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5[ 0001] The present invention relates to a photosensitive silicone
resin conmposition that is useful as a plastic lens primarily for the
purpose of optical applications, replica materials, surface coating
materials or inprint 10materials. BACKGROUND ART [0002] Al t hough
glass is widely used as an optical maierd@dug; to its transparency, high
heat resistance and |ight 15resistance, dinensional stability and the |ike,
due to the need to replace glass with plastic for reasons such as heavy

wei ght, suscepti bilityrroresmekimg: hgheest RS oo vpneduciwvi ty, various
optical resins have been devel oped, @Qﬁ@ﬁﬁﬁ'aSt'c resins suchas

pol ycar bonat e, 20pol ynet hyl nethacr ----- Iefln polymers are w dely
used as -opticdl0Padins. However, the applications of thernoplastic resins
are limted due to-ins n ow _hea e5| stanc 0003] . 25Al t hough
thernosetting resu%lgogfr %bgokgggre mndef; used asa e??%% %Efﬁ% havi ng
superi or refIéwﬂnéaﬂﬁregﬁsﬂaﬁ@mposnhcenthbaflEX|@S¢imy of 4 helsstoxane
bonds of sili t [ o] [ acts are
attenpted to gg“gb%ﬁ?ﬁg?§?bek?g %ﬁé §§§%§§%n¥%gggé¥6%%l%é%flga{q%ﬁa’t

obt ai n conpacf@pﬁéﬁﬁn@ah@hﬂghseoéﬂf?@F@n@O@t1m@weaT@rh@?ﬂn¢reMmanSMon and

| ow gl ass transkti-epikenperature. 35Various nettods have been proposed for
i mpr ovi ng cone thennpsetiting resiris, and exarvies of nethods for

| owol i ng coefficie of linear thernaPAexpansien®Rtypically consist of-the
addition of imoogamic filler. However, although these nethods enable the
coefficient of Iin§$¥ t he nak expansion to be |owered, due to the large
particle diameter PRBYF Dt gani cSfYITEetY $FehsparencyPofcihedestiaing
conpact ends dpebébngtbostadﬁﬁat@n@ydlmi@MGM§ﬁﬂfbéﬁ%&&ﬁ&éVﬁuﬂﬁﬁkﬁ%

bet ween .t he i porganic flller and the silicone reS|nLh£0004 Am dst such

Aaceo
cl rcunst ances, nurrerous COPP%?H@. 1 ability and due to
the need to replace glass with plastic for reasons such

as heavy weight, susceptibility to cracking, high cost or
poor productivity, various optical resins have been
developed. Thermoplastic resins such as polycarbonate,
20 polymethyl methacrylate or cycloolefin polymers are
widely used as optical resins. However, the applications
of thermeplastic resins are limited due to insufficient
reflow heat resistance.
[0003]
25 Although thermosetting resins of silicone are widely
used as optical resins having superior reflow heat
resistance, since the flexibility of the siloxane bonds

of silicone thermosetting resins is low, only brittle
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compacts are attempted to be obtained, there is the
disadvantage of only being able to obtain compacts having
a high coefficient of linear thermal expansion and low
glass Lransition temperature.
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3D arious methods have been proposed for improving
silicone thermosetiing resins, and exa mples of methods
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10silicas having a small particle dianeter as described in Patent Docunent
1, for exanple, have been reported in order to inprove on the

af orenenti oned probl ens. On the other hand, there is also a grow ng
demand for switching from conventional the%nbsettlng resins to
15photocurabl e resins in order to sinplify the curing process. The

fol I owi ng Pat Q%lmqu@e%@szstoﬁ mﬁaogadph%f-ﬁzcyrabh@r&s{ﬁxPsfsmﬂ@l ch
colloidal silica haV|n gartlc e dianmeter is uniformy dispersed

using a 20conﬁ*6’dr‘?ér@ﬁav Aéhézuﬁﬁott BOFyREF128B] enfhhet Foparogf buplerh of

addi tion, the ifielzowitng -RateBkpPaguaBnt oSpEEPOLtsca, I €8t NLGOAPOESI L1 ON
conposed of a _cubi.c SI|S€S%UIOX&EH%HSI|Ica partlcles and acryl ate nbnoner.

Prior Art DocWrénts '55Patsht Pot Fs 166087 Paféﬁ%eﬁbcﬁﬁ%%%pﬁr@n%batn1se

Pat ent No, 285T. 915 PatentibBgcupmphc?: edapanpsecPayentsNod3972493 "It
Document | e D%q e Patent No. 4352847

?g N%hc Q%ETETPOC ment . 4 Jag nE§
Pat ent Docunerit At'er fiat i onar gﬁBFlég?fSﬁ ﬁB R@5 20085 035848 SUMBRY OP
THE | NVENTI ONfPlébrlandebet oibécSokvedshy.the I nventi on [0006] Although
the cu .red. ppedusts described in Patent
Amidst such circumstances, numercus colloidal
10 silicas having a small particle diameter as described in
Patent Document 1, for example, have been reported in
order to lmprove on the aforementioned problems.
On the other hand, there is also a growing demand
for switching from conventional thermosetting resins to
15 photocurable resins in order to simplify the curing
process.
The following Patent Documents 2 to 5 report
photocurable resins in which colloidal silica having a
small particle diameter is uniformly dispersed using a
20 compound having a photopolymerizable functional group.
in addition, the following Patent Document 5 reporis a
resin composition composed of a cubic silsesquioxane,
silica particles and acrylate monomer.
Prior Art Documents
25 Patent Documents
[0005]
Patent Document l: Japanese Patent No. 2851915
Patent Document 2: Japanese Patent No. 3072193
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Patent Document 4: Japanese Patent No. 4352847
Patent Document 5: International Publication No. WO
2006-035646
SUMMARY OF THE INVENTION

35 Problems to be Solved by the Invention
[ooos]

Although the cured products described in Patent



- 3 - Docunents 2 and 3 have superior transparency and rigidity, since they
were originally designed for hard coating applications, they have the
probl em of | ow crack resistance when deposited as a thick film 5In

addi tion, although the cured product described in Patent Document 4 can be
formed into a thick film it has poor light resistance due to the snall
nunber of sil axanebends izndt he neoEpasiti-on, wgﬁggggmémgagh a cured
product conposed .of, the 10resin conposition described 1 n” Patent Document 5
has a | ow coefFfilidnt’ -of* FiCRedr C¥hEFHEI C8%Pansi or, deRéFeedr EoAuRRFdus

phot opol yner i zakite ricunetilonal igheypshil) hhReeCOAROSHEL0R. £4r enshrinkage is
l'arge, and there.is also the ﬁrobleq1gf t he [esult[ng cured product
becomi ng 15britt1'e "Whel thCCkRESS I §SFnéFedsed-C[FobOIT - Ani dst such

ci rcunstances, there isldstiibh, aaneedufyar taepbotegupabhiect eséac-haviag: n
superior heat gesist l,i ght resistance.as wel| as excellent crack
resi stance 205&2%“%h§%%l§§ﬁ3d4igﬁg éet’PéﬂegiFﬂ1glﬁ g%ﬂf%iihfmsihkeh%ﬁe
cured product ®odesdriobéd rieniPatent DoeuhentBelstolb conbarncf & Argeamanber
of silanol groups,. vgl upe apd weight decrease considerably when the cured
products are heated, thereby king precise positioning difficult and
25resul ting in theMpirébrem oflEhaiigbdaappledarionsyt partpcatardy whe h
respectico opt-eak %Bﬂbb%@%&@ﬂsdescxibedTPHsPaM@ﬁ@ 588Q$Q£@99'ﬁ§‘!§ VI ew,
an object of the pre ent Invention s to provlde a resin conp05|?|on t hat

i ntoi ck and | a°¥apablel6teifi At al niAgrathownebettpepelien of thénears¢ her nal .
expansiolt 1 ewnthewei ghtthessyandikow curgnshxinkuge.Mpans, for. Sol vi ng

t he. Problens\SSEOOOﬁ} As a result: of conduct?l. C exl. en
sive studies t8"86Fve the GP6FefBhtFHABE pPoblews, #he Fhventbisabiot he

present - 4 £he problem of the resulting cured product becoming
15 brittle when thickness is increased.
[0007]

Amidst such circumstances, there is still a need for
a photocurable resin having superior heat resistance and
light resistance as well as excellent crack resistance
20 even when formed into a thick film. In addition, since
the cured products described in Patent Documents 1 to 5
contain a large number of silanol groups, volume and
welght decrease considerably when the cured products are
heated, thereby making precise positioning difficult and
25 resulting in the problem of limited applications,
particularly with respect Lo optical applications.
Thus, with the foregoing in view, an oblect of the

present invention is to provide a resin composition that

- y 4
.« LA,

SA0 Uhat has s

and is capable of maintaining a low coefficient of linear
thermal expansion, low thermal welght loss and low cure
shrinkage.
Means for Solving the Problems
35 [0008]
As a result of conducting extensive studies to solve

the aforementioned problems, the inventors of the present



invention found that the aforenenti oned problens can be sol ved by the
unexpect ed conposition described below, thereby |eading to conpletion

of -t he present invention. Nanely, the invention of the present
application is as described bel ow. [0009] 41 A photosensitive silicone
resin conposition conprising (A) a silica particle-containing condensation
reaction prOdH%NP%nqOQBXo%n@h@BQPOkMgeéké?ghgﬂt DhLl PngéHMh %ﬁ'g%
the silica particle-containing condensation reaction product is a
condensat i on ﬁ@é&fﬁoHYpﬂéeu@PEépeﬁéﬁQspp@ﬁaﬁete@ﬁp@@ﬁ@r(%§d @@h@@sed of a

hydrol ytic COQ%%&%%P'Q@a@EQ@“@b @Em?@@t@énngfeLE%Dﬁfo@én@' | anen, cogpounds
represented by the follow ng general fornula (1 L (wherein, R

represents a hydr ojéRCatom 6F ofyanté yr 8t LE%nPé?ﬁ?%E 4% o1 28t e@F bbh
atons, ml represerksranecinteger.200f 0 to 3 X represents a group selected
fron1the groug, %%giisting of a hydroxyl group, hal ogen atom al koxy group
having 1 to 6 ‘carbon atons and acetoxy group having 1 to 6 carbon atons,
and ni, 31 andlX HapheaohebeitheosamEJOOndiféeﬁﬁn&omp@thEOQase a

| lity th t d/ t
Bagiﬁcieg (b? %§L{é§ﬁ§ ZSPucfﬁPe g% e @ %?ggﬁong%%d%égg ?%ﬁi}%%ctlon

product (A) (mhéréﬂnn yrpeppESenﬂs(EQ @rpSDE@ﬁolamdrizabpmmsemithyuﬁogen
atons ofp or gapie graups having 1 (2) : 0 <1 (2) (wherein, Rand R3 are as
previ ously described), and the condensation. reaction product (A) has a
t opoi ynor szabl e fu§hetﬁ@ééﬁayﬁanblcﬁﬁﬁigmtaLPQWGT@@H@@@$®§9W3|t@&@t5®m|cone

resin conposi pkoaudesenl bed Lnchllicaboveo, whekel ot herphotongt yeri zabl e

functional group equival ent of photosen3|t|ve silicone resin
conposi tion i 8°0Y5 ARBETE F@maosnﬁnéﬁlg cgppe1af cof 37 Thérphotbsensitive

silicone resinogaapesttibanpdescribed bne[d} Qk-L2] aboves wherein the
[S|-C>§|R33] defined in fornmula (2) is derived fromone or_nore types of a

silicon conpoﬁﬁ@p?8¥d?ebPBé%h%%HL%ybfhéh?obeVP%g“q general formula
{i):

RYiSEiX g (1)
(wherein, R' represents a hydrogen atom or organic group
containing 1 to 20 carbon atoms, nl represents an integer
20 of 0 to 3, ¥ represents a group selected from the group
consisting of a hydroxyl group, halogen atom, alkoxy
group having 1 to 6 carbon atoms and acetoxy group having
1 to & carbon atoms, and nl, R' and X' may each be the
same or different in the case a plurality thereof is
Z5 present) and/or the silane compound, and silica particles
{b), & terminal structure $Si-0-Y of the condensation
reacbion product (A) (wherein, Y represents R or SiRTy, R
and R’ represent hydrogen atoms or organic groups having 1

|

Ly ol BT omay each be

0 < [$i-0-SiR%4]/([S1-0-R*] + [8i-0~%iR%]) < 1
(2)
{wherein, R’ and R’ are as previously described), and the
35 condensation reaction product (A) has a
photepolymerizable functional group.

[0010]



10general fornmula (3): R33S1X2(3) (wherein, R3 is the sane as defined in
formula (2), X represents a group selected fromthe group consisting of a
hydr oxyl group, hal ogen atom al koxy group having 1 to 156 carbon atons and
acetoxy group having 1 to 6 carbon atoms, -and the plurality of R3 present
may be the same or different), or the follow ng general. formula (4):

R33Si NHSI R33(4); (“h%%eb@otg%el%lﬁh@oséq?1?§ngeib@?g 8m£819y!?1(2) and
20t he pIuralldéﬁ@é R3 present nay be the sane or erent) 0012] [4]

The phot osensi 1§P@|é@nélﬁe§PﬁV@@nﬁ8§F?P6niH@s@h@b@ﬁoihm?ﬁ}éﬁ%b®e

wherei n the sidinea ipatli ¢h-eupcentai,pi pgrcondensabhon-£a61 1+ o product (A)
is a 25condensa i.on reaction product of the onS|onane conpound (&)
conposed of a® dF@PﬁtF@”é&n&@ﬁ§8§ﬂ6hobréau9t of " hed oF O nbre HYpesd of
si |l ane dbnpouﬂ@@luepresented by general fornmula (1), or the polysi ()nane

CUJAl pi, Wt' 01 The photosensitive silicone resin conposition
described in 4&3 ?“ﬁ%%&om FIhBSbos hAEFEF nEERES[ S1765° SF R3] i n

formul a (2) isleebtraibrediby [A¢acti ng) aaBSeendensaén@ntheacﬁie@w$r@dmct of

t hb pol ysi | ox npoun a) _and/ br the qi.igne ound and the s iii.ca
oarticles (b)%%? ﬁ% tgé g?ﬁ&c%ﬁ 29 dtnd“t & Yeg f% T001a) “* 67 TheyP s
photosenS|t|v@fsﬁIﬁeémeonespmpoonpoﬁcﬁloﬂpdesentbedbynthﬂyf@fl@ﬂjngo [ 5],

furtheruponprlgh@gaq gggmgqu (6C)} having a photopol yneri zabl e functiona
group 5in a nn ecul e thereo [0015] [7] The photosensitive silicone resin

conposi tion descrlBethh any of [1] to [6] above, further conpris$ing (D) an
anti oxi dant angdhercuhtravi pl etpabsgrbels qefined in formula 2y, x*

represents a group sselected from the group consisting of

a hydroxyl group, halogen atom, alkoxy group having 1 to
15 6 carbon atems and acetoxy group having 1 to 6 carbon

atoms, and the plurality of R’ present may be the same or

different), or the following general formula (4):

RYSINHSiR? (4)
(wherein, R* is the same as defined in formula (2), and
20 the plurality of R’ present may be the same or different).
[0012]

[4] The photesensitive silicone resin composition
described in [1] above, wherein the silica particle-
containing condensation reaction product (A) is a

25 condensation reaction product of the polysiloxane
compound (a) composed of a hydrolytic condensation

product of one or more types of silane compounds

represented by general formula (1), or the polysiloxane

silane compound, and the silica
RN - P ! L ., [
P4 DAL len
[0013]
(5] The photosensitive silicone resin composition
described in any of {1] to [4] above, wherein the {Si-0-
ERET . e . ’ N ' 3 ;
S1R%3] din formula (2) is obtained by reacting a
35 condensation reaction product of the polysiloxane

compound  (a) and/or the silane compound and the silica

particles (b), with the silicon compound (c).



10[ 0016] [8] The photosensitive silicone resin conposition described in
any of [1] to [7] above, conprising 100 parts by weight of the silica
particl e-containi ng condensation reaction product (A), 0.01 parts by weight
15to0 50 parts by wei ght of the photopol ization initiator (B), O parts
by weight to 900 parts by weight of the conpound (C) having a

phot opol yner i z@atgies jf unction group in a nolecule thereof, and O parts by

wei ght to 50 p%{ts by wei ght of the antioxidant and/or ul travi ol et
20absor ber (D)L°][ 0617 PIPOPSTRE IpREE0SeASFEP G SEL cORBPPEST hoRONMOSI ti On

described in anyxﬁﬁkkiﬂﬁhOah§]o&bQW@ cwherei nrthenphotopgl ygeri zabl e
function group, in. the articl e- 25conta|n|ng condensation reaction
d

product (A) i< d&ESVEY ?Poﬁﬁ?ﬁ Ipal yEPIF-ERANETESAPBLRE (BFCRNENE FheuD
silicon Tonmpounmd a( el @08 hElrec@The 1; UDC) phot opol yreri zabl e functi onal
group in the s dgﬁ particl e-containi ng condensation. reaction product (A
and/ or the coﬁ%oun (O having a photopol yneri zabl e functional group in a
nol ecul e therddfl i §hat pheast:cone t35typelsebeet edsfnoavihesgroup consisting

of a (rmeth)acryl.oyl ,qgr0o yn/I r p, orneyl e roup and
mer capt o groug%ggx ?gd Fgofé% P11yt hggpﬂg oséﬁgftlvgggg |C%ﬂﬁpf£§?
conposi tion déébr@@eéﬂﬂnoanﬁaot Fili/to [:16Fambove; wherebarthe anmount of

the siliga parbioglegs (b) in 100% by weight of the 5silica
particl e- contalnln% condensation reaction product (A) is 1% by weight to
80% by wei ght ,l%andTtRePhotareambtarcor il heopel ysbloxanepconpbound (a) and

the silicon cempeundelc) ni §ng0%rby1yeight 7t aQQ%%Pyc$ﬁbQD£lné09@@] 10[12]
The photosen3|t|ve gblhg?ggtrg%l?hgog??féé on el containt:
particle~containing
condensation reaction product (A), 0.01 parts by welght
15 to 30 parts by welght of the photopolymerization
initiator (B), 0 parts by weight to 900 parts by weight
of the compound (C) having a photopolymerizable function
group in a molecule thereof, and 0 parts by weight to 50
parts by weight of the antioxidant and/or ultraviolet
20 ahsorber (D).
[0017]
[2] The photosensitive silicone resin composition
described in any of [1] to [8] above, wherein the
photopolymerizable function group in the silica particle-
25 containing condensation reaction product (A) is derived
from the polysiloxane compound (a) and/or the silicon
compound  (¢) .,
[0018]

. S A 2 ) £ [ : e H
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photopolymerizable functional group in the silica
particle-containing condensation reaction product (A)
and/or the compound (C) having a photopolymerizable
functional group in a molecule thereof is at least one
35 type selected from the group consisting of a
(meth)acryloyvl group, styryl groun, norborne vi group,

Gpoxy group and mercapto group.



described in [1] above, wherein the ratio {conponent M (conponent M +
conponent 0 + conponent T + conponent Q} x 100 of a conponent Mto the
total of the conponent M a conponent 0, a conponent T and a conmponent Qin
the 15silica particle-containing condensation reaction product (A)
excluding the silica particles (b) is 1 nmol%to 50 nol% [0021] [13] The
phot osensi ti vefomiaddicone resin conposition 20described in any of [1] to [12]

above, wher ei
a hydrolytic g&ﬁg

onS|onane conmpound (a) contains a product obtained as

e&&&tﬁ@ﬁ PEGaGEr 13F & 4ilFaRE EBAPOURETAATERIBBes at | east

t he S|:a?e Cornﬂuﬁdkkﬂig@a@hynb§0ﬂ1t2@05|E@meaﬁgﬂEQUﬂﬂeE@Pﬁgiﬁét§ﬂoQML
general formu is e osensi tive i cone
resin conpos: Cﬂ-g%&fﬁ g ﬁég %ﬁ % 3k6f Flﬁogd ProycaBovet whefei n t he
obt ai ned>np  adbiiclh atadteadt- nbnmalhhaqsbbaﬂﬁhs@ﬁpounﬁeé@pﬁ@HBQHb@dcby

nl | [ 0023]

general formlga ( ). 1S npound hi,ch
Thm phot osensi |vé%sﬂ £Ne%e}q%}ntgon§é HoaﬁEtrlﬁaﬁ Pﬂeah9gaf [1] to
[ 14] above, mh@KWQﬂnOﬂhéh@apo@yeﬁlbhenmuabepooﬁdb@ausahhathtosmiStb@xane
bonds with compound (¢} is 20% by weight to 99% by weight.

[0020]

10 L2

The photosensitive silicone resin composition

described in [1] above, wherein the ratic {component

M/ (component M + component D + component T + component

)}

x 100 of a compenent M to the total of the component

M, a component D, a component T and & component Q in the

15 silica particle-containing condensation reaction product
(A) excluding the silica particles (b) is 1 mol% to 30
mcl%.

[0021]
[13] The photosensitive siliceone resin composition

20 described in any of [1] to [12] above, wherein the
polysiloxane compound (a) contains a product cbtained as
a hydrolytic condensation product of a silane compound
which uses at least the silane compound in which nl of
the silane compound represented by general formula (1) is

25 1.

[0022]
[14}1 The photosensitive silicone resin composition
described in any of [1] te [12] above, wherein the

OXanse compound {a) containg a product obtained as

B ydrolytlc ndensation produat of 4 silane comoound i
which at least nl in the silane compound represented by
general formula (1) is 1, and a silane compound in whicl
nl is 2.

[0023]

35 15} The photosensitive silicone resinp compoaition

described in any of (1] to [14] above, wherein the ratio

of the number of boends that form siloxane bonds with



silicon in the silica particle-containing condensation reaction product (A)
to the total nunber of bonds that respectively formthe sil oxane bonds,

di rect bonds wi th hydroxyl groups and direct bonds w th hydrol yzabl e groups
5is 40 nol % to 100 non. [0024] [16] The photosensitive silicone resin
conposition described in any of [1] to [15] above, wherein the silica

particles (b) ane prodyced froman albkoxysilape. by, n&egoégpﬁg hod,,,[ 0025]

[17] The photosen3|t|ve silicone resin conmposition described in any of [1]
to [16] above,”Siéréin s Urdan Apr itharcyepaptipél autbarepér Ponrdehehsi| i ca

particles (b)Jk§4ﬁ§ﬂjﬂﬁﬂkplzﬁﬂﬂ@%o[quékanhlgbnage phoLosepshlibvgi il i cone
resin conp05|3§m§?descr|bed i n any  of L Lh wherein the silicon
conpound (c) ESIE 86@U@§nﬁ6ﬁn&lFﬁCWh 8HdR2WF t hgcposivriebn ebrppEnd

represent ed by sgememnall«f ewmuba @3)zi.s a hal ogen atom [0027] [19] The

phot osensitiv 0% | i.cone resin conposition described in. any of [1] to [18],
wherein the 2 hbtdpolynerlzable functional group in the silica

parti cl e- cont dilrfi] ngh@OQQQMS&PhGﬁLﬁ@éCEuQmCﬁh@dMQElﬁA&Oﬁﬁdé@fLbhe conpound

(O having a. | ymeri_zabl e MiunctiornU.grou in e thereof is
a (netl pq. (Csf@?ﬁﬁqgggug% F&@ZQ? Wqﬂzéf +Eé]pﬁ§?g§en¥| vén F#Tl%b éc?esin
conposi tion dé@éﬁﬂbé@8|ﬁbanyr@f pitHuted] I8k mheaéknxyheLphetbpobywetizable
functional greupyi. the silica particle-containing condensation reaction.

product (A) and/ or t he conmpound (C) having a photopol ynerizabl e funtti onal
group in a moll@@@Pd thereof. is an epoxy group and/or nercapto group -q

[0029] [21] The; pﬁ@%oéﬁB%bLb%%l§'bbC9@$158§banQFH°§b%F8Q jfAesgribed In any
of [1] to [20] above, wherein the ? ot opo ynmerizat ion initrator (B) is a
phot or adi cal described in any of [1] [1%] above, wherein the mean

primary particle diameter of the silica particles (b) is
15 1 nm to 20 nm.
[0026]
{18] The photosensitive silicone resin composition
described in any of [1] to [17], wherein the silicon
compound {c) is a silicon compound in which X* in the
20 sllicon compound represented by general formula (3) is a
haicgen atom.
[0027]
[19] The photosensitive silicone resin composition
described in any of [1] to [18), wherein the
25 photopolymerizable functional group in the silica
particle-~containing condensation reaction product (A)
and/or the compound (C) having a photopolymerizable

functional group in a molecule therecf is a

dnethyacryloyi group and/or styryl group.

a0 TO0Za]
[20] The photosensitive silicone resin composition
described in any of [1] to [18), wherein the
photopolymerizable functicnal group in the silica
particle-containing condensation reaction produclt (A)

35 and/or the compound (C} having a photopeolymerizahble
Tunctional group in a molecuie Lhereof ig an QRoxRy group

and/or mercapto group.



5pol yneri zation initiator. [0030] [22] The photosensitive silicone resin
conposition described in any of [1] to [21] above, wherein at |east one
type of the conmpound (C) having a phbtopoggnerizable 10f unctional group in
a nol ecul e thereof contains one or nore Tatbon rings and/ or heterocycles in
a nol ecul e thereof. [0031] [23] A production process of a photosensitive
silicone 15resigpaeqnposition, conprising the follow ng steps: a first
step for obtaining _a polysil oxane conpound (a) by hydrolytically condensing
one or nore types ofSsPlBAESEERpoLGs SrepFesentedbyCPHeCFoF L8 ng gener al
formula (1): 20ERLiHea X} ang 6¥) [(whereiinp)Raphepr egeatsia hydrogen atom
or organic group containing 1.to 20 carbon atonms, nl represents_an integer
of 0 to 3, leﬁﬁﬁfgg"ﬁp§rédﬁﬁdﬁﬁ %8P5&ﬁé8rfﬁ8h1ﬂﬁe&gPBﬁgOE%ﬂéF§%ing of a
hydr oxyl 5 gr oup,c Ihalc@gen tatemi naltkaxy rgroup having 1 to 6 carbon atons and
acet oxy group[%%%bqg 1 to 6 carbon atom, and RI and 1/11 nmay each be the
sane or different i'n the case a plunifity thereof is present), ste3) - by
c0, 3(1,-(),))ndg?ir 33e- phptbstakiandborithecskl aneiconpopndiwnith silica

particles (b), ; third step r.obtaining a silica . . .
particle-contgﬁﬁfﬁébggn §n§§¥i8§ #gicggoig%?ocﬁgyc(Ayhb§gﬁ%n%5n%?%§tthe
resul ti ng condé@nsaticenorfeacti onmproduct C35hithna si bhebnpcbppouhdalfcy

represent ed b%u%%%i%ﬂbhoﬂEBgﬁ?ﬁﬁfg]hbi@éuﬁg)tﬁé§E§§(é%mtéi%gt%ni(Mperein’

R3 represents a hydrogen atom or organic group contal ning 0 carbon
atons, X2 repW@§§nF§ng§r6&ﬁg§eﬁééﬂéé frbArohecgroupnconsPseingeof a

hydr oxyl groupncshalegen atom al koxy group having 1 to 6 carbon atons and
acet oxy group&g%éing 1 to 6 carbon atons, and the plurality of R3 present
may be the sa F}different), or the follow ng general forrmula (4):
R33Si NHSI R33(4P31 A produtwhehepRocB3si 87t hepgatesassdef vned: i n-general

fornu'%'%0(3)Lbs?gdcompovﬁfion comprisi ~he f Wl steps:
! Teslin < sit . prising the following steps:
a [irst step for obtaining a polysiloxane compound
{a) by hydrolytically condensing one or more types of
silane compounds represented by the following general
formula (1):
20 RYSix'yn
{1)
{(wherein, R’ represents a hydrogen atom or organic group
containing 1 to 20 carbon atoms, nl represents an integer
of 0 to 3, X represents a group selected from the group
consisting of a hydroxyl group, halogen atom, alkoxy
group having 1 to & carbon atoms and acetoxy group having
1 to & carbon atoms, and R' and X' may each be the same or

different in the case a plurality thereof is present),

TLOnGenEation

30 ol Doy
(a) and/or the silane compound with silica particles (b),
a third step for obtaining a silica particle-
containing condensation reaction product (A) by
condensing the resulting condensation reaction product
35 with a silicon compound (c) represented by the following
general formula (35

PR (3)



a fourth step for mxing the resulting silica particle- containing
condensati on reaction product (A) with a photopol ynerization initiator (B)
[0032] 15[24] A production process of a photosensitive silicone resin
conposi tion, conprising the follow ng steps: - a first step for

obtai ning a pol ysil oxane conpound (a) by hydrolytically condensing a silane

conpound at 'qaﬁkrbﬂ%|uﬁﬁn9oéré%éﬁ@@ &ﬁﬁ@%ﬂ&ﬂm§Q£W§§QﬂtQﬂwﬁMa & roup

20f ol | owi ng gener al. fornmul a (1): RniS (wher'ein,” Rrepresents a
hydr ogen at om<6¥térganidc lgiteup Ve 6RERPHI ﬁ@om&toxzor%fr%%ﬁwa% GTE] T R

represents ans@nb%g@@ 25@& Onk0g3ouglchapiesenySe grﬁﬁﬁréﬁyﬁcgﬁgu§r0n1the
group consi sti of a hydroxyl group, hal ogen aton1 al group having 1

to 6 carbon aﬁ& g&ﬁdaéeg%oﬁ k@ﬁ@uﬁrﬁHQ|H@V1“90 GLEaEbBﬁK%?%n%fo%ﬂda$@ and

X' may each becdcthexsanecop Mahﬁﬂqel to 6 carsesondestepafi@. fh@btalnlng a
condensati on rqacghqq proguct % condenjynquthe resultl S|onane
compound (a) and/or 'tHe® e Compoulie’ wi't h-'§7 1585 part %1&?% " &%t hird
step for obtaﬂ@mngoalswn@q particelle£c3hodat alnt hg condensati on reaction
product (A) by congeqfrﬂgstpe resul M np condeusr oho I 1 on com und
represented by the o Iomnng general formula (1): (1) 5(wherein,

represents a Hytieogen, aton ortior gamie gF olpf icomt ai migqapdralo 20 medrdbon
atons, 1l reprgsents,an integer of 0 to 3, Xl represents a group selected
fron1the group consisting of a hydroxyl group, hal ogen atom al kbxy group
having 1 to 6 carbénfatéht ahdrateroxy=grouphhaviaglidngtoibicar bon at ons,

and Rl and Xi -gmy ;eaeh Q%nk@%n%ﬁ&eggﬁthEB@EGHtréQcED§n0§§§d§cP|PAﬁ"ty
thereof is present) in which or 2, fourth step

for mxing th&-r8sdl PPAGOBPLYEET partienelNébht APAI 1B’ condensati on reacti on
product (A) [10032]

15 [24] A production process of a photosensitive silicone
resin composition, comprising the following steps:
a first step for cobtaining a polysiloxane compound
(a} by hydrolytically condensing a silane compound at
least including a silane compound represented by the
20 following general formula (1):
R S1X o0
(1)
(wherein, R* represents a hydrogen atom or organic group
containing 1 to 20 carbon atoms, nl represenls an integer
25 of 0 to 3, X' represents a group selected from the group
consisting of a hydroxyl group, halogen atom, alkoxy
group having 1 to 6 carbon atoms and aceloxny group having
1 to 6 carbon atoms, and R and X' may each be the same or

S T T S
I [ ARy LR LGy LN plLBenit; 4N

a second step for obtaining a condensation reacticn
product by condensing the resulting polysiloxane compound
(a) and/or the silane compound with silica particles {by,
a third step for obtaining a silica particle-
35 containing condensation reaction product (A) by
condensing the resulting condensation reaction product at

with a silane compound at least including a silane



15with a photopolynerization initiator (B). [0033] [25] The process
described in [23] or [24] above, wherein in the first step, one or nore
types of silane conpounds represented by general formula (1) are

hydrol ytical |y 20condensed under acidi c corditions in an aqueous al cohol
solution. [0034] [26] The process described in [23] or [24] above, wherein
in the second sirepural Gedensali-on pheagki o] @BQQH%tgbﬁerg§ ebtal,ned by
condensi ng 20%.ky wei ght to 99% by weight of I|.. he polysil oxane conmpound
(a) and 1% by i'ght to 80% by weight of the silica paxticles (b) in an
aqueous sol ution ofR'grsial*eqhol having 1 to 4 carbon atons, at a ph of 5 to
[ 27] The process de grlbed in. [2:3] or [24] above, mherein in the second
step, after adding at Ieast one type of solvent having a boiling point of
].00C t 0°200C (Wheaterijr,sél" ectede feons t heh gt oope 1€ onsBtd NG 10F 2 /@i abeahol .

ket one, as at recarhan., s he ndensatlo reacti

pr oduct obtalﬁgggf§¥%oghgn§%n C ?hg%%olégP%okaﬁg cotrpoun fa?nahag?ﬂgr
silica particles I By, Y h& wateresent2 a gomtente pfctd® Tondensatdonp
reacti on prod Y t-e % ig 9%

distilling ofpPhpis el R Hoad AN ﬁgﬁﬁﬁﬁ Hiobep |§%?%hm§?88§%] [28] The
process descriBéY¢H W23 abéeel whE @PnaﬁﬁmbhénﬂhﬁfﬁL@ﬁépgfaﬁpehaaﬂdﬁng at
| east one type eb %Obé@%bnsék%%%edaﬁﬁoﬂﬂQﬁ%ﬂ%@o%%ycg%§%5%anh%fq%%eaBQOhm
ketone, ester, ether and hydrocarbon solvent to the condensation reaction
product obt ai figd Ei@Eéndéniﬁﬁgcﬁﬁ§ ﬁoP}gFﬁékéﬁeL@@é@ﬁboaﬁdpfayeahﬁ the
silica partiches.chtbh &Eelsbhlgonaﬁanpound (c) represented by general
formula (3) is reacte @F a_scavenger in the formof an or?anic base in
an amount 0.5 tines“t §°%" né%ephéoﬁuﬁﬁéﬁnﬁftﬁbl6§@6%1ﬂﬂg &i Fi€®dn conpound
(c) followed DwTmemﬂmhngohhe1ﬁﬁg@nb6n§ahbaE@bﬂEﬂeQ&tmaﬁhpﬂ@thth(@ﬂ aqueous
sol uti to o n_th |I| artl |, e- cont n densation reaction
producﬁn?ﬁo §é§hffep% Ié3§908nénf b% 8? ggFVent sel ected fromthe
group conS|stﬂﬁQ36ﬂ an alcohol ket one, ester, ether and hydrocarbon
solvent to 20t hec pt od oht ai by condensi ng t he
pol ysi | oxane cg% ogﬂg Fg@Eg%g gﬁgggbﬁ?gaiga ?%élgg §? %%V%IIV%%ﬁ 7
conpound (c¢) #ép#é§eﬁﬁédib§tgéne@ab Permoka QSPCBSOQIS@M@dOtoomﬁanmd$o
obtain the Slkb acpantkel exc n n r t (A]

25( 0037), R boass daser i bed Th 23] Tof [24)  aBbual" Wharbin in the
third step, afP ﬁ@PééétPﬁ@@fhéféﬁprcﬁﬁﬂ@@h@@uﬁdl@c§Nmﬁﬂh0@h@ condensat i on
reaction prodeetyebtai ned by

[0034]
[26] The process described in [223] or [24) above, wherein
in the second step, a condensation reaction product is
25 obtained by condensing 20% by weight to 99% by weight of
the polysiloxane compound (a) and 1% by weight Lo 80% by
weight of the silica particles (b)) in an AUEDUS soiutilion
of an alcohol having 1 te 4 carbon atoms, at a ol of 5 to
9, and alt S0"C fto LO0TC (L atmd.
a0 FOGasT
(27} The process described in [23] or [24] above, wherein
in the second step, after adding at least one Lypa of
solvent having a boiling point of 100°C to 200°C (1 atm)
selected from the group consisting of an alcohol, ketone,
ester, ether and hydrocarbon solvent to the condensation
reaction product obtained by condensing the polysiloxane

compeund {(a) and the silica perticles (b), the water



the, 30fryffici; 00 (a) ) product is distilled off to obtain the silica
particJe - containing condbnsation reacti,wi product (A). [0038] [30] The
process described in [23] or [24] above, wherein. 35in the fourth step, a
conmpound (C) having a. photopolynerizabrlézfﬁnctional group in a. nolec -I
t hereof and/or an antioxi dant and/or ultraviol et absorber (0) are - 13 -
fﬁrther i xed.cdr0034] oﬂ3ﬁkgA£@HQ®%©kE@& Q@@@Qi@pobr@dgéﬁegspé??HQEegf a

phot osensi tive siligone resin conposition, conprising: a,step for

irradi ating tﬁé)ﬁhéﬁ®§éﬁ§iﬁ?Vé‘ i IN°cone We§?ﬁggbnﬁésgﬂﬁbh1&é§8rPEEdtPﬁ any
of [1] to [22]acbovesalivtdmt] icghtpdnawitn@gva ddemiinaat iwavel ength of 200 nmto
500 nm [0040][0036 [ 32] A cured product obtained according to the
process 10descr|bed in [31] above. [0041] [33] The process described in

[ 31] aboVve, furitterrrcomprticsismg dasstrepetion nbdkiBngabbvd30€ht0e300C: [0042]

above [0043] /T35 A pidstrd Tere Br bdiced actorAing to Pho pr bedks | |
descri bed in [E¥ljEcalseveropotde4 4k cup3eprAisgphiocatmtierilabhpr pdeedne,
according to the frocess descrinbed i-n .31 <ahous. Lgoéﬁk condansati%§7].A
surface coating material produced according to the 25process described in
[31] above. reaction product obtained by condensing the polysiloxane
10 compound (a) and the silica particles (b}, the silicon
compound (¢} represented by general formula (3) is
reacted with a scavenger in the form of an organic base
in an amount 0.5 times to 3 times the number of moles of
the silicon compound (c¢) followed by removing the organic
1o salt formed by washing with an agueous solutiocn to
obtain the silica particle-containing condensation
reaction product (A}, or after adding at least one type
cf solvent selected from the group consisting of an
alcohol, ketone, ester, ether and hydrocarbon solvent to
20 the condensation reaction product obtained by condensing
the polysiloxane compound (a) and the silica particles
(b), the silicon compound (c¢) represented by general
formula (3} is allowed to react to obltain the silica
particle-containing condensation reaction product (A).
25 [0037]
[29] The process described in {23] or [24] above, wherein
in the third step, after reacting the silicon compound

(c) with the condenszation reaction product obtained by

ST T o P N B .
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product is distilled off to obtain the silica particle-

containing condenszation reaction procuct (A).

