁﬁétdo\'r?pdcdh@i‘:\ﬂ/hi‘éﬂﬁé g block-type 6

in X
group-cont ai ni ng si |l oxane  conpound according to any one o

wher eisfloXane olifemeemeiilg &astsit aillcbhel Se@Re@PaXY & 6L ORMAYYY cBhB¥hsAIRPUP. 8.
The reactive functional group-containing siloxane conpound according to any

one ofseGhmntsoB tri(C 6-.C Mhalkekysilzhe Weivgigt savgoage selcesdll fasmwehghgrdudy) of
the silanol-termnal silicone oil (b) of the general formula (2) is 300 to
18, 00@onsiiing béa reactiviefanttiona igomal haviog pnegmb@igrong, s imeativdreocmendand
according to any one of Clains 1 to 8 wherein the weight average nol ecul ar
wei ghtthenw) grospsaiieast oms 0bie hyiolygisecanslgosatien sepmentnbeingreosggroent ai ni ng
si | oxane conpound according to Claim1 or 2, which is characterized in that
a sub$§PNiaking ablpashensirpaebimeiungtiond araal RaYING AHARCXEGIERI i s any one or
both of a nethyl group or a phenyl group. 11. The reactive functional
group-cont ai ni ng sil oxane conpound according to daim1l or 10, which is

characterigzed in.that t.he reactive, functi.onal group havin n XY group
" the of IEdgar e oGP iR LA a0 S ORes SR EPURE AP Siseu s Clam” 12 A
met ho r i . j functi l._arQup-contai ning si]oxane
Compoun BN FOfS EBR ol T QB EB MEhOR P eaet i ng
silanol -term nal silicone oil (b) represented by the general fornula (2):

3. The reactive functional group-containing siloxane compound according to Claim

1 or 2, which is obtained by, as a first step reaction, reacting silanol-terminal silicone

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

R

|

HO——Si—0 —+—H 2)

Rj m

(wherein, plural existing Rz 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 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 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 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



R3 \ HOSi OH(2) R3 / m (wherein, plural existing R3 may be the sanme or
different fromeach other and each iﬁhependently represents a straight
chain, branched or cyclic alkyl group having 1 to 10 carbon atons, an aryl
group having 6 to 14 carbon atonms or an al kenyl group having 2 to 10 carbon

comotthat 2 PERG SRR En Tl KD RERHARE-) Bl bsTal A Ber ei .

X repgg ts a reactive functional group having an epoxy group and R2
represent's an al kyl group having Ito 10 carbon atons) in the range that the
al koxy group equivalent in the al koxysilane conpound (a) is 1.5 to 200

equi valents relative to 1 equivalent of the silanol group in the

si | anql - t gheireabtivid fuhednealYrbubbniiting BilbRenPE6$9B0Ad @lbcardid & L&timf or
condensation, and then by, as a second step reaction, adding water to the
resul B aher@achiop tdi2Q0i d for hydrolysis condensation of the residua

al koxy group. 13. The nethod for producing a reactive functional
group-cont ai ni ng sil oxane conpound according to Claim12, wherein mis 2 to
200. 14. A nethod for producing a reactive functional group-containing

si | ox&ne dbepeasiive nictidnalgrenprcastaining sdorgne agmpoting Acceraipg fetdaimon,
condensation reaction of silanol-termnal silicone oil (b) represented by
the gdn@high Baphtaingd(y) as thadestestap repclion reasting silgnrstarnasiliogaeihe or
different fromeach other and each jndependently represents a straight
chainﬂbbﬁﬁm%ﬁﬁﬁe%%yéV%Qpeeﬁﬂ%Vm“aﬁééb having 1 to 10 carbon atoms, an ary
group having 6 to 14 carbon atons or an al kenyl group having 2 to 10 carbon
atons, and /m Represents 2 to 200 as an average value) with an al koxysil ane
conmpound (A) depres nted by the general formula (1): XSi (0OR2)3(1) (wherein,
X rep40 8i-+a@cti-vp funct{@pal group having an epoxy group and R2
representsy anjal kyl jgroup having 1 to 10 carbon atons) and an al koxysi | ane
conmpound (§) 3pres H%ed by the general fornula (3): R4Si (0R2) 3(3)

(wherein, plural existing Rz 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)

with both an alkoxysilane compound (a) represented by the general formula (1):
XSi{OR2)a (1)

(wherein, X represents a reactive functional group having an epoxy group and each
Rz 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, R4 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



(wherein, R4 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 1 to 10 carbon atons) in the
range that the total equivalent of the al koxy group in the al koxysil ane