[0038]

[3C] The process described in [23] or [Z24] above, wherein
35 in the fourth step, a compound (C) having a

photopolymerizable functional group in a molecule thereof

and/or an anticxidant and/or ultravioiet absorber (i) are



Ef fects of the Invention [0046] The ph.o to sans | ti. ye silicone
resin conposition (If the pr([Le t shrinkageor excellent crack resistance
after curing by irradiating with light. evenl wnen a cured product of the
resin formed into a thick film has a | 6w'coéfficient of Iinear thermal
expansi on, and has |ow thermal, weight |oss. BRI EF DESCRI PTI ON OF THE
DRAW NGS - 14 urigonpeundsi.(a) used to synthesize a silica

parti cl e-contgw condensati on reaction product (A). FIG 2 shows the
results of 29Si- for a polynmer 1. FIG 3 shows the results of 29Si - NV\R

for a polyner [Bihat rhaslwndergenesavebar @ sepanaprofuter o& @ conponent.
EMBODI MENTS %}%SIGWI%@IV%\I Q048] ._The Ehot_. gsensi tive silicone resin
conposi tion of the present i mvedti-of A5 East E8hRtarnE (AP R P84 2
10parti cbe- conttaimiing conderisatingn theaghiconspnedudtrcandl (Byna resin
phot opol yrer i zafjen. it ater..;and may further..cont ai, EC a_conmpound
havi ng a phot onlp%%er'i'falbl e FJHcU onal a?d?’gf??i i[ﬂﬁaiﬁol‘gc‘?j Iébf)%r gg?H and/ or
(D) an anti oxildant: amd/icw @l temiinehnst wvabsorbeth Flie2P6l howtngSppowindes a
15det ai | ed exploaat)i on of each conponent that conposes the photosensitive
resin conpositign according to the present invention. [0049]
<Phot osensi ti Ve'“di I coieResioRIchnpesiiion>a20psilineatPatbichecCont ai ni ng
Condensat i on ReaekiioraPriedyct ) above.
[00411]
[33] The process described in [31] above, further
comprising a step for baking at 130°C te 300°C.
[0042]
15 1341 A cured product obtained according to the process
described in [33] above.
[0043]
[35]A plastic lens produced according to the process
described in [31] above.
20 [00441
[36] A replica material produced according to the process
described in [31] above.
{0045]
(371 A surface coating material produced according Lo the
25 process described In [31] above.
Effects of the Invention
100461}

The photosensitive silicone resin composition of the

= a1 L L U

10 . P4 :

¥ ol £ Li ;o onas a
excellent crack resistance after curing by irradiating
wilth light even when a cured product of the resin is
formed into a thick film, has a low coefficient of linear
thermal expansion, and has low thermal weight loss,

35 BRIEE DESCRIPTION OF THE DRAWINGS

00473

FLG. 1 shows the structural formulas of polysiloxane



(A)] One aspect of the present invention is a condensation reaction product
of at least a polysiloxane 25conpound (a) and/or a silane conpound and
silica particles (b), a termnal structure Si-OY (wherein, Y represents R2
or SiR33, h a ridR represent h.ydrogen atbhs-or organic groups having 1 to
20 carbon atoms and the same or 0 < fir) CGSIR3,))/([[5-OCSiil) 7. (2)

(wher ei n, ggﬂgggn% ﬁ% |za%1§ey?g g&ﬁ@gd;é gncdlfhe CEgs)r?q‘ﬁnLlftl on reaction

product has a photopol'y tional group.
patticie- conl@phLﬁgnebgd@m@@n@m3@@acw@nlcpm qdlmﬁu@) O{’nias hi gh

transparency, whichyks a cﬂéwélcmélﬁéga of %f""%?” MRESLAS, g%ﬂg
ed t ormof a

excel l ent crack resistance when cur ed Jproduct Is in
thick filmas a re8abt %fd@ﬁ@Spb¢93F¢%¥hh% eonpointiMRaycand/ el gneane

conpound, havi pga@ gepdensed §1t1é unswéeorﬂl ns@@méﬁp&q @&: aa resuld, Qfe.havi ng
the silica particles (b), % dness of a cured d product is

i nproved, coefficient of Ii HMW @xpﬁﬂsn%]ﬁﬂ%l unetric shrinkage
during photocgoongjcan be decreased, and as a result of the term nal

structure (Si-0OY)_ gtiﬁfgl t he, afore ntloneg( formula (2), water
10absor ption, vol uhetrie shF T khge’ ¢atset- Bye hl'e(aﬁrhg‘%{?fbosthie‘r%lowfﬁﬁt
| oss can be deceeased)naadt dowusedl aoddecoptoduct (£@ane bei obtai ned that has

ll.ent 0050 Pol I Cao
ol yai I'Oxane. Borpbund (o GCEH"T ¢ prosTt 1o antd o RoMtal igth fdact i on
product obt ai ﬂeﬁhbyomydvmyzrmglcézal thought ot areguiaedtin tde caseitrhe
conmponent has (@ Sk, Ig&g%n Ecﬁ’“}?%v 8 ég%g%ccgg?ﬁéq?éeo ane. of,, 2( rrpog%b}types of

si |l ane conpounds ensation fepresen
fol | owi ng gengrakrf on rmlraO(elquECRILhd:JSiéo@ am{Ayr ({/Werfe’i rﬂn'lRonze;ifrresent s a

hydrogen atom,Qf/QF 9@ €4 HOUP: absorber. The following provides a
15 detailed explanation of each component that composes the
photosensitive resin composition according Lo the present
invention.
[0049]
<Photosensitive Silicone Resin Composition>
20 [Silica Particle-Containing Condensation Reaclion
Product
(A) ]
One asgpeclt of the present invention is a
condensation reaction product of at least a polysiloxane
25 compound {a) and/or a silane compound and silica
particles (b), a terminal structure 35i-0-Y {wherein, Y
epresent s RY or $i }"{33, R and R represent hydrogen atoms
or organlc groups having 1 to 20 carbon atoms, and the

GLATY ol KT omay each be the same or dilierent)

30 cr oy e T e A e W e 1T e o ey T e s Sy,
ot PR R U il R Y Al LN L L2 M IV ¥ Sy W WO S OV L

0 < [8i-0-8SiR%]1/((81i-0-R"] + [81-0-51R%]) < 1

(wherein, R and R a2re as previously described), and the

condensation reaction product has a photopolymerizable
35 functional group. The silica particle ~containing

condensation reaction product (A) has high transparency,

which is a characteristic of silicone resins, and has a



25containing 1 to 20 carbon atons, nl represents an integer of 0 to 3, Xl
represents a group selected fromthe group consisting of a hydroxyl group,
hal ogen atom al koxy group having 1 to 5 carbon atons and acbtory group
havi ng rCaN each. be oil Al present). [0050L} - Rl in the ,olysil oxane
compound (a.) is a hydrogen atomor an organic group having 1 to 20 car bon
atoms. 35Exanpl €81 %nprgggkﬁ 95999§duﬁ-'£ﬁkﬁ-§ §Qﬁpﬂﬂaj rdafh O

cyclic: or cyclic aliphatic hydrocarbon g Uch a phf th7
n-propyl, |apispyhe ﬁatflle(na thigle ilbrultw mﬁuyﬂ Oﬁ tmﬁtyl or

sec-butyl) pent yki QBXQ§@t¥$ &u@ % ﬂfﬂ?ﬁni aﬁu & tﬁgomm$%¥yl
(n-hexyl, hexyl or cyclohexyl 3) hepty £ epty pty , octy
(n-octyl, i-oEPyrepped.- %fy‘r}urfﬁony@ ﬂﬁ}bhquora? -a ril(ﬁfwl)t edyd Vi decyl

or i-deeyl), undeeylitn- }y@ﬂ@wie@r H))'U”LQ%YHQMQ%%@@{CYA dnr&dpdgeydeor

i -dodecyl) gr acyclic or C%i |c al kenyl groups. such as a vinyl,

propenyl , but@ﬁ&j“ beht enYF+oh eanEJy%Jr%Wex%%y#m%%l‘dWeW?Hyl et hyl
goabornelyl et hykpahepbﬁnym @@t@ﬁl@/im d0nonemnytge dﬁglelnyd bphdmﬂl ﬁﬁﬁh ,gahnl )
odecenyl or yLEn ra S a e zy enet hy -
ot byt banzyl , 25 T hyT Bemeyin S S ek Byt bariy | 0 oo LEHy GhGupe. Suah
as a Ph.CH. - CIH%ng’)(“)Klp satydsfgrmpishsmfbmﬂeaﬂph&md Igfzﬁmpiatm Wi \ng:rump
styryl sgroup S bst t ut ed aryI r oups as_a 4:
anlnopﬁgny g%%a%?é%l%%agvgy& %hy} %htﬂl%i%]néfﬁgij%ﬁény gﬁénb‘%ﬂd

4-vi nyl phenyl tgroopl endilyr OL@SaC@N&D@Id@C@m@/,WEIHQabICBJMhdmm@EQT oup
such s 2, TeLDREAXL VL GTOUR.L BELYL @Y1 O1 Clibs S, ruR., oy bor ny!

group, glycidyl 20group or nercapto ddi ti'on," a portion of
the mai n chai Aicbaekbone: of the varlous types of the aforenentioned organic
groups contai ppegoil to 20 carbon atons may be partially substituted with a
substituent selected from polar groups 25 (polar bond) such as an et her
bond, éster group {Dend):ldyaroxydrir b, (2hi ol group, thioether group,

carbonyl  group, carfoxXyd 1 g OUP«acarboxyd dcq anhydrdde bond,e thiol.group,
t hi oet hbr bond, sul fone glbou al dehyde group, (bond) ur et hane group

(bond), ocyana{% g ot of b gt ol C lorOTa Il Btfen. Cdtioasicl as a fl uori ne
atom chl ori neyatonyorndr om nNesadlomo R mayu 1.espeat ivel y-he the

component has a silanol group) and then condensing one or
20 more types of silane compounds, or condensation products
thereof, represented by the following general formula
(1):
RYuS1x o (1)
(wherein, R represents a hydrogen atom or organic group
25 containing 1 to 20 carbon atoms, nl represents an integer
of 0 to 3, %! represents a group selected from the group
consisting of e hydroxyl group, halogen atom, alkoxy
group having 1 to & carbon atoms and acetoxy group having

LS, AN h . RToand AT may @ach e Lhe

present) .
[0051]
R' in the polysiloxane compound (a} is a hydrogen
atom or an organic group having 1 to 20 carbon atoms.
3h Examples of organic groups having 1 to 20 carbon atoms

i hvydroocarbon

e i ‘ C
e e aeveda e v e | e o ] A el R
include aoyelic or cyelic aliph: wyarccarbon groups

1
LA e

such as a methyl, ethyl, n-propyl, i-propyl, butvl (n-



same or different in the case a plurality thereof is 35present. [0052] nil.
n the aforenenti oned general formula (1) is an - 17 - integer of 0 to 3.
Xl respectively and i ndependently represents a group selected fromthe
group consisting of a hydroxyl group and h§ydrol yzabl e substituents in the
formof a hal ogen 5atom al koxy group having 1 to 6 carbon atons and

acet oxy groupbh%ykvgilbhgﬁﬁ C@£98@¥§tgysseﬁﬂg%§£ffifé&n@%ﬁgpgﬁgﬂgRQFEOf

i ncl ude hydroxyl “groups, hal ogen atons suc “a chlorine ~ brioffi ne
atom or i odi né~&EBfY Lal kexyCEBUPST stchl @ at et hoxsx gk olip; etihoxyigr oup,
n-propyl oxy greup, &0i §9©@69@¥}/9E)’ QLEOUP1 P bul Yl OXY, 9r-oups ity put yl oxy
group, n-hexyl oxy. group or cyclo exgloxy group, and acetoxy groups, and
among t hese, Raldden abehElsuehcakya ehi brPiey bt onfoby bm Hei@tomor jiodi ne
atom alkoxy goaups, sdebyas (A-ABEHOXYr Of OB PT) e hOXY-@r OUp, . and- Acet,oxy
15groups are prwefgrabllghm née thei ge n@trate high reactivity in the
condensati on FesttToR Wheh SYRNEHES] %1%30 HeY hot§ st TExEHe oty (a). X

may respectivekbycbectbe sankioradkéfier entoims thecicase A piwgal ity thereof
is present. 20Q[00% . Exanples _of the s |ane conpound represented by
t he af or enent ggggg%éhel?%}'ﬁ? ?huﬁ)%m((ir)}y%h?l’("iféfén\’/ﬁny(rﬁlr%h?%ﬁb‘g]i 1 ane,

vinyi tri net hoxysiibaneenyiayhvii ebhoxysidahe;h 2k [ 3 epoxlyc yet ohexy,l )

et hyl t nignet ho L e, 43: ¢id g tri et stlane, ... .
3-4l ycilc(i}oxypri%)ﬁ/%}Jr]rgfﬁ[?hyflécgi)f(g]![1 okylg]?%ﬁg%%?yg’- %ﬁ%?%ﬁ@péﬁpﬁiW‘r(inexf}héigygslm’ane,
p- styryitri mefbxysylanoouds nethlactyl oxypropyl netdyddivet hoxysi | ane, 3-
YPOL) Y. . Ol hyjJh,petbasyy! Og(yr%@}ﬁ)'\gilr)ézﬁ'v. fo&(:%flfillrgéten}gibenzyl group,

acryl oxypropyitrinmet hoxysi | ane, 2( am hoet
ami nopr opy!| methyl 8PRet hOkysPF amech NeD(anf HoEt Hyt )g32up, aryl groups

anlnppr0py|trbﬁgth%Y§|¢ﬁ@§ylh%§§@ﬁ]n@@i@yygﬂﬁxh styryl group or
35am nopr opyi triet hoxysi | one, 3. am nop/ opyl hri n( H_hOZ%,yS,' ! ane,
g_m n?ﬁ legl E rll_%gf}%xgﬁ?‘i%nf %—%H‘ﬁ:ﬁé ‘%ﬂsi }gj“i\‘#}(‘i,%ﬁl@ ! ji‘l&l r}ﬁ; "

i met hyl - but yhihndene) @n epyd ashpe, 4 N phemyd si8en @m pepiopyd tid 4 Xyslyane,
N (Vvi nyi benzyl%- 2- am noet hth-)} 3- a.rn no ro%y_i tS?i met hoggysi | ane ,h)hgr ochl ori de,
3-ureidopropy? ??%t%%xstT%%‘;l%ﬂy” group, “and groups ‘containirg a

polymerizable bonding group such as a methacryloyl group,
acryloyl group, styryl group, norbornyl group, glycidyl
20 group or mercaptc group.

In addition, & portion cf the main chain backbone of
the varicus types of the aforementioned organic groups
containing 1 to 20 carbon atoms may be partially
substituted with a substituent selected from polar groups

25 (polar bond) such as an ether bhond, ester group {bond),
hydroxyl group, thiol group, thicether group, carbonyl
group, carpoxyl group, carboxylic anhydride bond, thiol

group, thicether bond, sulfone group, aldehyde group,

PORy Group, anine group, substituted amine group,  aunido
36 groun (oondl dmide group (bond), imino group, urea group
(bond), urethane group {(bond}, isccyanate group or cyano
group, or a halogen atom such as a fluorine atom,
chlorine atom or bromine alom. Ré.may respectively bhe the
same or different in the case a plurality thereof is
35 present .
(00521

nioin the aforementioned general formula (1) is an



5chl or opropyi tri met hoxysi | ane, 3- nercapt opropyl net hyl di net hoxysi | ane, 3-
nmer capt opropyi tri met hoxysil ane, bis(triethoxysilylpropyl) tetrasuifide,
3-isocyanat opropyl triethoxysilane, vinyltris (2-nmethoxyethoxy)silane,

10vi nyl met hyl di net hoxysi | ane, 3- nercaptopfopyitriethoxysil ane,
3-octaonyi thio-1- propyitriethoxysilane, 3-
i socyanat opr opyktrirethoxysi,| ane, 3-triethoxy

'yl -N(1, 3-di met hyl - butylidene), 3- 15acryl oxypropyltrinethoxysil ane,

N- (p-vi nyl benzyl) - K T§$r¢Fet Hoxysttqid ATyl Ye et rarfcnd shyid soehicor i de,
3- gl yci doxyprepytrethyl-dihmethoxysibangnsbisl 3y of a hydroxyl group
(trlethoxyS|Iél)p 0E¥Ild[$ulf|de, vinyitriacetoxysilane, - '
vinyitriisopr 8x§§ SnEZA8L Py PEPP et Hexysi Pank 1€ 26@ial P i et taaI | ane,
3-nercaﬁioproFybm;ienhoxyfgkaug,hbﬁﬁ%gB@d&@ﬁ@h&éﬁ%&yliﬂ@ﬂﬁ)aﬁﬁ acetoxy

mer capt opropyltriethoxysil ang t trinethoxysilane, ...
di met hy! di met H%%gi P%Hé?gpﬂbﬁ?i by Fﬁé?%x%?%ne?n‘? eth At hoxystoTafe

met hyl tri et hoxyisirkanhin2bdilaebhyt dk et hoxysib+ ane; 1 phenyd tahethoxysid ano, n-
propyitrinmeth i.l ape,. n-pr itriethoxysilane, hexyltrinethoxysilare,
eyl tr1 et hoxyaiT Shae ¢ F Uit PoAbhAET T (Fros, st Ry Tl of ST Are o Bre

L. ... dichlugoirhi es1a9tetheryakyiehl orlosky ames;p, n-propyloxy group,

aiﬁEtthNiHY|§Q50ﬁ9§ﬁ§§BQV ﬁ;gﬁﬁby$yﬁgylﬂ%ﬁﬁgﬁﬁg§ﬁjaygbutyiox%“ﬁﬁ%ﬁgm ng

vinyitrichlorosjilanb and ot her unhaturate ocar bon group-
chl or osi | anes!~bFiphenyl ehPer os | anel oB3sdY phenyd netiy | ohi orosidane,
d'nEthylphenYQQBhQEPshﬁ@ngmog%p{§@£§!'{ﬁﬁﬁ@ééﬁ'ﬁ%éﬁ% such as a

phenyl net hyl dAhhi oroni | anb, phenyitrichl oroSilane and other aromatic

gr oup- cont ai nf’ gorl“§9azo%hl%F%@%m%n%%?mcﬁ?m&@@4%@c@%%@xy@k#ﬁ%ﬁ(ﬁﬁQQﬁﬁa
di cycl ohexyl net:byl ghl grost hane, g di-gych ohexyd i cht Qrosidaneceroxy
nethquyclohexgldichlo[os[lﬁng, 5cyc| ohexyl trichl orosil ane,

di met hyl"cycl opentyf chi ordsT |+ ahe? L ai e{/atopent | ety it ‘o osidtane,

di cycl opent yl di:abt ovosy | anes haethydeych opent yddichborasid angithesizing

10cycl opentyltrichl orosi | ane and other aromatic group containin i
chlorosilanesgﬁgc?ﬁ” §§%?6%9?d?%%@%@?§hf%}bsi'a ¥ YRpetliVely e the
acryl oxypr opytaet hyt diichlf oresti | ane, hacrydsoxyps opyd T richilorosiid ane,
15nethacry|ox§pégggﬁqinethylchlorosilane,

20 [0053]

Examples of the silane compound represented by the
aforementioned general formula {1) include
vinyltrichlorositane, vinyltrimethoxysilane,
vinyltriethoxysilane, 2-(3,4-epoxycyclchexyl)

25 ethyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane,
3-glycldoxypropylmethyldiethoxysilane, 3-
glycidorypropyltriethoxysilane, p-styryltrimethoxysilane,

3-methacryloxypropylmethyldimethoxysilane, 3~

) ] ot
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methacryloxypropyltriethoxysilane, 3-
acryloxypropyltrimethoxysilane, N-2 (amincethyl-3-
aminopropylmethyldinethoxysilane, N-2 (aminoethyl)-3-
aminopropyltrimethoxysilane, N-2 (aminoethyl)-3-

35 aminopropyltriethoxysilane, 3-

aminopropylitrimet hoxysilane, 3-

aminopropyltriethoxysilane, 3-triethoxysilyi-N- (1, 3-



met hacryl oxypr opyl net hyl di chl orosi | ane, met hacryl oxypropyltrichlorosil ane,
styryl di met hyl chl orosi | ane, styryl nmethyl di chl orosil ane and
styryltrichl orosilane. 20[ 0054] Al t hough the silane conpound
represented by the aforenentioned general ‘fornula (11 nmay be used al one,
the use of a plurality of types of silane conpounds nakes it possible to
cont rol fluidkﬁw@@h@QLbh@yqqabng)E§o$§h5m§§e?590£ﬁé9§1£§IfaCtiVe I ndex,
har dness and theklike,_therebx na‘in? this preferable. In
addi tion, the dUSECHFORY -eaBETEREYSITaRp: Yot npoundenankh-the | ane
conpounds representedyby gengrabpteppul -Wekghbxy 6l nenk. heuse-10f - 3 gonpound
represented byh%eneral. inwhich ni is 1 in conbination with a
d

_ fornuLa_élé
si | anb conpound “FepreSEAPEd thy CGBASY S 12 FSrmiTa (1) i.n which ni is 2 is
preferabl e fromthepvicewpoirnhcofhoeyackathesi stance after curing a cured

"7.1: nol ded Pﬁ%Qgg%gSE?ggﬁkméL%EggggFéggrggg %x%gﬁﬁprovides am expl anati on

of - 20 -- e pr o] ound (a) using as an
exanpl e the caseceflusirngvatsiilhahbogpapband, rieps ésenteidobyst helpropyl)

af orement | oned .general-; far myla( L) andlor condensatl ep.product ther eof -,

the present 5invention is’not e"'pol ysi | oxane
conpound (a) VsNpréférabPymprbdugetnbyyaddiagewater to one or nore types of

si | ane jgonpounds i eREE$ENt &d: By, geneLal fermula (1) and/or a condensation
product thereof. The anmount of water added is preferably 10within the range

of 1 equival eRfrt8rPLOPEGUY VAl éAt8OLHDI &7nbasPsyctapay hoiecpteferably 0.4
equi val ents ter8pequivatepkssiof thestotal nunber of noles of X1 in the

sil ane conpound represented by general formula (1). If the anount of water
added is 0.1 é&ﬁ?%é?@h?gfaPYﬁ%Fé$e¥%%Xn%h%¢%%u|-T e ighex uF 1t hie N-

pol ysi | oxane coppeunde{By1ipcteas@snethereby making this preferable, while
naking]%he anou equi valents or |ess is preferable from

nt.of water to, be 10 eq
the vi ewpoi nt “of ¥ &Xt BRUPRY’ t he"pbt oty o' dfca Nolkit7on brcthel pdlysi | oxane
conpound (a) obtainedo20bylal condensat i eheie€atdhone Condensati on: ey be
Fepr ocented by gonsrar tarrat) U TR RoTYeondahshton ar e hydroxyl
gr oups. (triethoxysilyl)propylldisulfide, vinyltriacetoxysilane,
vinyltriisopropoxysilane, allyltrimethoxysilane,
20 diallyldimethylsilane, 3-mercaptopropyltriethoxysilane,
N-(1,3-dimethyibutylidene} -3~
mercaptopropyltriethoxysilane, methylirimethoxysilane,
dimethyldimethoxysilane, phenyltrimethoxysilane,
tetraethoxysilane, methyltriethoxysilane,
25 dimethyldiethoxzysilane, phenyltriethoxysilane, n-
propylitrimethoxysilane, n-propyltriethoxysilane,
hexyltrimethorysilane, hexyltriethoxnysilane,

trimethylchlorosilane, dimethylichlorosilane,

Bl
R

alkylchlorosilanes, dimethylvinylchlorosilane,
dimethylvinyldichlorosilane, vinyltrichlorosilane and
other unsaturated hydrocarbon group-containing
chleorosilanes, triphenylchlorosilane,

5 diphenylmethylchlorosilane, dimethylphenylohlorosilane,
diphenyldichlorosilane, nhenylmethyidichlorosi) anga,

phenylirichliorosilane and other aromatic group~containing



In the case of producini the polysiloxane conpound 25(a) by a condensation
reaction in the presence of a catalyst, the hydrol ysis and condensati on
rate increase, thereby making this preferable. [0056] 1 al kom u. exanples
of acid catalysts include inorganic acids'&nd organic acids. F x mpl es of
the aforenentioned in acids include hydrochloric acid, nitric acid,

sul furic aCldmﬁhXQﬁ@Lh@@th QQMGLh9@9§9h85b§y@9h@o@8g boric acid.
35Exanpl es of the glenentloned organi c aci ds incl ude acetic acid,

propi cni ¢ aci §'BUFandicEYakiedyper&aafPiiéaagid, 1i ax an a ic acid,
hept anoi ¢ aCIdhc@@ﬂ@m@&@ﬁdichloZésuiaﬁ@nanOlC acid, decanoic acid, oxalic

acid, maleic acl cid enzoic aC|d anlnoben20|c aci d,
Sl N e R oc

ptoluenesulfonl trifluoroacetic aci d, formic
aci d, HBPOHICC&©ﬂ©hexuﬂﬁ®mbﬁ]a®bd¢Jphbha|IC acid, funmaric acid, citric
acid, tartarig; aci nic,acid, malic acid and glutaric aci d.
Exanples of base cg §s€§5gnc e PE%F@%%P% bases in the nmanner of

al kal i ne netaﬁlhy@ﬂ@ﬁﬁﬁeyigaChyéshﬂnopgamanebases such as |ithium

hydr oxi de, so@hg@ngggg¥&qu %QB?B§E§ng]hdeOXIde or cesium hydroxi de,
al kal i ne earth netal oxi des such  as tal ci um hydroxi de, strontium

hydr oxi de or B&tfhurChHydpoxindeldarkabineionnal kaline earth metal carbonates

such asid i thi up-capbanat e, ;pat asskum.car bonat e, of spdi M and
nmet al blcarbong%esb15sgchrés pot assi um bi carb oﬁate o€&§%d§3%1ﬁ$carbonate

Exanpl es of of§ahi¢'bages i AEPadLaARfDNI a, trial Kyl ani nes such as

triethyl am neaeryebhylhdbphsoptApYham:-ne, - N; Ndi gl Kyl aniline derivatives
having 1 to 4 cargon atons. such as. N, N-di met hyl aniline or

N, N-di et hyl anfFT H&C*3BpYPY HRRELY ARHCHYPT @f he2der i vati ves that may or may

not have an akkylisubstopuentibavbngs1it@e4 carbon atons such as
2, 6-| ut-i.di ne. ion, exa aI al koxi des i ncl ude

tr|netHd&yaluﬁ%ﬁﬁﬁfryg?é¥ﬁb§9§?€h?ﬁ5%¥l??#Oh“b+%ﬁ6%yalunlnum
trl-iso- propomyahanryhunyptopyhmcﬂﬁpUﬁoayabﬂ@tDU@me1rl-|so but oxyal um num

tri-sec- buto§¥@hgp}29g&%%r5 ;1gg ox%‘?10 n1nun1 tri met hoxyboron,

friethoxybbron, tri- boron i %x boron tri-n-but oxyboron,
tri-iso- butoxybbrbhd]mﬁihsé@blOrObllan@, styrylmethyldichlorosilane

and styryltrichlorosilane.
20 [0054)

Although the silane compound represented by the
aforementioned general formula (1) may be used alone, the
use of a plurality of types of silane compounds makes it
possible to control fluidity prior to curing as well as

25 centrol refractive index, hardness and the like, thereby
making this preferable,

In addition, the use of al least one silane COmpound

among the silane compounds represented by general formula

(S H 1
T o e e e e e h T . L 3 it 2
A Aosle it rily AT e L et b W Lol Ay Une use or
compound represented by general formula (1) in which nl
is 1 in combination with a silane compound represented by
general formula (1) in which nl is 2 is preferable from
the viewpolnt of crack resistance after curing a cured
35 molded product.,

[0055]

Although the toliowing provides an explanation of



propoxysi | ane, tetra-n-butoxysilane tetra-isobutoxysilane,
tetra-sec-butoxystlane, tetra-tertbutoxysilane, tetranethoxygermni um

t ett aet hoxyger mani um tetra-n-propoxygermani um tetra-

35i so- pr opoxyger mani um tetra-n-but oxygér rBniilum tetra-iso-

but oxyger mani um cetra-scnB34nttoxygermani um tetra-tertbutoxybermani um
tetranet hoxyt ianipy@duct 124 it ehkagbhoxyt bkapkumbnbeLia- Na Propexytitani um
tetra-isopropoxytitanium tetra-n-butoxytitanium tetra-isobutoxytitanium
tetra-sec-but6§§€?§ﬁﬁﬂﬁhﬁhﬁeF@§9t8FtHﬁﬂﬁﬁyﬁiFéﬁ?ﬁﬁ]CP@PPﬁﬂ%thoxyzirconiun1
St et r aet hoxyziregaRrisem: ckiebiaLAePEOPOXMZhE COREUMyehBLE@- formula (1)
iso-propoxyzig%oggunl tetrajn;butox¥éipconbun1 %etra-lsobutoxy2|rconlun]

t et r a- sec- but 8XYZiFc SR aAd 08t PAPEPETbhEBXG 2T r cORF URT SRRt ype of these
cat al yst's can ibecusednor st wotof inmredt ypeseean be used as a mxture. In

10addi ti on, an ano f,catalyst used that adjusts the pH of the reaction

system during prodﬁ@%i§8i§33?ﬁ§388|§gﬁ 8§8ﬁe?ﬁgnb8uﬁﬁe?%?g%gymff%@ﬁc?%e

range of 0.OlbWoaQGQHQSwstetetabbeesbncmothetm@éghbfaVEIa@e nohecuth dg

wel ght of ' he ool xskhoxang compaund. ¢3).Gan be, faygraply .ddqcontiolled. In
be a d or ter prodn

addition, pH may al so justed wi th aci base a ucing 't he
pol ysi | oxane €6RpOGHdEL&FePOO57ThFhemeondensaribar redadtd ohs fiore peoduty ng

the 20pal ysi| exanencerBOURd ta)rCan-RE; ¢al Ll ed. Qui i D, an, 9f gapic 50 yent.
Exanpl es of ogganlc solvents that can be used I n the condensation reaction

i ncl ude al cohOF§;-est 81'€, MREFoRESfeBRREY sU - 4 #phaY# tehydr beaf bon conpounds,

aromati c hydrecanbancaonpoundshandoani deugoapoynds.1 25Exanpl es, ofy, 4 he
af orenenti oned . al cohol s i ncl ude nonoval ent al cohols such as net hyl al cohol,

et hyl =1 LaBFop Yt aFEChbFPbF SBUt § aY cohdr el poPYial@ntt al cohbl s such
as et hyl ene gkyeokmodhtathylenergedaedhisma. nntqhii whiddS:)és 8Sre aSthe
ethyleﬁ%ﬁglyC%Elggﬂmg§tQ¥Hgg%hg£’tgéhgé?ggigé¥§§é compound (a)
increases, thereby making this preferable, while making
the amount of water to be 10 equivalents or less is
preferable from the viewpoint of extending the pot life
of a solution of the polysiloxane compound {a) obtained
20 by a condensation reaction. Condensation may be carried
out without adding water in the case all X' of the silane
compound represented by general Lormula (1) used in
polycondensation are hydroxyl groups.
In the case of producing the polysiloxane compound
25 (a} by a condensation reaction in the presence of a
catalyst, the hydrolysis and condensation rate increase,

thereby making this preferable.

e T . . b
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examples of acid catalysts include inorganic acids and
ovganic acids. Examples of the aforementioned inorganic
acids include hydrochloric acid, nitric acid, sulfuric
acid, hydrofluoric acid, phosphoric acid and boric acid.
35 Bramples of the aforementioned organic acids include
avelic acid, proplonic acid, butanoic acid, pentanoic

acld, hexanolce acld, heptanoic acid, octancic acid,



noncet hyl ether, ethylene glycol nonopropyi ether, ethylene glycol

nmonobut yl ether, diethylene glycol nononethyl ether, diethylene glycol
nmonoet hyl ether, 35diethylene glycol nonopropyl ether, diethylene glycol
nonobutyl ether.,ylene gl ycol mononethyl” &jash/. propyl ene giycel nonoet hyi
et her, propyl ene glycol nonopropyl ether or propyl ene glycol nonobuty]

et her. [0058]IEXQHﬁMQSaQﬂCKh@e@%@beﬁeﬁthgne@x§§5@r§CHHC|Mg@eﬂthM{dacetate1
et hyl acetate Q, cetate and é butyrolactone nB es of ketones

i ncl ude acet one, ﬁéfﬁapnéfhfﬁi@et e “&nd ﬁéﬁﬁylpléﬁé cRéPbRed {00597
Exanpl es of thﬁﬂ&kﬁﬁﬁﬂﬁﬁthQEGc@BhebﬁnhQﬁb@defbh@@aE@H@”EntlOHEd nonoet hers

of pol yval ent aJ hol s _as e I val ent al cohol ethers obt ai ned by
al kyl etherlflcaﬁﬂgﬁyoﬁcglH(h98?§ O@Pgﬁpécbﬁ p@?$95 entCaflcofdf §°1h%t he

manner of et hylene gﬂ&@@uld|aeuhylremheﬁc ethy enetghycetidi ethytaether,

et hyl ene gl ycal PrORyl, her, ethyl ene di,buty| ether ropyl ene

gl ycol 15d|netﬁyﬁ!etﬁ§%]C %og Fene gnygo ghypde?%éL?lb?oﬁ9T§ne gl ycol
di propyl etheﬁXd@Pdﬁyl@ﬁeng¢CGdeﬂbatylLethede Ldoe@hyﬁenbdgiycbm di@et hyl

et her, diethykgng 9! %oglqgt %EGEP?KEeB ar 95dg%egQ¥heng gn¥%§ dlethyl
et her, tetrahydrofuran, 4-dl oxane sol e and propylene fy
nnnonethyl et éPeécépéﬁeaéaéb#évpétéMd3§XP@NEA}0dﬁ@@GDYdrOXBdOExaanes of

t he afowenentp@m@@eahmph§ak6thgrQQaEQQBuﬁOH?QPBQ§dbnCéPQQzhﬁéaﬁ§rL#epta“e
oct ane, nonane an 25Exanpi es of the aforenenti oned aronatic

ecane.
hydr ocar bon c8fp Sg gngﬁéFﬁﬁé BEfizend, CRof hefeh aAdOXyenest Fxakples of the

aforenentloneﬁyambdedQOBBOQadsumnﬁkgggxgﬁﬁﬁtQYk&P{H@nbgealka]1ne earth
dlnethylacetoanld and %R H clan a, t hi ong t he
fornentloflvenfs aF85H8pdbageéu as LthLum carbonate, potassium

Cdrbondtc or sodium carbonate, and metal bicarbonates

15 such as potassium bicarbonate or sodium bicarbonate.
Examples of organic bases include ammonia, trialkylamines
such as triethylamine or ethyldiiscopropylamine, N,N-
dialkylaniline derivatives having 1 to 4 carbon atoms
such as N,N-dimethylaniline or N,N-diethylaniline,

20 pyridine, and pyridine derivatives that may or may not
have an alkyl substituent having 1 to 4 carbon atoms such
as 2,6-lutidine. In addition, examples of metal
alkoxides include Lrimethozyaluminum, triethoxyaluminum,
tri-n-propoxyaluminum, tri-iso-propoxyvaluminum, tri-r-

25 butoxyaluminum, tri-iso-butoxyaluminum, tri-sec-
butoxyaluminum, tri-tert-butoxyaluninum, trimethoxyboron,
triethoxyboron, tri-n-propozyboron, tri-isc-proporyboron,

Lri-r tri-iso-butoxyboron, tri-sec-—

k1] i+ o
S L R [ R A

L EOpGN Y |
propoxysilane, tetra-n-butoxysilane, tetra-iso-
butoxysilane, tetra-sec-butoxysilane, tetra-tert-
butoxysilane, tetramethoxygermanium,
tetraethoxygermanium, tetra-n-propoxygermanium, Lelra-—

35 L80-propoxygermanium, tetra-n-butoxygermanium, tetra-iso-
butoxygermanium, tﬁtrawsacwhurmxvmermamjum, teltra-tert-

Tom 5 5 A o p o st e o g s s T e g ey
subtoxygermaniun, lLetramelthoxyltitanium,



sol vents such as nethanol, ethanol, isopropanol or butanol, ketone-based
so]vents such as acetone, nethyl ethyl ketone or nethyl isobutyl ketone,

et her - based sol vbnts such as ethyl ene glycol nononethyl ether, di ethylene
gl ycol nonobutyl ether, propylene glycol ﬁﬁnénethyl et her, propyl ene glycol
nbnoet hyl ether or PQVEA, as well as dinethylformam de, dinethylacetoam de
and N-net hyl pyreialdcdone: arie -priefer abl.e sshneecbheyrarentgadi Ly soluble with
water and facilitate dispersion of the silica particles b) in the

pol ysi | oxane éﬁﬁﬁ%ﬁﬁfJfé?”dﬂ%iﬁ&tﬁﬁé”68H68ﬁ§5ﬁ£6ﬂ1P@acP?”ﬁabéﬁﬁéen t he

pol ysi | oxane darnpoynd tea) vand tthe asiskiceaupaktitebesi(h) . tetra-These sol vents
may be used a&RH%)o&i%a%LuralLt¥_of gglventsﬁna¥ be used in conbination. In
addi tion, the Teaction may " al $6 b EAFPIEd- 0GP I H bul k wi t hout using 10t he
af or ement i oned esolagghiosy z[l0062)um, tetAbthepghpthereraseine, pacti-gul ar
restrictions ther. e.r ..on tenperature durin roduction of the

pol ysi | oxane égﬁbgﬁﬁﬁo%gflfg%gﬁg&érggﬂggﬁpt F§O§Hélig?§h %'o#@géﬁt9?%"2ooc
and nore pref &dby aiicthing utthe tramge sef-0Ctbey150Con Byncandytagraut t he
reaction withimp,the afgrenent.i dr es,,.t.he. I Wel f the

pol ysi | oxane é%ﬁgo%#%B%g%qgéﬁhggﬁ?avgﬁgbﬁgp%oﬁgggb?gg.856%ﬁkggéi’?%n?ethe
pol ysi | oxane &6fpodhd LFa) CrmyicaksbyeeAt aRn kA eFedent thaixfores ahnoxi de
such a&llitanh@@ht&thQBhUgho@h@”bﬁUQEtgggggnhH@h PQ&Q“adPQQ§Qh9ﬁQ |

ni trogen, carban, galliumor chromum [0063] 25[Silica Particles ( 3]

The silica paPFi&Pgsrﬁﬁftﬂﬁntﬁésﬁﬁ@s@HFlPﬁVEﬁPﬁBﬁt%ﬁ@i@étéh@hose for which
shape and pal ibeleidcametetonbhenaofa¢ans hecneanthenbd wethrag hecle
t11011) e, Exanples at gi&ég us. act,nclude Fried sUica pieddrY TTIP

..... ca produced 4Si R§CAwePicnstRoebt e velghke ardtangnt?oned fimed silica
can be obtai nedibytreacthagpal¢enpounteconhpbhhag(si| keonsat pasomit by oxygen

d hydr. i.n, . .the. S >, Ex | es of terial silijcon.
ompounds ncl Qs S on hal fgs {865 Tad i1 FSUPTe AL SERI T te) ! [ 0064

aclid or base after producing the polysiloxane compound

(a).
[0057]
The condensation reaction for producing the
20 polysiloxane compound (a) can be carried out in an

organic solvent. Examples of organic solvents that can
be used in the condensation reaction include alcohols,
esters, ketones, ethers, aliphatic hydrocarbon compounds,
aromatic hydrocarbon compounds and amide compounds.

25 kxamples of the aforementioned alcohols include
nonovalent alcohols such as methyli alcohol, ethyl
alecohol, propyl alcochol or butyl aleohol, polyvalent

alcohols such as ethyiene glycel, diethylene glycool,

wexanetyiol, and monoethers of polyva
as ethylene glycol monomethyl ether, ethylene glycol
monoethyl ether, ethylene glycol monopropyl ether,
ethylene glycol monobutyl ether, diethylene glycol
monomethyl ether, diethylene glycol moncethyl ether,
35 diethylene glycol monopropyl ether, diethylene glycol

monebutyl ether, propylene glycol monomethyl ether,

propylene glycol moncethyl ether, propylene glycol



- 25 - Col l oidal silica can be synthesized by a sol gel nethod

consi sting of hydrolysis and condensation of a raw material conpound or by
condensati on of sodiumsilicate. Exanples of colloidal silica obtained with
sol gel 5nethods include that obtained by“Rydrol ytic condensation

pol yneri zati on using amoni a, an am ne catalyst of an al koxysil ane (such as

t et r amet hoxysir@ng, r&8t1r aathagxysi |p%%,yaf<£%%h)§h%b@9%%%§k wng LHEr
phenyltrlnetho¢%§#%ane) or a hal ogenated sil'ane conpound 10(such
di phenyi di chl oro ]ane) The al koxysi | ane or hal ogenated sil ane conpound

may be respectivel yhenused cal ene, @k rankhuhahibhy <ot c69MpauNds-nry-he,used
as a mxture. In particular, those having low | evels of inpurities such as
metal s or hal Gyéis e Spreferablte candui5dobreidak shii v prpduced bye a wet

met hod f5om analdoxysidrane rsueh %ch%%ag%*ﬂg%%s' }né@ﬁy?r el B %ﬁaﬁé’@%gs' | ane
IS nore preferag&e fromthe viewpoint of having a smalf coefficient of

| i near thermal® Yon 1 5960065 L ONe . The range of mean primary particle
di anet er over MWis5E the silica particles can be used is preferably 1 nmto

100 nm nore preferabhx)l nm.to, 20 nm and even nore preferably 2 nmto 15
nm The aforenenti 6Ké &§§n0553p Frérlry T 6§?PFéP@C8|éhﬁﬁér FBCpHEfeFaBly 1 nm
or nore since afardness iofica euned:peeduct pﬂwyeMeéniaﬁ@cbﬁotheagaﬁ@ipf

210 10 2. 50 BreforSbTy S nurt 6 80 M CFH CHo VREE PHbP b Ok enenti<| ed mean
secondary parﬁﬂ@beldnaﬁém@m g 2inmherirobyb, chandness popyosesnthbreby
maki ng this ferabl.e e e _ca t ondar rticle

9 P& %h%@s ﬁnW@hE mgrnE? of éghngn %uyea? 4 g@E? #B@és in.

di aneter is 250 35ng or 1ess, ansparen pro
She mavelengtﬁéﬁyééeen@ﬂdﬁolldséthérebyenakehgyi@hesgpyeberabpeopyl

ether, ethylene glycol dibutyl ether, propylene givcol

15 dimethyl ether, propylene glycel diethyl ether, propylene
glycol dipropyl ether, propylene glycol dibutyl ether,
diethylene glycol dimethyl ether, diethylene glycal
methylether ether or diethylene glycol diethyl ether,
Cetrahydrofuran, 1,4-dioxane, anisole and propylene

20 glycol monomethyl ether acetate (abbreviated as PGMEA)Y .
[0060]

Examples of the aforementioned aliphatic hydrocarbon
compounds include hexane, heptane, octane, nonane and
decane.

25 Examples of the aforementioned aromatic hydrocarhon
compounds include benzene, toluene and xylene.

Lxamples of the aforementioned amide compounds
include dimethylformamide, dimethylacetoamide and N-

sinyipyrrolicone,
[006L]

Among the aforementioned solvents, alcohol-based
scivents such as methanol, ethanol, Lsopropancl ox
butancl, ketone-based solvents such as acelone, methyl
ethyl ketone or methyl isobutyl ketone, ether-based

35 solvents such as ethylene glyeol monomethyl ether,

1!! i i \1]( L] m | yr r\l MO jL u;"‘)f’} CL

10, propyoene Jgivoo 1

monomethy b ether, propylene glycol monoethyl ether or



- 26 - [0066] The aforenentioned nmean primary particle dianeter is a val ue
determ ned by calculating from BET specific surface area and/or a value
determ ned by observing with 5a scanning el ectron mcroscope, while the
mean secondary particle diameter is a val4é measured with a dynamc |ight
scattering spectrophotoneter. Al t hough the shape of the silica

particles (b) jearhe sphenicals, iadrshapednplate- shaped, Lk @Hﬁﬂ%g?s or a
10conbi nati on of two or nore types théreof, the silica particles are

preferably spﬁEF%85W““¢uﬁﬁﬂ%WHﬂﬁ€Oﬂ§pﬁéﬁu@éPT§§aPéﬁeﬁﬁ@aetbhﬁérér@ncludes

bei ng perfecthywsphgxmﬁahba& welkh asibei ngdr guahhyrspheri gk -such a8 being
in the shape h, b ate spheroi d or ovate 15spheroid. The specific
surface area o Ciﬁé—§ﬁﬁué€f%éfﬁeé|é ) (BY: tEOpP8F§Fé%P§a§§ RPPGCTBI 1400 R/ g
and nDrerrefehabmW'Eﬁeﬁﬁb@d@@s&ﬁ@@nﬁﬁégcmnohEbaﬁw@énBEH@Sp@@yéhQo§§ﬁéace

area fromthe V|§%@%_ ogné|§%05|t .0f the co den?silon 20reacti on

product of théfgllyél ané dorpsund™ ¢ &y Qﬁﬁtfﬁ “8i'Pta particles (b) and

t he hardness of a d@m@@ prdduct s The adtonementionedoBET speckficysurface
area refers tqogv%%kgem ﬁErGQeﬂs'H cA-method in which it is calculated
fe A05548Br beld®

fromthe pressure of ecul es and“t anount " of "gas
I n addition, Fﬁ@c§ﬂpﬁcaaﬁaﬁﬁﬁélé§ ¢cbyrmay alsoivontafhwahhelhemestnd hat

forms anJOXId%h%ugﬁo%%méhlﬁahoé'E%@OEHUE al um num gerfroni um boron,
phosphor ous, d;ghe silica particles (b) used in. the present invention. must

have si |l anol 884 and/ or al k. oxy groups on the surface thereof in order

to condense with thecpelysi kpxanes¢enpoupd -{a),and/ oL 8- skl angs conpound
represent ed b t he aforgnentloned eneral formula., The sMm hiles gb) may

be modified w 1ﬁ”’&?ﬁert Pgafft qPbutBAPHF Bvi8ed L heYY havedscti ana®! gr oups
and/ or aik.oxyhe polysiloxane compound (a) is preferably within the

15 range of -50°C to 200°C and more preferably within the

range of 0°C to 150°C. By carrying out the reaction
within the aforementioned ranges, the molecular welght of
the polysiloxane compound (a) can be favorably
controlled,

20 In addition, the polysiloxane compound (a) may also
contain an element that forms an oxide such as titanium,
zirconium, aluminum, germanium, boron, phosphorous,
nitrogen, carbon, gallium or chromium.

[0063]

25 [Silica Particles (b)]

The silica particles (b) in the present invention
indicate those for which shape and particle diameter

thereol can be confirmed with an electron Microscope.

Exampies of the silics particoies (0 bnead inelade

3G furied =i iica produced veing A dry mathod and enllades!
silica produced using a wet method,
The alorementioned fumed silica can be obtained by
reacting a compound containing silicon atoms with CHygan
and hydroegen in the gaseous phase. Examples of raw

oy e N T oo e oy : b L T
35 material silicon compounds include silicon halides {such

a0 5 A h e e T S T L I IR
O CA L I S Uy S Ay S I T Y i A 1. B

[0064]



- 27 - groups. [0068] The nunber of silanol groups on the surface of

the silica particles (b) is preferably 0.5 groups/nn2 to 15 5groups/ nn2 and
nore preferably 1 group/nn2 to 3 groups/nn1 and fromthe viewpoint of
reactivity, preferably 0.5 groups/nnv ~ # or
nore, while fromthe viewpoint of |owering water adsorption of a cured

nol ded product, prQkﬂﬁ%bﬁﬁil@Jgﬁ@Hp$éﬁ”3eogyh§§§%lIh@ Lathog@f 10sil anol
groups can be ﬁlrnlned by 29Si - NMR, for ekxanp by ddlng a relaxation
enhancenent a&%ﬁ CF%CéW”édGeGﬁsOgoPMQWBHyéﬁqoﬁ@ﬁn?@“@%Pﬁﬁrbﬁ“ ol a raw

Exanpl es of smmmennaltham@@ma@ebsebyh@o&ubhgatmaﬁtb@legdibm EBQL@Q@eMater,
al cohol - based soIva?t uch han et anol iSO or but anol ,

s
ket one- based SOIVEnts St cﬁoéz égg oﬁé 1ﬁﬁtﬁ FR&PR§I ke %oﬂ% and! net hyl
i sobut yl 5 ket omethetdrerinbdsed sobvenbsasueh Bs Eyhybepelgly@@heﬁ@@@ﬂﬁﬁhyl

et her, diethyl I l, nobu et her, propyl ene met hyl

et her, 20prop ﬁgﬁwggx%gof%ﬁnngépéyﬁmmgﬁer " of Pt g?%ﬁfﬁypn8$nﬁﬂ1de
dinethylaceto@dﬁ@éy@ndaNﬁethybpyasokpﬂonmetmhese1$ahvents are preferable
since they fa%'H'%@ﬁ%OQX%Q?dﬁ'O”Pgihgi?rgéékﬁééQQFEaﬁ£98 (b) having silanol

groups, and these solvents nay a as a mxture. The type of
di spersi ng soPVénty liseaciapkegsidaser dpngat bat heesartdcel hodef yomgognoups of

the siligca partichess (BQbh@%@@dJPQQQQLSLEQﬁo§"'@ﬁgpér&bgb@§1£&§)ozthege

are no restrict thereon. and commercially -vailahle products can -i1so be
used. Exanpl e$90fIEBFRIF6FdEl |81'Fi alE6RTEr B El Py avaPrfabl eepy odecesed ncl ude

nenbers of theibevasivrsarpesr-tii €, StarekpoGrhkl):, (Mot hanpk.Si kkca Sol TPA-
CT, Methanol AM i Sol NBA- ST, thEanol ?lca Sol BA -ST, Methanol Silica

" 28 - Sol DVACKSTT et RAnGF" S FI'4a Sof LSTEUR "NBE ARSI Y 6o Bol  ST- OUP
Met hanol SlI|@mp8®h18552@uchbbham@laSBIb@ahﬁpbgéis49reN@f@@@@ébﬁ&!l&ﬁd50|
ST-C, MbthanoL 'l'%nt ?I Np ?QC% Silica Sol %g-gk Met hanol Silica
Sol ST-50 5or “W&thanol . °§i||8a 55 b Y (Ri ¥8An"ChERY cal “Fndust ri es
alkoxysilane such as tetramethoxysilane or
tetraethoxysilane 1s more preferable from the viewpoint
of having a small coefficient of linear thermal
expansion.
20 [0065]
The range of mean primary particle diameter over
which the silica particles can be used is preferably 1 nm
to 100 nm, more preferably 1 nm te 20 nm and even more
preferably 2 nm to 15 nm. The aforementioned mean
25 primary particle diameter is preferably 1 nm or more
since hardness of a cured product improves, and in Lhe

case of being 100 nm or less, transparency improves,

thereby making this preferabhle,

Soran o Yo onmoand more

preferably 2 nm te 80 nm. In the case the aforementioned
mean secondary particle diameter is 2 nm or more,
hardness improves thereby making this preferable, while
in the case Lhe mean secondary particle diameter is 250
35 nm or less, transparency of a cured product improves in
the wavaelength region of 300 nm or less, thereby mak cing

this preferable.



Co., Ltd.), nenbers of the Quatron PL series (Fuso Chem cal Co., Ltd.) and
nmenbers of the Oscal series (N ppon Shokubai Kagaku Kogyo Co., Ltd.),
exanpl es of powdered silica particles |nclude Aerosil 130, Aer osi | 10300,
Aerosil 380, Aerosil TT600 or Aerosil 0X58°(Ni ppon Aerosil Co., Ltd.),
Sildex H31, Sildex H32, Sildex 551, Sildex 552, Sildex H121 or Sildex H122
(Asahi d ass quedﬁcj) E220 or E220 (N ppon Silica Co., Ltd.), Sylysia
A470 (Fuji Sylysia, enlcal Ltd.) and SG Fl akes (N ppon 15Sheet O ass Co.
Ltd.), and exanpl es '&6f PORGEESE QPﬁﬁcgeﬁgrPrémééyuﬁerhaélﬁe@bémﬁthOIS
Aerosi| 130, Aereside 3&@@rﬁﬂm@ﬁhby38@¢céeé@$hb Tf@ﬁOBQT é@é@@[Lchfg

(Ni ppon Aerosi| ilc H32, Sildex 551, Sil|dex 552,
Si | dex 5121 ortggo dﬁfﬁz “CASERI @ VﬁigecgegeE@Eﬁﬁﬁ BY B25BT{N'ppbhtiSiIica

Co., Ltd>), SydyswaﬂAmﬁoe@EuﬁkoSyhysmaseh@gycahlkbdihoamdascbgbak@5ryN|ppon

Sheet ass 0., Ltd.) L 4070L serodyction el SLlica PR rth i

cl.e-Contain ndensation Reacti on Prdd
particie- confdHGGﬂaSﬁaatarEﬂgnopealcOprtpmedact (A) of the present

nventfon 15 obtanned, by (). onapcf aEmile LE wiLhoLhe, sillog particl es

(b) Al t hough the reaction, etmee e po oxan conpound a) "and/or a
si | ane conpouR® P@ﬁﬁéé@ﬁﬂedf@@ theraflor ereneir-ohedegenét dhneoraut acf 13 and

the siligca partigliestéb), way:he ap ﬁékﬂtﬁpééé'QHeonEheLHBn@§[aP£ hydrogen
bondi ng or coval ert bondi ng, preferably coval ent bonb |ug X@a condensat i on
553

reaction fromPER& il EfipdPat 26F BX&ERYED2Y sphesistancer egnped: nol ded
product. [007%pherical as referred to here includes being perfectly

spherical as well as being roughly spherical such as
being in the shape of an oblate sphercid or ovate
15 spheroid.
The specific surface area of the silica particles
(b) is preferably 25 m?/g to 1400 m“/g and more preferably
35 m’/g to 1400 m*/g in terms of BET specific surface area
from the viewpoints of visceosity of the condensation
20 reaction product of the polysiloxane compound {a} and the
silica particles (b) and the hardness of a cured product.
The aforementioned BET specific surface area refers to a
value measured using a method in which it is calculated
from the pressure of N; melecules and the amount of gas
25 adscrbed.
In addition, the silica particles (b)) may also

contain an element that formes an oxide such as titanium,

zirconium, aluminum, germanium, boron, phosphorous,

ore vy e e T o-
g Liy R R b

20 rO067]

T O O T LT

The silica particles (b)) used in the present
invention must have silanol groups and/or alkoxy groups
cn the surface thereof in order to condense with the
polysiloxane compound (a) and/or a silane compound

35 representad by the aforementioned general formula. The
silica particles () may be modified with other organic

groups provided they have silanol groups and/or alkoxy



During the condensation reaction, the silica particles (b) can be reacted
with the polysiloxane 5conmpound (a) and/or a silane conpound represented by
t he aforenentioned general fornula (1) while dispersed in a solvent. Wter,
an organic solvent or a mxed sol vent therédof can be used for the sol vent.
The type of organic solvent used varies according to the dispersion nedi um
of 10the silicapardicles (b) used. In the case the dispersion nedi um of
the silica parﬁgvkﬁs (b) used is an aqueous dispersion nmedium the silica
particles (b) e reacted with the pol ysil oxane conpound (a) or a sil ane

conpound repr esent athby e rabar %nelattioqng@loggaebal +hd5Skormika () cpkter
addi ng water and/.or, alc?hol bas% solvent-to agueous d|5ﬁer5|on medi um

of the silica particlé hé%sPF@éﬁrﬁﬁﬁylQlésngYPﬁéQ be-¢ eatt ed
with theroIysnkmxan@mtoapdumdréa@r@feaabtyanegn@mpaumﬁtkﬁpwesented by the

aforenentlone ral -fo I 1) Qafter re Iac n the solvent of an
aqueous solutlon g)f%tn1 5n?cﬁréart$cI%§@Y%3 f #% cd%bt based sol vent.

[ 0072] Alntciough ltvhé §|hW©ap@dmmlc®eImmntalmmng?cbnmewgatlon reaction
product (A) ISU%Q&%hm%qule%%%Hlagng%Tdel ?g%%?gagklghgﬁﬁég) %A&h the

pol ysi | oxane compound (a), the sil’l ca partic € pol'ysiToxane
conpound ( a) §H@d@C§I|@ﬁ@f€6ﬁﬁéﬁnd)réﬁpeﬁéﬁﬂéd by tdves af ofleentt onedt

generalid or mulsa 1Ghb Ofrotbe Shhi 6@ B@"LE}'}%ltﬁéd( B), widihargenefmu.El, QW Hi er?
cured nol ded product 'e si.li, ca particle- contalnlng condensat i ﬁ
reaction prodddt . dél@ﬂAF i"§préféerabPylepranted Byer atPi Ay thecsifica

particles (b) swml"tz@ncwp@lt@@ntlaateottglntl@hns the polysilexane conpound (a).
35[ 0073] Exanples solvent% <0 r|n the com densat.torc reaction between

t he pol ysil oxane ¢ ﬁﬁBﬁﬂ&o(Q WSF g thagpdisperse the silica

particles (b) include water, alcchol-based solvents such

15 as methanol, ethanol, isopropanol or butanol, ketone-
based solvents such as acetone, methyl ethyl ketone and
methyl isobutyl ketone, ether-based solvents such as
ethylene glycol menomethyl ether, diethylene glycel
monobutyl ether, propylene glycol monomethyl ether,

20 propylene glycol monoethyl ether or PGMEA,
dimethylformamide, dimethylacetoamide and N-
methylpyrrolidone. These solvents are preferable since
they facilitate dispersion of the silica particles (b)
having silancl groups, and these solvents may also be

25 used as a mixture. The type of dispersing sclvent used
varies according to the surface modifying groups of the
silica particles (b) used.

[0069]

) AT e s e ;
AW LS SR I SO0 £ R LER S O R R0 B L e T S s N TR I N T A B RS

the silica particles (b}, there are no restrictions
thereon and commercially avallable products can also be
used.
bExamples of colloldal silica commercially available
35 products include members of the Levasil series (M.,
starck Gmbl), Methanol Silica Sol [PA-ST, Methanol 211ica

SOl NBA-ST, Methanol Silica Sol XBA-ST, Methanol Silica



sil ane compound represented by the aforenentioned general forrmula (1) and
the silica particles (b), and exanpl es of al cohol -based solvents able to be
used as a replacenent solvent of the silica particles include nethanol,

5et hanol , n-propanol, 2-propanol, n-butandf, “net hoxyethanol and
ethoxyethanol and these are preferable since they are readily m scible

with water. [0074]ndimtdie eRsethe dispersion medium of Lhe.si kica..
10particles ( used |s a solvent such as an al cohol, ketone ester” or

hydr ocar bon, (%Qoﬁﬁé s udl tasnrat &L 15Pc SRl STatfer MekbEBhe BF léster can

be used. ExaﬁﬁkaSSQf4@|C@@Qh%nbﬂCbudﬁcﬁﬁ@ﬁangkrcetﬂé@ﬁbno@ QEQP@QOE@zZ-

propanol and byt anol s of ether. solvents
dlnethoxyetha%g ﬁ& [és 5ot ﬁ%f@neM§bP@8ﬁ€sbﬂﬁéFﬂdéoécéﬂoh@

met hyl efhyl ket mmm;dﬂrrstlhylcal S@butseroket an@baﬁxarrpineswf restier rsekvents
include nethyl. ace eth acet at ate f or mat e,
oropyl fornate ahd%ﬁdbufyro%ggfgng% EQ& ngrBP g hﬁaﬁbﬁér%hH “Col vent s

i ncl ude hexanéhehepran€c.oct.ane,) Bonamembdeeane tbenzene] teluene and

T Dol OB R ORGEAE! kB BELUEENL LS, o bk iR RRELLF LSS (P)

and t he pol ysil oxane conpqun “carried’ bu an“adidi c
at nosphere orPﬁa@ﬁéeﬁtﬁ@épﬁ@r@arfh@lpﬁ nan@edesﬂpreﬁeﬁabBQ 3AtoodDland nore

preferaply 5 . athcthe sondensstlon beaghohouls.cart ogdy o W Lhi n the

af orementi oned ranges, the condensation reaction is h
storable. Ac AyHRBé (Sed BiFlng @hédééndéhsaﬁﬂéﬁeﬁeééﬁroﬁl]@ﬁd é&anples of

acid CUta'yStS¢l@@%eH@atainH@xaHQZﬁebalb@hﬁ@%'ﬁ@§Za@h§aE9 be used,are the
sanme as those_li hgd %éoexa | es of catal ysts used during productlon of the

pol ysi | oxane é%éo (8F, “4nd ANtRBGYhSEhecRatar ysttany beY+embved
fol Q) wing prude urGsit skiyenaothehheapol.yshil sgampoundatad, (vipddn-

15 sheet Glass Co., Ltd.), and examples of powdered silica
particles include Aercsil 130, Aerosil 130, Aerosil 300,
Aerosil 380, Aerosil TT600 or Aerosil 0OX50 (Nippon
Aerosil Co., Ltd.), Sildex H31, Sildex H32, Sildex H51,
Sildex M52, Sildex H1Z21 or Sildex H122 (Asahi Glass Co.,

20 Ltd.), EZ220 or E220 (Nippon Silica Co., Ltd.), Sylysia
A470 (Fuji Sylysia Chemical Ltd.) and SG Flakes (Nippon
Sheet Glass Co., Ltd.).

[0070]
<Production of Silica Particle-Containing
25 Condensation
Reaction Product (A)>
The silica particle-containing condensation reaction
product (A} of the present invention is obtained by

1\4,- 3 g '3 A

30 componnd representad by The 1
formula (1) with the silica particles (b). Although the
reaction between the polysiloxane compound (a) and/or a
silane compound represented by the aforementioned general
formula {1) and the silica particles (b) may be an

35 interaction in the manner of hydrogen bonding or covalent

bonding, it is preferably covalent bonding by a

condensatlon reaction from the viewpoinlt of crack



Wi t hout renoving the catalyst follow ng production of the polysiloxane
conpound (a), the reaction between the polysil oxane conpound (a) and the
silica particles (b) can be carried out with the catal yst used when
reacting the polysil oxane compound (a) W £Hout having to additionally add
catalyst. In addition, catalyst may also be additionally added during

reaction of thepolysidoxane compound(a andqt.pe silica particles (b). In
addition, int ,ﬁgse of hayi ng added an acid 10catal yst during production

of the ponS|I conpound (a), the condensation reaction may be carried
out by shifting towandsd heeneuhrahsar ibasikeaskdenbyradding;asbase catal yst

to the polysiloxane ,COMD a) when reacting the silica particles (b) and
t he ponS|onéﬁ‘qfﬁbéﬁbégﬁdc€& %e[éﬁ?ﬁfe Wit AFPHOH@BV?hé?éaQ?e no

particul ar restmmmnnmhsaonamheomeacbhoanbeﬁpﬁpabuﬂermb@@ preduchngrthe

condensation reacti roduct of -the ne, compound (a) and the
20si | i ca partlgﬁgé %%fqon( i $°PPEfdr & ryxaﬁtﬂﬁﬂ é??aﬁgép8§5%%otﬁt6 200C
and nore pref excdbleytwi t Wienetrthe anangeaofic 6CG1venl50€. aByigadr ybhgeout the

reaCtI on W'th'trll)erj%%iafc,%qle%%nhls%@eQO a@ggstﬁOtl hgﬂgondfﬂga{. ?n r?téJ'EQ Q?Egeen
d

t he pol ysi | oxane conpoun a) and the silica particle
25(ponS|Ioxaﬁ%ﬂ§emﬂcaﬁ@dn§@msaﬁl@nCDaﬂaoﬁ tantbhe conpeobled. m¥ater used

di. r r1@ t he +¢@ n.;den;) ti tiggth | ysi 0 (a) and the
silica : rtlceé b)lprede%§QF§P§§§Dv§E giggnrsgP gﬂg éﬁg@ IJgghan(rrmth r,h

rhr sol vonts ﬁdgpééﬁd@“tﬁédéﬁﬁuﬁf bﬁeméﬁéﬂﬁanﬁﬁékléi@@héb i nsefel s eact i on

condensation preduck Hosb%-bYowehaht .Qr L8sSs:if Lheacontent %  vaser
an. di or alcoh%llc within the aforenentioned range, cure shrinkage |

reduced and 1°%t i SHECGARY 1AM HRFI PaaYE ! {B2ABE N EFaEREIWARN @nr@ngli%@e
phule6en5|t|veoﬁpbuadneepe$s@n@@ﬂpﬁ§lLh@naﬁbréﬁ@nﬂigﬁﬁﬂtgéﬂ&?@t'0” t her eby

naklng]FhIS p%%&%& af? -ahging water and/or alcohol-based
solvent to the aqueous dispersion medium of the silica
particles (b), or the silica particles (b) may be reacted
with the polysiloxane compound (a) or a silane compound
represented by the aforementioned general formula (1)
20 affter replacing the solvent of an aqueous solution of the
silica particles (b)) with an alcohol-based solvent.
[0072]
Although the silica particle-containing condensation
reaction product (A) is obtained by reacting the silicon
25 particles (b) with the polysiloxane compound (a), the
silica particles (b) with the polysiloxane compound (a)
and a silane compound represented by the aforementioned

general Tformula (1), or the silica particles (b)) with a

T R R
A N
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cured molded product, the silica particle~containing
condensalion reaction product (A) is preferably obtaincd
by reacting the silica particles (b) with a compound that
contalns the polysiloxane compound (a).
35 [0073]
Examples of solvents used during the condensation

reactlon belwaen the polysiloxane compound (a) and/or a



The pH of the silica particle-containing condensation reaction product (A)
is preferably adjusted to 6 to 8 by renoving the catal yst by a nmethod such
as bdistillation, washing by extraction or ion exchange either after the
condensati on reaction when synthesizi ngt K€ pol ysi | oxane conpound (a) or
after the condensation reaction of the polysiloxane conpound (a) and the

silica part|ChQ$iﬁﬂ9cxhﬁmmm@,mﬁﬁﬁEQ@nEhUnb@h@hafQW%?@ﬂEh@n@goéobaﬂg@althe
pot life of t S|I|ca Bartch%_ cont ai ni ng condensati on reacti on product
(A) can be ext'etddd.® [(0078]'< the SITREESPRIEacpErt il e- 6BAL SRAIMRGSS ©f

condensat i on. ereaﬂkﬂonx@ﬁ@dm@uV@hL@h@bp@eaanbelﬂﬁ@ata@nal$e§mgbeheat t he
15t er m nal struqﬁ sents R2 or 3, 112 and R3

P
represent hydrogen at ol oijQ%F dwgéﬁa P&FE&ﬁﬁeﬁa&Pﬁéufe 8655388 bon atoms, and
the plurality eofhaRd®inay -gachabe 1t hé S&@ﬂa@b?dlﬁFéUﬁﬂhblsatlSfles t he

fol | ow ng for%Hjﬁﬁg%%tkg%%I a%%'ogﬁg %E%‘ %nglhe%g O SiR33])1 (2)

(wherein, R2 an re as preV|oust I"bed 11§@and/or R3 are
hydr ogen. atomﬁIéﬁﬁéﬁdahﬁﬁnqpombgyhaVPngeﬁdu¢y2@3saab@ﬁ atohswater. A

term nal structgy5i -0-R2 can have an Si-0 bond or have an Si-0-Si bond by
a pol ycondensation reaction with another nol ecule. [0079] p.202.3311
.t.bir2 si (whereilff, Wepcags &hes dsprrSiRe3eHaNdOH Fem) pédéia. t

hydr ogen; at O, .F: 1011gani G, gr,QuRS ; QaﬁlagabenioséghC@%bQH é&eﬂﬁojand the
plurality of may each be the same or different) In which the’silicon

atomis not béﬁﬂéﬁ“%oC&ﬁeéxygeﬁygﬁ8ﬁﬁfﬁﬁﬂthérOﬁﬁéeﬁilPééh as water,

particl e- cont ailRicng.1 ,Cerdensati-0nreact banepr eduche( Ascaf th@aﬁﬁ?é@”éf

|nvent|on may qﬁ éaln at rnlnal tru ture other than the _-
"term nai st r uéture oS FO@§6%aPﬁ ad&FP?BHI'tﬁepngaEPérRéB] and

[Si-OR2] in propanol and n-butanol. Examples of ether solvents

15 include dimethoxyethane and PGMEA. Examples of ketone
solvents include acetone, methyl ethyl ketone and methyl
isobutyl ketone. Examples of ester solvents include
methyl acetate, ethyl acetate, propyl acetate, ethyl
formate, propyl formate and y-butyrelactone. Examples of

20 hydrocarbon solvents include hexane, heptane, octane,
nonane, decane, benzene, toluene and xylene.
[0075]

The condensation reaction between the silica

particles (b)) and the polysiloxane compound (a) may be

25 carried out in an acidic atmosphere or basic atmosphere.
The pll range is preferably 3 to 10 and more preferably 5
to 9. If the condensation reaction is carried oult within

the aforementioned ranges, the condensation reaction is

- S T T P e e s e e e e e S P T -
] WL UL Uhe QUCUrraends oL galiliig or
o , , . . X . )
o) i e e e T R B A ) e e E e e o e £ Tl I T SRS T
. ’ CelDy mading Lhis preleralhia. P O G A R A W T

be used during the condensation reaction, and examples of
acld catalysts, base cataiysts and metal alkoxides able
te be used are the same as those listed as examples of

catalysts used during production of the polysiloxane

Ty oy o o T . g 7 3
35 compound (a), and although the catalyst may be removed
ftollowing production of the polysiloxane compound (a), in

the case of reacting the silica particles (b)) as is



formula (2) are defined in the manner described bel ow In the
present description, a conponent in which the nunber of Si atons contained
in the silica particle-containing condensation reaction product (A) bonded
to the 0 atomis one is referred to as “céhponent M, a conponent in which
the nunber of Si. atons bonded to the O 10atomis two is referred to as
"conponent D'y, p C bonde he 0
atomis three “ghggfe??geb€gaagﬂbcgﬁ%2ﬁ ”?gf;&whé% 3%8 d%en 5k %h t he
nunber of Si &CoisiBBHABE £EMPRENO afom T%G’fb@l@b‘rsome@%?we@?t@“@s

"conponent Q' poMyEeovehncaccAPRONENtaM 15N whi ¢y the ééﬂg @ié& Po>b0nd
present is an Si-OSi bond is referred to as "conponent

conponent M t R4l 86e§2h6tCHafR afll &R - B C‘Bb“’i“lbﬁ% lﬁ‘éﬁF%rW%%P tk’f‘%%i I'Ié:@f)rrponent

MO, a corrponeht: Pot.hat 1deescnebmpavedans Siw Or1Sit bengi apong the two Si-0
bonds present 4L ref errLgd to 20g “co onfnt (g)é) .a conponent D in which
one of the S|-8 bohaS &Y aR S ¢ %113’5 d 18 feferied t ta&J3"1\,10n"ﬁﬁ)\hent D1",
and a conponent sD ba whiichibothlef atihed Sie 01 bondsa @r £018 o O-18ie bonds i s
referred tp as .’ cor D2 onponent T that. does not. h ve bond
among the 25t ?101‘29%? ggbonagm ?%%én F oot ed t b A" H “conpon a
conponent T in whi¢h @ﬁélbionhel@iuﬁ)obomde ®8 lawv Big :Siledond dsid ef erred
to as “eonponent . Tl:+ & L9 EC " ond are
Si-OSi  ref erre] %q - Hﬁp}@?gﬁ%( 11'13glgln andihréégé) P% p&‘%t Diones not
have an Si-0 Jay Jltb@nﬁoeﬁ@ﬁg&theﬂfbwcia@@ rb@ndse pfrce?sJ‘remdlcsuir dferred to as

" conponent Qoshl@w@am@eg@dé? the M@uehapn& ofadfie Siad t% &ﬁdidfq a S -OS'
bond is referred to as rTEonen ", a conmponent Qin e Si-
bonds are Si-@F&F %‘%h@lé\’?% of Bhd: Pedy bl asane orpuraitd 022), vdionponent Q

in which threegehme She 0511134 bordscare Blr 05,8 Q%\dg%wmrﬁé@r&?d to as
corrpoqent @" conponent in which all four of the 51-0 bonds are

Si-OSi Jbondsc?’@p?‘érf‘gr red to as "conmponent Q4". [0081] 5The val ue of each
conponent in {b@e76jlica part| cl e- containing condensati on reaction product

(A) can be neasur g or c u}l ate ﬁ\ﬁt\)}é 2951 - NVMR, and when the CE:)eak ar ea of
conponent ML as ne %UP%&IQ y- Y I-‘F‘qr-,*rpire%‘élrﬁJedr":'a[%tl(li\ﬁ)"’ The tiHe
[ Si -0-Si R33] rﬂath%@fb@ﬂmmtmmdﬂfﬁm n@nt@dahﬁ)(r?@ ilse reptesenitedas (ML) and

e T FEPLRRETL oA 0 2D g R PR o P ™

(@). 20 silica particles (b), 1t is ploferably within the range
of -50°C to 200°C and more preferably within the range of
0°C to 150°C. By carrying out the reaction within the
aforementioned ranges, the condensation ratio between the
polysiloxane compound (a) and the silica particles (b)

25 (polysiloxane~silica condensation ratic) can be

controlied.

Water used during the condensation reaction of the

polysiloxane compound {a) and the silica particles (b}
prefevably removed by s method such as distillation after
30 Baving added a2 solvent eelactod fyam the atarement oo

solvents to reduce Lhe amount of water and/or alcohol in
the reaction condensation product to 1% by weight ox
less.  If the content of water and/or alcohol is within
the aforementicned range, cure shrinkage is reduced and
35 LU becomes difficult to form cracks when curing the
photosensitive silicone resin composition of the present

invention, thereby making this preferable.



The value of [Si-O-SIR 33]/([Si-0-R2][Si-0-Si R331) 15is preferably greater
than 0 and | ess than or equal to 1, nore preferably greater than 0.15 and
| ess than or equal. to 1, and even nore preferably greater than 0.3 and

| ess than or equal to 1. Since the nunber3déf-radical groups in the

phot osensitive silicone resin conposition 20decreases if-the val ue of

[ 51-0-Si R33]/ (fbB/79-R2] 4 [5i-0- SIiR33]) is greater than 0, a cured nol ded
product can be obtalned that has | ow thermal weight |oss during heating as
wel | as | ow water ab&oPpt Ponthf0e82] c25pSrtiebh- Compolie g c)] The

silica partickeneentainbngreandensabi-ghureacti . QQA%%@ﬂyﬁébﬁ a&f?sﬁ%b
[ S. L-0Oh- SelRS%% gtruch]%e derived from conponent

structure deri fPoth BYI ASPREIDBI FBF | o3hneyuif taY 1§ W%%Rﬁ%uﬁ@%ﬁs#%lcon
conpound (c) uepmegemednbywalaeamlwv\@mrg@@ﬂmloﬁowml@qmén d/ or

ener al fornul 8) . when react t he si | oxane co nd (a) and
'?he silica parti c%es Eg% %Pocﬁﬂn%(én%%{h(??}eﬁﬁ% C*%Pltbﬁé%(n reELth u’*f%ﬂé 0\)M ng

re ction of thé@ppbysbh@xaaeecoampumﬂdanﬂ the bfecdestid)condO083]ion 35 -

Al t hough t her r u it tlons on exanpl es_ of _the silicon
corrpougd (¢c) gé?\%?nggag@c%}rlr%o fvﬂ%p%?)w &( {?)blaem? o torm S0 si

bonds by reacPihifylaieh ﬁbhano[fgtbﬂpBHorsakamyngtmmpsfomamﬂnﬂxmn@mereof

i ncl ude ¢si | ane,gQAPOUAGS p n y
1R1Nn1Si X14" (1) . gaﬁegggnpéglffggrégg%gg QFﬁﬁéﬁdg g%%nlor organlc group

contai ning 1 ¥e"26"ealbon é@@ﬁtiomlp¥@¢W@%eﬁ%b<Eﬁubﬂeﬁﬁﬁ9ﬂikﬁ 0to 3, Xi
represents a goowpjsel ected fromthe group consisting of a hydroxyl group,
hal ogen at om alkox% group having 1 to 6 carbon atons and acetoxy group
having 1 to 6 carbo a%bh%ﬁaa%rwﬂmwﬁdaMl%yC@%mw ke wams om

different in phedeasecn pharghétynt hereoici s, 15prasentdndn which nl is 3,
diSilaa%ne Coggg%pgal structure Si-0-Y (wherein, Y represents RY or
S$irY;, R? and R® represent hydrogen atoms or organic groups
having 1 to 20 carbon atoms, and the plurality of R’ may
each be the same or different) satisfies the following
formula (2):
20 0 < [8i-0-81iR%]/([Si-0-R"] + [8i-0-8iR%}) < 1
(2}
{wherein, R® and R® are as previously described).
R* and/or R’ are hydrogen atoms or organic groups
having 1 to 20 carbon atoms.
25 A terminal structure $i-0~R? can have an $i-0 bond or
have an 51-0-5i bond by a polycondensation reaction with

anolher molecule.

[0079]
in the present description, the term “termina
‘1] P AT T [ Py F R b e e e o T, L . - PR W
,,,,, T A U S U O S G S T O Rl RO 7RO DRyl Dabeer o 30 e T ey (1 —Y
3 . N — - -3
{(wherein, represents R° or 8i R? 2, RT and R represent

hydrogen atoms or organic groups having 1 to 20 carbon

atoms, and the plurality of R® may each be the same or

different) in which the silicon atom is not bonded to an
35 oxygen atom. Furthermore, the silica particle-containing

N T e e SR I P N
condensation react

T R g £ o T S |
Lon proauct (A of the rreselc

1nvention may contain a terminal structure other than the



represented by the foll ow ng R533i NHSi R63 (wherein, R5 and R6 represent
groups having 1 to 10 carbon general formula (4): (4) hydrogen atoms or
organic atons, and R5 and R6 nmay each 20be the sanme or different in the
case a plurality thereof are present), siPane conpounds represented by the
foll ow ng general fornmula (5): R7-3Sifi(5) (wherein, R represents a

hydrogen at omek rigani ¢+gne¥n,25having»1 to 10 carbon atoms, and the
plurality of sent may be the same or different), disilane conpounds

represented b Otoﬁéﬁfol | owi ng general to(6): R83SisiR 33 present may be the

sanme or different) nuseaieoppounds r[gpt@sgméq Bviqt heif-el.kow ng gener al
to(7): q: 93S. H4H HSlléé? (J (Wherein, R- rde presents a hydrogen
atom or organi-¢ §Fdap ‘35havFng*1 1 t6H 1BHCE\F%OIH‘§%¥%)¥TB SN R Fe PELr@l ity of

R9 Sct he same or dirhf ehenpr)a;,eﬁorrp@sﬁgl_sm@oﬁse@t@@kn}bcynéﬂﬂ@ follewmg:-gener al
formila - 36nhmber of Si atoms contained in the silica particle-
containing condensation reaction product (A) bonded to
the O atom is one is referred to as "component M", a
component in which the number of Si atoms bonded to the O
10 atom 1s two is referred to as "component D", a component
in which the number of 5i atoms bonded to the 0O atom is
three is referred to as "component T", and a component in
which the number of Si altoms bonded to the O atom is four

is referred to as "component Q". Moreover, a component M

15 in which the single 8i-C bond present is an 8i-0-5i bond
is referred to as "component M1", while a component M

that does net have an $1-0-Si bond is referred to as
"component M0O", a component D that does not have an Si-0-
Si bond among the two Si-0 bonds present is referred Lo

20 as "component DO", a component D in which one of the $1-0
bonds is an S1i-0-Si bond is referred to as "component
1", and a component D in which both of the $i-0 bonds
are S5i-0-5i bonds is referred to as "component D2", a
component T that does not have an $1-0-81 bond among the

25 three Si~0 bonds present is referred to as a "component
TO", a component T in which one of the $1-0 bonds is an
$i-0-31 bond is referred to as “component T1", a

component T in which two of the Si-0 bonds are $i-0-Si

P ! . FY ey e e v R L o - R g e wen e e
e A ) R S VR O o g L B e A T 0 A 0 S LA ZJUL e
AED WL O A s L ngrerer O Une ) -0 DORASs are sy oideh DOnds 1S

1

referred to as "component T3", and a component @ Lhat
does not have an $i-0-51 bond among the four $i-0 bonds
present ls referred to as "component Q0", a component

in which one of fhe $i-~0 bonds is an S51i-0-8i bond is

35 referred to as "component (1", a component Q in which fwo
of the 5i-0 bonds are 51-0-51 bonds is referred to as

"component 2", a component ¢ in which Three of the 9i-0

%



(8): RI93SIi OSi R3(8) (wherein, RO represents a hydrogen atom or organic
group having 1 to 10 carbon atons, and the plurality of R9 present nay be
the sane or different), N, Obis(trinmethylsilyl) trifluoroacetoam de and
trimethylsilyitrifluoro- nethanosul fonatej4and the pol ysil oxane conpound
(a) and/or a silane conpound represented by the aforenentioned general

formula (1) a&@“thqQLSblL@acpagghgge§F(pg{§ L E.gondensed, Q%Qéﬂ%194kﬂg t hese

conponents M. [008 Mor eover rom the vi ewpoints of reactivity and
crack resistancé, daﬁﬁﬁ@“ﬁﬁﬁ%eocéﬁpﬁhnéé reprégent el bye 15t He Tadoienernt i oned

general formulsa-Olki eerpenent -Mici-$-0refesabhy.one,of types of the silicon
conmpound (c) §5 Ejented by the follow ng general fornmula (3), in which R
is a hydrogen[ 8l or organic group having 1 to 10 carbon atons and nl is

3: 20RI 35i X8(3) (whreeeia;uRl olfe@aeﬁe@bzsp@n@wrnge@h@t@mp@d%@Eg@mﬁ group
having 1 to 10 carbon ato esents.a grou selg&bed fromthe group

epr
consi sting of “&" §616§9ICapgﬁﬁsaLégﬁgéﬁa%}bﬂ? BF ok upPhad¥ing 1 to 6
carbon atons aad%HEadeboxyagromaLhavbmg}$Lvuw@ canborhahonse padkR4ramy be

the same or di f nt.in.t case a ur, |ty th of are prese or. the

fol | owi ng gene&a EnLPt ?i)aqdh%?Rﬁ@ ab S?_EME 1for88?Sﬁﬁ89ﬁé “Pe th

sane or differdat . i hhehetbaséSa-pisural tuhyihbeaéotemSnpmesedtior@@@BS]

One type of t sk Li d.(c n e 35t r. t pes can
g of the,silLi 2op-pompednd. atCluepn,be peed, ok Sy S B

he used in conblnatlon
added und|Iutéaeoﬁuﬁayibéwa@ﬁeuh@f@@®UU1$u®£ngD1h and- (87 - three

times the amounts of (T2) and (Ql), twice the amount of
(QZ2) and (Q3}).
The value of [Si-0-SiR%]/([S$1-0-R*] + [8i-0-8iR%])

15 is preferably greater than 0 and less than or egual to 1,
more preferably greater than 0.15 and less than or equal
to 1, and even more preferably greater than 0.3 and less
than or equal to 1. Since the number of radical groups
in the photeosensitive silicone resin composition

20 decreases 1f the value of [SinwSiR%}/([Sinsz] + [81-0-
SiR%1) is greater than 0, a cured molded product can be
obtained that has low thermal weight loss during heating
as well as low water absorption.
[0082]

25 [Silicon Compound (c)]

The silica particle- coniajnjng condensation reaction

product (A} has an ~0-3iRY T structure derived from
component M1. The [8i-0-8iR%:] structure derived from
CT1E il e o Ioin the polysiloxane
30 compound (a), 1 b oy sdmultancously reacting
a silicon compound (¢) represented by the following
general fTormula (1) and/or general formulas (32) to (8)
when reacting the polysiloxane compound {a) and the
silica particles (b), or can be obtained by further
35 reacting following reaction of the polysiloxane compound

() and the silica particles (b).

F00B3]



sol vent not having an active hydrogen to be subsequently described. In the
case of using a conbination of two or nore types, the two or nore types of
silicon conpounds (c) may be added all at once or added increnentally
5during production. [0086] R4 in theé>aforenentioned general fornula
(3) represents a hydrogen atom or organic group having 1 to 10 carbon
atoms, and specifig examphesyther eof hocbude; loroani ¢ oroups.listed as
exanples of RL. In _particular, fromthe viewpoint o eat resistance, R4 is
preferably a Rydrodéen atoffevinyl cgrouploaetfylcyroepylet hyt eroupiephenyl
group, acryl oxynmet-hyl cgroup, 1achyhexyet hylmgt oup. s ackyh9X YRl ORYA @1 QYP,
nethacryloxynethgl gr.oup 15nmet hacryl oxyet hyl group, nethacrgloxypropyl
group, styryl "gr6uf of Rer BoPHBYI Ogr BUPT*F 0BBTIPS, cxanelef thereot
af or enent i onedngenekrak iflanaubanp3)nkepresent snachydy 0Oxyhe 85 OUPcBful a
hydr ol yzabl e sY stituent, 20exanples thereof include substituents
previously listed as exanples of Xl, and in particular, fromthe viewoint
of ease of form ngRa.Six&-§i bond, is preferably a hal ogen atomsuch as
chlorine, brom, riodin n_al koxy .group such as a nethoxy group, or an
acet oxy 25gr o%%égégﬁpgun%%?esg%}%?a r%ér)‘rrﬁ!i)ﬁOai1 (agjomusoerd Fot" t'ive I‘"iql)!l%con
conpound (c), cXntpgnbna-fekal <pl yaaboor etpnef endbtypasCinas om friomdhe
Vi ewpoi of -0 d- 1 _Specific es. aof  si Jha, 1 S i.n
whteh X Cat o nglgkg;r oK Rl agﬁ%eﬁ%“ghﬁﬂsoji@ﬁLg%e,glm%
di net hyl chl or 68iFafé; naerhykt Fvdhboy bsiFane. ora Hbaet hytehl or bisétane,
g_nsa_t urated. @mﬁﬁcagb@ﬁggnoye- oNL a0k NGy GRL OF 1, §Sh o dt 8 §Sq SHER- n A8i g
ilriothiyivinylc Ior03|jane¥ aronmati c y g] .
1" to Toms, and nl, R and X° may each be the

& carbon a
same or different in the case a plurality thereof is
15 present)} in which nl is 3, disilazane compounds
represented by the following general formula (4):
R*3SiNHS 1R, (4)
(wherein, R” and R® represent hydrogen atoms or organic
groups having 1 to 10 carbon atoms, and R’ and R® may each
20 be the same or different in the case a plurality thereof
are present), silane compounds represented by the
following general formula (5):
R7351H (3)
(wherein, R’ represents a hydrogen atom or organlic group
25 having 1 to 10 carbon atoms, and the plurality of R’
present may be the same or different), disilane compounds

represented by the following general formula (6):

RY;5181 R, (6)
fwhaorein, R ydrogen atom o organic group
30 Having oI, s pluraiity of pt
present may be the same or different), urea compounds
represented by the following general formula (7):
R*;81iNHCONHS iR, (7
(wherein, R” represents a hydrogen atom or organic group
35 having 1 to 10 carbon atoms, and the plurality of R’

present may be the same or adlfferent), di:

compounds represented by the following general formula



contai ning. chlorosiianes such. as triphenylcihioros | e, - 38 -

di phenyl chl orosl | ane or di net hyl phenyl chl orosi | ane, aliphatic
group-cont ai ni ng chi orosi |l anes such as di net hyl cycl ohexyl chl orosi | ane,

di cycl ohexyl net hyl chl orosi | ane, di net hylcyel opentyl chl orosil ane or

di cycl opentyl net hyl chl orosi | ane, and chl orosi | anes having a radi cal

pol ymeri zabl e wnsaturated carbon doubl e bond such as

acryl oxypropyl di et hyl chl or.osi | ane, methacryl oxypropyl di met hyl chl orosi | ane
or 10styryl di met hyFchi'drodi kane. [ 0089] R6 and R6 in genef@l fornula

(4) represent @nRydrogen’ at om Of-0f 9ani ¢, GF Qi having, 1 &lﬁgﬂﬂ_acajﬂ%q at ons,
and specific exanpl es thereof include the o&ganlc groups 15listed a

exanpl es of RPEVERYIpar tPchPaFarPPenitRBSyi elpol it o hehily eaf stance, R3

aﬂd RF & e pr@&@@@hh¥ma@t6¥|t?éogage @Fhfhfgé9éﬁﬁ),CN9®OhGQYL groups or
phenyl groups, .Specific. exar of  si am nes represente y 20genera
formula (4) iHéﬁﬂgélW@iQ%ﬁfHEVﬁ?sFFéigH%Fof%?F%ﬁ%f §1 #ii | azane,

di vi nyl t et rametrhykdhsilkazanerikitbrum hexanet byl disitazanes sedi um
hexanethyldisi%§2%9§bx%odiun1divi

od LV let tragﬁthy]disglazane, ot$ssium
25hexanet hyl dFsi Pazané: pot 551Ut &t f afet hyf di sTTaane” ot assi um
di vi nyi t et ranethykdesickdzhpet hf0090 efhbt aomant gefiethe Borhbla . (ToOMnd
conpoung, (©) 4sed incber b, Yo1od (D 9 preferably 0.7 times o, 2 fines.
and nost preferably 0, Flhéé'fo'lﬁ tines” %%"s% dnb Coﬁ”é%"n%fiQ$%§
pol ysai oxanb €6rpeuadtEa)land/ or silane conpound represented by the
af orenment i oneqdoggagral fornula (1) other than the silicon conpound (c) (in
the case of also reacting the silicon conpou.d (c) dunHng conbensation of
t he pol ysil oxane cBRpBORE"(a)rand:thevsFtPednparei cresctivigoy -and
crack resistance, among those compounds represented by
15 the aforementioned general formula (1), component M1 is
preferably one or types of the silicon compound (c)
represented by the following general formula (3), in
which R" is a hydrogen atom or organic group having 1 to
1C carbon atoms and nl is 3:
20 R*;81 %7 (3)
(wherein, R’ represents a hydrogen atom or an crganic
group having 1 to 10 carbon atoms, X° represents a group
selected from the group consisting of a hydroxyl group,
halogen atom, alkoxy group having 1 to 6 carboen atoms and
25 acetoxry group having 1 to 6 carbon atoms, and R may be
the same or different in the case a plurality thereol are

present), or the following general formula (4):

-~ 5 2R e
wreln, RToandg B orepresent a hydrogen atom or an

Rt o i B A A T P B R
R O I N W 3 A 3 R W I G ciilil I

and R°
may be the same or different in the case a plurality
thereof is present).
(00851

One type of the silicon compound {(¢) can be used or

35 two or more types can be used in combination. In

-
3

acaiition, the aforementioned silicon compound {¢) may bo

added undiluted or may be added after diluting in a



(b)), or the silanol content of the condensation product of the

pol ysi | oxane conpound (a) and/or a silane conpound represented by the

af orenenti oned general forrmula (1), other than the silicon conpound (c),
and the silica particles (b) (in the case?df further reacting the silicon
conpound with the condensation reaction product). Fromthe viewpoint of

heat resistangeldhe a&@r%@%@hpoe%daéﬂwgathvéegqtﬁ 96€£§f@Q$¥gQu igﬁs or
nor e, andfroggheV|mMm|m of yield, is preferab I mes or S

10Fur t her nor e & 186 eneht it 8ﬁe§a§?ISﬁoP%éGHt@nfO@%hn%§1ﬁ%a§ﬁrbﬂ0a@66rding

to the nethodrdescrijbed, behew: wNagel yoraf topecabeukal i Bgnt BEnPYERQLYSi S
sis, the condensation ratio is cal cul at ed

rati o by gas chronato rap

by nSi-NWR to c&lgﬁlagg ?Hﬁ g h t 25f O8FFanol 24880nt AF ABHET he t h¥

pol ysi | oxane conpoungrealcericnn the condensati on reaction product of the
pol ysi | oxane GQ %gnd (a) and the silica particles (b). [0091] In obtaining
the silica particle-containing 20condensation reaction product (A), the

pol ysi | oxane conpo@ndia)handforcre:st 1 anel conpound fepresentad by the

B ooncoy pyedegenea.sl & MULacGeh aPdnl e BLLLER-PRELLE A2, (0] I

condensed by a one- reaction he silirca particl ndensed
after produci n§ £HEC2BpaEysEl oxafesconpbundetayplos th@rgwilcmcp@m¢lcles

b) may;dbe conde s n =t | LPXRNS
(b) may ased akiabsPLoduciing. @gdm9h¥§ bexane compmid dd)y,,

fol | owed by further condensi ng E | oxane conpo
compound ou, AR WR] Vc“:éi'fﬁ@éiﬁél eé) eaptﬁ@agﬁt@h@%olﬁyma exatiee wdpound

(-:,) and/or ﬁy&hb@@ﬁ geApoUNELEp eégﬁteﬂebu thﬁréuﬁfegﬁm§l0@€9u§enefa|
for mul a (D, Fe silica particles (D) and the silicon conpound (c) my be

condensed si mif'f&KéodSPYP. tﬁ%f¥FP?EBﬁLE6ﬁp%HﬁHp(c?cﬁﬁ§0%%9%¢ﬁhl%%%@@usly
condensed dn|angyﬂbEybydpgnygk6hppnﬂ@U§@@kpmoﬁﬁﬂ@thpn @fo&ﬁe pol ysi | oxano
conpouqd (a) /OE i ﬁggi ound represent ed é? Qe af orenenti oned
gener al” fornu a T5 ¥ of 18 3Byq Haen@?hga%hﬁ SFYPEAPpardieiies TVt he
silica particbesupbyrmayrberneatt edoabt er obtaining the pol ysil oxane
conpound (a) 3pdg7]
X? in the aforementioned general formula (3)
represents a hydroxyl group or hydrolyzable substituent,
20 examples thereof include substituents previously listed
as examples of X', and in particular, from the viewpoint
of ease of forming a $i-0-Si bond, is preferably a
halogen atom such as chlorine, bromine or iodine, an
alkoxy group such as a methoxy group, or an acetoxy
25 group.
In a compound of general formula (3) used for the
silicon compound (¢), X° is preferably a halogen atom and

moye preferably a CL atom from the viewpoint of

aotiv i
2 rooea?
Speclific examples of silane halides in which X° is a

Cl atom include alkylchlerosilanes such as
trimethylchlorosilane, dimethylchlorosilane,
methylltrichlorosilane or dimethylchlorosilane,

35 unsaturated hydrocarbon group-containing chlorosilanes
such as dimethyivinvichiorosilane, aromatic groun-

conltalning chloroslilanes such as triphenylchlorosilane,



S5reacting with the silicon compound (c), the silica particles (b) and the
silicon conpound (c) may be reacted first followed by reacting the

pol ysi | oxane conpound (a) and/or a silane conpound represented by the

af orementioned general formula (1), or thé8silicon 10conpound (c) may be
reacted after obtaining the condensation reaction product of the

pol ysi | oxane Qﬁ@ﬂ@ﬂﬂﬂ(ﬂ@bt@%@ﬁ%%eao§iB@ﬁ%tﬁ?ﬂBBHﬂglEﬁ@&?égﬂiﬁgepy the
af orenmenti oned general formula (1) and the Sifica particles ), fromthe

vi ewpoi nt of rFeadtifilty STERE - sPitedn leenpblRdceE)angspfeftlranl y react ed
aft er obt ai ni ng riche yaendensatdionnneaekikoAnpr oduct of the pol ysil oxane
conpound (a) and/or sil.ane c und represented by the aforenentioned
gener al fornufp(?TyfgﬁﬁyﬁﬁﬁLgﬁﬁgggoﬁaﬁﬂiépﬁs (b). 20[0092] In the
case thedsilicomeconypoynd ope)tiyscancabkeoxyskl apne, the silicon conpound can

be condensed ted ysin thod.simlar to the method used to react
t he aforenent?@%@@g%%Fygﬁﬁgfgﬁg%ggﬁﬁ58ﬁd??3?’aﬁadzgﬁﬁgrgff?ﬁ%@ﬁa??Y%?%s
(b). | nat hedgase theéysklricehleonpeandrécdhasrhighcoeacti vbty with
active hydrogep -hn_the nan f il ape halide or.disiJazane derivative
and the |iKke, rggcﬁ%oﬁcd 3%%?E9g8?§ﬁé%§EEY{?b%gaggélﬁg%r] active hydrogen.
Pref er abl e ex@mplesrof -ogabvenvddinetugécksversilkeA onbs, ethers, aliphntic

hydrocardon conpounds .arorethc-Qydsggarbon conpounds and am de conpounds.
Exanpl es of the aforenentioned esters include nethyl acetate, ethyl

acetate, butyll088&8late and 7-butyrol actone. Exanples of he In acetone,

metlmy J ethyl ketQhea@@dR“ﬁHhXﬁnﬁﬁQﬁnM%m%@ﬁ%nqﬁ) Teﬁ%eéek@0%3h drogen
Exanpl es of the aforenentioned ethers include polyvalent aIcohoV et hers
obt ai ned by aPkyl" 8fh&FPfilcat PEAYBT har - Ay dr bRyl U gFetipsn of L pet yvalent

5al cohol s andspekyvakeakaabcoholnestersigbt ahaednbyoabkyl - et herjfication
and/orqetherifhgﬁtion of all hydr | groups of, pal yval ent alcohols in the

il eIt /AI QXY : b PR
gdgF‘?CBFaEPﬁthQE thert éthylént gy doi®i'dtchyl et her,

manner “of et hy 7
et hyl ene gl yceliedbpiopybfethet, reshytenecgl ycalndilfubylk 1Qetberp1propyl ene

g o O ToC L Bt BEABYL e oL Yook o L et B oo e o

met hyl et hyl ethernpsdi et hyl ene gl ycol diethyl ether, as well as

he. af gr enent | oned or L bhar & PO ear bo- LNPBUNES | RETEE Hekang, " hept ane.

oct ane“‘%honanésafdadeéaneula (1) include hexamethyldisilazane,
tetramethyldisilazane, divinyltetramethyldisilazane,
lithium hexamethyldisilazane, sodium
hexamethyldisilazane, sodium
divinyltetramethyldisilazane, potassiumn

25 hexamethyldisilazane, potassium tetramethyldisilazane and

potassium divinyltetramethyldisilazane.