Corrpo_lélgggnﬁg as)te;?’i‘%a&t@n, ie?dd%g?’ v@é%ier_z?ég thd Lﬂq‘@llswlﬁﬁt :%ar(:ﬁbrzi‘.tl{qﬁ&?&aﬁ%ﬁ@ﬁkﬁ‘gem of

the silanol group 1n the sitano rm na icone oi

pr esepgfdehsAticrodah¥ $bsidaaralke@Ngidp. @ a second step reaction, adding
water to the resulting reaction product for hydrolysis condensation of the

resi dual al koxy group. 15. The nethod for producing a reactive functional
gr oup- cont ai ni ng sil oxane conpound according to Clains 12 to 14, which is
char aét er iThedrelytigel doativinuk hyoureoshtainimyg stitvearfd tetpsuiag doeaedingnoand t he
second step reaction in one-pot as a production process. 16. The method
for pooéuct Rdpiansr dalot by evheneiot Renalthgrgansrabfdraiuth (8) siacbxiadeped@erttynpound
according to Clains 11 to 15, wherein the al koxysilane conpound

r epr esepiesabipt Acyetivt arowr milapbenygl group, Rz in the general formula (1) each

bet a- ( 3, 4- epoxycycl ohexypet hyl tri met hoxysi | aneor )

bet a- (FHepesgsR w@pr@ﬁ@ﬁb’ﬂ PRIV Oredmhex\ast pHe grouy. anch&zngtthedugnsral

produci ng ,a ,reactive, functional,  group-containing sil oxane conpound

D or AGHIE B ERAYRS s Tane & AHEPE) ORI 1 IREIRIATEHeI Bk () A &9 cone
oil (b),represented by the neral fornul 2) may be the sane or different
fron18ﬁ%ﬁxﬁpﬁ8ﬁygﬂﬁe§§8ﬁfiﬁ%@ﬁ@ﬁﬁ%%RPpaPéi?ﬁé%ﬂvg-a met hyl group or a
phenyl group. 18. The nethod for producing a reactive functional
group-cont ai ni ng sil oxane conpound according to Clainms 13 to 15, wherein

the alzkoxypjl RBRIFORRR i%ﬂg%%&{tﬁ%@&tﬁ%ir?g{ ghé‘falﬁeggﬁ@'f;umré&'oﬁdiﬁé)to‘asng.f'"t

| east one Ki'n group tonsi st

met hy'ohb!d?@iﬁ%éité BNRNePEIRN In the BRIEPANSHh AR 1) FBAREbbLy &clmersl L@Pe and

phenyl tri et hoxysi | ane.
group.

8. The reactive functional group-containing siloxane compound according to any
one of Claims 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.

8. The reactive functional group-containing siloxane compound according to any
one of Claims 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
Claim 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
Claim 1 or 10, which is characterized in that the reactive functional group having an

epoxy group in the silsesquioxane segment contains an epoxycyclohexyl group.



19. A curable resin conposition, whi ,p I's characterized by containing the
reactive functional group-containing siloxane conpound (A) according to any
one of Clainms 1 to 11 and a curing agent (B). 20. The curable resin
conposition according to Claim19, which is characterized by further
containing a curing accelerator (C). 21. A cured product for optical

sem conductors, which is obtained by heat curing the curable resi n

conmposyizt i OnAaﬁﬁélﬁ&H %rtgro@iu@m@ 139 r85ctRR: furdctionAn g}ehb%htaﬁﬁmsg
el ement, which is sealed withthe cured product for optical Sem con uct ors
accor @bﬁg)dtmd%idﬂ i@Q@haracterized by, as a first step reaction, reacting silanol-terminal

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

-

(wherein, plural existing Rz 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 ary!l 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 formuia (1):

XSi(ORz2)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 in the alkoxysilane compound (a) is 1.5
to 200 equivalents relative to 1 equivalent of the sitanol 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 Claim 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):
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HO ——Si—O0-+—H )

R3 m

(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 8 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{ORg)s (1)

(wherein, X represents a reactive functional group having an epoxy group and Ro
represents an alkyl group having 1 to 10 carbon atoms) and an alkoxysilane
compound (c) represented by the general formula (3):

RaSi{OR2)s  (3)

(wherein, R4 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) 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 Claims 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.

16. The method for producing a reactive functional group-containing siloxane
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compound according to Claims 11 to 15, wherein the alkoxysilane compound
represented by the general formula (1 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 Claims 12 to 16, wherein Rz 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 methy! group or a phenyl group.

18. The method for producing a reactive functional group-containing siloxane
compound according to Claims 13 to 15, wherein the alkoxysilane compound
represented by the general formula (3) is at least one kind selected from the group
consisting of methyltrimethoxysilane, phenyltrimethoxysilane, methyitriethoxysilane

and phenyltriethoxysilane.

19. A curable resin composition, which is characterized by containing the reactive
functional group-containing siloxane compound (A) according to any one of Claims 1

to 11 and a curing agent (B).

20. The curable resin composition according to Claim 19, which is characterized

by further containing a curing accelerator (C).

21. A cured product for optical semiconductors, which is obtained by heat curing

the curable resin composition according to Claim 19 or 20.

22.  An optical semiconductor element, which is sealed with the cured product for

optical semiconductors according to Claim 20.