[0090]

The amount of Lhe silicon compound (¢} used in terms

Cimes, wmore preferably 0,05 ¢i [omore
preferably 0.7 times ta 2 times, and most preferably 0.7
times to 1.5 times the silanol content of the
polysiloxane compound {a) and/or silane compound
represented by the aforementioned general formula (1)

35 other than the silicon compound (¢} (in the case of also

reacting the silicon compound () during copdensation of

the polysiloxane compound (a) and the silica particles



Exanpl es of the aforenentioned aromatic hydrocarbon 00conpounds i ncl ude
benzene, toluene and xyl ene. Exanpl es of the aforenentioned am de
conpounds i ncl ude di et hyl f or mam de, dlnethylacetoanlde and

Nnet hyl pyrrblidone. These solvents may be-Zlised alone or a plurality of
25types thereof may be used in conmbination. In addition, the reaction may

be carried outiyn bulk it hout,usi ng,t @%1%@%%”%98@95&9 vanbSeabB s

addition, the reactlon can _be carried out using 41:. con conpo
more speca si I%nt Comsduind Lo Sk ERTRTERE AR or eMERPE oA’ B gener abmpéerdul a

(1) is 1 or 2.r _@[p%%@]m%@m; &%@CEH@@ch@11@&@f1@fia§!9%oﬁ3§ n?grﬁmasw@h that the
wat er cont bnt 1.0 t eaction ystenlls 0, 0001] % ht t Oby wei ght Dm
the vi ewpoi nt £ 0¥ ' &da&i i etﬁé 1CO@2COmpPBPﬁaﬂan @deB Gnetsiny | ow

mol ecul ar melghuto@ﬁ@@na@t aﬂdtﬁbtaa@bngfafﬁeﬁhérha&&@giﬁ@V@ﬁ@b|e heat
resi stance. An ani ¢ basgh ZE ref er.abl %{use as a. catal%gécg{

silicon conpoun& scavéﬁg PR Eh F8HARREAT U8 nGCaC toIPolin
represent ed byf@het@bowewwpbuomedfgenetakLémﬁnuhae(3)héoaibh@m§mti@@@d

conmpound (c) f h I,.Wpo f ndensation rate., s, of
or gani c basesé%ﬁﬂ}% gségr hqgigrd%g e8 El%erailﬁg BRYF of ¥ gxﬁggnp?%%line,
nDnoethanoIanWﬁ@Wp@Qawepﬁamoﬁéﬁbnes Qrﬁébhybhpnbéthamebanrnheqs

nononethyl di etharelam.ne, EEEGEPG?thﬁlngnhsh?iggggyc%gﬁ ﬁ?hy?n be

di azabi cycl oundecene, tetranethy anmoni um anfroni um
hydr oxi de, teﬁﬁ&ﬁ#éﬁ?l&ﬁﬁﬁﬁﬁaﬁﬁhyérbﬁﬁd@cthod described below.

Namely, after calculating the hydrolysis ratioc by gas
chromatography analysis, the condensation ratic is
calculated by *’Si-NMR to calculate the amount of silanol
15 contained in the polysiloxane compound ({(a) or in the
condensation reaction product of the polysiloxane
compound (a) and the silica particles (b).
[0091]
In obtaining the silica particle-containing
20 condensation reaction product {A), the polysiloxane
compound {a) and/or a silane compound represented by the
aforementioned general feormula (1) and the silica
particles (b) may be condensed by a one-pot reaction, the
silica particles (b) may be condensed after producing the
25 polysiloxane compound (a), or the silica particles (b)
may be condensed alter producing the polysiloxane
compound (a), followed by further condensing the

polysiloxane compound (a} and/or a =ilane compound

&

Eaa) - N IR .

30 P acadibhion, when 2ing the silicon
compound (<), although the polysiloxane compound (a)
and/or a silane compound represented by the
aforementioned general formula (1), the silica particles
(b} and the silicon compound (c¢) may be condensed

A -y [ A T, .. b 4 : ]

35 simultaneously, the silicon compound (¢) may be

simultaneously condensed during the hydrolytic

condensation reaction of the polysiloxane compound  (a)



15t et r abut yl ammoni um hydr oxi de, anmoni a, net hyl am ne, ethyl am ne,
propyl am ne, butylam ne, N, N-dinethylam ne, N, N-di ethylam ne,
N, N- di propyl anmi ne, N, N-di butyl am ne, trinethylamne, triethylam ne,
tri propyl amine and tributyl anine. One typéYf these organic bases can be
20used al one or two or nore types can be used as a mxture. [0096] o
The anmount of organ ¢ hase isedyanes RecLANg L 8.t hestype of the silicon
conpound (c), and in the case the silicon conmpound (c) is a silanb halide,
an amount equdt® P56 0P AThes 16 220 fiHed &t He ' edi-valEft Lot cPRBESPINEon
conpound i s prigferable-f remdite o4 ewpoi Atheoks ifigekl bhatipgepr ogl essi,0p-0f
the silylation reatgtd'd%%t whi | e an anount g}g%al 3;0 0.5to 10 times the
equi val ent of tHb's YThRtdcavinge er1sriacHe farrgesind (a) apd
organi ¢ base sigddtamd ovitthatthused Midoh thepsihiicgr)corpeund1feyr can al so he
used and reacted ) reacting a,silane halide other than the silicon
conmpound 35(c)9ddfémﬁ%€r e(% peci” iq‘é]é%l Isﬁ”?’]’goéli |‘38H8088§péﬁﬁdmiaﬁ{ i ER2HLSEf t he
ar or emeot roned igeren ol lmwe(dl Joyi s ebodring, thive pafgunt. cekner ganpoubdseaused in
t.h.i. S.Caseéﬁﬂﬂﬂﬁiggqghxnui ﬁ%ﬁ' J%tlr%bgg%ekgeéob&I?ﬁ%.the eQU|vaIent of
hal ogen in the silane c_orrpouné om the viewpoint of facilitating
progressi on ofaﬁqrééﬂéfiﬂfyioaﬁdom%@a?@tii énrrand the  ampuhibeobidigani c base is
more preferablag . Ridd RS (R 1@t imBs Lhe 5equ vakent,; af; hakogen in the
si | ane conpound In the case the silicon conpound (c) is an
al koxysi | ane, ‘%CH@@W{OIbff@taﬁ%lﬁnl PeeR “compounac( ey lusedorsnpr ef erably
0. 001 equival entnph@ic2 @quiaval/ent s efi 1bhe ovgapicabaser1000037Ly the
Al t hough the\r,\%égre no particular restrictions thereon, the reaction
t enper at ur e TSGR EohSuRd Al e prédEnted by 3t Re LAEoPéfBRE] oned gener al
fornula (3) forartie:isid i@on compound (Glwbs:ipreter abhyrwithin the range
150f -7§§ to %gggc%ggCQB&ER£QFQ%5aqup@%%gkgbagergggggdogfi%gc to 150C

obtaining the condensation reaction product of the

polysiloxane compound (a) and/or a silane compound

represented by the aforementioned general formula (1) and

the silica particles (b).

20 [0092]
In the case the silicon compound (¢} is an

alkoxysilane, the silicon compound can be condensed and

raeacted using a method similar to the method used to

react the aforementioned polysiloxane compound (a) and

Zh the silica particles (b).
In the case the silicon compound (¢} has high

reactivity with active hydrogen in the manner of a silane

nallde or disilazane derivabtive and the like, reaction of
32 e Ly e A
REIFAY JET e 1 . - ' - 5 - Y ' 5 . 4
Y DRI BRI s Wt Ter 1 O00 A OO L U e s T rra e

active hydrogen. Preferable examples of solvents include

esters, ketones, ethers, aliphatic hydrocarbon compounds,

aromatic hydrocarbon compounds and amide compounds.
Examples of the afocrementioned esters include methyl

35 acetate, ethyl acetate, butyl acetate and v-butvyvrelactone.

i - T 4 ' B 3 " - -
Mo - g oy f e Ty o TOTY iFa T Tyt ey e 1 il oY H Py .y
Examples of ketones include acetone, methyl ethyl ketone

and methyl iscamyl ketone.



Fol l owi ng the reaction when using a conpound represented by general formula
(3) for the silicon conpound (c), the hydrochloride forned and organi c base
20present in the reaction systemare preferably renoved and purified by a
met hod such as rinsing with water, extractliiton, precipitation, ion exchange
or filtration. The pH of the silica particle-containing condensation
reaction produggogd] the present invention is preferably 25adjusted to 6 to
8 wit.h. these nmethods. If the pHis within the aforenmentioned range, the
pot life of the coldeWsdticoR i d46t PoRIErEait capd ?h@eﬁﬁeééﬁﬂuﬁ@entlon is

ext ended, thE@ﬁﬂ%ﬂﬂﬁjﬂg,%lmd%ogr@hhéhg bRtaddieti en, are@il tiliura. ;:mci
organ Lpoi val rrto tr the silicon conpound kj —can also be
used when reactt %§Heﬁﬁﬁﬂéplﬁ gﬁﬁe%YQHQﬁyﬁhérgPP?CBE Eaﬁﬁﬁﬂﬁﬁnt(c) and
nmore spetifi callgpha ssidndane lgeapewnd a licahwhi @lﬁltﬂjrf“of)bt henafiopenenki,oned
general formnul ) r. 2 35[0 ng,a,co und
represent ed byqégﬁégéfa#69§l 7 Cdy © ?gkfﬁglgﬁﬁﬁ88n go ouhd fegegthe
reaction in thRegoupsALL @@é@vadcongaﬂmohbaseinsiﬁormednnayobeocapﬁeﬂd out by

bubbl i ng usin diney; i er I f toe i.c base from
t he systen1frg%3?he 3P%ﬁg§§1n?to qéon en 18 ﬁ & ?e 8 Snt Fflhg t he pH

of the systenﬁﬂ5E6#$®MEMQTpHedﬂ@a@pwénethhe hydh@¢hherQQEberdeduLnEta
am de ang OYQ%RW@rba§§oB@Q%%@t h?ckhednﬁégk @ne§%§P ”b?&?gpéﬁ ??gl¥1

removed and pur| ed such as rinsing
preci pi tation, L@&ﬁyéx@HQﬁée @ﬁOPYﬂPﬂﬁtBéNCOTh@lefMﬂ Phb@§tlﬂ€atbai©nele-

10cont ai ni ng candensatiien nkeacthen, DGQdUﬁy?@BetQ?y%@sﬁ@{hhﬂ_‘%ﬂw on is
preferably adju ted toQ 6 to 8 with these method thin the

af or ement i oned ‘Faige A1EAEYp6Eel PRECET ?H@téﬁﬁd@héﬁfroﬁ%r@ﬁéﬂl@ﬁ product of
t he present ineentihgnribsuexhended.-athereby aBkknget hihg t5preferabl e.

Althougﬁither%o%b%}no particular restrictions
Examples of the aforementioned aliphatic hydrocarbon
compounds include hexane, heptane, octane, nonane and
decane.
Examples of the aforementioned aromatic hydrocarbon
20 compounds Include benzene, toluene and xylenc.
Examples of the aforementioned amide compounds
include dimethylformamide, dimethylacetoamide and N-
methylpyrrelidone,
These solvents may be used alone or a plurality of
25 types thereof may be used in combination. In addition,
the reaction may be carrvied out in bulk without using the
aforementioned solvents.

In addition, the reaction can he carried out using a

a1 Foey R T
R ) W

compound (¢}, and more specifically, a silane compound in

1

which nl in the aforementioned general formula (1) is 1

or Z.
[0095]

35 The reaction is preferably carried out such that the
water content in the yeaction aystem is 0.0007% by weight

-----

Lo 5% by weight from the viewpoints of reducing the



thereon, the reaction tenperature when using a conmpound represented by
general. fornmula (4) for the silicon conpound (c) is preferably within the
range of -78C to 20200C and nore preferably within the range of -20C to
150C. [0099] Wien purifying the sil #éa~particl e-contai ni ng
condensation reaction product, water in the systemis 25preferably renoved

by a method suchas: ld-qwd sapakatll oy atlehohaving agded,a é@ﬁ%@ﬂ&n@gleCted
fromthe aforenmentioned solvents or distijlatiorL The anmount of water
conta.ined i n THed® iR €Y Corttaiyddeyant ifencrapiLet Peaferght Skesse. cure
shrinkage is reduced ang:tfier @ass liesprsuseaptibikbtyatoacragk: ;o mti on
when curi ng thJQoQgensation reaction producg, thereby making this
preferabl e. The Water CORCERE C5A VBEIREastir EBChy CachePhod€lchS a8 gas

chr omat ogr aphy-compdunel Kaplr ckiescher byethedaforementionkn gddithon, the
anount of sol v sontained in.the.silica particle-contalning condensation
reaction proddgg%ngbﬁgﬁeﬁ%gl&hf%FﬁélﬁgpgﬁgmBPngsép I I?ﬁigg%ase, there is
littl e wei ght 1iesspoicur @ fshrinnkage tiisnr edueed and there is |ess

susceptibility to grack fornmtion_when curing the . photosensitive silicone
resin conpositLon,"theEEgy %gkfggéﬁﬁﬁsbﬁggfegg%ﬂgggTﬁggégfgghtp%Eﬁ? ht can
be nmeasured u$iligrazZrethodvsuehidsngaspchrémtographythf0a00hid®The silica

par ti cl £ cont afinnd: q0densal LORERISHLARCPLOANEL, (AL of the present

invention is obtained by a condensation reaction of a’reactive conponent at

| east cont ai nifgFRE oLy sithexanemésrpotindetAjnandndrea silane conpound
represented byiigeneral fiotmubac(l)iandpthe-1ashhkeanparticles (b). I'n
t he present d%si[[g%tgn, a "reactive conponent” refers to a conponent that
forms a condenséd EErutGrECr A FnaYSrPrédpal £ ERBL CohEEIAT A condensat i on

reaction produgtirokheecontentpebpt/hensbhica pastbchigs, (b) in the

15 tetrabutylammonium hydroxide, ammonia, methylamine,
ethylamine, propylamine, butylamine, N,N-dimethylamine,
N,N~diethylamine, N,N-dipropylamine, N,N-dibutylamine,
trimethylamine, triethylamine, tripropylamine and
tributylamine. One type of these organic bases can he

20 used alone or two or more types can be used as a mixlure.
[0096]

The amount of organic base used varies according to
the type of the silicon compcund (¢), and in the case the
silicon compound (c) isg a silane halide, an amount equal

25 te 0.1 times to 20 Limes the eguivalent of the silicon
compound is preferable from the viewpoint of facilitating
progression of the silylation reaction, while an amount
equal to 0.5 to 10 times the equivalent of the silicon

the Tommation of & bhy-product
scavenger of silane halldes.
An organic base similar to that used with the
silicon compound (¢) can also be used and reacted when
reacting a silane halide other than the silicon compound
35 (¢}, and more specifically, a silane compound in which nl
ol the alorementioned general formuia (1} is 1 or 2, the

ameunt of organic base used in This case is preferably



20reactive conponent is preferably 1% by weight to 80% by wei ght. The

af orenenti oned content is preferably 1% or nore fromthe viewoint of

i nproving the hardness of a cured film and is preferably 80% by wei ght or

| ess fromthe viewpoint of the viscosity df the condensation 25reaction
product. The aforenentioned content is nore preferably 10% by weight to 70%
by wei ght and even.1mere o efierabla, 20% by, uelght ! %£691%91Béewek7%hgh . Thb
content of the sjilica particles (b) is expressed as a wei ght . J'Ens
condensati on. Fedtts o BrodCtLr A tEnd iemeodinti ed partilébesiph), and the
wei ght per centiageyafsdihe reactiave i0MPENent reaof ithe sihi ¢acparticles(b)
is calculated fromthe weight of the silica particles (b) used in the
reaction_ ReaéyﬁvgnﬁogﬁﬁﬁéﬁféHﬁﬂﬁéprﬁﬁgﬁapﬂé'Qrﬁi@émﬁé.ﬁpiéQIE%W?? Op

i nAJude the polgs-idlextThe cenpownd iqa)hand:iotna skhanengonpound
represented by general_.formula, .- 46 .- 1) and the silicon conmpound (c),
and the content thgfbéfmﬁ§if¥bﬁ@9aﬁﬁ§l§@&)6§mR8PBHt(Fé 989 By wei ght .

[ 0101] Ractine leomponért smofintthe fsichizcaipactickemgonhai NENgused
condensati on rieact.ion praduct ~(-A) her .than the.silica_particles (b) can
be calculatedlgé%g%ﬁ%F%Pq a??g%gfe%%ﬁﬁﬁ%FQ?Faﬁg asgau?ﬁaFEEE?eﬁgtféﬁ or as
a nol ar per cent‘@ge ifr dmskr4- NVR and 29Si - NVR neasur enents based on a val ue
of 100 nwl % f qroldyg reactive conponents other 10than the silica particles
(b). The nolar ratios of the conponent D, conponent | and conponent Q used
in the reaction cah’bécealclibatedatreonrt hertawharerkaksiusédnsand the

mol ar ratio OEh@Q@@@Uem%eMr%éﬁtQ%nC%bﬁghégﬁqr%fQﬂbkhﬁsﬁﬁgaarééﬁg Qf4nSi - NVR
measurenent and the area rati o 150f specific functiona roups Pserved in

IN-NVR. The molCar Patit6< ednpofeAt ONENEESPOAENTCMER2EoRpEient D34 for

component T +tcenponenbnQ-bmpot@8 of:)coapgpent Mt o %h@h&@téhe”nggi of
nol es of_ conponent ogggnent D, conmponent T and conponent Q in the

. M, compon T
porti on 200f Che T che paP ¢ iCcleecomra mineg coovdensatingn reactrironeppdduct
(A excluding_@hecsﬁéigggQgrticles (b) is preferably 1 nol%to 50 nbl%
Making this ratio to be 50 non or less is preferable fromthe viewooi nt of
reactivity, while Fakihvgnuhi:ber athottonbehdnmk%oranomep25nds preferable

fromthe viemggb@g§egtéghgyp§5?%§g9[g§6é?§%?%%chopﬁ%ﬁéc%fipggtai i ng

condensation reaction produc _ e nunber onds that form
si | oxano bond§°t'B°rRE 6t al LAtinbefrethbondset hatnr@spedt dvehyif opassi | oxano

bonds, zdi rect pbopdstwi hh hydrexyt i 9f08ps 80d: fLr 8L DPRAS, removed and
purified by a method such as rinsing with water,
extraction, precipitation, ion exchange or filtration.
The pH of the silica particle-containing condensation
reaction product of the present invention is preferably

2k adjusted to 6 to 8 with these methods. If the pH is
within the aforementioned range, the polt Life of the
condensatlion reaction product of the present invention is
extended, therchy making this preferable,

In acdition, reaction temperature and erganlc hase

A A PR ARV o 2 00 T T 30 T T O T A T s o B Tl e B o S e B3 T S B S P L e R L T T

the silicon compound (¢) can also be used when reacting a
silane halide other than the silicon compound (¢}, and
more specifically, a silane compound in which nl of the
aforementioned general formula (1) is 1 or 2.
35 fooss]
When using a compound represented by general formula

{4) for the silicon compound {¢), the reacticn in the



wi th the aforenentioned hydrol yzabl e groups in the condensation reaction.
product, is preferably 40 noil to 100 nolt, nore pr(Je.:(6.1ibly 50 nolt to
100 nol . % and even nore preferably 60 mai %to 100 nol % from t he vi ewpoi nt
of 4'7 - favorably obtaining the effects4df ~i ncreased hardness and reduced
tacki ness due to the formation of a condensed structure. [0103] 5The
af or enent i oned..condgn on J atiQ of; t: [ t oduct can
be cal culated b conf??ﬁ&ng(conﬁonentslaﬁaggl\/ﬂqQ gg 8%T¥E§8 #gﬁ Q , T2, T3,
Q Q, @, OFhikdior by iasalyziing by 929Si INVRIEThEOC bATEHS at lonfpanEd of
the silica parddglre~ Heentaip ngcandensati-gn Kﬁ@ckh@QpBVRQUSE can be
calculated in the manner indicated below fromthe area ratio of each
silicon peak iWFSISENGR rate angoropgkapplandt haepBRkOar 84 of YebAPenent 01
|( Sz)exprgme? &"SJi(JJa]M)Jng15_ﬁ@er@3@l’dﬁ1@@$1¢dtﬁb| h&@)@oah@%bgﬁon}%meﬁ ;\@éﬂra?)(m% QZ)
X + (Ti + X +
x 41, and the")tln ﬁ %ﬁ %59&“&& §a88c8ﬁ§§e LENVD #g N%fagi%?fx§¥°t?@1§r
(D2)I x 2 + f@m@MetdZOGTmrmbv@EZhnﬁ EE3) IFixd3by @(ﬁétmodC&mcw §€2) + (Q)
(A} x 4, an i ratio condensed SI|IC area)/ total silicon
area) x 100 [ 1 %?9%@ %Rhwgﬁé%% a@é#%&gtﬁﬁ Pechif ar* Rél htO8f tRe silica
particle- conﬁﬁwﬁm@@@c@mdénéatmomoneacﬁhonpﬁroﬂuthe(é@lusa prefeiabty within
the range of 1,0Q0,t0,20 a r fera L Mer 1, 000
to 100, 000. Vi grr :, ,n%vgto?’%%f“a JM £ B%d‘ h%P Eg/% ggg'ﬁg%ht 444
30exanpl e, gel'lperieani on. péﬁﬁ@ﬁﬁbégraghy (@PC}Ouélhg @oWyhﬁthb©$glate f or
the standard. pkRnhbbe.case the yaight wm&ﬂgeh@g?ﬁ%ﬁénmg@& Pémée of

condensati on reaction_product is 1,000 nor e eat resistan
the pot life of the condensation reaction product of the

present invention is extended, thereby making this

[
(93]

preferable.
Although there are no particular restrictions
thereon, the reaction temperature when using a compound
represented by general formula {(4) for the silicon
compound (c¢) is preferably within the range of -78°C to
20 200°C and more preferably within the range of -20°C to
150°C.
[0099]
When purifying the silica particle-containing
condensation reaction product, water in the system is
25 preferably removed by a method such as liquid separation
after having added a solvent selected from the
aforementioned solvents or distillation.
The amocunt ©

walter contalned in the silica

xS S R P R - U S P N S, Y T S
particle- containing condensation reaction DICOUCT Ly

R ! Vvt wpem e b o I T o ley 4 : % :
5 R R AR U S S GO N N G - A T W S A B W s R il Lo

little weight loss, cure shrinkage is reduced and there
18 less susceptibility to crack formalion when curing the
condensation reactlon product, thereby making this
preferable. The water content can be measured by a

5 method such as gas chromatography or the Karl Fischer

method.



a cured product increases and pot |life of the silica particle-contdining
condensation reaction product Wbecones |longer, while in the case the
wei ght average - 48 - nolecular weight is 200,000 or less, nold filling
i mproves and shape transferability inmprovés since the viscosity of the
silica particle-containing condensation reaction product (A) can be

| owered. 5[ 0105] In addife i, 6@ %%bbh%'%TCOBt%bnkHQQBQQQQBEaEQPPhe
reaction product (A) has a photopolynerlzable functional group

phot opol yner i Z20l &% Fctii6H& Grédp "iRct FeNpresaht cBeSEript-PonPreflers to a

functional group giﬂnﬁte&ﬁﬂ yba s1Qpokyneri-zed bysirradhatihng whth, I ight, and
i ncl udes that for. a r i zation reaction dye to irradiation with
light occurs with é'éfhdﬁﬁ@gvp O5F £ (HEEi SRAITN§RBED SoF SHREEf BRwhi ch

pol ymeri zati ortrenley iocduss witshearaonbingt iencebckWocemhaiwbe pes of
functional graups,, n th presence of he . ﬁﬁotogokgnerlzatlon initiator (B)

Exanpl es of types S0 gﬁ%Pfﬁgﬁﬂ at'Fof T AEPlde "Fadi caP™BoFy ePizat i on,

cationic polyﬁéwwzén1owxam@ amlad@nbﬁemabéactimhebyoameeneebhlehtreaﬁtlOn.

[0106] 20Bxarmp).e,c0f- pe! gRalyTer |-2able Lunet Lanal .orpups. | gt ude, a
(meth)acryl oyl group, epoxy group, y0|8 i group, “oxet ane, vif et her,
mercapto grou d%@@ﬂryl group, norborney| group, vinyl group, aIIyl group

and ot her groups h@%b“%l%ﬁCﬁ“%%EV @qurgﬁ@ggﬂiggngo 8@ﬁs§§9¥gr9%§pt9£RUps
of -t hese various hydrocarbon grou s or f main C
skel eton nmay BEGPEEE 4y cdubSei taeeani thviet ddnetdi sbsel eetledyfsom pol ar

groups (p0|arcﬁ&@@%LaLi@%hréécﬁlBﬁdb@cérp@QCQEQHpcoﬁﬁgﬁénpoﬁg lzast bond,
t hi oet her bond, sulfgone group, al dehyde group, epoxy group, am no group,

substituted am A& ?grotie, TRAJEE 1 §POLP*EBR. TPTPRIED §FbuPITHBRY, Si hiho
group, urea gm@upo@bdnabpr@@@hhaﬂebgr@@ﬁeéb@n@brmh%QCY@Paéﬁdgfﬁép or cyano
359roup1,r or a hqh en sucR ?s a fluorine atom chlorine atom or
br oni ne at om “r'n*pa rPFE P photopolynerlzahle functi onal

In the present description, a "reactive component”

refers to a component that forms a condensed structure in
the silica particle-containing cendensation reaction
product. The ceontent of the silica particles (b) in the
20 reactive component is preferably 1% by weight to 80% by
welght. The aforementioned content is preferably 1% or
more from the viewpoint of improving the hardness of a
cured film, and is preferably 80% by weight or less from

the viewpoint of the viscosity of the condensation

[ - . '

25 reaction product. The aforementioned content is more
preferably 10% by weight to 70% by weight and even more
preferably 20% by weight to 60% by weight. The content
of the silica particles (b} is expressed as a welght
= IR RN Ll

I AY PP P (R Sl o TS SR Lo : b

Ry PSR dea ORI At e S D L0a DarlLoLe—-oon
condensation reaction product (A) and the silica
particles (b), and the weight percentage of the reactive
component. of the silica particles (b)) is calculated from
the welght of the silica particles (b) used in the

AT P Dy - N

3D reaction.  Reactive components other than the silica

T T ST S o Y P [ RPN . N 1 R [P e s e . Y
particles (b include the DOLYSEioxane compouwtd {a)

and/or a silane compound represented by general formula



- 49 - group in the silica particiegcontai nang condensati on reaction
product (A) is preferably a (nmeth)acryloyl group, styryl group, norborneyl
group, epoxy group or nercapto group fromthe viewpoint of reactivity
during 5synthesis of the silica particlé-é8ntaining condensation reaction
product (A), nore preferably a (meth)acryloyl group and/or styryl group

from the viewpointzRf (Gur alitlicy, -angceuan (por eaﬁaet%a%xt ant ePHéy ggoup
and/ or mercapto g!oup fromthe viewpoi nt of cure 10shri nkage. T In the

present i nventio®’ HIGHEUgh ?QOdetﬁﬁéﬁﬁﬁeﬁngﬁoebﬂuﬁéﬁBBhaI group nay
nodi fy the surfamajof the silica partlcles (b) in the condensation
15reaction and the |ike, fromthe viewoint of crack resistance, the

pol ysi | oxane conpodiid - &feaﬁﬁﬁgpnﬁﬁésspﬁ ¢BR EonpoanBA T EY ChFef er abl y
cont ai n phot opalyrEmiizaplerfieneti-onal rgeeupsn bmogathQH apthat teast

either of a 5|ane goqppunqt%gﬁepr n%%g g§f ﬁauﬁ gegeg%ggzegéggneral

formula (1) or a conderis i on pr ound (c)
represent ed byfﬂhe>aﬂbaamen@m@medlgeneeal1hotnﬁlaeé2}10n theazaf ereaeati oned
general formnul ferahly ta radi ¢ pol riz e nsaturated
car bon doubIeF%Q%%%é% %oﬁﬁ?g and ééb q ghR ﬁe%gﬁr% %ﬁ% tg mﬁdc% t he

r adi cal poIyn@rW@é@ﬁeoén§§@um@ﬂédf@arbbﬁ deabLeVbondmgpoapS apehbonded is

preferably 5 rml@mt%%oqml %, %&@Lpn@trgbly 1%%&%?%29]@%% od_even

nore preferably "yil........... orenentioned ratio e 5 noil
or nore, the 6ﬁW@&“ﬁFéd@@tC@&ﬁﬂﬁéﬂhaéeaﬂé RAVEChEYh Hardnessn éh@ as a

result of mekixgctheratanementihonedarati 0-5Q PR-80y0L Y% OrikLess, Lhe cured
product can be ”adE§t° have hi gh heat 35resistance, high |ight resistance

and | ow cure ShFi hKEgEC+&r afe& el 2PBROPEBM Yhea10bF aCRAFVE EORPbAGHL s Of

the silica -t5@ area ratic of *’Si-NMR measurement and the area ratio
15 of specific functional groups observed in ‘H-NMR.
The molar ratio {compeonent M/ (component M +
component D + component T + component @)} x 100 of
compenent M to the total number of moles of component M,
component I, component T and component @ in the portion
20 of the silica particle-containing condensation reaction
product (A) excluding the silica particles (b) is
preferably 1 mol% to 50 mol%. Making this ratio to be 50

10

moid or less is preferable from the viewpoint of
reactivity, while making this ratio to be 1 mol% or more

2h is preferable from the viewpoints of the pot life of the
sillca particle-containing condensation reaction product
(A).

[0102]

prodioot condensat lon ralio

ol the number of bonds that form siloxane honds to the

total number of bonds that respectively form siloxane
bonds, direct bonds with hydroxyl groups and direct bonds
with the aforementioned hydrolyzable groups in the

35 condensation reaction product, is preferably 40 mol$ to
100 mols, more preferably 50 mol% to 100 mols%, and even

more preferabily 60 mol% to 100 mol% from the viewpolnt of



particl e-contai ni ng condensation reaction product (A,
raw materials used in the reaction and 1H NWVR

fromthe nolar ratio of

or can be cal cul at ed

anal ysis and 293i-NWVR analysis in a solution or solid. 5[0108]

[ Phot opol yneri zation Initiator (B)]

(B)

-~ 4Fhe phot opol yreri zation initiator
is added to the photosensitive silicone resin conposition according to

t he present imﬂ¥BJ§HHJQﬂN£h§n9%rQ@&@eﬁﬁb&@%abﬁi@9c%§%§%?§§??§%@%¥

Phot or adi cal meri Zati on and/ or photocationic po

pol

bl

phot osensi ti ve Et45<brie Gesion sc 6ipodiat ithie ammbé 1an 6ed £onprocedd by

addi ng the phot:opealtyweri zation initiator (B)
initiator
a wavel ength o nm Phot or adi cal
benzophehone deri vatieestorexanplies ddnelude nkanzephenene, of
4,4'-bis(dietoIa 1 no).henzophenane, neth 200-

, .
4-benzoy1-4'-né?hf?uyﬁﬁﬁgh%%a éﬁ&ﬁe?fﬁﬁﬁéﬁz89P

The phot opol yneri zati on
(B) Qﬁgggeferably a 15conpound |isted bel ow having absorption at
Pol yneri zation Initiators:

the

05t 6RY CBnd PruaVenone:

(2) acet ophenone deriivat icveggonexanphds ¢l ode DLi cblor vacetrophenone;,

2, 2' - di et hoxyaget ophengne,.-2-. _hydr,oxy- 2- hyl pr opi enphe e,
2,2-dinethoxy%%ﬁzgﬂ”zgﬁgi6ﬁiﬁfpegﬁaﬁ&1§8%§&Z¥pﬁy§§os§§y§$@ﬂexylphenyi

ket one, 2- mnet hyl- iH4-cometehyatthico) phenyl p£2<ver phdlcnopro

2-hydroxy 1 (4sontaining condensat - :
Pl c( 2- hydr oxy- 2. met hyl B opi ony'1) - benhy Fehieny) FXo< et

n

h?ﬁpr

panik-one,

be
opant h- one,

(1)

net hyl phenyl giadexyidars. i) $yehmepnier, yadieoxyAdy belaki GRoir gaeureqd 127);
(3) thioxant hene iderdevatioves: 1exapphes i nel edg hjjoxant hone,

2- met hyl t hi oxant hone, 2-
(4) benzyl delivati“ds S*&éXan
benzzyJc- P- neth@xyetshyl sacethiy,. (5) benzoin derivatives:
benzoin, . o

Lo becomes

The condensed sillicon area

{(M1)+ (D1} + (D2) x 2 + (T1) + (T2) x 2 + {T3) x 3 +
(QL)Y + (Q2) = 2 + {(Q3) x 3 + (Q4) % 4}, and
the total silicon area becomes:
{ (MO} + (M1}} + {{(DO) + (DL) + {(D2)} x 2 + {(TC} +
20 (T1) + (T2) + (T3)} x 3 + {{Q0) + {Q1) + {Q2) + (03}
+ (Q4)Y) x 4, and
condensation ratio = {(condensed silicon area)/(totral
asilicon area) »x 100
[0104]
25 The weight average molecular weight of the silica
particle~ containing condensation reaction product (A) 1s
ably within the range of 1,000 to 200,000 and more
rhe vange of 1,000 ta 100,000, Weioht
pverage moleculay wolaght can be determined by, for
30 example, gel permeation chromatography (GPC) using

polymethacrylate for the standard. In the ca

welght average molecular welght of Lhe conden
heat r

ol the

reaction product is 1,000 or more, the

a cured product increases and pot life

particle-~containing condansation reaction pro

becomes longer, while in the case the welght

isoprop¥|t i oxant hone and di et hyl t hi ox7nt hone;
e$TEnErdde 21872yl coUPeR=N™ Bt ¥ keLal and
exanpl es incl ude

se The
sation

esistance of
silica

aduct {A)

daverage



- 51 - benzoin nethyl ether and 2-hydroxy-2-nethyl -1phenyl propan- 1-one;
(6) oxine-based conmpounds: exanples include 1- phenyl-1, 2-

but anedi one- 2- ( 0- met hoxycar bonyl ) oxi ne, 1-

5phenyl - 1, 2- pr opanedi on- 2- ( 0- nethoxycarboﬁVIYOX|ne 1-

phenyl- 1, 2 propanedi one- 2- ( 0- et hoxycar bonyl ) oxi me, 1-

phenyl-1, 2- pr opanedi ne-2:i(Qrbenzoylo) exigne, 3e3%, mold filling
di phenyl pr opanedi one- 2- ( 0- ethoxycarbonyI)OX|ne

1- phenyl 3- ethdﬂ%ﬁﬁ&ﬁﬁhéﬁ#%ﬁ%ﬁém(Giﬁ@ﬁi@yﬁpé%w#y ippgogeranédirenghe

101- [ 4- (phenylﬁﬁndasﬁb%(bibﬁméoﬁhQ&h%E L 1 BASE - %gntbﬁgﬁﬁHr@6ﬁho§K§len
et hanone, and 1 9-.et hyl - 2- neth | benzoyl) -

car bozol - 3-y1]- ?R%%ﬂxHRHQEF me) (§ﬂ§Fb§E10WF§§€ure(r) OXE02): [0109] 15(7)
a- hydr oxyket oni@lfesled conmpounds: exanples |nclude

2- hydr oxy- 2- et hyl he yI ropan-.1-o é
hydroxyethoxy)pheny%F?f’Hy&%o%ﬁ 2 ﬁéﬁh§fn a¢P6 gnCOTdSHEaLéHH reaction
2- hydr oxy- 1- {4>$ﬁht2rHyﬁrﬁwﬁ-z-mh@hwppﬂqmbamyhblo functional group. A

benzyl]pheny1¥ﬁ§ﬂqﬁ) ﬁkg qg%%gb %%1@) %n ?Rhﬁzlgﬂgﬂone baseg)conpounds

exanpl es include 2- be met hy Ianln |n8pﬁeﬁy
but anone- 1 (BAS@CSEptup@a@@ﬁgmssag)a éndczldnnéthybaplnbat(dan be

met hyl benzy1) 1 AmrRRokin Aaeld @lmé' Lhytans 1r -ong; 425(9) . phgsphi pe

oxi de- based. conpounds: exanples inclu
bi s( 2, 4, 6- t r i FEhyl Béhz 6y PPlpRenylzphosphiraecoxpdegdue to irradiation

his(2, 6-di net haxybanzeyl)2dedytithmat byhy o LYk, §§4%u§§g%%ﬂ €§59§ and
2,4,6-1(. 1. |Iaet5§lbenzo y3,.dl 155(1-phosphi ne OXIde uciranr

17P0) : 30(10)0F t-ARdc e @SﬁﬁﬁuﬁﬁéyméiéﬁﬁFé§ﬂlﬁ@ﬂMd@CHP§GrW51h a

2, 4- CyCIOp€ﬂt@ﬁh@ﬂha%lbnbb$(2w6 akfhQQEOtype%Obrpyaﬁ@LlthineaMbé in
LI U benzoat rivatives; exanples in¢cxude

tit
e;hsrlu?k N—dFﬁ@IﬁVF&ﬁPﬁ&b@ﬁzbgFe? OLRRCLFISY LaeFi-aiine der fyati VBs: exang c

phenyl acrld i &xamples of types of photopolymerization include radical
polymerization, cationic polymerization and an additiocon
reaction by an ene-thiol reaction.
[0106]

20 Examples of photopolymerizable functional groups
include a (meth)acryloyl group, epoxy group, glycidyl
group, oxetane, vinyl ether, mercaptc group, styryl
group, norborneyl group, vinyl group, allyl group and
other groups having an unsaturated carbon bond, and

25 hydrogen groups of these various hydrocarbon groups or a
portiocn of the main chain skeleton may be partially
substituted with substituents selected from polar groups
(polar bonds), such as a hydrocarbon group, ether bond,

SRR gL U LI Y ean Y L o, LA CaUner Graus,

carbonyl ogroup, carboxyl group, carboxyilic anhydride
bond, thioether bond, sulfone group, aldehyde group,
EPoxy group, amino group, substituted amino group, amido
group {(bond} imide group (bond), imino group, urea Group
{(bond), urethane group (bond), isocyanate group or Cyano
35 group, or a halogen atom such as a fluorine atom,

clilorine atom or hromine atom,

LN oparticular, the photopolymerizable functional



- 52 - [0110] Photocationic Polynerization Initiators: Exanpl es

i nclude aryl diazoniumsalts having as an anion thereof PFC, AsPC, SbEC,
SbCl162 , 13141, SnClC, 5Fed i or BiCl52-. In addition, diaryl iodinium
salts, triaryl sulfoniumsalts or triaryl 4Sefeniumsalts can be used having
as an ani on thereof PEC, AsF6SbFC, SbCl62-, 1314-,c13s03-, PSO F2P02- or B

(GB6FS) . Mor eovgrouexgmhes dinglude di-alkyl -phenagyl subfapLum sghts, ,
10di al ky1- 4- hydr oxyphenyi sul fonium salts, a- hydroxynethyl benzoin sul fonic

acid esters, NCAdroxyiHid6sul Fondted  Sarronycaadinatesterg! sich as a-

sul fonyl oxy kef:angs oryRraulsfronyl, oxy ket-gres, 4i-6ap, abb@@? genpaunds,

si | anol -al um num conpl exes agq,o-nltrobenzyL-n15pr|pheny silyl ethers

having as an ARGFRHeBOrPPECOTASEE S C8RPIPtaRd TRECFTKetYAGHFiT8Bnal

exanpl esB: Incl mtlafe)s::i_sdicﬁzgzmﬂeumisalc:;as gha\timgePEBE-taan@!n@sEﬁﬂ;deExaﬂpbﬁs of ;

comercial l'y avail.abl e products include i} P-15 SP- 152, . SP-170 an

SPL172 (opt ey e ek AT 500 p T T ReGhEFEPad: al “BbIYHerV3aY L on

initiator and @& photochtirorityrpdl ymenpzdtrbeanthri viiawprimayo€ach be used

al one or a pl il.y -t hereof, n b sed _as . L xture nd al.though the
%rwaxuxjkg,.%%d.%ﬁ%n o%%zgéﬁgagﬁgkg g?o%%?ﬁgngﬁgug

phot or adi cal polynerization initiator ho

pol yneri zat i omNMIA aegcapay beocusedrion torbivhatvpomaptacphotoeadi cal

pol ynmerigationynitdator is preferable fromthe viewpoint of curability(
[0111] Amon, ha the a- aininoa 1 Icy iphenone derivatives of (8) above and
t he phosphinef@Q@aé-based conpounds of (9) above are preferable f.romthe

vi ewpoi nt of hi gh. 1$eRsjet ity Mreaver ont heiphosphi pe_oxi de- based
compounds of () 20N S, REan YL 0E 1 5nE S LELTE YL a0l A e
surface c¢f the silica particles {(b) in the condensation
15 reaction and the like, from the viewpoint of crack
resistance, the polysiloxane compound (a} and/or the
silicon compound {(c) preferably contain
photopolymerizable functional groups.
In particular, at least either of a silane compound
20 represented by Lhe aforementioned general formula (1) or
a condensation product thereof and the silicon compound
{(c) represented by the aforementioned general formula {2)
or the aforementicned general formula (3) preferably
contain radical polymerizable unsaturated carbon double
25 bond groups, and the ratic of silicon atoms to which the

radical polymerizable unsaturated carbon double bond

; [s)

groups are bonded i1s preferably 5 mol% to 80 mol%, more

preferably 10 mol% to 70 mol%, and even more preferably

a0 T T oy e
e [ RO ey

alorementioned ratio to be 5 mol% or more, the cured
product can be made to have high hardness, and as a
result of making the aforementioned ratio to be 80 mol%
or less, the cured product can be made to have high heat
35 resistance, high light resistance and low cure shrinkage.
The aforementioned ratio can be caloulated From the

molar ratio of reactive components of the silica



di phenyl -gho(B.-\Sir SErill(r) TPO), are - 53 - preferable fromthe

vi ewpoi nts of high transparency and high sensitivity of nolded products.

Anong t he af orenenti oned photocationic polynerlzatlon initiators, iodinium
salt type initiators 5are particularly préferable fromthe vi ewpoint of
conpatibility with the pol ysil oxane conpound (a). For exanple, an iodinium

salt type initdAakar: jics. avalliable %%DUQQ%@'qgh{4eggiggﬁhéygﬁgpylkA
phenyl1}}{4- nethylphenylhexa | uor ophosphat e} |rgacure(r§ 250)

10r epr esent ed By tie FdAdwitig $EPiictifaliof 67 nikal PsOAvaphappeerials

commer ci al | y QL 2] kmeaddisti-anyn anphot opeh yaesi zatd omd i akek,
sensitizer th rnal radi cal initiator nay al so be used 15in conbi nation,

and various t St “origani SCperdRides é&ﬁlﬁe used for the thermal radica

initiato®, exdeMQs of whi ch include ketone peroxi de-based, peroxide ketal -
based, hydroper oxi sed,, di al.kyl peroxi de-based, acylperoxide-based,
per oxydi car bonat e- g $&4 O&ﬁ&yﬁﬁﬁéﬁéﬁyggtEPfEéézafoéag hi ¢ per oxi des.

Al t hough dependent Tom @h@t@@@d@ﬁ&r@%aoﬁberiadduhLue Qempoﬂeaﬁscdthe anount

of the photopal r Qn |ngt| t ref | arts by
wei ght to 50 g&%& hﬁé%ﬁgn ﬁtlvﬁnrg 3F8ﬁe T%I H & §p§§r¥sgb “ e O'%fn?o 2510

parts by wei ghto, L@ﬁdP@VéﬁﬂﬁDﬂQVﬁnQﬁ@ﬂaﬁby @hi parpszypﬁeﬂ@hartmné parts by
vei ght pased o 10Qpar E%v@Yy“e'QEBtBPaB@§a§'Eb??m@?%&%?'@ncgﬂﬁgbp'ng

condensation reaction product (A) he ano parts by weight or
omWo speo top%ﬁ@@é@&Lﬁ@pp,ﬁojymerlzatlon of the photosensitive

silicone resin composition can be allowed to proceed by
adding the photopolymerization initiator (B). The
photopolymerization initiator (B} is preferably a
15 compound listed below having abscrption at a wavelength
of 365 nm.
Photoradical Polymerization Initliators:
(1} benzophenone derivatives: examples include
benzophenone, 4,4'-bis(diethylamino)benzophenone, methyl
20 o-benzoylbenzoate, 4-benzoyl-4'-methyl diphenvyl ketone,
dibenzoyl ketone and fluorenone;
(2) acetophencne derivatives: examples include
trichlorecacetophencne, 2,2'-diethoxyaceltophenone, 2-

hydroxy~-Z-methylpropionphenone, 2,2~dimethoxy-1,2-

25 diphenylethan~l-one, l-hydroxycycliohexylpheny!l ketone, 2-
methylwlm[4-(mothyL!hLo)pthylim2 ~-morpholinopropan-1-one,
Z-hydroxy-1-{4d~ {4~ {(2-hydroxy-2-methylpropionyl) -benzyl] -

& hcmyl p=z2-methylpropan-l-one, methyl phenviglvoxylate,

y i N - o 4 Y
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ITrgacure® 127);

(3) thioxanthone derivatives: examples include
thioxanthone, 2-methylthioxanthone, 2-
isopropylthioxanthone and diethylthioxanthone;

25 (4) benzyl derivatives: examples include benzyl,
penzyl dimethyl ketal and benzyl-pP-methoxyethyl acetal;

(5) benzoin derivatives: examples include benzoin,



during e )osur:e, and since curing of the exposed. portion proceeds
adequately, a practical cured nolded product can be obtained, while if the
anount is 50 parts by weight or |ess, since exposure and absorptlon near
the surface of a 35coated fil mdo not bé&céme~excessively |argeg exposure
l'ight reaches the vicinity of a substrate su face, and photopol ynerization

i's uniformin dde dif eetdign efenfdd My 241y tbikoknegs, ngipractical cured
nol ded product can be obtained, and there’is Iittle coloring after

phot ocuri ng or® M e A MG WIEH heat. [0113] 5[ Compound (C) having a
Photopolynerlzable EuthuQﬂﬁ&m@kQMQ@h@o@n&@'e@&bﬁpﬂﬁgr@QEhuA@C@npound (O
havi ng a photég %ﬂe able f unct.i onal rou nano ecuhi thereof is
preferably 10 o6t GS e i spﬁ BHECFERPRY CORPOLPL i of

aﬁcordin@_tp uﬁenpﬂeﬂembpwmmam@u0ﬁnbeamtbempuhpagea@bopymvbapmglaém

phot osensitiv C sition .havi u ior es.inc in

i nproved refrgg}%ﬁé H 9q§$‘%ﬁ%¥698 Gcura@ E% Oxycﬁpgg Séﬁggroﬁ |nproved
15f I exi bi | i ty roferguired 2nplrded nprioduct-$,- @ﬁbemnp&@Vedlhandﬂnag ease due to

| owering the vj, %%'\}}%r%f;dtn%%l%%t 95%%&»8 S?:!oong ”}39%&' o RQ‘E%YPE‘ of

t he conmpound (CD in pho opol yneri zabl Funct | roup | ecul e
t her eof may bé%ﬁﬁéﬂméméﬁ@d@ﬁdﬂW@OoP d@PQGEQDy@égxmmy bé,asediasea1ﬂnxture

Exanpl es, of the pho abl e -fun thnal r he..conmpound
|nclude§a (neph)gc(§)ggwﬁn% D SO %9%7031 ﬁ 2? §EA8$0§p, ngg?&ﬁég&9lnyl
et her, nercapﬁbigﬁdup¢i$@wmmb,gﬂodpl mﬁrbohméyﬁ gréupetuiyhizbngoeup;-2akl yi

group and 25ot he r S Vi an unsaturated carbon _bond, and dr ogen
groups of t hes& W a% 3 5 Hgg &c PO g 85§m8$ éngfthn OF YERE“HE n chai n

skel eton may lergant;ially subst. i tuted with substituents selected from
pol ar groups Tﬂi%@]bone::net so s hydn_bona sgroup , hydr?

ib {7) w-hydroxyketone-based compounds: examples
include Z-hydroxy-Z2-methyl-l-phenyipropan-l-one, 1-{4-(2-
hydroxyethoxy)phenyl]-Z2-hydroxy-2-methyl-l-propan- l-one,
and Z-hydroxy-1-{4-{4-(2-hydroxy-2-methylpropionyl)
benzyl]lphenyl}-2Z-methylpropane;

20 (8) o~aminoalkylphenone-pbased compounds: examples
include Z-benzyl-2-dimethylamino~1-{4~morpholinophenyl!) -
butanone-1 (BASE 3SE, Irgacure® 369), and 2-dimethylamino-
2-{4- methylbenzyl) -1~ (4-morpholin-4-yl-phenyl)butan-1-
one;

25 {9) phosphine oxide-based compounds: examples
include bis (2,4, 6-trimethylbenzoyl) -phenylphosphine
oxide, bis(2,6-dimethoxybenzoyl)~2,4,d-trimethyl-

I

pentylphosphine oxide, and 2,4, 6-trimethylbenzoyl-

diphenvi-nhoaphine oxide (BASE SE - Tucipind® TPO)

30 {10) titanocene compounds: examples include bis{n5-
Zyd-cyclopentadien-1-yl)~bis (2, 6~difluoro-3-(1H~ pyrrol-
L-yl)phenyl; titanium;

{11} benzoate derivatives: examples include ethyl-p-
(N, N-dimethylaminobenzoate); and,
25 (12) acridine derivatives: examples include 9-

ph@mylacridine.



car bonyl group, carboxyl group, carboxylic anhydride bond, thioether bond,
sul fona group, al dahyde group, epoxy group, am no group, substituted am no
group, anido group (bond) imdo group (bond), imno group, urea group
35(bond), urethane group (bond), isocyanaté group or cyano group, or a

hal ogen atom such as aftuorine atom chlorine atomor bromne atom and -
(meth)acryloyljagriqup and/or styryl group is nmore preferable fromthe

vi ewpoi nt of curability, an epox¥ roup and/or a mercapto group is nore
preferabl e from t hé \ViTEREGLTE 61 PgWW@ﬁﬁéa§HPPnﬁﬁ@élthFhg curing, and a

(nmeth)acryl oyl gr owp;an@l@\serinmma&gﬁ:@ﬁeaa@b@nfj neMskhesvhewpahnksofnease of
adj usting V|sc05|§¥ nd r?fE3Ct'Ve |nde§%result|ng)fron1the use_of nunerous
types of conpdundd® TG (Anpl Y fof ¢ fpourdsihavi ' a ERetH)acryl oyl
group 10 n a ntlEglul @ tihieredf, | mqlud&hzﬂxﬁnekhkﬁgﬂyhmyhemmﬁt@mum@thaIate

2- (rmeth)acryl,oyl axyeth 2-.eth dr oxyet hyl pht hal at e
(neth)acryloylgkyeth Pﬁﬁxgﬁlﬁm'x t%ala Ex X BT DBL8HSun"sa1cs can be
(neth)acryloyhﬁ%ybm@wym@hﬁhahatenJZHethykezf PSbyt Wspropaiiedi ol SbCls
(neth)acrylatgﬂ l-he et y e hexyl caf bit ol
(nmeth)acryl ate, g%roxégufﬂ P% )a%?% ater §Q§§d?ox e?% EOVEL,
(neth)acrylat@va¥HV@reﬁyéﬂd§yd @ﬁéwh)abﬁyﬁavé SQaneuhmxyeﬂhyl

(et h) acs yl at t ho th Iate _hydroxybutyl
(neth)acrylat?jl%kﬁg P ?ﬁg h%ggggﬁnﬁ Lg |0Fd}1n0(%eth)acrylate

| ont oxyet hyl @w@@@ﬁa@pyhaﬂ@enbuuyl%@mébh)acayhatesLeaproNactone

(meth)acryl a cet cryl ate, ied cresol (meth)acrylate,
cycl ohexyl n&tﬁf§5§ﬁﬁggg°ui§818§8F0p§H§%ﬁ9PC(ﬁéfﬂ)&é??Fat%UCh as G-
dlcyclopenteanJfem@uak@cmﬁk@h@f @kcﬁcéﬁpﬁshﬁﬂMLQXM§£8ﬂé ﬁn?ﬁgﬂaglyéﬁée
di et hyl ene gl ycol nonoet éﬁpet er (meth)acryl ateg di met hyl oi di cycl opent ane

di (math.) acFyIRCECdr pPépyhensd LunihatthyaePyFaEs, aP%o@ﬁ?%*(ﬁ%?h?ﬁtTylate
i sobornyi (methipaehyhateyli sebutyl ntoehh) asryhatgiohsedeeybs pr.,

AsFg or SbF¢ and the like. Additional examples include
aryl diazonium salts having PFg and AsFg .

Examples of commercially available products include

SP~150, 5P-152, SP-170 and SP-172 (optomers, Adeka
20 Corp. ).

A photeoradical polymerization initiator and a
photocationic polymerization initiator may each be used
alone or a plurality thereof may be used as a mixture,
and although the photoradical polymerization initiator

25 and the photocationic polymerization initiator may be
used in combination, a photoradical polymerization

initiator is preferable from the viewpoint of curability.

FOLLL]
Amorg the aforemend dical polymes
<0 It atera e on

the a-amincalkylphenone derivatives of (8) above and the
phosphine oxide-based compounds of {9) above are
prefervable from the viewpoint of high sensitivity.
Moreover, the phosphine oxide~based compounds of (9)

3h above, and particularly the 2,4, 6-trimethylbenzoyl-

diphenyl-phosphine oxide (BASKH SE, Tuclizin® TP0O), are



(meth)acrylate, isooctyl (meth)acrylate, isostearyl (neth)acrylate,

i somyristyl (nmeth)acryl ate, |auroxypol yethylene glycol. (nmeth)acryl ate,
llauryl ggetNacrylate, nethoxydipropylona glycol. (neth) )at-ryial,

net hoxyt ri propyl ene glycol. (neth)acrylaté” ~- 56 - methoxypol yet hyl ene

gl ycol (neth)acrylate, nethoxytriethylene glycol (neth)acrylate, nethyl
(et h) acryl at g;rdeopanty | @y aodle harzeate ccnmetrthlaghylatesph@1s], ang
500toxypo|yetq§$§ne qg%ch:pplypropylene glycol . (neth)acrylate,
octyl (met h) acriyi Gt & ldedyi et Mfadiyidace PTparaT duny| phenoxyet hyl ene gl ycol
(Feth?a?rylﬁ;e, EFHmﬁﬁkaﬂﬁaphﬁﬂﬁ%%n&ﬁ%h%Fa@h%F@hgti?%ﬁﬁoxydiﬁthy|eﬂe

gl yco met h) acryl at e, phenoxyet hyl (neth)acryl ate, 10phenoxyhexaet hyl ene
gl ycol (neth)§§F?Wéﬁiz%ﬁﬁ%biﬁ?éffﬁééﬁyléﬁ l&ﬁy@oﬁa@heﬁﬁ?ﬁcF?FgﬁéFoﬁély
(et hyl ene gl ycote tretira@netlhyllene rgifecal) o tebh) aerykatepopakytpr opyl ene
glycol -tetra ne. .gl.ycol ). 2t h) acryl ate al yet hyl ene gl ycol.
(neth)acryla?g% éﬁgﬁvgfﬁ§iéﬁéggﬁbgé%96§F§69§8§Feﬁ8m8¥§8 I(gﬁéthggﬁrylate,
pol ypropyl ene sgiagole ( met Wyadmyilat ealst éapyl iQnetthyacr ykateaif ebltyks

th | at e, - but.ylcyal- |+ (Bt F Late, tetrahydrofurfuryl
(1ot ) acr o at T ooy (ot by aer S aEe L e e TR AdST o socyanur at

(rmeth)acrylate, tridecy yacrylic isocyanurate,
201, 3- but yl eneregliiypcalhadivimetd)tdcoyicathe sphadecbut ansdi 6k, dii Coeth)-aér ylsatie,
1, 6- hexanedi ol .. di 2t h) acr, , et ryl.oyl oxypol yet hyl ene.gl yco
(neth)aggylaté?g%%%§§ﬁgﬁgn d?%% é&?ﬁgyﬁﬁgcﬁg¥5’§¥9?%t§85%ﬁgﬁeﬁg gl ycol

di (net h) acryl atve, I totiley cloodecane 1diynet hanol 25di (net h) acryl at e,

par a- phenyl pheraxygt hyl (neth)acryl ate, parasphenyl phenyi (neth)acrylate,
phenyl glycidyl ether (neth)acrylate, phenol (neth)acrylate nodified wth.
3 to is noles of etlhyléreé toxinder ehesobolwekhjaectybat énitijacryiate

modf | 10MO et hyl-ena 10Xl o, enyhphench ¢ pethyacryLate ﬂggighgg Wthsdqto 15
mol es of propyl ene oxide, di(meth)acryiate containing 1 to nol es of an

et hyl ene’ gl ycot? ¢REPR“diiCitet Raer YRt e "€ohyaRRI A ©rtien30 hekesiefsa
propyl ene 35glyeolcChaicr, rbi-sphenehefndi tRBtBLackyhaterppdi Lied with 1 to
30 nol es of et@yl%nehosphﬁn%l @ dlgnethaorylate_nndlfled wth 1 ?0_30 nol es
or propyl ene ol ghich include etohe peroxilde-based, peroxide ketal-
based, hydroperoxide-based, dialkylperoxide-based,
diacylperoxide-based, peroxydicarbonate-based and
29 peroxyester-based organic peroxides.
Although dependent on the amounts of other additive
components, the amount of the photoepolymerization
initiator (B) is preferably 0.01 parts by weight to 50
parts by weight, more preferably 0.05 parts by weight to
25 10 parts by weight, and even more preferably 0.1 parts by
weight to 5 parts by weight based on 100 parts by weilght
of the siilca particle-containing condensation reaction

product (A). Jf the amount is 0.01 parts by weight or

shes required fov

0 active spe

. 1Cion to proceed adegquately is suppliad
during exposure, and since curing of the exposed portion
proceeds adeguately, a practical cured molded product can

be obtained, while if the amount

I . S - - ' H b
35 coated film do not become excessively large, exposure
Pight veaches the vicinity of a substrate surd

oy oy e
riace, and

photopolymerization is uniform in the direction of film



oxi de, bisphenol F di(nmeth)acrylate nodified with 1 to 30 noles of ethylene
oxi de, bisphenol F di(neth)acrylate nodified wwth 1 to 30 noles of

propyl ene oxide, ditrinethylolpropane tetra(neth)acrylate,

t et ranet hyl ol met hane tri (neth)acryl ate, tetr anet hyl ol met hane
tetra(neth)acrylate, dipentaerythritol penta(neth)acrylate,

di pent aeryt hr Hﬂo cihexa(,met h)acrylatie,c.pent aernur i trfaldufc@t rapmekh) acryl ate,
pentaerythrito trJ(netﬁ%?crylate trlnethylolpropane 10( et h) acryl at e,

trimet hyl ol pr opare 159 msth) BtH5A dife nodi'e 66 Wit R91 6 215 Pheltes usf ng
propyl ene oxi de; aﬁmeuiwﬁﬁﬂ§mpmﬂpeMLﬁy(neth)acrylate nodified with 1 to 20
nol es of ethylﬁfﬁﬁgﬁide’ pentaerythritol tetra(neth)acrylate nodified with
1 to 20 nol es t hyl ene oxide, glyceryi tri(neth)acrylate, nodified
with 1 td6 20 nol es [gfomgtchylene )oxizde ngglay ceryiosorivieet hkac ey lFate cnedifii ed
with 1 to 20 ol es of propylene oxi de, glycerol tri(meth)acrylate,

et hyl at ed pentaerythrltol tri(meth)acryl ate, 20di pentaerythritol hydroxy
peMaUthamylmeﬁdﬂ%ﬂﬁmﬂﬁhmammmeMaUthamylMermmfimimth1

mol e of al kyl groups,. épﬁﬂ&perxt k;Qm te %% ”?ﬁ?&%%?Xb%%?e”Dd'f'ed with 2

nol es of al kyl groups i pentaerythrito cryldate nodified with
253 ol es of &'kt grou pssr(p@mlaeraymwmli@t oy etdt ra( methracbylyat e,

n- hexyl 1 ¢ met h)agrad ate. - deewo Lmtih)iaer whatie, di cyclk 9%%&%% &t hyl
(met hi acryl ate, tgﬁpropylene gl ycol . diducthjacryl ate, exanedi 0)

Ol)acryiate, &CCOnYdEr yicattde &Hﬁﬁ%¥0éévaéﬂ@“ p@ﬁté@?cPéFBO§@10fncu A

di npyLi y etingtoviding lap%kﬁ%es%aﬁdﬁih%t heskid cdinoosth)aer yhatey and
dlcyclopentanyldlnetgyI0| neth acrylate. 35[0116] The anpunt ~. addedt he

conp (et h) ac SHAGYI S é?&ﬁﬂeﬁf é“‘r?ol1ékcdluéilf“ﬁ[e%%fml\’§dpr’"€ﬁcé@%i]y@ inggx, @
pa_rtrs] by ng ghﬁnﬁr@\&ﬁ;ﬂ qﬂ&faﬁ:ﬂ]ti)ty\l)egﬁlp;trovggld d@ﬂb%lghef @fn@%bwe? pﬁrtS_ Ib_y
wei ght to art ase parts by weight of the silica
partlclé contalﬁ?ﬁg) oﬁﬁéﬁ%gtPdﬁdrgﬁﬁgpénpppgﬁﬁéﬁ (A %?péﬂﬂﬁﬁg t he
conmpound haV|mgnaﬂ(nmﬁh*ﬁﬁyymmwhxgﬁpmerMgatﬁaleeubeqhh@reﬁfth@ the silica
part'Cle'cont%%Qh?ﬁRSQHQLQéa QHrea%%b%@tgquuch%A%Hgt2§$L§%natIOn of

cracks caused “Shock °¢an b prevent e “added of the
conpound haV|ﬁ@m@quﬂﬁrﬁacr@Wowb gr oup tiopod ymelcécabe el0theteohailsg90Q0ppart s

or | ess based;on 100, parts Q%e@%hghhay be used alone or two or more

20 types may be used as a mixture., FExamples of the
photopolymerizable functional group of the compound (C)
include a (meth)acryloyl group, epoxy group, glycidyl
group, oxetane, vinyl ether, mercapto group, styryl
group, norborneyl group, vinyl group, allyl group and

25 other groups having an unsaturated carbon bond, and
hydrogen groups of these various hydrocarbon groups or a
portion of the main chain skeleton may be partially

substituted with substituents selected from polar groups

v, { Iy 0 ethar Dhond,
20 (ondl, hydroxyl grows, thicebher groun,
carbonyl group, carboxyl group, carboxvlic anhydride
bond, thiocether bond, sulfone group, aldehyde group,
epoxy group, amino group, substituted amino group, amido
group {(bond) imido group (bond), imino group, urea group
35 (bond) , urethane group (bond), isocyanate group or cyano

Group, or a halogen atom such as & fluovine atom,

B P . Ay . 3 i Yo I
clilorine atom or bromine atom, and a (methjacryloyl group



of the silica particle- containing condensation reaction product (A, a
cured nol ded product is able to have an even higher efractive index, higher
transm ttance and hi gher heat resistance. 15[0117] The contai ni ng of
a conpound having a carbon ring and/ or hetérecyclic conpound in the

phot osensitive resin conposition for the aforenentioned conpound (C) is
preferable fraom Vi, ints of .maintaining refractive 20i ndex, inpyoving
Abbe' s nunber?nf%aﬁ}Fﬁ'%pgrgrgﬁpiﬁﬁaagrgn rF%ﬁF%@%ﬁg h%?dﬁ%%svb?wﬁﬁggh

mol ded productes’. curabllExanpkesepheyegtoiipchudén2- ¢nethyactyl oyboxyet hyl

pht hal ate, 2-(peth)acryloyloxyethyl:2-ethyl hydroxyethyl phthal ate,
2-(nmeth)acryl o IdX%E%h&F%§%§h§§%§p%? a?gFé%o¥g[2§¥n%$%)3§%%l%@f%&%ﬁ %pyi

pht hal ate, be itwetrhyacoyl ane, aEOrbdl fred! eyésobognet ) acey|avee

cycl ohexy! (n%ﬁak%%%ﬁh%t%mo%'%M%'@@@Q&@@ﬁk é?E&Q%@CB lQ&im di gycl opent enyi
(met hl acyyl at e, di cyctopentenyl oxyel yl dcryld, yhtEthu i Sobor n
(neth)acrylat8}Sﬁﬁ?éﬁduﬁF@pﬁ@ﬁéﬁ?éﬁMeehédeﬁyé@FPlFhﬁ@hfé@@yt%@eQS@ of

ECH nodi fied pherexys( mgihlaerytathgouphgnoxydi et hyl ene gl ycol
(msth)acrylati,01 ggnoxydlethyl (meth)acryl ate, phenoxyhexaet hyl ene gl ycol
(meth)acryl ate, 3 noxyt etraet hyl ene ql ycol (neth)acryl ate,

tricycl odecanedi nethangliedi Cretbhaetyhiat Bavpayaaphesyh pheppxyet hylou
(netNaq&yiaLcin-ﬂSQOim ara-PEe%éIQhen¥§ éne;h)acrylate, phenyi gl yci dyi

et her (neth)acryFaPe;GEHéﬁor Emeth) aBFyl'ate“rodified with 3 to 15 noi es of
et hyl ene oxi dépetchesoleylngthkaerylyapethadeteed2with 1 to 15 nol es of

et hyl ene oxi de, _nonyl phenol 34 cryl ate. ified wth 1 to 20 npl es of

et hyl ene oxidgﬁcﬁgﬁéfgﬁgﬁgﬁo%ggiE%gcgy gbéiﬁggf?%%%Lgfigh§h?ga%?5ngnles of

propyl ene oxi deethi sphedoly LAzt het hyashyflabehhbdifited aith 1 to 30 nol es

of ethyl ene oxide; hi.sphenel,..A.d} late,mopdified with 1 to 30

10nol es  of prgbylé%e 6§idg; B?Ephéggkﬂéﬂ§?¥%§th§2§?9¥%tg nmodified with 1 to

30 nol €s’ of epHVWéﬁéoﬁﬁﬁﬁé}obi$EﬁéhbﬁCFYMﬁ§ﬁEth)@t@yl@@éYhDdified with 1to

30 nol es of prgpyhene-oxi.de, ?L§9ﬂ§@95x§lgh9£¥€bgygm§%ﬁﬁécrylate, 2

di (nmet h)acryl . ate, pentacycfo%G.S. .13*02-7.0913] 15pent adecanedi net hyl ol

di (et h) acryl &V8r°8reyel opéRtanyrar et kgt of ~dV¢AeEKy deryl ate,

tetrahydrofurnmeyh>éaepmha@;ypahydr@@pﬁgbgggomﬁeﬂpﬂaétfﬂaﬁgxr@hydrpfurfuryl

(nmeth)acrylate, I%HE%P ﬁ;rﬁltc |socianura e, neopentyl glycol-nodified

20t ri met hyl ol Propane® {Hyatr grayeate, 3-methoxybutyl

20 (meth)acrylate, 4-hydroxybutyl {(meth)acrylate, benzyl
(meth)acrylate, butandiol mono(meth)acrylate, butoxyethyl
{meth)acrylate, butyl (meth)acrylate, caprolactone
(meth)acrylate, cetyl (meth)acrylate, EO-modified cresol
(meth)acrylate, cyclohexyl (meth)acrylate,

25 dicyclopentanyl (meth)acrylate, dicyclopentenyl

(meth)acrylate, dicyclopentenyloxyethyl (meth)acrylate,

diethylene giycol moncethyl ether (meth)acrylate,

dimethyloldicyclopentane di (meth)acrylate, dipropylene

giyeol (methjacryiate, ethoxydiethyliens gilvool

7
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(meth)acrylate, iscamyl {(meth)acryviate, isobornyl
{meth)acrylate, iscbutyl (meth)acrvliate, isodecyl
(meth)acrylate, iscoctyl (meth)acrylate, isostearyl
(meth)acrylate, ilsomyristyl (meth)acrylate,
Lauroxypolyethylene glycol (meth)acrylate, lauryl
(meth)acrylate, methoxydipropylene glycol (meth)acrylate,

methoxytripropylene glycol (meth)acrylate,



tris((nmeth)acryl oxyethyl)isocyanurate, imdo (neth)acrylate,

pent anet hyl pi peridyi (neth)acrylate and tetranethyl pi peri dyi

(meth)acrylate. [0118] 25In particular, at |east one conpound sel ected from
t he group consisting of dicyclopentanyi~(heth)acrylate, dicyclopentenyl
(meth)acryl ate, dicycl opentenyl oxyethyl (neth)acryl ate,

d|nethyloId|Cﬁ§kgg§g§%n§egn%§gg Qgggneg&bgh%agp yl{éLh)G(ljS pr ef er abl e

for the (net acrylate conmpoun avi ni car g andhet erocyclic
conpound fromekéowyewpeithty lefiel aplovi QMEéhfa@rvb@t@nd@&L@%b Abbe 's

nunber as “ellm%%h@%@&&@@%@'tMecgéh@y@dglglgﬂ b&n 8§@é'vﬁ%£¥ﬂ§¥¥$ﬂaiélay

al so be added he conpound havi ng a photopoly ri zabl e functi onal
group in a noll€ddPd t hereof, and exanples of - 60 - reactive oligoners

i ncl ude wnsat ur at e@c@@&yﬁéﬁ?&$hy@@h?éeﬁﬁﬂ.@iOﬂaély}_ﬁ’P&]}!}by&@Q' ne-and
polystyrylethyl thacr ate. Althou monof uncti o unsa urated conpounds

and pol yf unct i‘8fFal’ GhsY dFSteacééﬁﬁﬁﬁhﬁéaéfé}ﬁ?%clﬁﬁ%ﬂ {Retheder Y edleti ve

ol i goners, bO@JlarB{BﬂanymghbﬁﬁaL/eUH§a£ﬂ£a@@ggé‘@nm@lﬂldﬁdéﬂﬁl@l@é yfmil onal
unsaturated conmp a plura it be al so

e n o]
bo used as a MELLAraT REHOGEh GobRATGRE ! ShEr nan SEoAt Soar oPHer oLl e i ves
added, the andmnuh@hct&éai@afphenen?eeneﬂ reachj yerpligomer added in the

case of(add'tgggfgg$gggf@k§y9 B oLEOLL D RBLR PaRY YBL O L0 BDD parts by

wei ght based e’ si f cl e-contai ni ng
condensati on péaepk@nopmadUby @A@ gamdoﬂf (addetlaaty 890e pape By byt wel gt or

| ess, cured 1é??£quLB¥QgH8EﬁHgéﬁ ﬁ § %9 h?MSLﬁP gfap%gher refractive

i ndex, hi gher ansm ttance a eat ‘resist 0119] An adhesion
pronoter may &P ( Qéoﬁdd@det@iVﬁ@Tré@Lﬁd@@bbﬂb@@@t@bﬂC@f t he present

invention as therGOAROYNE LD polyethylene glycol (meth)acrylate,

15 polyethylene glyccl-polypropylene glycol {(meth)acrylate,
polypropylene glycol (meth)acrylate, stearyl
(meth)acrylate, t-butyl (meth)acrylate, t-butylcyclohexyl
(meth)acrylate, tetrahydrofurfuryl (meth)acrylate,
tridecyl {(meth)acrylate, di(meth)acrylic isocyanurate,

20 1, 3~-butylene glycol di{meth)acrvlate, 1,4-butanedicl
di{meth)acrylate, 1,6~hexanediol di{meth)acrylate,
{meth)acryloyloxypolyethylene glycel {meth)acrylate, 1,9-
nonanediol di{meth)acrylate, tetraethylene glycol
di(meth)acrylate, tricyclodecane dimethanol

25 di (meth)acrylate, para-phenylphenoxyethyl (meth)acrylate,
para-phenyliphenyl (meth)acrylate, phenyl glycidyl ether

(meth)acrylate, phenol (methjacrylate modified with 3 to

o

15 moles of

ethylene oxide, cresol (meth)acrvlate

LI L slliylena OXide,

B o L T R PR
L A R R A B S T W |

ethylene oxide, nonyiphenol (meth)acrylate modified with

Pto 15 moles of propylene oxide, di(melh)acrylate

containing 1 te 30 moles of an ethylene glycol chain,

di (meth)acrylate containing 1 to 30 moles of a propylene
35 glyvecol chain, bisphenol A di(meth)acryvlate modifiecd with

Ito 30 moles of ethylene oxide, bisphenci A

di(meth)acrylate modified with 1 to 30 moles or propylenc



havi ng a phot opol yneri zabl e functional group in a nolecule thereof for the
pur pose of inproving adhesion to various types of support bases. Exanpl es
of adhesi on pronoters include silane coupling agents, and specific
25exanpl es I ncl ude organi ¢ al koxysi | ane-cohpounds such as al koxysi |l anes
containing a hydrogen atomdirectly bonded to a nitrogen aton]

2 koxysi | anes contal i bA2,a0 QXY O QRO LALOL 91 PUDy P12 I koxys

.]....anes containi'ng a ese org
aIkoxysllZ e @@&ﬁ@u@dsehévé@b@eﬁtharobyzpdoa@d Eoﬁdemsemiiﬂwyﬂ&mnmns

thereof.. Exapplies ;i Bchggg YIQ%|§6I&B %o§yl?pg%¥¥éggl5r get hoxysilahe, vin

yltrlethoxy5|lane % 5e oxycyclo exy trimethoxysii-le, 3-
egC|doxyprop€P$FﬁW§$ @kyéPFPP@P?CF@bX?bWQbQ et hii e et hoxysil ane, - 61 -

egCIﬂoxyp[Opybmwu@bh9§y5Pganﬁanp §Ey[métﬁ;g@¥pp§yéllane

et hacr y1 oxy b 6ps PUFT RELHORGL P Ane! cBra et ) acrylate,
nEtEacry:Oxypﬁﬁpyhﬂethyhdketh@XMQhL%mﬁetﬁjacrylal@,ldapentiﬁlyLaﬁlto?

met hacryl oxypraopyi tri 0X ane acr opyl tri net hoxysi | ane
N—2(an1noethy%fgé m%ﬁ§i8bF§E§{?r.ﬁ%?h%?b%g? %gf %k%ﬁf%%%@ Fyygite,
aninopropyltrpehha&ysLhameol3£rammabnr@@yytatﬁﬁthﬁ%@é&mﬁﬂmﬂpﬁbpane

10am n opylt N | ne, t hoxysi | (1, 3-

ai ot iy bty TGRS oY Shp P e hET MR Bhanyas 36 a5 P BBYT T Ret Hkysi | ane,

anlnop opyi
?—(V|nélbenzyf§d2f€ad1w@9hhylte ahimobt@pgttpr@?yh@m@swiame hydrochlorlde
ur ei dopr opykt.k ] r OXYSi
mer capt opr opy| i Fg? %kggggfléﬁe§ﬁg RLE gp%%ér%§@%?r%%etLoxyS| ane,
b|s(tr|ethoxy§plWpéfépyf)et@vﬁgﬁﬂl®¥@@0,3@¢@b@®a%@mep¢@byltr|ethoxyS|Iane,

vdnyl tris(2- n@éh@éYﬁéb9¥¥2§yh§D§,m89YfD¥&”§}@N'g'@@tﬁ@xﬂélééﬂﬁz 3-

mer capt opropyl tri et hoxysil ane, 3-octanoyithio-1- propyitriethoxysilane, 3-
|SocyaHdTeprob&hV#FH@tﬁék?@rIahéLLiYJ tri(meth)acrylale, modified with

3-triethoxysiiyioNed, ﬁodeEbbyét@ytahéd@ﬁﬁag,3giyger 1

25acryl o ropyltri ho | ane, nyl ben
(Er Lot hoxyst FYi prhG1 50t kot bt s Hed hyaHoGhT ot i 4 moles of

glycidoxypropyknppmyhdiﬁeﬁh@xygl?@@e@lbLsi3ﬂgth yacrylate, ethylated
(trlethoxyS|I¥|%pdep¥LL §u&f r]tmﬁ hYé@Ey cetexyqllane triisopropox
20 dipentaerythritolhydroxy penta(meth)acrylate,
dipentaerythritol penta(meth)acrylate modified with 1
mole of alkyl groups, dipentaerythritol
tetra(meth)acrylate modified with 2 moles of alkyl
groups, dipentaerythritol tri(meth)acrylate modified with
25 3 moles of alkyl groups, pentaerythritolethoxy
tetra (meth)acrylate, n-hexyl (meth)arrylate, n-decyl
(meth)acrylate, dicyclopentenyloxnyethyl (meth)acrylate,
tripropylene glycol di(meth)acrylate, 1, 6~hexanediol

ne i aoryilate, Disphono

LA diglyoidyl eltber
S npacryialte, Ovdrox L aord neopentyy GLvao]
di {met h,a<ry ate,
pentacyclo[6.5, 1. 1% 057 0% i})Liltcicuﬁt,d}]hijjiﬂk“”1]Yi ol

di{meth)acrylate, and dicyclopentanyldimethylol
di(meth)acrvlate.
35 fol11e]
The amount added of the compound having a

{meth)acryloyl group in a molecule thereof is preferably



kgyi sitaOo,y"' HuLl eexyeec, and N-(1, 3-dinethyl butylidene)-3-

am nopropyitriethoxysilane. [0120] Al t hough dependent on the anounts
of other additive conmponents, the added. amount of the aforem oned'-ne
coupling eq e tl.s preferably 0.01 parte by weight to 10 parts by wei ght
and nore preferably 0.05 parts by weight - 62 - to 5 parts by wei ght based

on 100 parts by F@?A%h%¥ﬁQ95g%tS|Ilggopﬁr%tcl - contginlngdcondensatlon

reaction produc unt "of Cco |ng ent dted”i's preferably 0.01
parts by wei ghitrede mabrley ba@@dtaanOGOpahtsLby3ﬁ@|ghrLSObytheightlbaspd

particl e-cont g-nipg conden g gegﬁﬁag?'gﬂgpgggygg éé?t%[?%}&?ﬁtgif¥ﬁ int of

i nprovi ng adhesion, and is parts ess t he
vi ewpoi nt  of §#%¥§@éd§ﬂleFpﬁ?th012IPde¢héAPomeBYIﬁﬁﬁtnﬁfthﬁe equi val ent

of phot opol yneizabhe %HQ@B@OBakaE9%@%r?ﬁo§meg959&0§§”§'&bY§c§1 i cone
resin conp05|t|on i s preferabl or nore, nore preferably 1.0

mol / g or nor éP&RGCévER hﬁf@e‘vﬁaﬂéﬁéraawlg o~ HftBI-# ¢ BRI NBPROE R ot t P

15vi ewpoi nt Ofle@m(ibnr esbabancen) | ntaddirbi-an: i bhecuppehicks nt:tn9dqathe

equi val ent of hotog nerlzablg functlonal g;ﬁgps of the photosensitive
silicone resin CoMp o1 8 pPef BraBRytads | FG€of™MPeRs, 2fore oF
preferably 4. @h@nnbm@oomdlegslaqdaevﬁlthméerpﬁeper@bbyp3;5 ameb 1 go@re 201 ess

fron1thQJV|er%| gogfqgobﬁgegglg shrlnkage cur Qﬁeg% ké{gghz%l w th

| i ght the equiv ént of pﬁoto oTy Yiza oups
refers to theOﬁuﬁb@r%@ﬂJﬁBlesrmﬁcﬂhe equtaahen@ obnphos@pobynecizabbe

functi onal grg&gﬁue%f ﬁ grégFB?eEh%o Pgﬁo b&[v sShhigopg fesin,

conp05|t|on t he Meri za |ona groups are derived from
the silica pafFtieel éu@ ﬁﬁ”alrﬁﬁﬁgcmﬁaemséexonhm@}a@r| bnalpﬁrodt:tmm\)aaa@d t he

compound (C) havhag acaki dbbacthgreeplae
15 {0117]

The containing of a compound having a carbon ring
and/or heterocyclic compound in the photosensitive resin
composition for the aforementioned compound (C) is
preferable from the viewpoints of maintaining refractive

20 index, impreving Abbe's number, lowering cure shrinkage
and improving hardness of cured molded products.

Examples thereof include 2Z-(meth}acryloyloxyethyl
phthalate, Z-(meth}acrylcyloxyethyl-2-ethylhydroxyethyl
phthalate, Z-(meth)acryloyloxyethylhexahydrophthalate, 2-

25 {meth)acryloyloxypropyl phthalate, benzyl (meth)acrylate,
EC-modified crescl (meth)acrylate, cyclohexyl
(meth)acrylate, dicyclopentanyl (meth)acryiate,
dicyclopentenyl fm(ﬁ't':h)ac:r:fyl.—';‘.:t@, dicyclopentenyloxyethyl
itmelhjacryiate, dimethyioldloye ST AT

I BT RO F e e S N S B T
CANed WL Gy \',,':x,u\,uf)y,,Lr,'). u\':\,( .w'iz\.;;i\/‘,\. \zlt\ ufalk i \/ s ;\ [ ;

ischornyl (meth)acrylate, para-cumylphenoxyethylene
glycol (meth)acrylate, ECH-modified phenoxy
(meth)acrylate, phenoxydiethylene glycol {meth)acrylate,
phenoxydiethyl (meth)acrylate, phenoxyhexaethylene glycol

35 (meth)acrylate, phenoxyvtetraethylene glyaol
(meth)acrylate, tricyelodecanedimelthanol

i

di(methjacrylate, para-phenylphenoxyethyl {(methj)acrylate,



c:5 pholopete vale' on groups derived fromt e sili.ca
particie-containing condensation reaction product. (A) can be cal cul ated by
di vidi ng the nol ar anmount of photopol yneri zabl e functional groups in the
raw material s used when producing the stligar particle-containing
condensatf- reaction product (A) by the weight of the resulting si L---ca
particle-contajnin re t|on oduct and t he
equi val ent of p%bt 1%ﬁ§ﬁ§$?§ gm% Ef oﬁa1[gfo%hgnﬁe?§v(aj§rd%%?
conpound (C) Ha@nﬁgaarph@t@pobyneoﬂzambehfancyl@nalmgduﬁpEdnwatmnBaumle
{hor eaf can be-calaukabedobh dLxLobpgqLhecpunber (of pholopelyrer | zabi e
functional groups in a nolecule thereo by no ecu en the
equi val ent ofm@ﬁéﬂeﬁélyﬁéhliabpelﬁumeﬂﬂénaf gtbmb@n©f0¥$@ﬂ5|llca

particl es cont %'oﬂfy@%h%ﬁ@@ie'?ﬁﬂ h%c??@g{boﬂo&f nggtwmx 1Su_d% %&1@«5‘ KA,
the equivalent o hot opol yneri zab functi onal groups he conpound

(C) having a 6F18tY658FyHé%ﬁfabl“@“ﬁ’&ﬁ%?ﬂ@hal ngEBUpCF Rt catw%m eeq herdof s

defined as X(@) ict he mught cFabkepoicthbessibibcas paptdicd e-gont ai ni ng
condensati on re cti uct A%lln t he hotosenS|t|ve silicone resin

conposi tion i§* @Flﬁéﬂ IBag 9 Ay éhﬁdtﬂé et ght TatTolef the® dorpdifid (0
havi ng a phot OQQHWTEan@bbﬁofLUHCHhQmathgéﬁﬂpl&flommdﬂ@iep@ﬁththEI’BOLfoI§O

def Y , th | ent, of phot opol i f t I
roups dF >t e e8] L8 L e O | B neER T A E A S F o Lo he
20cal cul at ed hpdXCARdxwYEA) 1+t X( €Y mol%é)of[@ﬂ@ﬁ]e@@m@x@d@daMﬁsﬁMmMQH

U traviol et A@sgéQﬁELﬁgz] ﬁg @ch8é ggQ& QPQAO{ H$t§§ h%%eé gpsorber (0)

may al so be add osenS| Ivé siTicone resin conp03|t|on
according to Pﬁ@pwﬁ@Q@n@xﬂﬁvenbﬁ@ph®n©h1%h@ivlemp@vhtebmernprOV|ng heat

resistance angd;l, ghg dg§ stanpce,. Lesof st pe, antjoxi gant, and/ or
ul traviol et absor er Y |ncfude tﬁgpsugstances Iomrl)khelvaH
15 pentdduudngdjmgihylol di(meth) agryLaLg,

dicyclopentanyldimethylol di{meth}acrylate,
tetrahydrofurfuryl (meth)acrylate, caprolactone-modified
tetrahydrofurfuryl {(meth)acrylate, di{meth)acrylic
isocyanurate, neopentyl glycol-modified

20 trimethylolpropane di (meth)acrylate,
tris({meth)acryloxyethyl)isocyanurate, imido
(meth)acrylate, pentamethylpiperidyl {meth)acrylate and
teltramethylpiperidyl (meth)acrylate

[0118]

25 In particular, at least one compound selected from
the group consisting of dicyclopentanyl {(meth)acrylate,
dicyclopentenyl (meth)acrylate, dicyciopentenyloxyvethyl
(meth)acrylate, dimethyloldicyclopentane
i meth)ac: Lo, Lricyolodecansdlimethanol
Gl {meehye and Lsopornv, {methiacoviate i3
preferable for the (meth)acrylate compound having a
carbon ring and/or heterocyclic compound from the
viewpoint of improving refractive index and Abbe's number
as well as availability.

35 In addition, a reactive oligomer may also be added
as Lhe compound {(C) having a photopolymerizable

functional group in a molecule thereof, and examples of



pentael ythlitol tetrakds[3-(3,5-di-Lerl-butyl-4- hydroxyphenyl)propionatej,
t hi odi et hyi enebi s[ 3-(3,5-ditert-butyl-/-hydroxyphenyl) propi onate],
octadecyl-3-(3,5- di-tert-butyl-4-hydroxyphenyl)propi onate, N, Whexan-1, 6-
di yl bi s[3-(3,5-di-tert-butyl-4- hydroxypheéfiyl) propi onandde], benaenvm air,
doid, 3,5- his(1,11.diffiethylethyl)-4-hydroxy C7-C9 side chain alkyl_ 64 -
?ﬁégrty?eﬁ 23446H5x§1)pﬂéﬁm&$rt n%qb%e %F%ﬁ?u%ated polyesters,
dlethylb|s[[3TEEllbfiis‘(C—]/fjfl»im‘-ﬂmﬁetmblle*‘dtiltlljlld)?ht%éfllery(f;ilf"icjxymplheﬂyl/]fvle’tl’ly'i
”Ethy||phOSDhQﬂ@gﬁﬁoryi@Qob'S@QQ%%M%R'BgﬁgﬁﬁhliQOEE?SBhSaLuraLCd

4, 6- hi s(dodecyl t hi onet hyl ) - o-cresol

et hyl enebi s( 0¥FStRHNSHe PBIcs Rlus Lrei tobaty BnaahydrbRs- APOPYIYPFopEonat e] ,
hexanet hyl enebis{i3red, Ivditnlkekt vhubyk4z Bydpoxyphenyb) praphopatelional
1,3,5-tris(3,5-di-tertbutyl-4-
hydroxybenzylf“f%?W?%H@dafpﬁéoﬁn@GGdP?HpgﬂygﬂPC{19Pﬁﬂohésakéa@f?%n product s
of N—phenylbemzﬁmﬁaﬁknen@@db% ﬁsédnrhhaebhghpea&¢n9,o compounds may
2,4,6-tert- bu ﬁ @ﬁ 6-bi s (oct |th|0ﬁ | am no) phenol and
2, 4- dlnethyl 6L hylﬁgn?ddécyﬂiﬁ &hiol : AELhough(@?p%ﬂ8§5h096u%h%ased
heat stablI|zemmnnﬂn;$ﬂ2p4h@nteﬁwabuwﬁbpheﬁyh)phﬁsphﬁbenandi the

nci a1 St R kR B BB sErEY uabEf Bateree o
th|0d|propion@@@l&n@ndnacva@écyﬁ 3r3iethbéglprppk03abe wé@@ﬁﬁ28¢ 900 (4)
benzotl i azol e; %%%d %@% %?l %85 gb?bﬁ g%rts b Ecl%yt of the

(2H benztri azol - 2- y1 eso benzatriazo

4, 6- bi s(1- met Wlhfﬂph?@lﬂfylleﬂI@yIC)mplaen@hQ gohBephbhbro2idyction product
ben. zot i azol - %gyl%n@,Q?tgﬂéc@ att epb- BHP¥E)BP6Q%h h% 6261css, cured
25benzot ri azol di-tert- Eenty pheno

benzot ri%zol - @U¢ffd4P€PdF@3b3ﬁl?eﬂ éﬁe#ﬁyhbﬁ?yh?pﬁéﬁblhlqhef

2, 2' mret hyl enebirs[:6+(26- :heprzot hiiazel- 2+¥%1)km4r€dnde3 aﬁd hlﬁhor heat

tetranethylbut IIphenoll, reat hon products of nethyl 3- 0,acid

(2H benzot ri az6i*"21¥€6- dodecy1- 4- et hyl phenol ; (5)
cyanoacrylate[baaeq U|travLoIet absorbers. 2,

bi sH2- cyano- 3, 3-di acr, |Inemh\ll ropan-1, 3- 7 ,

di yi - bi s(2- cyano- 3! %ﬁeﬁ F9P8@8¥,m Yc?§ﬁ8-§?39d§%8ibﬁeh??aﬁ??f?c aci d

et hyl ester an@m@o@yam0ﬂ3p$ Ldnrbkenyhachnvm&tloﬂ-phhtyéhpxmbo@sﬁohC)
(6) triazine- ult i r D22 (4, 6= - 65 - _diphenyl-]
3,5t azin-z-g% qq@[fhéﬂéﬁﬁéé %ﬁgngﬁlg[6ﬁﬁi'lb“dl Grodb gy a
benzophenone-@@ééduﬁbtﬁaekabétiabs@hbePSYPQGEabéanpegvinq adhesion to
2, 2' - di hydr oxy4,4\.sdi-pethoxybenzaphen and 4T
tetrahydrobenzgpheﬁgneEFB Pé? E% g%ég anF%gﬁgggedO%h%?%?%é?%al
stabilizers: #BUCYFER RECLPBRyEbhdBASAPEBALPEodUeRsS of algd3sBecific

triazime N, N chbs(262, @n@ih@gr@?gEHY% 41RbReLE dyl)-1oBnounds such as

hexanethylenedl mne and N- (2,2 6-tetranet hyl- 4-
Lkoxysilanes c;onLgumnq a hydfoq( n atom dirvectly bonded

Lo a nitrogen atom, alkoxysilanes containing an epoxy
group or thiocl group, or alkoxysilanes containing an

OHIG BUCH as a VinyL Groun, as well as

NI T oo e Pory 4yl by -~ 1 F W S-St F I T S S
Rt LUy AR A P i Wi hedd A e e Af A SR N W AR 1 S I lon DUl i B AN L ed Ty

of these organic alkoxysilane compounds have been
hydrolyzed and condensation produclts bhereof. Examples
include vinyltrichloresilane, vinvitrimethoxysilane,
vinyltriethoxysilane, 2-(3,4-

35 epoxyeyclohexyllethyltrimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-

glycidoxypropylmethyldiethoxysilane, 3-



10pi peridyl) butylam ne, poly[{6-(1,1,3,3- tetranethyl butyl)am no-1, 3, 5-
triazin-2,4-diyl}{(2,2,6,6- tetranethyl-4-piperdiyi)imno}
hexanet hyl ene{ (2, 2, 6, 6- tetranethyl-4-piperidyl)imno}], polyners of

di mret hyl succinate and 4- hydroxy-2, 2, 6, 6- ¢tetranet hyl -1 -pi peri di ne

15et hanol, olefin (C20 C24) .mal ei c anhydride.4-anino-

2,2,6,6-tetra ¥l pi I s(1,2,2,6,6- . 1.
pentanethyl 4%§5gér| ﬁg?gquﬂ %g@ﬁ% t&y?eyﬁgﬁf?J@@Lhoxysjldne’
hydroxyphenylFh@ﬁﬁykmbuﬁ@kywabﬁméméthbﬂéémGQhQXBbSJan@, 3~

pent anet hy1- 4~ piperd.dyl 5 . 6-
20pent anet hy1- 41p|pg?;g%y@?%%%%%?gm@%h@%% Li&%el ?etranethyl 4- pi peridyl)

sebacate, N vﬁﬁﬂ@@grglgxgpropylmethyldLethoxysllane, 3

et ramet by L Aplber gl Novgl L ek vk hexgoet byl ensdi ani ne: (9) other
heat stabilizers 2

25tetranethylafr@iQ§YP20PV|ﬁéﬁWﬁFbP?Méé%i?eQFNb%hi%bV?%hBylB 3ol ,
21, 3- bi sH3- [3ﬂ5ﬂ@b@h®©@1bMUMétﬁUQyQﬁQéMQheN¥P]amjnoelhyl) 3-
proplonylllpro%{onoh dr (10) other ultraviol et absorbers:

2- et hylhexy 4 |jantOpﬁgiféfihoxy%l+ﬁ@ean?|OX|dant and/ or ul travi ol et
absorber (0) mmzm@peopweieﬁabkyoayhnmdebedBBhenol based anti oxi dant of (1)

above aﬂ? a hbﬂﬁ%(% %yl@lje QXBQhQEOthegnprwg% g%|LZ (12 &?) above from

t he vi ewpoi nt sol Ul Aot 6S&f conposi ti on? And* evon” fror e
preferably etWyM@ﬁ@ﬁdsb@oxyeﬂhybepeppyi884057t§rpheny166—-

but y1 - 4-hydr oxysantolgl) -piael anatel | CRASESE, .1 ganox0, 245). The

ant i oxi dant an aVI olet a e used al one or
plurality may2Béngsédviin 3c@mbnﬁ§rp@mltrlmeLhﬁﬁVh@hghedép@ﬂ@@hioond¢he

anmount s of ot@ehF@q@b k$§nggpgpggkgblggg@anqunt of the antioxi dant and/or
uItraV|oIet absor ber (0) refera é 0 parts by weight to 50 parts by

wei ght ,*hore hﬁéPéP&BPVYéﬁéaﬁé#hPﬁahi aparts~by weight to 5 parts by

wei ght, and e‘?ﬁ%ﬁ*c@%ﬁ%pJﬂ@pQ&%ﬁA@h?bBYmQL}]}oQ?E‘i$d9¥ weight to 2 parts by
wei ght based on 100 parts b ht of the si|ica partjcle- contalnlng

condensat i on P@éEPP5ﬁp5P8Mu ~{LHPR] NCAEI T RBR. of T het ARt Ok dany LRRdP B
ul traviol et abhserbern DXl nprovesyhaategtapiylttyetAcAyBLLERGEN

vinyltris (Z2-methoxyethoxy}silane,

20 vinylmethyldimethoxysilane, 3-
mercaptopropyltriethoxysilane, 3-octanoylthio-1-
propyltriethoxysilane, 3-
isocyanatepropyltrimethoxysilane, 3-triethoxysilyl-N-
(1, 3~dimethyi-butylidene), 3=

25 acryloxypropyltrimethoxysilane, N-{(p-vinylbenzyl)-N-
(trimethoxysilylpropyl)ethylenediamine hydrochloride, 3-

glycidoxypropylmethyldimethorysiiane, bis|[3-

tethoxyeilyl)propyllidisulfide, vinyltriacetoxysilane,
i CoporySsiiane, allyitrimethoxysilane,
Labiyidimethyvilsilane, Jrmercaplopropvitoliatbonysilana

and N- {1, 3~dimethylbutylidene) -3~
aminopropyltiriethoxysilane.

[0L20]

Although dependent on the amounts of other additive

T B S, " . . e 1 e I
25 components, the added amount of the aforementioned silane
coupling agent is preferably 0.01 parts by weight to 10

parts by welght and more preferably 0.05 parts by weight



15at nosphere as well as heat stability in an air atnosphere. [0126]

In addition to the aforenenti oned conponents (A) to (D), an inorganic
filler may be further added to the 20photosensitive silicone resin
conposition of the present .nvention. The®drganic filler preferably has a
mean particle diameter that is equal to or less than the mavelength used in
the target appli cat o] i.d _det feg n
transmttanceIq %ﬁgp%ﬁgf)gwgan EtPgﬁgddlgné?grB?hg%egp ﬁ?gfgia Py 100
nmor |ess. IﬁﬁﬂgéﬁrékﬁﬂPKeﬁs @@VLﬁnpee@efﬂedhaﬁﬁéabnpreperroespomdmCt

ni pt hermal co ctiw | T <Al t ar, r
iimttaticns Pﬁgreon§k¥ﬁgﬂ%??nﬁg-cgﬂ%qgggrgﬁéﬁtc %dgg Egt%#%ﬁ%gé%lﬁe

Ji.riorchiartif Uk pagtsrdp wepghty of. m@F@tﬁébﬁésPﬁ &6 @értﬁth|§G1QMLand

it has fevorabﬂfrﬂ@!@@bhkht%arEQ&E@ekgﬁmginRhé af.anenent i oped:peAN,Particle
di aneter is a val ue det qlned calculating fromthe BET specific surface
area. Al thougP tHe“4nddnt 6Pm|ﬁBFgaﬁPEPPFPIePfcéﬁpEQVé@q eitediatcotdiing to
the Q1) 1ectnwegamdewabdependea&Lenbyheeagnunbroﬂe@%hefo@ddhelve
conponents, it .is refer faor exanple - 67 - part by weight to 60
parts by mergh? oﬁgiprefe¥85990 %bﬁggélby wei ght to 60 parts by wei ght
and even nore [pi&fldrably 5 parts by wei ght to 40 parts by weight based on

100 b ht., af I d t t
rodhet (a)) [owa7] % "RELIEER PELEVE BB TSl Bient foned components (A)

to (D), a solW@ﬁﬁO@@YVWerﬁ@ﬁbherfaddéd@ﬁeltbeOphetoeeneet|ve srlrcone resin
conposi tion 0%hb@%g%%%§%”%e'@%?“£ fa Pg 1?395H§§3Y{ ﬁﬁsk% i?g§f§£

exanpl es of salvents iInclude N, N— I met or ma pyrr I|done
Net hy1- 2- pyrr@lpdeﬁel/eeeramyaﬁof@péﬁ pmemﬁrﬁeﬁhyra@emmehr@eor more

di ret hyl sul f oxindecven more preferably 1.2 mmol/g or more from the
1h viewpoint of crack resistance. In addition, the upper
limit of the equivalent of photopolymerizable functional
greups of the photosensitive silicone resin composition
is preferably 4.5 mmol/g or less, more preferably 4.0
mmol/g or less and even more preferably 3.5 mmol/g or

4o

20 less from the viewpoint of volumetric shrinkage when
curing by irradiating with light.

Here, the eqguivalent of photopolymerizable
functional groups refers to the number of moles of the
equivalent of photopolymerizable functional groups per

25 gram of the photosensitive silicone resin composition,
and the photopolymerizable functional groups are derived
From the sillica particle-containing condensation reaction

product (A} and the compound (C) having a

functional group i a moiecule

e Phermol, vivmerizablie functional
groups devived from the silica particle-containing
condensation reaction product (A) can be calculated by
dividing the molar amount of photopolymerizable

functional groups in the raw materials used when

30 e [ oy e e
33 producing the silica particle-containing condensation
reaction product (A} by the welghl of the resulting

silica particle-containing condensation reaction product



hexanet hyl phosphor am de, pyridi ne, cycl opentanone, y- 15butyrol actone,
a-acetyl -y-butyrol actone, tetranmethyl urea, 1,3-dinethyl-2-im dazolinone,
N-cycl ohexyl- 2-pyrrol i done, propyl ene glycol nononethyl ether, PGVEA,

met hyl ethyl ketone, nethyl isobutyl ketoné, —~anisole, ethyl acetate, ethyl

| actate and butyI | actate, and one type of these 20can be used al one or two

or nore types gan Q@l sed %@ququg%Ek Plo %H? §Bl¥e uﬁbeona thyl-2-

pyrrolidone, y- utyro actone a prefera
Al t hough t heselisolRFerntes igan! 6é0§u¢ﬁ§bb?madded t théVphgt@senS|t|ve

silicone res'@ﬁﬁﬁﬂﬂQﬁH&kQQza%@%C% g @QOEQ1C 95@? fE'H1§BEQEQ§éSL§EQeof

viscosity, they are preferably used ange o parts by wei ght
to 900 parts 6¥”Méﬁbﬁﬁlﬁééééeﬁnbyoglﬁaﬁﬂ§9byh@eﬂgﬁbeéfOf In addition

to the aforengidroned eRIRORENES r(A):ct8nkk) grau §n$ht52ﬁéjépﬁlbnpr0VIng
phot osensi ti vi ?t further. added to the photosensitiyvw si 1. ¢ -if
é&%?ﬁ“ﬁg Yo

conposi tion a mPHECHFééeWF‘9H$entW8ﬁ“ EQ%H%Q@%VQ}EHEeﬁgltlzers

i nl ude VUChIeyﬂﬁﬁkﬁhﬂ@ﬁe14¢éb&ehﬁ&ﬁdmebhmhaqkBQbEeBZOQH@nﬁnEac@,a bis(l'
a 68 - dlethylanlnogen i_dene cyclogentanone 6- bi s(4'

di et hyl anmi nobenZyl' ené%@&@l&ﬁ KafOREc 39620 §paction product (A) is
di met hyl am noberizyls€ddemse (-4 nrethyl eyicl ohéxanoné, pRobepolymerizable

bi s( 4’ ﬂﬁethykﬁg*QQQ%%%y rgﬁgg)OQZgﬁgh¥ %¥8L8Qe¥epOHSV1nq &

54, 4" - bi s(di et am no) ch
dinethylanlno@ﬁwﬂ@@pﬂW@@meYahdanénecL2@041 group in a molecule thereof

di met hyl am nohenzyld;dene)i.ndapone,,
d|nethylanlnoblphenﬁl)benzotﬁlzzoﬁé% ggééﬁt ﬂtlo of the silica

d|nethylanlnoEWﬁﬁéﬁ&PYE@ﬁféﬂﬁﬂaﬁoréﬂdihgabﬂ904f@acfion product (A) in

10dlethy|anln@m%n§ bh@%@%k@@@%@ngul%céng'$é§}ndLSﬁ ML?Q&Qnggzﬁéfgﬁgg)
acet one -car onyI §7- di et élanlnocopnarln acetone, 3-acet -

di met hytam noéGurfdfin, a§de héxyearbonyal 7o @(nﬁbﬁy%@%?ﬁ@é@uhﬁ}|thIHQ

3- benzyl oxycambenylvp i ibdirAekRY LariAeEQUARBL I §rodp MBE hoXxyeaLbeny 1- 7-
dlethylanlnocEénarl 3- etonycarbonyl 7- dlethglanlnocounarln

N- phenyl - N- et AF&ERANSFafrhé i RpReny i Cdi et R&RoF Bfi partvalent ok

N p- t0|y|dietb&n@b@@ﬂ@ﬁermﬁhem¥|Ehhaﬂ@bﬁﬁﬂn@roup% of the
N, N- bi s( 2- hydr.ox | i noben oghenone

%%E%s% lV Ine Eho
4- dlnethylanlﬁoﬁen20|c aci Séééﬁypee§?§ GOUPRE AT afi nobeRZoi ¢ aci d
|soanyLMEsterpdbenlatéuabglﬁ (A2- mevcapt pbenzi nk dazoj e, 1-phenyl- 5-
nmer capt o- K% égéetrazole, 1- cycl ohexyl-5-nercaptol, 2, 3,4- tetrazol e,
1-(tert- butyl) % rcapto-1, 2, 3, 4-
[Antioxidant and/or Ultravicolet Absorber (D)]

An antioxidant and/or ultraviolet absorber (D) may

also be added to the photosensitive silicone resin

25 composition according to the present invention from the
viewpoint of improving heat resistance and lLight
rasistance. Examples of the antioxidant and/or
ultraviolet absorber (D) include the substances 1isted
brer Lo s

S14 () hindeced phenol —hased antiozidants:
pentaerythritoltetrakis |3~ (3, 5-di-tert-butyl-4-
hydroxyph@nyﬂ)propwona”@i, thiodiethylenebis|3-(3,5-di~
tert-butyl-4d-hydroxyphenyl)propionate], octadecyl-3-(3, 5~
di-tert-butyi-4-hydroxyphenyl)propionate, N,N'-hexan-1,6-

3h Adiylbis{3-(3, h-di-tert-butyl-4-
hydx@xyphenyl}pr@piwmdmide?, benzenepropanoic acid, 3, 5-

bis(l,l-dimethylethyl)-4-hydroxy C7-CY9 side chain alkyl



25t etrazol e, 2-mercaptobenot hi azole, 2-(p- dinethylam nostyryl)

benzoxazol e, 2-(pai net hyl am nostyryl benzthi azole, 2 (p

di met hyl andnost yryf | napht ho( 1, 2-p)thi azole and 2s (p two or nore types may
be used as a ndxture. Although dependemdl dn:- t he anounts of other additive
components, the ampbunt of sensitizer added is preferably O parts by wei ght
to 10 parts by,wei,ght- and -nor e, pref-erabl.y -1 .part jweight. .to 5 parts by
wei ght based on 100 pdrtéby'ﬁE?be of?ﬁ%gpégﬁ?.(?ﬁ??%rgygcéﬁdensation.
reaction. produgtstimen-2, 6$-Liul2gyi-p-creprladdrtirdint o the

af or ement i onedy compoenent s {A-ie (Dh.-carRehyrerizat Lonyi,phibRiLAEGan be
further added to the photosensitive siliconé resin conR05|t|on according to
the present i AEnty on FoPHRE Surpdsé 6f SilRpiravi-ndg CRENEL AbPT FEGS8F /
viscosity and photrosensiddiitn iduiong 1St-eragesokxanpl es of pol yneri zati on
inhibitors that can be used inclyde hydroguinone, N-nitrosodiphenylani ne,
ptert - but yl cat'echol="s éﬁ&?ﬁ?&%ﬂﬁ@?eﬂ%ﬁﬁéﬁyﬂ aphthyPaiiyhed - nydroxy-m-

10et hyl enedi anidiey etraacet-te Jacihedxahe2heyelehexanedibani-ne-tet-rapaetic
acid, glycol ether diamne t traapetic"a i d e B

2, B di -t er £ - bt yl 5 TRURNTPRenG T8 Pt bgo- &« hyarbkyddr Aofineer

1- ni t 0so- 2- naphtthol-4 -2-midneosbebz ydapht Bok- t24iniztinesd, 8- (N etihh; BE) -

15sul f opg opy! at@i%?%eqh%odlc’t iGN 0S05 - B*%eW%aﬂ%%%}éﬂﬁ‘eﬂga%mng%{g‘ salt,
N-ni t roso- N- phenyi ydpoxylanlng anmoni um sal t, = -

N-ni t r oso- N- ( E-rfaghtthyiretiydrioxyitamicne 2adménitamcsalt vand- (4, 6-bis

bi s(4- hydr oxy-3,a~diithient-but vl )phenylmet %Q%inéh%ﬁ%ﬁgﬁ gpepdent on the
amounts of other additive 20conponents, tHhe anount of polynerization

i nhi bi tor addétiE prlet &rddlyeGhyares thyewiighiere 5 parts by wei ght and
nore preferably 0.0D)paits by rweisght sbe hepar tihy iweight ;baged (ons1Q0._parts
by weight of the silica particle- containing condensation reaction product

(A). 25[0130] teft*blﬁi‘tﬁi&%&ntYildﬁl"ipépﬂ'lﬁé@afaafdeﬁéﬁtf?oﬁéaiéé&péﬁents (A) to
(0), a lubrifantetanticstratli)c cagenhy 1ppkayrekease agest, oheaphpgcagent,
nucl eati ng aggg%ktcolorant, crosslinking agent rto

(3} lodine-based heal stabilizers: dodecyl-3,3'-
thiodipropionate and dioctadecyl~-3,3'-thiodipropionate;

20 [0123]

(4) benzotriazole-based ultraviolet absorbers: 2-
(ZH-benztriazol-2-yl)-p-crescl, 2-(2H-benzatriazol-2-vyl)-
4,6-bis{l-methyl-l-phenylethyl} phencl, 2-[5-chloro(ZH)~-
benzotriazol-2-yl]-4-methyl-6- (Lert-butyl)phencl, 2~ (2~

25 benzotriazol-2-yl)-4, 6-di~tert- pentylphenol, 2-(2H-
benzotriazol-2-yl)-4-{1,1,3,3~ tetramethylbutyl)phenocl,
Ze2 ' -methylenebis {6~ {2H~ benzotriazol-2-yl)~-4-(1,1,3, 3~

tetramethyibutyl)phenol], reaction products of methyl 3-

yii -5~ tert-butyi-4-

roxyehenyl proprionate and othylene glyool 300, ang .
{ZH-benzotriazol-Z-vl)-é-dodecyl-d-methylphenol;

(5) cyanoacrylate-based ultraviolet absorbers: 2,2-

bis{lZ-cyano-3, 3-diphenylacryloyl]methyllpropan-1, 3~

diyl=bis{Z-cyano-3, 3~diphenylacrylate}, 2Z2-cyano-3, 3-
35 diphenyliacrylic acid ethyl ester and Z-cyano-3, 3-

diphenylacrylic aclid Z2-ethylhexy!l ester;

(6) triazine-pased ultraviolet absorbers: 2- (4,6~



resin conposition. of the present invention. These materials can be m xed
with the resin conposition and other arbitrary conponents using a known
met hod such as centrifugation, and the resulting mxture is preferably
degassed using a known net hod such as vacé&dm-do- - gassi ng, I n order
to obtain the photosensicone resin conposition of the present invention,

each conponenty; £, 1. 1coNsi.sti;ng ;0f sthe  af Oﬁgﬁ‘é% XB%Q gh‘egSz

particl e- contalnugﬁ condensati on reactlon pr oduct
photopolynerlz initiator (B), the conpound (C) haV|ng a

phot opol yner i zabl e fUNgIir0Rdh GORP LB A @@k@g%h%1%@eaggglb@9g/0r the
anti oxi dant and/or ultravi ol et absor ber (0) can B aced in a glass
p

container or PlASHC AR rai‘negr ~ardYERE* Vi Res' aﬁdmﬁﬁ s REY 2 APkedonsi ng a

comonl y5 knownrst i, 'ng QEVIQ@t&@%@d@%banwgghgﬂoh@tOr nagnetlc stirrer or
not or-driven 10stiry r.ar nBerature during mxing is
preferably 20C to 86¢C. ‘%WgeééﬁpSWéﬁPsbédﬁde GhPEOFMTY- n?kéaléi‘?éﬁ or

hi gher, and debenﬁqﬁaMu@@ oboe@ebnmbnedL@aﬁppmeﬂhgcanobelpBevented at 80C
or |ower. 15 t ho f Phot enS|t|ve Si l.i cone Resin
Conposi ti on> q‘%%L?' nétho ézgfg g ?Strﬁgo gitn“ cBMBB5 £ ﬁ gf °the

pr esent |nvenﬂKD%MﬁﬂéﬂéPa@Hya@gnslsmg uf- (Er Radi attagranthh20-ight having a

wavel engi h reg;%ng%yggobqng?g?ggghngFﬁggégoén{prgfgrably irradiating with

havi ng a wavel e h regi on Exanpl es of nethods
used to obta|ﬁ%&ﬁ@@ﬁb@dﬂb@ﬁyﬂh@mné§rﬁ dohposit kohnof, ﬂhélpﬁé$eﬁt?lﬁvéﬂt|on

include a 25 %@&Q%%c%%@atatgn309§l M) 86t Lng h@&gmétﬂg Qﬁé?vbng gngarbitrary

cavity shape and conpos$ed o a sparent terial
pol ydi met hyl sif6XaHic trivdori-Ré PEas e 1t FahsPY anbpbl vegeF ool eflintbaséd

transparent fesidRioktre an@quM@a&béthOQf6n@Ltge§QQm@th§ﬂ9 £ epoVi g, L he
nold to, obtain conS|st|n8 of coating using a known
¥

met hod ‘oht o gFég§“89 'SPLEBSL HAE8-GRA) cBELi-AgaBlYCpetiynerf2abPon reaction
by irradiating, WA%h6kmghEaMQVhQQpap@@yahﬁ@gbbﬁbﬁgh@BSObeQ@lnﬂ1ﬁ065@0 nmto

obtain, a CO”%%%RdmeaRQ? fOLgthl 1%2??&30P blS ?§t&?ﬁthyTothy£) 32]
hydroxyphenyl]methyllbutyl malonate, bis(l,2,2,6, 6~
pentamethyl-4-piperidyl) sebacate, methyl- 1,2,2,6, 6~

20 pentamethyl-4-piperidyl sebacate, bis(2,2,6,6~
tetramethyl-4d-piperidyl) sebacate, N,N'-~bis(2,2,6, 6~
tetramethyl-4-piperidyl)-N,N'~
diformyihexamethylenediamine;

{9) other heat stabilizers: 3,4~dihydro-2,5,7,8-

Zh t@tramethyi~2—(4 8,12~trimethyltridecyl)-2H-benzopyrano-
6~ ol, p 3-bis{{3-13, 5~di~tert-butyl-4-hydroxyphenyl]
proplonyl]ipropionchydrazide; and

(140) other ultraviolet absorbers: 2- aethylhexyl-

ge and dod-di~tert-bunyliphenyi-3, b-di-tert -

[0125]
The antioxidant and/or ultraviolet absorber () is
more preferably a hindered phenol-based antioxidant of
{1} above and a hindered amine-based photothermal
35 stabilizer of (7) above from the viewpoint solukllity in
the pholtosensitive silicone resin composition, and aven

more preferably ethylenebis (oxyethylene)bis[3-(5~-tert-



Exanmpl es of |ight having a wavel ength region of 200 nmto 500 nm i ncl ude
light froma xenon flash | anp, xenon short arc |anp, super-high-pressure W
| anp, high- 5Spressure W |lanp, deep W lanp, |owpressure W lanp, KrCl or
XeCl exciner lanp or netal halide |anp. "Tére are no particul ar
restrictions on the duration of irradiation wth the aforenentloned l'i ght
having a wavely

to.500 n S|n
conmposi ti on of 1 preg%nt |nven138ﬁ]c§lo éogureg gy |rr |a€ Hdn?ég)a
period of tlrm?&wkhln the range of about 1 second to 20 m nutes. The

oxygen concentrati on, of_. the at pher h fore n cyring
reaction is preferably(T LQ”Q“§$Z§EQEQ nnﬁégﬁ&e %abﬁ nggéﬁg g§1oﬁapess
More speci ficdld y1sahet'cird iy readtited icanibe bar vised @utcgmdenateduced

pressuresor while pnassHidZiddg dndcan %h”Q%%h%h%u%Esa%f'thbzggad$H90oas
nitrogen, helium neon, argon, krypton, xenon or carbon di oxi de gas

20t ype of theséﬂﬁéséstéhnt’é‘ﬁ@@ﬁ“ﬁrCﬁ“éhﬁrdﬁﬁﬁéxﬂﬁﬁés ¢8f/bE used as a

m xed gas. ultﬁ¥dﬁﬁldﬂféﬂﬁdﬂﬂeﬁg ths'b&@&eh@%ﬂ@? pﬁ@%@lgggRglﬁﬁg'on of
200 nmto 5001nn1 akln%32 3% garrled out at 130 a result of
baki ng (heating) W thi'm 25the Ao conéd trangey ars@@é:sr prépefti es such
as refractive pgandex tor Mdu@m&nukt&n@%rQ@anew&hqbklléﬁd,gbhﬁrQBYeﬁaklnb this
preferable( Alt h thbre are no particular re-st.ricti. ons on thb baking
g rmnf??%q? PP ke Te BE Heiie? <o 2 bk by BrodiEt “8Bedi ned
by photocurlngntHéﬂkgsunfxmnpm@n@mmnodfthesmnesenpammvembkoaoﬁaa“b@ng

preferably uses 19%Hh,§§%oag§ns naterlal ﬁﬁurface cbating material)

havi ng vari ous r}hapes used in, for g%ﬁf e plastic |l ens of cel

phbnes, LE, Ds or veéhidltesnaloty mhb antjbx;dﬁepla@d/n&tuﬁkabsjobacklighpbdib
opti cal shbets&g&nkaU| )CrX%P%%e@'%B'%yétQQQJﬁﬁg hkg nikgggggg, vari ous

- 72 - types of sensors printers and copying A plastic
| ens t hat use§“ﬂh§*¥%§#hd@oWﬁé§|?Poﬁedﬂ ﬁhébpﬁesénﬂﬂlﬁveﬁﬁron can be
obt ai ned by fididigrgrihe resin conposition of the present invention into a

net al [0126]
In addition te the aforementioned components (A) o
(D), an inorganic filler may be further added to the
20 photosensitive silicone resin composition of the present
inventicn. The organic filler preferably has a mean
particle diameter that is equal to or less than the
wavelength used in the target application in order to

avoid detrimental effects on light transmittance, and the

Y
IS

mean particle diameter thereofl is preferably 100 nm or
less. Incrganic fillers may improve mechanical
properties or improve thermal conducltivity in a resin.
Although there are noe particular Limitations thereon, the

ROWED L)L ol omean partacio diameter of the inorganic

e oprelevaibly U001 nim oor more since Dhe visoosiiy
of the resin composition is low and it has favorable
noldability.  Furthermore, the aforementioned mean
particle diameter is a value determined by calculating
from the BET specific surface area. Although the amount

35 of inorganic filler can be selected according to ithe
objective and is dependent on the amcount of olther

additive components, it is preferably, for example, 1



5nold or plastic nold having the shape of a lens, or coating the resin
conposi tion of the present invention onto a roll or plate, transferring by
pressing into the aforenentioned nold, curing by irradiating with |ight
using a light source having a mavelength ©eégron of 200 nm 10to 500 nm as
descri bed above, and releasing fromthe nold. Fromthe vi ewpoint of

i nprovi ng t he \curi ng, LRACHON J ke, the %%Sm@LQQHDOﬁbEEO rétk ggqgnBO the

nold is preferably covered with a plastic'f g ass wafer pl at e
and the |ike, W55 Rdured 99 &9 épnﬁ§§hér@Y15ﬁag hg2ad @Y?QeﬁOé@ncentratlon

of 1% or |eSS£ﬁﬂimﬁﬁﬁﬂgﬁgﬁ%bkm% 1gaGki@R+Okot he pastn s9MReshhiop,Using an
i nert gas under ég}uce ressure or while pressurizin prévi ously

descri bed. Whelt! ﬁ@ﬁﬁﬁe ﬂé&@ﬁg@GWﬁésFP?oﬁlB9cﬁrPéagéfﬂﬁgcﬁPFﬁlﬂﬁgﬁt it
i s necesSary tchatddhe diicght-e20he ot prRsALttedabet ween the |ight source and
the resin conggﬁt 10M, and in order to acconplish this, it is necessary to
radiate the lig ffroma transparent nmedium (such as a transparent resin
nol d, plastic f|Inﬂngkﬂkﬁ{MahenoomhkndﬁbeeabsenoeedfcambasemLEthughomhich

llght of 25thqldlggts%8%%%% %%ubreQUIQEecurbggd Pt F? ?egge%gbetlng the

mold with a nold’rel ease agent *or i ncorporat'i'ng a“séagent
or nold rel eagiiliadung e¢erponentmpon i thennnﬁdiandpoeseeslmncenpmsntton As

Thy from pi aaldiap Lhe present b@%@@&'?ﬁocéQaﬁgrQQtafC@£H¥eH§§d as . ens

for a cell phone LED or vehicl e that uses the res
conposi tion oﬂnFH@dﬁr@s@nﬁlmﬁﬁéﬁﬂﬁ@ﬁmémmdﬁe dbrathed-dsPryrehedone, N“

35af or ement | ored,Mebhogd (B 1 bbb cbheaheskBraeaRosyt on of the present
inventjon into a meta] nold or resin nold having & particul ar shape. The

resul ting repF?E@Lhyl?getOﬁﬁ@éﬁvaﬁlﬁééhvﬁéuéﬁﬁﬁaéfer|stlc of high hardness,
and durab'|'t%c%%%eQ%yU%R%%ﬁﬁgrg%lggttE?Elé bLect, BgoﬁgPN n8$8CtrocaStlng

as necessary. Exanples apes o rep |cé ter Fhcl'utle’ that of a
| ens, conbi natiuary rofl.asltiones aﬁdcspaaes,b@yyr@mﬁwgommjsm@tmaméﬂhyﬂcurea,

ggpggggnbs, and;the2hars -can.he.s8heated, ageerdi ng.L9, the appli catlon or

. propylene glycol monomethyl ether, PGMEA, methyl ethyl
ketone, methyl iscbutyl ketone, anisole, ethyl acetate,
ethyl lactate and butyl lactate, and one type of these

20 can pe used alone or two or more types can be used in
combination. Among these solvents, N-methyl-2-
pyrrolidone, y-butyrolactone and PGMEA are particularly
preferable. Although these solvents can be suitably
added to the pholosensitive silicone resin composition

25 according te coated film thickness and viscosity, they
are preferably used within the range of 0 parts by weight
to 900 parts by weight based on 100 parts by weighi of
the silica particle-containing condensation reaction
mroduoet (A

41 rorzer

In addition to the aforementioned components (A) Lo

(D), a sensitizer for improving photosensitivity can be
further added to the photosensitive silicone resin
composition according to the present invention. Examples

Ah ol sensitizers include Michler's ketone, 4,47

bis(diethylamino)benzophenone, 2,5-bia (4!



A surface coating material. that uses the resin conposition of the present

i nvention can be used in hard 10coating applications in the formof a cured
product by taking advantage of the characteristic of high hardness by
coating the resin conmposition of the preséﬁt “invention on the surface or
within a (I am nated) base foll owed by curing, and can be used in the form

of a material dn.tihe kBshaps /C{/fl[J%lon' @Xcﬁ%@%t%o%at  Raying,a_shape as

previously described. Exanples hough t he fol [ owm ng prOV|des a
det ai | ed 20expl diati-GH ‘d?OWb’Vﬁr@@@ﬁt qm\l@ﬁtemm@ﬁnoagﬁ ekafphés and

conparative ekﬁmﬂhﬂgdkﬁﬁﬁﬁﬁﬁwm@hﬂd@h%ﬁeQLmbﬂﬁﬁmk&@mohb§aﬂghel'Q]%Qd
thereto. <Synthes Sllca Particl e-Cont a Condensat i on Reaction

Product and Pﬁ@ﬁs¢%t| tﬁ%’ﬁﬂHfﬁ&@ﬁéﬁtﬁ$€“§lFlc@ﬁéhﬁé§wﬁl€5ﬁﬁé§PﬁPon>
[ 1] xduppbe 1] 25 '7633@ (cﬁe]:lﬂy)la@fu ;13) C@@QE"Y)I{}@yl ggrmt' hyl.) , of IvietJdm pns)

10 g of ethana p aced ant -shaped fl ask and
stirred. 19. 96($HMQ di's nchnwgpg} gﬁﬁeélﬁﬁ%% 15f fﬁgﬂhydrochloric acid

were pl aced |ﬁMaKSépdﬁaUEm¢@WVaﬂn@@n@mdndhhehefIGX|p94 Phe m xt ure was

dropped into nt-sh l,ask over the
course of 10 ﬁgﬁﬂfégiﬁélnl p%%%g 28%“7PL%QQ(P? Caﬁh% § géﬁpletlon of
dr oppi ng, a cébmkﬁéwﬂ@%enwésp@@Wﬁdh@@ﬂandhlahelconﬂedtSLEEﬂe refluxed for 2

hours ato 80C I dig RheseNEE of ; bkow NG LLE0geN sUsi g an of | bath to
obtain Reaction Liquid contai ni ng the polysil 6xane conpound (a).
d;eihyJamlnoben7y11deno) acetone, 3,3'-carbonyl-bis{7-

diethylaminocoumarinjacetone, 3-acetyl-7-
dimethylaminocoumarin, 3-ethoxycarbonyl-7-
dimethylaminocoumarin, 3-benzyloxycarbonyl-T7-

15 dimethylaminocoumarin, 3-methoxycarbonyl-7-
diethylaminocoumarin, 3-etheoxycarbonyl-7-
diethylaminoccoumarin, N-phenyl-N-ethylethanclamine, N-
phenyl-diethanolamine, N-p-tolyldiethanclamine, N-
phenylethanolamine, N,N-bis(2-hydroxyethyl)aniline, 4-

20 merpholinobenzophenone, 4-dimethylaminobenzoic acid
iscamyl ester, 4-diethylamincbenzoic acid isoamyl ester,
benzotriazole, Z-mercaptobenzimidazole, 1-phenyl-5-
mercapto- 1,2,3,4-tetrazole, l~cyclohexyl-S-mercapto-
1,2,3,4- tetrazole, i-{tert-butyl)-5-mercapto-1,2,3,4-

25 tetrazole, Z-mercaptobenzothiazole, 2-{p-
dilmethylaminostyryl) benzoxazole, 2-(p-
dimethylaminostyrylbenzithiazole, 2« (p-

dimethylaminostyryl)naphtho(1,2-p)thiazole and 2= P

AL R e R T LR AT R T T R o T TR B ol o o A A,
i e PRI TR R B - R R L du N e AL iR g

vt ’ i : [N
two or more types may be used as a mixture. AlLthough
dependent on the amounts of other additive components,

the amount of sensitizer added is pr@ferab}v O parts by

weight to 10 parts by weight and more preferably 1 part
I - B S or
35 by weight to 5 parts by weight based on 100 parts by
welght of the silica particle-containing condensation

reaction product (A).



550 g of PL-1SL (Fuso Chemical Co., Ltd., water- dispersed silica particles
having a nean primary particle dianmeter of 12 nm and concentration of 20%
by weight) (silica particles (b)) and 50 g of ethanol were placed in a 500
m_. eggpl ant -shaped flask and stirred. Conti®nui ng, 10the Reaction Liquid 1
cooled to roomtenperature was then dropped into the aforenentioned

eggpl ant - shapegh{fdgsk over the course of 20 minutes using a dropping funnel
and stirred for 30 mnutes at roomtenperature. Follow ng stirring, a
cool i ng tube was attfactied tamd tive téeneéntrenebhepacheftpuredende 4Ahotps at

80C in the pregence, ofoif:uing Nidky Q98N i AtetahebbuxiingnL-80.040f PGVEA
were further added and a distillation colum was attached foll owed by
removal of thé "6t RANDIOHHd Wet'ér “t'd 1661&1 hea PGVERP2046F 6P 8R-CF0134]

15 g of PGVEA :tR2%1@: ofrdeiteneand i2nl4c8 (0020rpBk): of pupidiznggwene then

added to this polyner and m.xed followd by dropping in 2.67.g (0.025 nol)
of 25trinethyf§ﬁﬁé5§§ﬂ1 evﬁﬁﬁﬁFéJWaﬁgg'&goTﬁégﬁséégWFkéndBSﬁgaund (c))

over the courseafade.m nutes Wi log $ctidbieen zstiibhalhhibgtber 3nbeursnat
roon1tenperatq&§, 1Qiqjggjﬁﬁy?&;mere.added stirred,

1< : drogh =) @9 %heoreg"hq a?d"n =
1100n at pol ymer . “five S VET TWIG 9 HERT 1 emBved “GRder FBILERY br eB5ur e
usi ng a vacuumepumputy glttaiancd , siphicca tpaptziicke- Sophahnpingpbongdéasation
reactiofg pr°Q§Sﬁdkﬂm%H%Fﬁ%%”%%Er@%%%%ﬁ% %Ci@?beyﬁwﬁggﬁghglagédkg ing
ricycl edecane dihethancel d.1Lsc.ryl.ate, photopol'ynerization initiator
the tariTi of ®:'B%yyytuei ghticef w2 y408 <thiemethyirbenzoypk radicphénypreid, 75 _
phosphi ne ‘oxi de . BASK Sk hyghr fl(mfe)th}'i’%)w@%@ 052%; by wekght —of .
et hyl enebi s(oxyet hyl ene) bis[3-(5-tert-butyl-4- higroxyfn}tolyl)proplonate]
(BASF SE, |1 gahoX(ryy 245y higee addéd ore-8413% by wei ghtiéfothelresul ting
Pol ymer 1 naphthol, 2-nitroso-5-{N-ethyl-N-

15 sulfopropylamine) phenol, N-nitroso-N-phenylhydroxyamine
ammonium salt, N-nitroso-N-phenylhydroxylamine ammonium
salt, N-nitroso-N-(l-naphthyl)hydroxylamine ammonium salt
and bis{(4d-hydroxy-3, 5~di~tert~-butyl)phenylmethane.

Although dependent on the amounts of other additive

20 components, the amount of polymerization inhibitor added
is preferably 0 parts by weight to 5 parts by weight and
more preferably 0.01 parts by weight to 1 part by weight
based on 100 parts by weight of the silica particle-
containing condensation reaction product (A).

25 [0130]

In addition to the aforementioned components (A) to
(D), a lubricant, antistatic agent, mold release agent,

Toaming agent, nucleating agent, colorant, crosslinking

plasticizer or |
T v i E 3
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resin composition of the present invention. These

materials can be mixed with the resin composition and
other arbiltrary components using a known method such as

centrifugation, and the resulting mixture is prelerably

35 degassed using a known method such as vacuum degassing.
In order o obtain the photosensitive silicone resin

composition ol the present invenltion, each component



5followed by stirring with a webbed rotor at roomtenperature until the
added conponents di ssolved to prepare a photosensitive silicon resin
conposition (P-1). [0135] [Exanple 2] 1015.46 g (0.067 nol) of MEDMO, 9.06
g (0.067 nol) of MIMs and 10 g of ethanol Were placed in a 500 ni,

eggpl ant - shaped flask and stirred. 11.97 g of distilled water and 0.004 g

of 10% hydr ochb i s acig yere.placadadda sepaiale cconkainer ;and after
m xi ng, the m xture was 15dropped into the aforenentione

eggpl ant - shaped® skt i &7 e ThUrEe "6 CE0- O ICEs! Clisi(Ag / aL@Foppl ng

funnel . Fol | owbig: ¢oiphet:iomofordrioppiing.c.a ©ool ing tuhe was attached and
the contents ggre reflu d for 2 hours at 80C i.n the presence of

f1 owi ng nitrog&n Uusi iy SIHC DO 3o SoBtEITT 'RE4Ct PSR VE dii @ 2 cont ai ni ng
thg pol ysi | ?Xaﬁtel@ﬂfﬂﬁouﬂcbﬁefijf dand/orljt@wg aalfulalmlk@m( %lr?ldl/@)g F?rtlkcl ez (b))
and 100 g o et hang re ac in 500rrLe pl ant.- shap ask an

LA R o i Pedt0 728 Pd

stirred. Continuing, c(ir Ui 2 PEobl &m°t enper at ur e

was t hen droppsmucmr(mt her qﬂ@raen:e:ntdwneadn@ggpdr@ntth&hap&@ f hask over the

course of 20 m roppi n funnel and sti d for 30 mem es at
US1NY, "@ dr.oppi ng
room | enpot al ure oi t?}\%\nl at 39&1’ an mmf)nly o OWH Si ”rm % Was hours

: After reflabch gis 60 @W@@@Mmm@gﬂ@@%rstadded amdm@tdlrstimhhfahl on

colum was attached, faol/ qv,\?gv]q§ - 76 - nol) of pyridine were then added to
this polymer and m xed f ol by dropping in 1.60 g (0.015 nol) of TMCS

(silicon conmpound (18)9 toazrefoﬂahmr@)men@f rrﬁxriin@uties pwkiflee astliyr CORY. tAf t er
stirring for EHJjaurs room t enperature, gof wat er Were added to the
reaction |iquit and Stfr FEHPERAT éfo“HcF?oH“é PER ! %dai gt 20t g- bf- o

higher, and deterioration of each mixed component can be

prevented at B80°C or lower.
15 [0131}
<Curing Method of Photosensitive Silicone Resin
Composition>
The methed used to cure the resin composition of the
present invention preferably consists of irradiating with
20 light having a wavelength region of 200 nm to 500 nm and
more preferably irradiating with having a wavelength
reglon of 300 nm to 450 nm.
Examples of methods used to obtain a compact of the
resin composition of the present invention include a
25 method consisting of inijecting into a mold having an
arbitrary cavity shape and composed of a transparent
material such as polydimethylsiloxane, fluorine-based
Cransparvent resin, cycloolefin-based transparent resin or

Rt R T AL I N T S
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U rogLon ol 40
am to 500 nm, and removing the mold to obtain a compact,
and a method consisting of coating using a known method
onto glass or Si substrate and carcying out a
polymerization reaction by irradiating with light having

35 4 wavelength region of 200 nm to 500 nm ta obtain a

compact in the form of a sheet on the substrate.



acetonitrile was repeated three tines to wash the polyner. The sol vent was
then renoved under reduced pressure using a vacuum punp to obtain a silica
particle- 10containing condensation reaction product in the form of Polyner
2. 22% by wei ght of tricycl odecane dilmet hanol diacryl ate,

phot opol yneri zation initiator in the formof 0.5% by wei ght of

2,4, 6-trimet hyfdenzoyl - di phenyl phosphi ne oxi de and 0.2% by wei ght of

et hyl enebi s(oxyet hyl ene) bi s[ 3-(5-tert-butyl - 4-hydroxy-ntolyi)propi onat e]
were added to 77. 3% Gy Rweigftt ofl dHe hpesulct EngapPellgnerh2 rial Powed BYO
stirring w tha, webbarh rpt on AL d0amheMpetat ur euphi l1bbe added coppgnents
20di ssol ved to_prepare a photosensitive silicon resin conposition (P-2).
[0137] [ Exanpl €@ 5788 1§TF0. G2% o1l 96 PVEROU 7. 54§20, 080% ! ) of

1) 'O Cycl ity el by o TR Roxys Gxans (abiy ovi g ¢d 35 S/NUS) and 109
nol ) of cyclo nmet hyl di met hoxysi.l exano (abbreyi ated as v an g
of et hanol mepg%%légégﬁﬁﬂéﬁ%ﬁﬁmﬁhﬁfmﬁbﬁﬁl ﬁ%?loﬁﬁgéﬁﬁLZ?mBnd $8paFat e
cont ai ner and aafd ero maxitng,uitzhe rsxtrure iwas dnoppeddiuntoithecaf orenenti oned
500 L eggpl ant.-shaped flask over the course of 10.m nutes.using a dropping
Punnel . Po | on’rg Lottt ron ot T Spprig e 68sr adEhEubET45a8 at t ached
and t he cont entaaderg tefileuned fodr 22 Chnoutts &00900C Entthéhpr esence of

flow ngypitro i r h t ht.ain . L i.qui.d tai.ning. the
L M ot Farahe Qananina (e D oReRtt TEREENED BeRial FufPcE particl os
(b)) and 100 ¢ 'efadEtfanmsl fwer @ pleaded iod 41BB0wikhéggphantashapedl flask and
stirred. Contijping, the RKeagti on Liiquird.3 cooled to roomtenperature was
then dropped into the aforenentioned eggpl ant-shaped flask. over the course
of 20 nminutes usiné“ﬁfGW@@EWn@OW@ﬁﬁéFﬂgﬁ@“s?ﬁrﬁé@ f6Mo8phATAUEBS LAY room
tenperature. Fkold eWd@nstithiindd -&,600! i-agckybe waspattachgd,angd the
contents_were refluxed for 4 hours_at "'1080C in the_presence of flow ng

[

. T 1 ux r 4 hours. , e pr
ni trogeh’ AfterTefixiNge 60 srPeVve”R\MePE™s Git héFSadd¥d and a
distillation calayntiwas 13t t ackedufrohlowed chy or.emavabcotat-hecat hbanol and

water to obt alll@lQ%rp%CS@%l %tfle%nSUJ”]éS ?fl%

%Lle pressurizing in an
atmosphere of an inert gas such as nitrogen, helium,
neon, argon, krypton, xenon cr carbon dioxide gas. One

29 type of these gases can be used or two or more types can
be used as a mixed gas.

After irradiating with light having a wavelength
region of 200 nm to 500 nm, baking may be carried out at
130°C to 300°C. As a result of baking (heating) within

25 the aforementioned range, optical properties such as
refractive index or transmillance can be stabilized,
thereby making this preferable. Although there are no

particular restrictions on the baking time, normally

Daking is caryied oul for a period of time preferably

Y within The s Avicier Of about Lominote To 00 o s,

A cured product obtained by photocuring the resin
composilion of the present invention can be preferably
used as a plastic lens material (surface coaling
material) having various shapes used in, for example, the

35 plastic lens of cell phones, LEDs or vehicles and the

P e NP R e T e T O | e o e e -
Lide, repllca materials, bhacklighting CGERTLICaL 3neals olb

Liguid crystal displays and the like, lighting, various



15 g of PGVEA, 25 g of toluene and 0.88 g (0.011 nol) of pyridine were then
added to this polynmer and m xed foll owed by dropping in 1.10 g (0.010 nol)
of TMCS (silicon conpound (c)) over the course of 5 mnutes while
20stirring. After stirring for 3 hours at /Foomtenperature, 10 g of water
were added to the reaction liquid and stirred, and extraction after adding

20 g of acetonifddd Q)i“@%nr%‘%ﬂ%@t ed itnh'be:e.; Liheesohoiwashathe,pal ymer. The
sol vent was then renoved under reduced 25pressure asing a vacuum punp to

obtain a silica partiRI%" cContaionithg ‘coRgEnSari 6R3FBaEPTBASPEOEUCETin the

form of Pol ynerha3.n40%hy l\mﬂe%mtm@lf cfarnl &Y% bbepiheal myper 112231 REr ui pl
rhflf2 phosphlne oxi de and Q.21 ght of ethyl enebi s(oxyet hyl ene)

ai s[3-(5-tert- Butyl (“%M%VHﬁdiviﬁFoi?? Pﬁ@éﬁpbnéﬁg?n%éPE éHH@datBOB@#3@6by
wei ght of t he masuldy ng sRaliyimei 13! ﬂl@l\ill@\@edhbysﬁbbér brr_iga\/\nltahsa webbed | C

otor at TOOM te@@‘ratqﬁgzg%ghn t he added cong nts“diss ved Eoﬁgrepare a
p. hot.osel IsilLi S ednn Compdsictiton 2 © Pl9§e“ T§§] FEXampl e 4]
A photosen3|tmvéiswdh@dﬂecwe$ﬂmt@onmmsmeﬁemr@Rg4byM@3epBep@redLbytadding

0. 5% by wei ght, 0f.. I ati l,nitiator in the for o 2 4, 6-
dlnethylbenzo;1 d; gﬁgﬂgeﬁﬂggéﬁlnégg%ﬂgekyogg§dg¢a E%BWIEb ofg the Pol ymer
1 obt ai ned |nLE%awpﬁelEQ@mdbgwwrplhngmghaawm&bbedgtbtoaqabnrobnfoo nm

temper ature unid lsdohrphat AalyiBLlZabbon | ahti akokadissobyeq. g_,,9[01401
[ Exanpl e 5] A photosensitive silicone resin conpo ition

prepared by adiiifg 1@@@ﬁytﬁélgﬁﬁwépiﬂﬁl@ﬁcﬂ@ﬁé@ahQerhﬁtﬁaﬁéhgdlacrylate

and 0. 5% by weight: jof &é@aot@agly@%nhzagm?ebanag a?@ﬁlba Eheof95@1ﬂ£1 4, 6-
di net hyl benzoyi - dlphenyl-phosphlne oxid 0 89.3%Db i ght of the Po yner

1 obtained i n Ex&WIe tPdnd CSFEEEPnY it A ai@ébbédfﬂémorgé@%ﬁowﬁfer o
tenperat ure umntdtlait he ;addedacenponents di-ssel veded in an atmosphere

15 having an oxygen concentration of 1% or less during the
curing reaction of the resin composition using an inert
gas under reduced pressure or while pressurizing as
previously described. When curing the resin composition
by irradiating with light, it is necessary that the light

20 be transmitted between the light source and the resin
composition, and in order to accomplish this, it is
necessary to radiate the light from & transparent medium
{such as a transparent resin mold, plastic film, glass
wafer or in the absence of a base) through which iight of

25h the light scurce required for curing is transmitted.
Coating the mold with a mold release agent or

incorporating a mold release agent or mold releasing

component In the moid and/or resin composition is
A
20 v G i SR -
the present invention can be optically used as a lens for
a cell phone, LED or vehicle.
A replica material that uses the resin composition
of the present invention can be obtained using the
35 alorementioned method by filling the resin composition of

the present invention into a metal mold or resin mold

having a particular shape. The resulting replica



20[ 0141] [ Exanpl e 6] 14.40 g (0.062 nol) of MEDMO, 14.52 g (0.062
nol ) of 3-acryl oxypropyitrinethoxysilane (abbreviated as AcM), 4-20 g
(0.031 nol) of MIMS and 10 g of ethanol were 25placed in a 500 nii,

eggpl ant - shaped fl ask and stirred. 14.506 d3of distilled water and 0.004 g
of 10% hydrochloric acid were placed in a separate conta c and after

m xing, the mxtuxe nas, . rc%@)qae%h'd'}ta(}tterh s@150%%9919 h ‘10%‘%‘“ Qg

conpl etion. of droppl ng, a cooling tube was attach he the ¢contents were
refluxed for Z'hout's dtY 86C i tiHe jyresemre fof Lﬁpéwswﬁgor:iwrl@géﬁ b&i mg an

oi | . bath to obtain Reagtien.adiguicd 4 Gont akningLhe rpahysiLoxane,compound
35(a), - /9 - stirred. Continui nq the Reaction Liquid 4 cooled to room

t enper at ure waLRhigit dRosged i nte - the ahéreRéne éﬁé‘éreﬁ@fﬁpéﬁ?iéﬁﬁp@é f1 ask

over thescour seiafs 20 drigpiess, USﬂyngn@edr oppiiRg, f upnehiand rstibheedofpk, 30

m nutes at room 5t enper.at ure. | lowing stirri a cooli t ube was
attached and tHe& c@gtpeﬁﬂa?%\é@éi% ISR EG Y ‘iﬂ?cﬁglﬁlﬁ§gait08(§%%| n the presence
of flow ng nitapggen:atAfdrercxrr efdrgxisig, 60 g of PGVEA were further added and

a distillation coluym, wa: %t tcaoched f ol l ovT\"/elec;I3 b){h gr ermval of the et hanol and
water to obtain a PGVEA §oiutionm - Tolasf"*e 5 §°6f PGVEAS 28 g of

t ol uene and 4.@1:9ﬂ;g>&(1'(1i@517 crﬁ)lt)heofprwlemdl nelvmlteomheanaddedsbd tth sapdl ynmer
and 10 coating applications in the form of a cured product by

taking advantage of the characteristic of high hardness
by coating the resin composition of the present invention
on the surface or within a (laminated) base followed by
curing, and can be used in the form of a material in the
15 shape of a film, sheet or plate having a shape as
previously described.
Examples
[0133]
Although the following provides a detailed
20 explanation of the present invention through examples and
comparative examples thereof, the present invention is
not limited thereto.
<Synthesis of Silica Particle~Containing

Condensation

25 Reaction Product and Preparation of Photosensitive
Silicone Resin Composition>
[Example 1]
25.76 g (0,111 mol) of 3-methacryloxvpropyl (methyl)
s sidane {abbreviated as MEDMOY, 315,10 g {(0.110
L ol ool methyitrimethoxyeiiane fabbreviated as MM and
10 g of ethanol were placed in a 500 mlL, eggplant-shaped
Plask and stirred. 19.96 ¢g of distilled water and 0.004
g of 10% hydrochloric acid were placed in a separale
container and after mixing, the mixture was dropped into
35 the aforementioned 500 mlL eggplant-shaped flask over the

course of 10 minutes usinag a o TODD in & Tunna Fes T e ] mey
s using a dropping funnel.  Following

completion of dropping, a cooling tube was attached and



15m xed followed by dropping in 5.60 g (0.052 nol) of TMCS (silicon
conpound (c)) over the course of 5 mnutes while stirring. After stirring
for 3 hours at roomtenperature, 10 g of water were added to the reaction
liquid and stirred, and extraction after ddding 20 g of 20acetonitrile was
repeated three tinmes to wash the polyner The sol vent was then renoved

under reduced pressyre, usi ng.a vaguym pup, to gbtain a sibica, o

particl e- contalnlng condensation Teaction rodu t 7 i'n“the forn1o¥‘ﬁolyner 4,
2510% by melgh@r@ﬁenaecy%l@ﬁncamerdlnetmamml1@ua@mybaﬂebdth to obtain

phot opol yneri zgt.ion init i f 0 t

2,4,6-trimethyl éﬂéé%? g%flgjghosp qufig%%§%§l§§fgg (8Eﬁgunﬁt of
resultlng Pol yrer- 4 follomed by stirring with a webbed rotor at room

wmmmwmmwtm@%%umwwé&%wwwwpwwma
photosengltlve silicon resin conposition (P-6). 35[0143] fIbcaI?] 14.74 ¢

(0.063 nol) of INEINGedE 21 (G (01063 sl Yavingo a. ngagt pryIerynBeRoxy$E | ane

(abbrevi ated asi sdMYy <ﬁ’%2’gm(QiQﬁ%xﬁﬂ@éhLQ%LN%NBo%ndO¥Ob9 QEL%E@ nol were
placed in a 50g3d16T %gplant shaped flask and stirred. 14. of dIStI||ed

wat er and 0.00%° HydrschiPari @racicd werd spPaced Wﬁra §éﬁ§?§té“

cont ai ner and afb‘t(ﬁ] il X digh] drive- shapleur € \wask dropped ri-ato t henafianergnt i oned
500 m e %gplaqy fIa k over .the ﬁpurze of 10 m nutes usin ropplng

funnel .~ Fol | owi hg géﬁb1é¥i it SOF-“drioppi S G EHE A §eaﬁg§ch 8"and
the contents wwn&pn&ﬁIunﬁﬂiKHH(mfd%ehmmnica@d8@@gpnahhespa@&dnﬁea@k fl ow ng

X rogen ustngan il halllo PL N BRey e byl d B sontalat e
70 g of ethancitiwerel placed im raits60 anl reggplaneshaped .f | ask lardng

stirring, a cooling tube was attached and the contents
15 were refluxed for 4 hours at 80°C in the presence of
flowing nitrogen.

After refluxing, 60 g cof PGMEA were further added
and a distillation column was attached followed by
removal of the ethanol and water to obtain a PGMEA

20 solutlon.
[0134]

15 g of PGMEA, 25 g of toluene and 2.14 g {0.027
mol) of pyridine were then added to this polymer and
mixed followed by dropping in 2.67 g (0.025 mol) of

25 trimethylchlorosilane {(abbreviated as TMCS) {silicon
compound (<)) over the course of % minutes while
stilrring. After stirring for 3 hours at room
Lemperature, 10 g of water were added {o the reaction
Piguid and stirrved, and extrachion after adding 20 g of

54 Acetoniiiriie was rapeated Thres times o wash the
polymer. The solvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
containing condensation reaction product in the form of
Poiymer 1.

35 5% by welght of ftricyclodecane dimethanol
diacrylate, photopolymerization initiator in the form of

0.5% by weight of 2,4, 6-trimethylbenzoyl-diphenyli-



15stirred. Continuing, the Reaction Liquid 5 cooled to roomtenperature was
then dropped into the aforenmentioned eggpl ant-shaped flask over the course
of 20 m nutes using a dropping funnel and stirred for 30 minutes at room
tenperature. Follow ng stirring, a cooli nd?ttrbe was 20attached and the
contents were refluxed for 4 hours at 80C in the presence of rovm ng
nitrogen. Aft 0 C@NEA are further ad n
distillation gﬁg}f%‘%ﬂt\{gésqg’% tggch%’d{\ g ol dvve r lrnem)T\/I oafmfﬁtfej ;g't haYnoI and
water to obt al‘*r‘Pw?PG\iEA@ZLB'S)dIQHGI}:GnS O[@l@ﬂh]ylene bi%kg 3g @f—LI@@vEAut% g ~of

tol uene and 4. i.di.ne re he| added Iyner
and mav-r mI\Edt%Bng(dg/Sg r?‘iprt%f %(ddedHr#]} rﬁdnoﬁﬁt %r% t i errg for
3 hours at roomded enpé?rfatii}’:r &y 1@ igyhaf owattérs \A@B@ll&dd@d Foayirhe nesul A)

reactions |ignd and tracticm after adding 20 g of
acetonitrile was repeatﬂé{j teﬁ Qﬁ hto wa?rkfedt ﬁ"é)l’f))rl yL f 7“fhe sol vent was

t hen renoved dﬁa@r@fraédurﬁedﬂ]dﬂeksgm@e amﬂsienb C@m@m@mepdrrpbp@veldt aen a silica
Parti el e- cont 3l nlng- LoNdANSALI AN, ifeqel i:n PILOdYEL, hn gofs%mosaf (PRl ymer

5. 10% bﬁfg wei ght of tricycl odecane “di met hano
phot opol yneri z initi ator in the formof O. 5%by WEI ght of
2,4,6-trimethyl benzm@ e>r3]yl phosphl ne oxi de and 0. 2% by wei ght of

et hyl enepi s(oxyet hyl ene b| s | - 4-hydroxy-ntolyi)propionate]
wer e adﬁ@d to 89. 3%y el gt 0(97 t“lﬁ’éL é’éu OHG POl iref B OF 8I6I/0W€él?

stirring w thrmebbed roton atHHeem:t eaper ahuresunki & the agdded Cormonent S
10di ssolved to prepare 3 phof osens! i ve Siill,eon 31 compesifion, (F7).
[ 0145]
water and 0.004 g of 10% hydrochloric acid were placed in
a separate container and after mixing, the mixture was
15 dropped into the aforementioned 500 ml. eggplant-shaped
flask over the course of 10 minutes using a dropping
funnel. ¥Feollowing completion of dropping, a cooling tube
was attached and the contents were refluxed for 2 hours
at 80°C in the presence of flowing nitrogen using an oil
20 bath to obtain Reaction Liguid 2 containing the
polysiloxane compound (a}.

110 g of PL-1S8L (silica particles (b)) and 100 g of
ethanol were placed in a 500 mlL eggplant-shaped flask and
stirred. Continuing, the Reaction Liguid 2 cooled to

25 room temperature was then dreopped into the alorementioned
eggplant-shaped flask over the course of 20 minutes using
a dropping funnel and stirred for 30 minutes at room
Lemperature Following stirring, a cooling tube was

AT A ! s fJx At Thae oot ant e oo v Liswenel e 0 by e
e ool R Dair o0l Were Dol ouxded Dor LR SR I A S

I [eNat el [ N e e e : o FE P A S S
- I LI I TR RIS T 5 S S I SN G W AL

Alter refluxing, 60 g of PGMEA were further added
and a distillation column was attached followed by
removal of the ethanol and water to obtain a PGMEA
solution

35 [0136]

Lo g of PGMEA, 25 g of toluene and 1.29 g (0.016



[ Exanple 81 19.50 g (0.084 nol) of MEDMO, 6.61 g (0.028 nol) of

153- gl yci doxypropyl tri nmet hyl sil ane (abbreviated as GlyM)), 5.27 g (0.028
nol) of CyMDMS and 10 g of ethanol were placed in a 500 nL, eggpl ant - shaped
flask and stirred. 11.08 g of distilled-water and 0.004 g of 10%

hydrochl oric acid were placed in a separate container and 20after m xing,
the m xture 1dropped._i.nt o the af or ement,j,oned 500. | ant - shaped
flask over tﬁg%éguggeggfl%dgﬁiQ%%%sgﬁgﬁﬁa&gggrg%p?ﬁbg}%ﬁﬁgﬁ%]F%T ow ng
conpl eti on of "dreppitrgloacdobli Agornbeawas &t tachedd ahtls tihel cont erss wer e

refluxed for gsﬁqgﬁ%nakoﬁggﬁhﬁ u?g)éépégsgﬁgecgﬁr%éoM%ng ﬂ#ﬁﬁ@@@nwyfigg an

oil bath to obtain Reaction Liquid 6 containing the polysiloxane conpound
(a). 60 g of PLAIFLO63 paftPEl 851rh)y9ahdr 70 goefsnet YePe placeci 1.n a
000 nt eggpl arbnpBraiukkstid Koam LeMper Ak Uk e;Masq then: gk opped. jnto the

af or bnent i oned ,eggpl ant - shaped flask over the course of 20 m nutes using a
dr oppi ng funb Fqggg 8PFr Ped F B, 30" Aut 83 at OF cdht tenpét Htarel ¥otf owi ng
stirring, a ceckingitubeewassatbpeheddandrébe: cont epyesesyefhaxed for 4
hburs at. 00C.in the presence of fi winp nitrogen After nefl|uxing, 60 g of
PVEA wer e fuPEhEP 2dded” - S857aRA 4G SETTI BTTOR SO vEs St tached

foll oned by rempealbiref usheget hanoluandumat es dlot ®bt ai ns a1 RCVEA S0l aitd-on.

[ 0146] 509 - 2 of .toluene and. 4. 06 0. 051 | ). of pyridine
wer e tﬁgﬁ addg%nEBl[ﬁlg %889%%?52%51n%?e%gf%Tl%ﬂgﬁé%§‘H?o%%%n%oF%‘%{OG g
(0.047 nol) ofoTwuSr(gilicon conpound (c)) over the course of 5 mnutes

while stirring. Afbee g i&ékggFLgf §r98¥5f03 ?%ﬁgnﬁﬁﬂgﬁﬂﬁféﬁt“re’ 10 g of

wat er were added to the resu reaction I'ifquid and stirred, and
extraction af féercaddihg. 20hgtoboheetohittide wast tepeatbd tie etotines to

wash the pol yger; fhe,solyentrwas,then, reopyed dnder, reduced pressure using

a vacuum punp to obtain a silica particle-contal ni ng condensati on reaction
product--i n t hE"PEPH-BE PBEYFERN®. V.25 by weight of
ethylenebis (oxyethylene)bls[3-(5-tert-butyl- 4-hydroxy-m-
tolyl)propicnate] were added to 77.3% by weight of the
resulting Polymer 2 followed by stirring with a webbed
rotor at room temperature until the added components
20 dissclved to prepare a photosensitive silicon resin
composition (P-2).
[0137]
[Example 3]
5.88 g (0.025 mol) of MEDMO, 7.54 g (0.030 mol) of
25 3-methacrylexypropyltrimethoxysilane (abbreviated as
MEMOY, 6.67 g (0.035 mol) of

cyclohexylmethyldimethoxysiloxane (abbreviated as CyMDMS)

and 10 g of ethancl were placed in a 500 mL, eggplant-
shaped Llask ana stlrred.  7T.60 g of distilled walter and

o HEARY) T T o R s B S, .
(S R LAY Ml WS D S e R e s WD SR oot A LA AL [

separate container and after mixing, the mixture was
dropped into the aforementioned 500 ml eggplant-shaped
flask over the course of 10 minutes using a dropping
funnel. TFollowing completion of dropping, a cooling tube
3h was attached and the contents were refluxed for 2 hours

o [SNANE I . B P e P N A R ce e e g e e . S
il Owohe L L PEesellce OL L LOoWwWLng Nnitoodgell WsLng aln Gl

bath to obtain Reaction Liguid 3 containing Lhe



10% by wei ght of tricycl odecane di net hanol diacrylate, photopol ynerization
initiator, in the formof 0.5% by wei ght of
2,4, 6-trinethyl benzoyl - di phenyl - 20phosphi ne oxi de and 0.5% by wei ght of

(BASF SE, Irgacure(r) 250), and 0.2% by wei ght of
et hyl enebi s( oxx)gghééggg}}g %b%})gﬁild ? 5 but yl-4-hydroxy-mtol yi)propionat el
o

were added to he resulting Polymer 6 followed by
stirring with a weBB&dar QﬁfoE’Laﬂ ohoémﬂemeparmel@ﬂtm Ilaed atidedy of

() LLaTs e T as el 1o KERA” B b g (0 b8t 1=t

24(3, 44epoxyc§él1~6ﬁ§%ype€ﬁw wpm@hex%ﬂ%@@@t(@bb}rwmacﬂe@j @eo BplyiD40) , 5. 22

g (0,028 mol ) rebnCyMaVErand,- 40,950t 1 et hangh uer epl aced i i, Aqp!
eggpl antJ shapéd PI ask Bgandrstwr?e 10. 97 hﬁl ed water and 0(010(%Qt mr}” 10%

hydrochl cf ao &8F8 weF&eSpired tods Fno‘é@lseb%ﬁea@%u%@%t%f uet B aft éts Wi ng,

the nixture wasddoppped iknhet hand-s83rreaf psement i oned. 500 Moo

eggpl ant-shap&d flask over hhg course of 10 m nutes using a dropping
funnel . Fol | owRG cBMF&t i on ot HroppPng’ " A€o0l i NPt tibe Was® dfdached and
the contents werechefll uxedcherc@nhouts atr8000sim:dder Spresences of f | owi ng
nit roge](r)bxum ng an oil bath to obtain Reactl on Liquid 7 containing the

pol ysi I'dkane E8npotindka)presence g o lgpipld 19E 199 -ca particles (b)) and

70 g of ethanol V\BheL@LaQ@d]hﬂlﬁg5o@OW§- @ggpd;[@m whaped, flask angq
Reaction Liquid 7 cooled to roomtenperature was

10stirred. Conti,nui
then dropped iaﬁflo tﬂgbaf 6(fféhéﬂE’|bﬂ%‘d‘“%g‘@%?aﬁft%%%dfﬂja%%e%\}& the course

of 20 mi nut esmsbmg aodr oppi aghhuanelnandaséi reedobof it mauwtes at room
t enper at ur e. Fglj WI ing stirring, a cooling tube was 15attached and the
contents were uxed for 4 hours at 80C in the presence of flow ng

ni trogéem. Aftéf)lﬁéil uxi ng, 60 g of PGVEA were further added

15 g of PGMEA, 25 g of toluene and 0.88 g (0.011
mol) of pyridine were then added to this polymer and
mizxed followed by dropping in 1.10 g (0.010 mol) of TMCS
(silicon compound {¢)) over the course of 5 minutes while

20 stilrring. After stirring for 3 hours at rcoom
temperature, 10 g of water were added to the reaction
liquid and stirred, and extraction after adding 20 g of
acetonitrile was repeated three times to wash the
polymer. The solvent was then removed under reduced

25 pressure using a vacuum pump to obtain a silica particle-
containing condensation reaction product in the form of
Polymer 3.

40% by welght of tricvolodecane dimethanol
diacrylate, photopoivmerization initiator in

30 UoBm by weloht of Zo4, a-trimathyiheneayi-cddnheng .

phosphine oxide and 0.2% by weight of

ethylenebis (oxyethylene)his {3~ (5-tert ~butyl- 4~nydroxy-m-
tolyl)propionate] were added to %9.3% by weight of the
resulting Polymer 3 followed by stirring with a webbed

5 rotor at room temperature until the added components

dissolved Lo prepave a photosensitive silicon resin

compoesition (P-3).



and a distillation colum was attached foll owed by renoval of the ethanol
and water to obtain a PGWA 20sol ution. [0148] 15 g of PGVEA, 25 g of
toluene and 4.02 g (0.051 nol) of pyridine were then added to this polyner
and m xed foll owed by dropping in 5.01 g (0.0646 nol) of TMCS 25(silicon
conpound (c)) over the course of 5 mnutes while stirring. After stirring
for 3 hours atjgh@aem tenperatur e, 10 q of water were added to the resulting
Il eaction liquid and strifinecl extraction after adding 20at H pressure
usi ngvacuum punp td"&Bf&ilEi éa par,icie- containing condensation reacti

productthe form of sPolymeLehs; 0% by weight Pészﬁ'%ﬁﬂ)@d?@a&@ fp n@%]hanol
di acryl ate, photopol yneripation initiator. in the trt 0.5% by wei ght of

2,4, 6- tr|nettWﬁFb@ﬁf@?feélBHeﬁQ?bﬁ@thPHebbxWﬁéqﬁth@ 5% by melght of

IodIhn: uhrf3{4I ﬁ%—hof iop&4ymﬁ@tAEYlLQﬁOE?}é%ggQ%ng Iﬂi(f}he fc()rr)n %Eo? d 0 0% b

met hyl phenyl hexa rophosphat e rgacure(r an 0 by

wei ght of eth P@ﬁéﬁ %%8%?85 Pé%@%ﬁ?%[39?% sphine oxide to s 2%
tert-butyl-4- Iwysdlqnxy@m Lahypﬁmympkomabsiamw addedat©1 e 51 88n8% by wei ght

of the resultin I st|r with a webbed rotor at room
t enper at ur e unt?ﬁ ?ﬁé géaedacgﬁggﬁgnfélafsé 'gﬂmtbe%?%b%}%3%.unti
photosen5|t|véh§|pho@nppé$mnrm@aposntnnmt(&t@ﬁ df 64498¥cd0[ Exanpl e 101

19. 38 QI(O-OS%OﬁQbZ of MEDMO, 10.91 g (0.056 nol) of

3- mer capt opr opyi tri nmet hoxysil ane (abbreviated as MeM), 5.24 g (0.028 nol)
of CyMDMs and 10 g ibkawphanbl were placed in a 500 nL, eggpl ant-shaped

flask and Stirred-Alé%étgéegs9%iggSgkikggn¥a%§£iﬁngogp99§tgoﬁf(ﬁpg?

was prepared by adding 10% by weight of tricyclodecane
dimethanol diacrylate and 0.5% by weight of
15 photopolymerization initiater in the form of 2,4, 6~
dimethylbenzoyl-diphenyl-phosphine oxide to 89.3% by
weight of the Polymer 1 cobtained in Example 1 and
stirring with a webbed rotor at room temperature until
the added components dissolved.
20 [0141]
[Example 6]
14.40 g {(0.062 mol) of MEDMO, 14.52 g (0.062 mol) of
3-acryloxypropyltrimethoxysilane (abbreviated as AcMO),
4.20 g (0.031 mol) of MTMS and 10 g of ethanol were
25 placed in a 500 mL, eggplant-shaped flask and stirred.
14.50 g of distilled water and 0.004 g of 10%
hydrochloric acid were placed in a separate container and
after mixing, Uthe mixture was dropped into the
cver the

mi: cgypiant-shapaed Dlask

e
3 T | A T S S
dodidali . A W T

completion of dropping, a cooling tube was attached and
the contents were refluxed for 2 hours at 80°C in the
presence of flowing nitrogen using an oll bath to obtain
Reaction Liquid 4 containing the polysiloxane compound
35 fad.
&0 g0 EEE N EESN L T T S Fley N

(O e Vo d L1 pall o les (1o ) dan d t" 0 o w0 {

ethancl were placed in a 500 nl eggplant-shaped flask and



hydrochl oric acid were placed in a separate container and after m xing, the
m xture was dropped into the aforenentioned 500 rUL eggpl ant - shaped fl ask
over the course of 10 minutes using a dropping funnel. Follow ng
20conpl eti on of dropping, a cooling tube Wis~attached and the contents
were refluxed for 2 hours at 80C in the presence of flow ng nitrogen using
an oil bath toohtain ReactiienLi,quid.8rcontalpi ng.thg polysilgexane
conmpound (a) . ZSé%kb o$§%$?ﬂgiéﬁ' ggﬁiéggggﬁ%?crgggkﬁ)? g%%‘%% ggof

et hanol were pl%4fed W ea 2500 ent'28ggprantirshaped i fREaskhand: ¥ ¢reelioned
Conti nui ng, thegRaacki-anakiguird 8 CeoLed: b0 FQoBLt ERPYY ah UL g ¥as, L hen.
dropped. into the afqorenenti o nReggpi nt-shaped. |ast.: over the couré nf
20 ffdnlits u opr OBt NgAd2RE] PROEFEY {ehpel alitrBleEol T oWPHY stirri ng,
a cooling tubeowgs rattaehedrandothegcent entsgperecref buyedutorwdshours at
80C in the pr%ggnc%“ f‘f%o“'ng ni&ro en, After _refl ang, 60 g of PGQGVEA
were further Added &hd“Edit8FT FPAEFBRScEFGfim RasH dftatttiNg FoFfowed by
removai |l O f tsecethapet apdsvaterot orf phiaid & BAVEA, - 85 - solutio [0150]
15 g of PQVEA, 25 %gof tol uene and 1.61 g (0,020 nol) of E%ridine wer e then
added to this pol yféreandChitxéd fol POwWEdChy PENBPPIRGST AV 2T DL g2 ¢ec®19 nol )
of TMCS (silicom compeundite)phnovenukihewgounseaohed AbnUbesawhyl e stirring.

After stirring for hours at roomtenmperature, 10 of water re added to
t he rezh tinggﬁgggﬁﬁoﬁ%lﬁ ﬁiﬁtgﬁaggtﬁgﬁeﬁ? Sﬁdt8x??gﬁfFoﬁ %?%%&eadding 1020

g of acetonitesicletwas.repeated three tinmes to wash the polynmer. The sol vent
was t hen rennwgq4ﬁnder reduced pressure using a vacuum punp to obtain a
silica particle-containing condensation reaction product in the form of

Pol ymer 8. 1510% by >wei glit PeMERE i é§chodécanéudhaethdnodl 18i actyl at'e,

phot opol yneri zation« nitiator .A..the, for f 10, D% I f.
2,4,6-trinethé?é%n?éypygﬁg g%ykgﬁ%sgﬁ%ﬁeggg%getgn%p%?2§§g€$%gi%% of

et hyl enebi s( oXy&ERyFeAeYBiEs[ BY( 8rPBEE DBUE 15460 hydi 6xY5Mmmol) of TMCS

20t0|yi)pr0piQ@@H@Lpﬁeﬁgm?ggﬁg R@é?gogg@b¥h$e&89£sgfo%hg ﬁ?ﬁgiéénﬂbfpéyner
8 followed by stirring with a webbed rotor at roomtenperature until the

added conponefts disgol ve4 £ BFepartdalphof o8enEFt#Uer8PTi con resin
conmposi tion (Ped@rra28[0151) ¢ of water were added Lo the reaction
liquid and stirred, and extraction after adding 20 g of
20 acetonlitrile was repeated three times to wash the
polymer. The solvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
containing condensation reaction product in the form of
Polymer 4.
25 16% by welght of tricyclodecane dimethanol
diacrylate, photopolymerization initiator in the form of
0.5% by weight of 2,4,6-trimethyibenzoyl-diphenyl-

phosphine oxide and 0.2% by weight of

athyienehDis{oxvethvlienaibhis{ i~ (S~tert-but vl Ay oy eme

Coayllpropionate ) were added Lo 89%9,053% by weliohi ol {he
resulting Polymer 4 followed by stirring with a webbed

rotor at room temperature until the added componenlts

dissolved to prepare a photosensitive silicon resin
compoesition (F-6).
3h [0143]

ST
[Example 7]

14.74 ¢ (0.063 mol) of MEDMO, 14.21 g (0.063 mol) of



[ Exanpl e 11] 19.67 g (0.084 nol) of AcM), 17.14 g (0.126) of MIMB, 60 g of
91,91SL (silica(t(h)) and 70 g of 500 10% hydrochlor.ic acid were placed in
a separate container and after m xing, the m xture was dropped into the

af orementi oned 500 nlL eggpl ant-shaped f1 &5k~-over the course of 10 mi nutes
using a dropping funnel _ Follow ng conpl eWon of dropping, a coolinp tube

was attached Qﬂdnhhguqqnh@m%%xw%tﬁdh%f|%é%@eBQELédh8%f§Lﬁb 80¢ ka Lhe
presence of flg nitr ﬁﬁter refluxing, 60 g of PGVEA™ wer e

further added é)nd)%% dﬂosltu |O|faﬂ‘%i&¥ﬁ éariur‘h@ ﬁa@fa?wéﬁ@a FeFfonedcpy tendval of

t he et hanol andxmaﬁgre@@pgghal@h@pB@NEAagﬂlahuoatl§kgé52]14 84 gl8rg of
PGVEA, 25 g of 6. 08 of pyridine were then added

l.uene, an 77
to this pol ymst ‘R'gqﬁ¥&g& 5lﬁ8ﬂe8 gggdﬁogg i@“ RY#r8engor0c 070 oV - of
TMCS (SI$ICOHFﬁGMEﬂUD@.@CbﬁpﬁwemethenC@UhS@ aﬁdSaﬂL@utﬁ$xmhuleLﬁ88tlrrlng

the'esul 11 ng Feae( o 11 QUCHFARG, SETT FBA. “ARA“BREFS6ETEn FtBF addi ng 20 g

the resulting Féaction. I| a¥and "8t adding 20 g
of acetonltrlIagqmdﬁnmeﬁéaped tthreé biveesthe washsthefpodbymenutdbeusohyent

was then renoved, under .r pr re.usin y ugp to.obtain a
silica particle-co %q“ﬁl%g“@%gdengéﬁﬁgﬁlggacgmg}@%ggguc? gPO?%én%brﬁ1of
Pol yner 9. COOL}@%)beWeWgﬁta@ﬁd@hedyehddebanQOUtﬁBthamerodraﬁty$eﬂe

phot op mer i ian i ot ~bn the formof 200.5% ht, of
2,4, 6- l?ir(lyrret h)z/r?)tb(e%zgoﬂ-g %tﬁeﬁol(n bhosphilre” 8% de j‘r{d%@% v Wi G of
ethyleneb|s(omwemnyben@)b|QEBh(EetebtabutyéaétlhydLoqyidtblybmpaopjm@ate)
wer e added toi@@yg%hgﬁ ggkgﬁg gg g8n5e§ghplng Pol ymer 9 foll owed by

e

stirring with a room t erature until the added
component s di ssol véd QoOér@baﬁéL 'photosepsitivéesi (bbnanesi® composition

(1----11). [0%$%hn619wér@0518€éd MIMS, 5@@ QLO%gEET&§E gﬁ %&&af ALl g%gs ask

(b)) and 70 o of ethanol. were placed in a nt-s aped
and sti'rted. 23.38eg-of CANSLINI BE mhb@rR9ﬁ§i®000M'@U® CW@%&@@obﬁlorlc

acid were placedr Recapsepanate,aontabnen-3pp8d afterchptheslavwes: dropped
into the eggplant-shaped flask over the course of 20 minutes using
a dropping funnel and stirred for 30 minutes at room
temperature. Following stirring, a cooling tube was
20 attached and the contents were refluxed for 4 hours atl
80°C in the presence of flowing nitrogen.

After refluxing, 60 g of PGMEA were further added
and a distilliation column was attached followed by
removal of the ethanol and water to obtain a PGMEA

25 solution.
[0144]

L5 g of PGMEA, 25 g of toluene and 4.60 g (0.058
mol) of pyridine were then added to this polymer and
mixed Tollowed by dropping in 5.73 o (0.0573 mal) of TMCS

G0 fsiiicon compound (o)l over The oonrvaes oFf S mingtaea kil
stirving. After stirring for 3 hours at room
temperature, 10 g of water were added to the resulting
reaction liguid and stirred, and extraction after adding

20 g of acetonitrile was repeated Lhree times to wash the

L

5] polymay. The solvent was then removed under reduced
pressure using a vacuuim punp to obbtain a silica particle-

contalning condensatlion reaction product in the form of



af orenenti oned 500 liii. eggplant-shaped flask over she course of 10

m nutes usin.g a dropping funnel. fbl ¢ ing - 87 - conpletion of dropping,
a cooling tube was attached and the contents were refluxed for 4 hours at
8000 in the presence of flow ng nitrogen. 8After refluxing, 60 g of PGVEA
were further added 5 and a distillation colum was attached foll owed by
removal of the et - and water to obtain a PGVEA solution. [0154] 15 g of
PGVEA, 25 g of toluene ‘and 6.28 g (0.079 10nol) of pyridine were then added
to this polymer and(haié@vmﬁﬁﬁ@mé@ by igveppirgains 7iB8tHar0l072 mol) of

TMCS (SIIIcon<ﬁQﬁﬁguﬂﬂx£CkkoQ%@biwﬁ%rqeum$%n05n51Hb@HEe§n“@héeféPhr5t”9
After stirring for hours at roomtenperature, 10 wat er were added to

the resulting 5%%5%&‘%%1%Wtqﬁﬁd aﬁd6sﬂFﬁP§6hYéH@“é?vﬂa@ﬁPBﬁ“éﬁrer addi ng 20

g of acebonitridepmas e epaatedrbhneest byesetgnwash the pol ymer. The sol vent

was then renov nder_ .reduced pressure a vacuum pu to obtain a
silica partlclgﬁﬁf tﬁ1ﬁ§X€8ﬁ§¥ﬁ§§F§% SﬁéaéflbhlerHhﬁﬂ PE PRET P Y i of

20Pol ymer 10. tolyl) pmwﬁubmaweugnbr@faﬁﬁ@@ycboeecanebq|weﬁ@ano%fdta@rylate,
phot opol ymer i z; n.i tor in th for Lght o

D ertr ) mot hy EAHIAYIL. dEONGyI BhbSRAPHE SoRy da and beo by AergRE=Sr
25ethy|eneb|s@@Xyet@Yl&meWPﬁs@@aﬁﬁ{meptubmbyl4ne hydedxy@mpononts
tolyl)prepi onatiel.ere added ra 89,368y uelght of, Lhe resulling Polymer 10

followed by stlrring wth. tor a F6om era ure until the
added conpen. éﬁ@@xﬁﬁHTOWe §Tfljre5|n 18. 59 g (0 095 nol) of MeMO,
19.35 q (0. 14Z¢pmsl; of MIVO and 10 g of ethanol were placed in a 500 ni,
35eggpl ant :,, haped flask and stirred, 25.58 g of distilled water and 0. 004
910% hydrochl ori ¢ aéd™werel aced in a separate container and after

mxing, the m.xtu.impeswas (0.084 mol) of MEDMO, 6.61 g (0.028 mol) of
15 3-glycidoxypropyltrimethylsilane {abbreviated as GlyMO),
0.27 g (0.028 mol) of CyMDMS and 10 g of ethanol were
placed in a 500 mlL, eggplant-shaped flask and stirred.
11.08 g of distilled water and 0.004 g of 10%
hydrochloric acid were placed in a separate container and
20 after mixing, the mixture was dropped into the
aforementioned 500 ml eggplant-shaped flask over the
course of 10 minutes using a dropping funnel. Following
completion of dropping, a cooling tube was attached and
the contents were refluxed for 2 hours at 80°C in the
25 presence of flowing nitrogen using an oil bath to obtain
Reaction Liguid € containing the polysiloxane compound
{aj .
60 g of PL-18L (silica particles (b))} and 70 g of

ethanol were placed in a 500 nl egoplant-shaped flask and

stiyrraed. Continging, Lhe Reaciion odauid & cooled o
room temperature was then dropped into the alorementioned
eggplant-shaped flask over the course of 20 minutes using
a dropping funnel and stirred for 30 minutes at room
temperature. Following stirring, a cooling tube was

35 attached and the contents were refluxed for 4 hours at
3 (\ 3

¢O°C in Lhe presence of [lowing nitrogen,

After refluxing, 60 g of PGMEA were further added



- 88 - dropped into the aforenmenti oned 500 nL eggpl ant -shaped fl ask over
the course of 10 mnutes using a dropping funnel. Foll ow ng conpl etion of
droppi ng, a cooling tube was attached and the contents were refluxed for 2
hours at 80C in the presence of flow ng niéfrogen using an oil bath to
obtain Reaction Liquid 11 containing the polysil oxane conpound (a).

60 g of PL-1Slafsid ictatPantitglss cohlhnand <79 9.0f .8t bam%wz@ar% placed in a
500 i nL eggpl ant - shaped flask and 10stirred. Continuin dact i on

Liquid 11 cool&F4E r somitempératare “ids “ehen Gpoﬁbéalﬂn@oP@MbA

af or enent i onedsceggplcant - shaped fl ask over the course of 20 m nutes using a
dr oppi ng funnﬁg aﬂg stirred for 30 mnutes at roomtenperature. Foll ow ng

stirring, q% tube was 15attached and the contents were refluxed for

4 hours @t 80C in UhﬁgpkﬁSﬁﬂ@@AQfZE|gwbmgtﬂﬂbéﬁgeﬂndA@t@6 @efbuxsmg, 60 g
of PGVEA were f rthar add%p and a dkﬁt'll m mai attach fol | oned
by renoval of T%é thandl “and watér 8“08 aoPkﬁﬁﬂ 58 Bnﬁflﬁﬂ [ 0156]

15 g of PGNEAHuz@dgf@ﬂﬁbabdeba amd-6187 gn(e 087qnm0)oaﬁ myﬁ&dbneTweﬁe t hen

dded to th I d f II d 07 I
gf $NC8025(;fIPgaﬁngnp%%ﬁghég)) g 8m?ﬁe?§8u;§§95? %(nlnu eggm% V% ? b

stirring. Aftetistiing.ng oer3shourérnat fpoom henperaturopml0 g of water
wer e added tot%ﬂ%e&%%%kereQthOBflngb¢ @Qgesgbﬁggdtoapgee¥%é%% F$§rnv od

of .-L-t.1.e Was -r-potr ¢]nass to pol vgppoci I'i'a soi . vent
rrdns roAur pHIfFESsare Lisind andacuimrpdmintoesbrarhian sftefcadding

particl e- cont aionigng rcandensati-gn. [,ga QépbaQdeFﬁgyéttﬁﬂestb§ $Q£N1Qﬁe
Pol yner 11 10@69¥8ﬁr ght of tricycl edecane di nmet hanol 35di acryl ate

phot 000! yrrer i H&t |n|@P&tdpﬁﬁénFoWﬁﬁo?h@”S@@%9V@6|@ﬁ@@fofeduced
2,4, 6-tr1. net bykbenzevirsdihyi enyhbuphosphbne,oxi.deiand 9; 2% by Mei ght - of

15 containing condensation reaction product in the form of

Polymer 6.
10% by weight of tricyclodecane dimethanol

diacrylate, photopolymerization initiator in the form of
0.5% by weight of 2,4,6~-trimethylbenzoyl-diphenyl-~

20 phosphine oxide and 0.5% by weight of icdinium {4-{2-
methylpropyllphenyl}} {4~ methylphenylhexafluorophosphate)
(BASF SE, Irgacure® 250},
and 0.2% by weight of ethylenebis(oxyethylene)bis|[3-(5~
tert-butyl-4-hydroxy-m-tolyl)propionate] were added to

25 88.8% by weight of the resulting Polymer 6 followed by
stirring with a webbed rotor at room temperature until
the added components dissolved to prepare a
phetosensitive silicon resin composition (P-8).

PR e v ey o i
LR |

19.31 g (0,083 mol) of MEDMO, 6.82 g (0.028 mol) of
2= (3, d-epoxycyclohexyl)ethyltrimethoxysilane (abbreviated
as EpCyMO}, 5.272 g (0.028 mol) of CyMDMS and 10 g of
ethanol were placed in a 500 nl, eggplant-shaped flask

35 and stirred. 10.97 g of distilled water and 0.004 g of

1% RN L e R T iy g oy o - R B O A R F '
L0% hydrochloric acid were placed in a separate container

and after mixing, the mixture was dropped into the



- 89 - ethyl enebi s(oxyet hyl ene) bi s[3-(5-tert-butyl-4-

hydr oxy-nt ol yl ) propi onate] were added to 89.3% by wei ght of the resulting
Pol ymer 11 followed by stirring with a webbed rotor at room tenperature
until the added conponents 5dissolved to prepare a photosensitive silicon
resin conposition (P-13). [0157] [Exanple 14] 13.28 g (0.057 nol) of MEDMO,

13.39 g (0. 157; mmlgdnafi A0ACMS, 8 2029 5 Ol & |¥DE§§~- nd,10 g of

et hanol were placed in a SOO #f?“ggé%ﬁgﬁﬁgghaggékﬁ|gég¥an S?igpéd. 12.34 g
of distilled VdtErsdand 0.00041g't'6f5 109 Wy dr deRPering achdener efplacednion a
separat e cont aidigf andafdern Mpding, the ity e was dropped hatio.hhe

15af orenenti oned 500 nlL eggpl ant-shaped fl ask "'over the course of 10 m nutes
usi ng a droppit famrient sFoldiewingg lcompl éviroR bbudsoppi AG°C alwodié ng t ube
vas attaghed andddig.Lont anlcs, el &stetluxed tag 2:NBuUR Spat 806 LB, Lhg -
presence of flow ng nitrogen using an 3. bath“"to obtain. 20Reaction Liquid
12 cont ai ni ng 197& Py dillcoRane compedndngayhe polysigexgnef cPrreshd(silica
particles (b))(zand 70 g of ethanol were placed in a 500 nL eggpl ant - shaped
flask and stirred.éﬁpntinying, the Reaction Liquid 12 cooled to 25room
tenperature was theél¥ & Sppéd into ‘PR 1afoPerEAFIERedPbygplant Vshapéd fI ask
over the coursaroha20 widmutes cesi ng a dooppinkctunhek -andpsti Fredxf 91430

m nut es, at room.tenperature_. Fol |l ow tirring, a coqling tube was 'ww _ew
were reilton éﬂlfg”FE ak@ﬁ 'P”ﬁPgAfﬁgg ﬁgﬁFﬁkP iFlgﬁlé 6fg9 ER Wer e
furthor added rand & edipstrialthati enscahemm dwagpatit ached:fel kowedmbytr enpyal .

of the ethano%g%?ﬂé%%h%%a%%dogﬁ%gﬂ %vg%w%ﬁes8gﬂgggnbf3550%§§Ltes using
a dropping funnel and stirred for 30 minutes at room
temperature. Following stirring, a cooling tube was
15 attached and the contents were refluxed for 4 hours at
80°C in the presence of flowing nitrogen.

After refluxing, 60 g of PGMEA were further added
and a distillaticn ceolumn was attached followed by
removal of the ethanol and water to obtain a PGMEA

20 solution.
[0148]

15 g of PGMEA, 25 g of toluene and 4.02 g (0.051
mol) of pyridine were then added to this polymer and
mixed followed by dropping in 5.01 g (0.046 mol) of TMCS

25 (silicon compound (c¢)) over the course of 5 minutes while
stirring. After stirring for 3 hours at room
temperature, 10 g of water were added to the resulting

reaction liquid and stirvred, and extraction after adding

UG el aceton ey le was repsated Lhreoe imes Lo wash the
A t L vme e anivent waas Then removed undar rochaesd

pressure using a vacwun pump to obtain a silica particle-
containing condensation reaction product in the form of
Folymer 7.
10% by weight of tricyclodecane dimethanol
35 diacrylate, photopolymerization initiator in the form of
0.5% by welght of 2,4, 6-trimethyibenzoyl-diphenyl-

phosphine oxide and 0.5% by weight of lodinium {4-{2~



- 90 - (0.024 nol) of hexanethyldisllazene (abbreviated as HDVS) (silicon
conpound (c)) over the course of 5 mnutes while stirring. Foll ow ng
droppi ng, a cooling tube was attached and the contents were refluxed for
1.5 hours at 560C while bubbling nitrogen84The sol vent was renmoved fromthe
resulting reaction liquid under reduced pressure using a vacuum punp to

bt ai i1 1td,¢) Lpeth
obtain a si |Qﬁﬂ1 }, fgﬁg?ﬁkéhﬂﬂqg4Q0%@$ﬂ§§b%ggeﬁﬁéﬁgk?Ho?ﬁgﬂg%bhéDeﬁ €

form of Pol yner Yo by wei ght of tricycl cane di me
di acryl ate, ph@ﬂﬁﬁbﬁ#neﬂﬁy@ﬁum@@rﬂi@aior in the formof 0.5% by weight of

2,4,6-trimet zay| 0] n % wei. ght, . of
ethyleneb|s(of%gfﬁgfgﬁé“ﬁls?%%%SQFe%Eﬂgig %ﬁig?ﬁgggi y% Ogbe@ 9% s¢
15to|y|)prop|6ﬁﬁﬁéﬁNMeﬂeﬂa@&@dOﬁﬁ*ﬁgt@%ybypmepghnaOE]thefﬁesthﬁngoPolyner

12 foll owed bysigy ngicth amepbed Lol en,a phoomtenperatyigqupti |l the

added conponents dissol ve prepare a photosensitive silicon res
conposi ti on (§L14Y*“20WG$@9F WE%&@ﬁléOIQP at roop3terpgreouie3und } of

MEOW , 12.46 gHc0. a%bd”ﬂ'o)nf@hewwsda@ﬂol@og of, g&@ga% were placed in a 500
m._, , eggplant shaped fl as and stirred. 17 distilled 25wat er and

0.004 g of 10% W Er°EERIorive &él&CﬁéréeﬁﬁﬁcéampﬁséLé@Baﬂgf% cont ai ner and
after m xi ng, [tOHa9h xture was dropped into the aforenentioned 500 nL
eggpl antsshaped f §k ovqr é%z course of 1.0 mnutes using a dropping ]ng
co( drooplng, a co Ilng Pt tt at 80C in the presence of flow ng
nitrogen. a ii batA% 680kt dionORBactilonorLivgpiid, 13009mt@imbn956h@ol of

pol Y1 xane oM L2k A%0:p il 811 00, (e HRLERl .y Fyphi:
6 pm and (bgai’i-izi gaaglailiifoncot 6f3%BPMEenght J0 g of ethanol were
placed in a 500 ml, eggplant-shaped flask and stirred.

15 14.01 g of distilled water and 0.004 g of 10%
hydrochleric acld were placed in a separate container and
after mixing, the mixture was dropped into the
aforementioned 500 mL eggplant-shaped flask over the
course of 10 minutes using a dropping funnel. Following

20 completion of dropping, a cooling tube was attached and
the contents were refluxed for 2 hours at 80°C in the
presence of flowing nitrogen using an oil bath to obtain
Reaction Liguid 8 containing the polysiloxane compound
{a).

25 60 g of PL-18L (silica particles (b))} and 70 g of
@thanol were placed in a 500 mlL eggplant-shaped flask and
stivred. Continuing, the Reaction Liguid 8 cooled to

room temperature was then dropped into the alorementioned

egaolant-ananaa [lask over the courae of 20 minotea el nes

3G A diopning Tuarnmed o ancd b rred For 20 meinntoa st oreem
Lemperature. Follewing stirring, a cooling tube was
attached and the contents were refluxed for 4 hours at
3O - F P oy e gy g O R s 4 L
80°C in the presence of flowing nitvogern.
After refluxing, 60 g of PGMEA were further added
i i

35 and & distillation column was attached faollowed Dy

removal of the ethanol and water to obtain a POMEPA



(silica particles (b)) and 200 g of ethanol were placed - 91 -- in a 500
nm. eggpl ant - shaped flask and stirred. Continuing, the Reaction Liquid 13
cooled to roomtenperature was then dropped into the aforenentioned
eggpl ant - shaped flask over the course of 80 minutes using 5a dropping
funnel and stirred for 30 mnutes at roomtenperature. Follow ng stirring,
a cool i ng tube;yas saf;t.ached and the contents were refluxed for 4 hours at

80C in the preﬁf c% of flowing nitrogen. After refluxing, 60 g of PGQVEA
were further a &g@ 10 and a distillation colum was attached fol |l owed by

POVEA. 25 g of Lol aene and 2 56 g (0 038 1ema ) of byf i na wore: Chen added
, g of taluene and .2. 0,038 15npl) of pyridine were then adde
to this_pplynﬁfﬂgnéﬁﬂfQEdﬁpﬁﬁl&ﬁgﬁ ﬁ?ﬂﬁrdéﬁﬁﬁg Pnt3:72PGL 02634 ol ) of
TMCS (sibi con rciompbuid. I(ce)k) ovwerrtheiequrse20b15gnioubes whibeost rmeing.
T e R b B 2T BB L Byt e oL v Syfiecd 1o

the resulting 20reacti on quid
g of acetonit ritlieg veass .r epédteed stthreenti Mes tohwash therpokyner. The sol vent

vas. then remoyed.dinder, feduged BLessuLe USing,aqvacuum pump.Le, obLain a
silica particle-containing condensation reacti on product in the"t6¥m of
25Pol yer 13. reactionodeiisyifeiaght sof rireideyehddesanbedine thanol adiiaogyl at e,
bt opol yrrer | zat | iAok Adinct he of nyQb Laht0f
phbt opolyner i 2at 100 R0k iRt 08 T OEM.QL QDY WeLONG 0L+ yash the
2,4, 6-trinmethyl benzoyl - di phenyir meightgb o -Let.itwmte to?yl%ﬂropl%nate]
were added toP83Y3% by WeFgRC SF theareslibti RgTPERYIMERIES Fotihondd by
stirring wthpacsehbed saher sata-00m b@ﬁﬂ??'&@t ureaWnt bl st he-added. component s
di ssolved to prepare a photosensitive silicon resin ,
containing condensation reaction product in the form of
Polvymer 8.
15 10% by weight of tricyclodecane dimethanol
diacrylate, photopolymerization initiator in the Fform of
0.5% by weight of 2,4,6~trimethylbenzoyli-diphenyl-
phosphine oxide and 0.2% by weight of
ethylenebis (oxyethylene)bis[3~ (5-tert-butyl-4- hydroxy-m-
20 tolyl)propionate] were added to £89.3% by weight of the
resulting Polymer 8 followed by stirring with a webbed
rotor at room temperature until the added components
dissolved to prepare a photosensitive silicon resin
compoesition (P-10).
25 [0151]
[Example 111
YO.6T g (0.084 mol) of AcMO, 17.14 g (0.126 mol) of

MIMS, 60 g of PL-18L (silica particles (b)) and 70 g of

Fxal P
LA " IR

10% hydrochloric acid were placed in a separate container
and after mixing, the mixture was dropped into the
aforementioned 500 miL eggplant-shaped flask over the

course of 10 minutes using a dropping funnel. Following

2 U S B N e 3. 4 . T
35 compietion of dropping, a cooling tube was attached and
Che contents were refiluxed for 4 hours at 20°C in the

presence of fiowing nitrogen.



35conposition. (P-15). [0161] [Exanple 161 25.76 g (0.111 nol) of MEDMO,
15.10 g (0.111 nol) of MIMs and 10 g of ethanol were placed in a 500 ni,
eggpl ant - shaped flask and stirred. 19.96 g of distilled water and 0.004 g
of 10% hydrochloric acid were placed i n"a®$eparate contai ner and after

m xi ng, the m xture was dropped into the aforenentioned 500 niL

eggpl ant - shaped f | ask covere tihg i¢RUr 38 of olgopl@mwt %%r'és'fﬂgtﬁgqr 9pRLAY
funnel . Follomnqg éypletlon of ro pi ng, a cool |n% tube was attached and
the contents &t Eﬂkédf¥dﬁﬁ?cﬁ6ﬁW%lI@étagéécpﬁ t helpPesenkE of flowing

ni t rogen uﬂnux&mnmnﬂcbaunmt@tﬁahalnaaaawbm@@ Libqui-da14 eontpipi ng the

pol ysi | oxane COWR;“QQ (a) 50 g of 133-1 (Fuso Chem cal Co., Ltd.
mater-dlspersed)3|1léa partlcles having a nean primary particle 15di anet er

of 12 nnband cldH&&itrati on of 20% by weight) (silica partlcles (b)) and 60
g of ethanol were gha% d @@ﬁﬁipoiche%gptpgtFigﬁPEg ggtgrzgmgzglrred

Conti nui ng, the React i‘on Liquid 1l ol"ed t hen
dropped into mhé-aﬁd}enﬁnﬁhmme@ee@gmhantagUaned02®hhaspomyﬁeIthﬁdcourse of

20 m nut es usmngwﬁiq,qgQﬁ£Q1Eﬁ“W%£p? SHhrﬁuﬁefﬁaégooqbnﬁg§§and gﬁg@l

tenperature. Follow ng stirri |ngt attac
contents mere(éﬂldﬁéﬁlK@W@@Uﬁ@ur§}at08©@ thet heupresefice winfitewi npgile

ni trogeny 25AER@&Tﬁ%bluxmﬁger6gt rQBnBGWg% weggu@grgbep added and a
distillation. colum was attached fol Fowed by renobval of the ethanol. and

water to obt aih™® PEVEASs ol dt PorT[ 5E62F ek} ofidpsir fai hbewseeul héng added

toth.ms polyﬁﬁklaomlﬂeﬁuﬁ@|b@@egLQYIQBOthHQLkPIgC@Yog £6:02. QQ&RH f
™ . P (SI|IC%% Pt ound rl]gver thp course of 5 minutes while stirring.
f or

After stirrin RGGTS éf &m'35t éfperatdr ENr20 §lBESwaPevahkr enadded
to thb resultiod ymeact , Irhguisd LapdtStvakr edenandmextrdAhbes aktigr.a@dding 20 g

of acetpnltrg%ﬁFﬂgﬁrEeﬁgggedatQgggu%lgg%ptgomggpagﬂea él%lca particle-
centaining condensation reaction product in the form of
Polymer 9.
10% by weight of tricyclodecane dimethanol

diacrylate, photopolynmerization initiator in the form of

20 0.5% by weight of 2,4, 6-trimethylbenzoyl-diphenyl~
phosphine oxide and 0.2% by weight of
ethyleneblis (oxyethylene)bis[3~ (5-tert-butyl-4- hydrosy-m-
tolyl)propionate] were added to 89.3% by weight of the
resulting Polymer 9 followed by stirring with a webbed

25 rotor at room temperature until the added components
dissolved to prepare a photosensitive silicon resin
composition (P-311).
[0153]

[

20 LEAG g {0087 mol) of SiMO, 17.6% g (00130 moll of
MIMS, 60 g of PL-181 (silica particles (b))} and 70 o of
ethanol were placed in a 500 ml, eggplant-s shaped flask
and stirred. 23.38 g of distilled water and 0.004 g of
L0% hydrochloric acid were placed in a separate container

35 and afler mixing, the mixture was dropped into the

alorementioned 500 ml eggplant-shaped flask over ivhe

course ol 10 minutes using a dropping funnel. Following



pol ynmer. The sol vent was then renoved under reduced pressure using a vacuum
punp to obtain a silica particle-containing condensation reaction product
in the formof Polynmer 14. 510% by wei ght of tricycl odecane di net hanol

di acryl ate, photopol ynerization initiator®’n"the formof 0.5% by wei ght of
2,4,6-trinmethyl benzoyi - di phenyl phosphi ne oxi de and 0. 2% by wei ght of

ethy|enebiS(Oxyﬁ@hMigﬁﬁﬁQﬂskﬁcﬁ§u§§rtdb@5$l iy AVEEOXM=M+tached an%
10to|y|)prop|onate] were added to 89 by weight of the resulting Polynmer

14 fol l owed by-'sti9aitigivi tiere webederotfor 4t hroom tenpéf@turechmtil the

added conpone 3§ﬁgh§§pl%eqlk%lgregqggog Photosen5|t|ve silicon resin
conposition (P-16). 15[016 % 25. 76 (0.111 nol) of

MEDMO, 15.10 g (O. iwiiﬁbwpfgwxwmas éﬁdQ19fg96MEéthaﬁ©Ifweké@pladéadln a 500

m., eggphant - shaped filsask 1and st ik @ %%o9étgdgheel§5nhbﬁgd29 ter and
0.004 g of 10% hydrochloric acid were placed in a separate contai ner and

after nmixing, % \ﬁﬁxfﬂ}é’ﬁh§L@ﬁ&ﬁéeé“ﬁnﬂétﬁhetafQpéﬁéﬁtﬁoﬁéﬁfﬁoo L
eggpl ant - shaped; ifidtasi, .over the course of 10 m nutes using a dropping
funnel . Folloagﬂgmﬁonpletion of dropping, a cooling tube was attached and
the contents efluxed for 2 hours at 80nC in the presence of flow ng
ni trogen using an dulqb@HhPGmrabtabngReaCtanehbqahd 852608t abnbng the

pol ysi | pxane MRo ) . Ni.ssan G, em cpiii HMLr3 havi ng a nean

prlnaryﬂ%artlc e d?ﬁd e%ddPC §°A %11 L?Oaﬁgbgg%ocghéénP?é¥W8ﬁ 6f“30% by

wei ght) (5|I|®axewaﬂtﬂdh@9d(b&)ﬁrapglﬂq gnof/ . @é8hagnaob, OWErﬁopbaeed 'Mosa 500

m eggpl ant - Sha@qqcfo'na%‘@mg%na“% ds %nkheuwgib&hs}c%%act on. piay g 15

cooled. to roomtenperature so a ocrie eggplant Sh 94 -
stirred for 3@1ﬁﬁﬁum§s at:fitegmetémpenat Gre. 3Fobhow ag stemring, a cool i ng

tube was attagheg.and the gantents, rer yere added to the resulting

15 reaction liguid and stirred, and extraction after adding
20 g of acetonitrile was repeated three times to wash the
polymer. The solvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
containing condensaltion reaction product in the form of

20 Polymer 10.

10% by weight of tricyclodecane dimethanol

diacrylate, photopolymerization initiator in the form of
0.5% by weilght of 2,4, 6-trimethylbenzoyl-~diphenyl-
phosphine oxide and 0.2% by weight of

25 ethylenebis (oxyethylene)bis|[3-(5-tert-butyl-4- hydroxy-m-
tolyl)propionate] were added to 89.3% by weight of the
resulting Polymer 10 followed by stirring with a webbod

rotor at room temperature until the added components

prepars a photosensiiive silicon resin

compesition (P12,
[0155]

PDxample 13]

18.59 g (0.095 mol) of MeMO, 19.35 g (0.142 mol) of
MIMS and 10 g of ethanol were placed in a 500 ml,

SR . NP I K T . o R SO B T | [N : . T : T
35 eggplant-shaped flask and stirred. 25.58 g of distilled

WAt o armed 1 Y A 4 gy . PPN W o e e RN . B S 4
walter and 0.004 g of 10% hydrochloric acid were placed in

a separate container and after mixing, the mixture was



were refluxed for 4 hours at 80C in the presence of flow ng nitrogen.

S5After refluxing, 60 g of PGVEA were further added and a distillation
colum was attached foll owed by renoval of the ethanol and water to obtain
a PGVEA solution. [0164] 1015 g of PGVEA, 585-g of toluene and 2.14 g (0.027
nmol ) of pyridine were then added to this polymer and m xed followed by

dropping in 2.8%d0.02% mle) Aok FMER($)kicens 91@.”9%6%@1Q9)~)319E§88 the

course of 5 n1ﬁytes while stirring. fter stirrin hours at room
15t enper at ur e, T iy i€ et ér Geré cadded Ot 1 étﬁegappﬁng FEaeriee | i quid

and stirred, anduﬁwtraG&ﬂQmmﬂE@ebca@dbmgoﬁoog @Po@ﬁ%k@nlbrb561W@% repeat ed
t hen removed under reduced

three tines to mas t%%ﬁ% gf Y The sol vent was

pressure using & VA Eﬁhﬁﬁ FEbERIN SRS MEER pAFtPERE- T2BcéntalhPng
condensati on racigeon;preduch LB:Lhe Lerm of i Rol yrerods. &Qﬁﬁ%yAHW%ﬂTt of
trlcyclodecangvplnethanol di acryl ate, photopol ynmerization initiator 1n the

form of 0.5% B WeitghtoH 1?‘ﬁfﬁﬁﬁﬁpﬁeﬂh@Pb@n%éyFQHFﬁhéhygcLQSphbsphlne
oxi de and 0. 2%y ssgicghit: cof-catsyleneliys( oxyet hyl ene) bi s(39(5-tert-butyl-4-

hydr oxy-nt ol yi ) pro onat to 89, 3% ht of the resulting
Pol yner 15 fol | owe gjf?iﬁgan%Hqécﬁeﬁﬁéalfé@EU bgélEUNLﬂpcanﬁénenfs

conposi tion (RHIE&MH{@&B&J;&E&@@DH& hSBOO ml L@@pﬁang 60ap44 HDQ}koﬁnNEDWCZ
ot hanol ber o F1 pRRGAS 500 RUTO"Cgani SRt “ensped's P4gi. ‘and G017 Fad s 44 g
of distilled WEKQTL@N@G@8®@¢OQWQE 10%n dr9bped into the aforementioned

eggplant-shaped flask over the course of 20 minutes using

a dropping funnel and stirred for 30 minutes at room

temperature. Following stirring, a cooling tube was

15 attached and the contents were refluxed for 4 hours at

80°C in the presence of flowing nitrogen.

After refluxing, 60 g of PGMEA were further added
and a distillation column was attached followed by
removal of the ethanol and water to obtain a PGMEA

20 solution.
[0156]

15 g of PGMEA, 25 g of toluene and 6.87 g (0.087
mol) of pyridine were then added to this polymer and
mixed followed by dropping in 8.56 ¢ (0.079 mol) of TMCS

2h {silicon compound (c)) over the course of 5 minutes while
stirrving. After stirring for 3 hours at room
temperature, 10 g of walter were added to the resulting
reaction liguid and stirred, and extraction after addi LTCy
20 g of acetonitrile was vepeated three imes to wash fhe

B3 [0 ke 1 The solvent was Than romouvesd nncdar wodnoosd
pressure using a vacuum pump to obtain a silica particle-
containing condensation reaction product in the form of
Polymer 11,

10% by welght of tricyclodecane dimethanol

35 diacrylate, photopolymerization initiator in the form of
M O L I T e S ey Ry o KT i O P NN L L T T 3
Veod oy weight of 2,4, 6-trimeth Yioen oyl -alpneny -

phosphine oxide and 0.2% by weight of



hydrochl oric acid were placed in a separate container and after m xing, the
m xture was dropped into the aforenentioned 500 nL eggpl ant - shaped fl ask
over the course of 10 minutes using a dropping funnel. Foll ow ng
S5conpl eti on of dropping, a cooling tube-wds attached and the contents were
refluxed for 2 hours at 80C in the presence of flow ng nitrogen using an
oi | bath to ohi@iy Reactd o Litquid 16 reantairing . the pohysil gxane, coppound
(a). 1020 g omeBﬂlsL (Qiliéé!pﬁitfzﬁes ?b)f andfgo 5 gf‘ethagof ﬁgre
placed in a 500N /éggpliaitshaped < Paskana §€i-Prelly BsABIAUPAgHIEhe
Reacti on Li quih skl icion) et ityendr00m treperabure was t-hen dreppedykhRtaqt he
af orement i oned q%gptgnt-shaped flask over the course of 20 m nutes using
a droppi ng n r - gt-es at Fe.
15a d i funne d SY FEE G 3G nithate$Nat 2FE6M FeRperatte
Fol | owi ng sti rdiismghlvaeccaal imgdaiee awascabi-ached iandstiheceantepts were
refluxed for 4 hours . at 80C i.n.the presence of flowi ng nitrogen. After
ref | uxi ng, 60C6m1Oﬁiﬁ%@&v@%QE¥Urther added 20 and a distillation colum
was attached fld1450Med by renpval of the ethanol and water to obtain a PGVEA
solution. [0166] 1§Fgr%f1% A, 25 g of toluene and 5.18 g (0.066 25npl) of
pyridi ne were then,a'ébé)to't is polynmer and m xed foll owed by dropping in
6.46 g (0.060 nol) lof. ZBMBS (CsiClSi7c ow 1é ompotiRdM(e) ). 30¥ér gt e . tour selof ob
m nut es; gwhi | e xstdd md mg. Af e st 7 o bonpfisf QF 431 hoYr sko bi a
bi 10 g of watcm 0000 addgé(to fhempégupfina F@%Fg. 26 gaoﬁ‘agg?%ﬁ?'rile was
repeat ed t hr e % & lwaskl the apSlOPmad-, THersehvertapas theakrendved under
reduced pressune U .one sa sVAGUUM punp it @ 0btaiRras8hl bCaos 4 of 109
partlcle-cont?lnlp condensation reaction product in the formof Polyner
16, 101.1. by \Mé%l@%th]~8rﬂﬁ ey €l HGe€aRe “GFRet HafoseBpyPrAfecontainer and
phot opol yrer i zatticon niifiitiggt ek el Ritkhe rEoLAs0lropp88 11005% by wei ght of
2,4,6-tyimethylbenzoyl -di p bu%lphosghin _oxide and 0Q.2% by wei ght of
ethylenébis(ofyé%ﬁﬁplﬁéfﬁp [ 3905 e FEIR ﬁ?ifﬂhaﬁ§8r6*9§ﬁtBVVF)gP%pionate]
were added toc89.r3% by wei ghtuekst heirgsul tirngpPabymennd6. f obbowedi by
stirring with ed rotor, at roomtenperature until the added conponents
di ssol ved to 5%3%§%glgnpﬁét8§88§PP9VedsgBPi6nggggﬁ Eaﬁpagf?FBﬁg(ﬁp 8).
the contents were refluxed for 2 hours at 80° in the
presence of flowing nitrogen using an oil bath to obtain
20 Reaction Liguid 12 containing the polysiloxane compound
(a).
60 g of PL-1SL (silica particles (b)) and 70 g of
ethanol were placed in a 500 mlL eggplant-shaped flask and
stirred. Continuing, the Reaction Liguid 12 cooled to
25 room temperature was then dropped into the aforementioned
eggplant-shaped flask over the course of 20 minutes using
a dropping funnel and stirred for 30 minutes at room

temperature. Following stirring, a cocling tube was

Goand the contents were relluxed for 4 hours at
a0 Al i Lhe oresance ol Tiowing nivrooen.

After refluxing, 60 g of PGMEA were further added
and a distillation column was attached followed by
removal of the ethanol and water to obtain a PCGMREA
solution.

25 [O1L58]

3

1O g ool PGMEA and 25 g of toluene were ithen added to

this polymer and mixed followed by dropping in 3.82 g



[0167] 10[ Exanpl e 19] 24.18 g (0.104 nol) of MEDMO, 15.75 g (0.116
nol) of MIMS and 10 g of ethanol were placed in a 500 nL, eggpl ant-shaped
flask and stirred. 19.98 g of distilled water and 0.004 g of 10%

hydrochl oric acid were placed in 15a sepafdte container and after nixing,
the m xture was dropped into the aforenenti oned 500 nL eggpl ant - shaped

flask over the(cawse.0f 10 MRS YSHG ;2 ,dLoRPIAGHEURNEL «aFQL! gWLRY
conpl eti on of ppi ng, a cool jing tube was attached d the contents were

r. an
refl uxed for 28% CHEASOET 1St He OFFés éREe CoF TFRoMng Ri-DF68EN*DSTAg an
oil bath to Otrﬂaﬁjl}’rjR@aCt im.]_l:;ivqlﬂ}igddlﬁp@Q:ﬂ@ai @ib;flgotlﬂﬁgp@hM@i b@gaﬂe clorrpound
(a). 60 g .of PL-1SL (silica particles ) an 0 g.of ethano wer e
placed in a 5 1‘Cﬁ%é%ﬁ?5h§%§h§8§&epﬁﬁsWeéﬁdgﬁééP??gegprcﬁnLiHBPﬁa,a#he
React i ons Li quiah°t7wE90kedubo: Kﬁ?%i@f@@é@t ur-en Mas. f-hem: djopped,d-ntp the
aforenentione&ie%ﬁplant-shaped | ask over thb course of 20 m nutes using a
dr oppi ng funnel* Bhd & i5Ped (89 363mtnaled 18t LFogRfer reduced pressure
Lenpef dAnt eHAAAA, pi fitiicgrvpuas vulob€dieat 80CiikR phecfitrEA3g-A . :: of
fl ow ng nitrogpn%fAfLer refluxiﬁ&ér 60 9 of PGVEA were further added _and a
distillation. “COIGmMY Wes “ROFST Fowed by “FEMVEI POPITRE éPhhndl TRl Water to
obtain. a PGVEAIsuoleutilén [0168] 1 g of PGQVEA, 25 g of toluene and 1.01 g
(0.013 97 - ma] .4).0f. r.idine were then added to thjis polyner and m xed
follomeHjby droppi1§°i%yl%%éggt(8???53ﬁ%F?OSFC?ﬁESdégﬁPb@ﬂﬁ?conpound (c))
over the cour s€aghys amenupestwhbllenstriipaiingn At etastvir thnghtofo3nhears at
room 5t enper ature, .10 g :0f. .wat-er, were, S , syl ting reaction
liquid and st?f?éd?%aﬁ%lgé%rggt?6ﬁegf%ggggga&gagEgog§o¥i§%%ﬁﬁ%itriIe was
repeat ed t hr e@isiped neo owaste ehe poPyney. wIThehsob¥ent was then renoved

under redycedemmgq%%%%;gqbage@hy@@HeWbEQWB-R9-9859L8u§¥§LhLCﬁy&§6£§9ﬁﬁ-
10C0nt%h?|ng %%Qyﬁqiﬁgbggng%%?thggepgggggttgnBEhg%fgr wgg it of the
. Shne) . Y g =
resulting Polymer 12 followed by stirring with a webbed
rotor at reoom temperature until the added components
dissolved to prepare a photosensitive silicon resin
composition (P-14).
20 [0159]
[Example 15]
23.91 g (0.103 mol) of MEDMO, 12.46 g (0.091 mol) of
MTM5 and 10 g of ethanol were placed in a 500 mL,
eggplant-shaped flask and stirred. 17.29 g of distilled
25 water and 0.004 g of 10% hydrochloric acid were placed in
a separate contalner and after mixing, the mixture was
dropped into the aforementioned 500 ml, eggplant-shaped

flask over the course of 10 minutes using a dropping

e i [ Do oy o ORI Tom i ey R e S SRR . RN N S I S,
e EOG LW LG SO LU 0N Ol Jropplng, a4 Coolling tube
I R N Rl R I e T S e o S U A U B T T e T P,
B o R S S O o I S O £ L - A GOt SO B WP o S A I S I N O R B e

at 80°C in the presence of [lowing nitrogen using an oil

bath o obtain Reaction Liguid 13 containing the
polysiloxane compound (a) .
190.5 g of PL~06 (Fuso Chemical Co., Ltd., water-
35 dispersed silica particles having a mean primary particle
IR T e o T e PV PP SR . N e R A e e
Al e D ARG concaeniiacion ol .o DY welognt)

(silica particles (by) and 200 g of ethanol were placed



Pol ymer 17. 10% by wei ght of tricycl odecane di net hanol diacryl ate,
phot opol yneri zation initiator in the formof 0.5% by wei ght of
2,4,6-trinethyl benzoyl -di phenyl - 15phosphi ne oxi de and 0. 2% by wei ght of
et hyl enebi s( oxyet hyl ene) bi s[ 3- (5-tert-but yl'-4- hydroxy-ntol yl)propi onat el
were added to 89. 3% by weight of the resulting Polynmer 17 foll owed by
stirring w th @ webhed 0tQf; Al foomt-empenatyr 6 \until 1-he added conponents
20di ssol ved to, prepare a photosensitive silicon resin conposition (P-19).
[0169] [ Exanpl'¢ 20110 3:%3 i dered ingl ot iNEBMOCC3 o8 §0(0°022 nol) of
25MTM5 and 10 @=ngfeetthanolyasere «pl acesden ans80chk, seggphant:»shaped flask
and stirred. 9 55.9 of Lstillﬁd gﬁter ang 0.004 g of 1045'h.¥drocha. oric
acid were placE% éﬁaF & SHodnd St 4 Tmitk CaGOrRE SN Xt aF e ™S L EENE ST Ufinel
Fol | ow ng conpl eticgriref fdroppi rgd aciceeki Agrt dbemwastatt achedoand the
contents were refiuxed for 2 hours at 80C.in the presence of flow ng

ni trogen usinélﬁﬁk%¥ﬁqg§?h ggﬂdﬁﬁéﬁﬁ ﬁéééfﬂBﬁ’L?qﬁl8$i§gcgﬁg8iﬁﬁﬁg t he
35pol ysi | oxane t[dampeund na)thc60c4Qt46ESk4par trecleksd( Ed)y) 4and(ys- a08 -

stirred. Contipnuin he Reaction Liquid 18 copled to roomtenperature was
t hen dr opped ﬁﬂ%kogPhLRSfBFgﬁ%ﬂ??oﬂédHLﬁﬁbT%nTégﬁ%%@H'flask over the course

of 20 minutes uFingéacer@ﬁnmgihqnneb ?ndePGMEﬁdwE@é BQrEh@Htggdéﬁ room
tenperatuyre. E QW sti,rri.ng, a.cooling tube at t ache nd t he
i her e Pt Pued Tor = oure SE%beh RYTAe BRecBha of 1

contents were fef luxed f Hour ¥owi ng
ni trogen. Aftermoeflluxiinghe6@tyaob  PEGVEAvwere furtheriaddedcand a
distillation %QhHﬂné%EZ attached followed by 10renoval of the ethanol and

water to obtain a P
[0160]

15 g of PCGMEA, 25 g of toluene and 2.98 g {0.038
15 mol) of pyridine were then added to this polymer and
mixed followed by dropping in 3.72 g (0.034 mol) of TMCS
{silicon compound {¢)) over the course of 5 minutes while
stirring., After stirring for 3 hours at room
temperature, 10 g of water were added to the resulting
20 reaction liquid and stirred, and extraction after adding
20 g of acetonitrile was repeated three times to wash the
polymer. The solvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
containing condensation reactien product in the form of
25 Polymer 13,
10% by weight of tricyclodecane dimethanol
diacrylate, photopolymerization initiator in the form of
0.5% by weight of 2,4, 6~trimethylbenzoyl-diphenyl-
i omide and U0Z% by welght of

R A R T T T U S [P U S S PSR R P R L P s -
L R N L W TR NECE i S T A N S S T Y SRt S A UGl I 0 S VI B S LTRSS I Vel 11 R

tolyllpropionate] were added to 89.3% by weight of the
resulting Polymer 13 followed by stirring with a webbed
rotor at room temperature until the added components
dissolved to prepare a photosensitive silicon resin

3h composition (P-15).
0161l

[Example 161



solution_ [0170] 15 g of PQVEA, 25 g of toluene and 8.66 g (0.109
nol ) of pyridine were then added to this polyner and 15 m xed foll owed by
dropping in 10.80 g (0.116 nol) of TMCS (silicon conpound (c)) over the
course of 5 nminutes while stirring. After“stirring for 3 hours at room
tenperature, 10 g of water were added to the resulting reaction liquid and

stirred, and extracti.om af ter 1addi,ng)2020mgpab, acet oni §rihe; was, repeated
three tines t& sh thﬁppol mer. The_sol vent was then fenpoved under reduced
u

: ymer. . | \ . £ ;

pressure using a valium’plnptt 6EBBE&In"E-Si PieacPatbi @l e?@oRtai ni ng
copdenfagion @@@@ﬂb@ﬁmph?dudtfﬂafkh@nBOﬁﬁn@EeRO|YM§[9@8g 8@1@%QQY1M@&9hth0f
tricycl odecane _di.net han iacrylate, topol ymerization initiator in the
formof 0_Si %ﬁqﬁgfﬁﬁg §f0§§4?6¥{rﬁﬁﬁtﬁ¥858ﬁggéféﬂi%ﬁéﬂyW%ﬁbs%%?ﬁe%x}@e and
0. 2% by Wwei ghtt ebprestkt cngtPohynmennd8af okl omediby, at mé thi a:webbegs r ot or at
room t enper at ur ntii | the,_ add nent s .di ssolved to prepare a.
photosensitivefgﬁﬁggoﬁﬁlgeéﬁ% ggﬁ%%@?ﬁ?o%néﬁ-i@?.m¥0i%ﬁ?i$ carpted 211 A
phot osensi ti vé 18Pki €8Re resi nocoaposit LonNniP:@d)usin@% -dwaspprepar ed by
addi ng 10% by swehaht of:ot fLgyglodecane, di et ha jgerylate,
photopolynerizatfon ini?iafor ?n ?ﬁglgbggggéboggé%gaﬁﬁbi%h%gé&lng tube

g- h35/dr -03%{ 2- Fgfl%ﬁfiﬁgﬁﬁzl @Mpé?;{l C@ﬁéegdsﬁspre?g, :@é}trwb mt eflq%m)nozamj 0.2%
y 5weir of jet hybenebi s(. 1, ne). his[ 3-(5-tert-butyl-4- .
hydroxy-n}tolgi) régfonéfe §¥§¥Bif§g€%§ m%%éﬁ%yéyﬁﬁﬁgcﬁbﬁyﬁgﬁ'fnoﬁFéined in
Exanpl e 1 and®stirkPngltwikih deaebbed hotordatsroom4enpeyatiure until the

added conpone@5§ygg§§QgMgdCO%§£Q}52}a{Exanple 22] A phot osensitive
silicone resin conposition -223 was prepared by adding 10% by wei ght of

1, 4- cycl ohexane di rét ianbl Bhphoacryd atlecmphot dpol yneld zatwaoreini tiator in
dispersed silica particles having a mean primary particle

15 diameter of 12 nm and concentration of 20% by weight)
(silica particles (b)) and 60 g of ethancl were placed in
a 500 mi eggplant-shaped flask and stirred. Continuing,
the Reaction Liquid 14 cooled to room temperature was
then dropped into the aforementioned eggplant-shaped

20 flask over the course of 20 minutes using a dropping
funnel and stirred for 30 minutes at room temperature.
Foellowing stirring, & cooling tube was attached and the
contents were refluxed for 4 hours at 80° in the presence
of flowing nitrogen.

25 Alter refluxing, 60 g of PGMEA were further added
and a distillation column was attached folliowed by
removal of the ethanol and water to oblain a PGMREA
solution.

LGl e2]

PO ol PGMEA, 20 g of roilvens and Ji4a SIS IS I
mel) of pyridine were then added Lo thia polymeaer and
mixed followed by dropping in 2.67 g (0.025 mol) of TMOS
(silicon compound (c¢)) over the course of 5 minutes whille

stirring. After stirring for 3 hours at room

35 temperature, 10 g of water were added to the resulling
T et L o 1 H ok PR R, e e oA e g e e che e T e ]
Pactlon Liquia ana atirvred, and extyaction alfter adding

20 g of acetonitrile was repeated three times to wash the



15t he formof 0.5% by wei ght of 2,4,6-trinethyl benzoyi- di phenyl -phosphi ne
oxi de, and 0.2% by wei ght of ethyl enebi s(oxyet hyl ene) bi s[ 3-(5-
tert-butyl-4-hydroxy-ntolyl)propionate] to 89.3% by weight of the Polymer 1
obtained in Exanple 1 and stirring with-a“kebbed rotor at 20r oom
tenperature until the added conponents dissolved. [0173] [Exanple 23] A

phot osensi ti vecSiyhigone thesisn ) GanposLLi enef Pr23) v Was, prepared, by addi ng 10%
by wei ght of epoxyl at ed 25b|sphenol A di acryl ate (Shin-Nakanmura Chem cal

Co., Ltd., A-BPESTOYE pRot'@psl YAeriSaPrBR Fhi PPafor #nsthecdoparbicdes5% by

wei ght of 2, 4@6)-ntcrah_limhlqybbaaéﬁ}ébd@bﬁheﬂk{bﬂbgﬁpﬁk&}@u@%'Qﬁ? ¢ 80dr 0, 2% by
wei ght of obt ed |nl§xanple 1 and stirring wit a webbed rotor at room
t enperature u |ITFﬁe dded conponent dissolved. [0174] [Exanple 24] 9 I: A

phot osén. s .1. t. 10bveyswiliyhcong testnclearpons HihdoNa(d: 24) F) F It
pared by addi f tricyclodecene, dj net hanol orylate
e et REgh bR P e e B T h b T oL B0k g e Lof

photopolynerlzatlo 1Al
2, 4, 6-tri met hyl-bénkeyivdii ghenylt- @h@sﬁhLnemothEbeﬁmdyD~&9@K@hye+ght of

ethylenebls(o Y, e 3- t ut yl- 4 h oxy-nmnt ol yl) propi ondt e]
to 69. 3% by mg|§%PX£ﬁg LQH%@ dgg v 9 %?a %e%h é/Exarrple 1 and stirring
with a webbed®f Ué?ﬂablﬁéQHVEéhpéEaehbeSﬁht|5 t@etau@ewlebﬂmemwmxwwm—

dissol vegl. 10425) 11 Exagpleaza] Acphobosensiiive silig Si n cQpOsi ti on

(P-25) 10was prepare ¥ % wei g of tr| yc odecane di et hanol
di acryl ate, pﬁSFBbbF?ﬁe P%é@?éniﬁnf@l @@@dlhYtﬁblfb¥%®oWlUﬂ5@6W@bwwmght of

2,4,6-trinmet hybb@ngyl di.phepyhp BROSPAE N OXi den - and 04 2%, Ry, weight  of
ethylenebls(o eth g ﬁbls [ 3-(5- tert-butyl-4-hydrox

15to|y|)prop| 3?8 9 @@@B@Tﬁeﬁgﬁ?ob@s%%%T?%Y%n%%}EFON resin

composition (P-16).
15 [0163]
[Example 17]
25.76 g {0.111 mol) of MEDMO, 15.10 g (0.111 mol) of
MTMS and 10 g of ethanol were placed in a 500 wnl,
eggplant-shaped flask and stirred. 19.96 g of distilled
20 water and 0.004 g of 10% hydrochloric acid were placed in
a separate container and after mixing, the mixture was
dropped into the aforementioned 500 mL eggplant-shaped
flask over the course of 10 minutes using a dropping
funnel. TFollowing completion of dropping, a cooling tube
25 was attached and the contents were refluxed for 2 hours
at BO°C in the presence of flowing nitrogen using an oil
bath to obtain Reaction Liguid 15 containing the

palysiloxane compound (a) .

33,05 g of snowbex 1PA-ST (Wissan Chemical Induslries
& L, LU, IsCpropy. alochol-dispersed silice particias
having a mean primary particle diameter of 10 nm to 20 nm
and concentratlon of 30% by weight) (silica particles
(b}) and 30 g of ethanol were placed in a 500 ml,
eggplant-shaped flask and stirred,. Continuing, the
35 Reaction Liguid 15 cooled to room temperature was Lhen

dropped into the afor

Forementioned egon L-sha i

T o 1
Dy cll LT s ia e Dad SR

over the course of 20 minutes using a dropping funnel and



obtained in Exanple 3 and stirring wwth a webbed rotor at roomtenperature
until the added conponents dissolved. [0176] [Exanple 26] 20A

phot osensitive silicone resin conposition éZ 26) was prepared by adding 50%
by wei ght of tricyclodecane di nethanol di 8€rylate, 20% by wei ght of

et hoxyl at ed bi sphenol A diacryl ate, photopol ynerization initiator in the

form of 0.5% by iwei.ghts .0 32, 'ﬂm@u%'snﬁlh%%n%%borg*f’QHQhenW 1Phgsphi ne

oxi de, and 0.2% by wei ght of ethylenebls(oxKeth | ene) b 3-(5-tert butyl- 4-
hydr oxy- nt ol yipropidnafeFoed 129, $9By viéi ght 26 @ﬁhé”@ol freroBtebtai ned in
Exanpl e 3 and,sti.s rJe@QL1\Q'otdhf%rV\@bH%g 'éoggrS@s @l loP

phot osens, resjr conposition (P—27 was prepare |ng
phot opol yrer i Za€i¥6A % Riltirager-in the form of O. 5@6by melght of 2,4,6

-tri et hyl benzoyl @;@@1p@%mxhx1neh0%@haﬂefOﬁeggat9998 Ed@PML¥Ba&QéQ0f the
Pol ymer 3 obtalned in Exanple 3 and stirring wth webbed rotor at room

t enper at ure urtid atﬁégé&déétlonlgTjUm@owﬁenéhf§CH?§56P$é@WCF0@?8] [ Exanpl e

28] A photosem%mbwﬁa sifl kgenerhesbn €aAPESEEL0AL(Br28) nowascirgpared by
addi ng 70% by ht of tricycl odecane di nethanol diacryl ate and

photopolynerlfgtl A“'itiator in the formof 0.5% by wei ght of
2,4, 6-trimet hyloheagoyl - di phenyl - phosphi ne oxide to 29.5% by meight of the

PonneQ(; obtalned |n EXEHEE@ a g stgrr Jvvlthaa 12 ?bed , at room
tenperature until the%dde gkpog nt's 5|£8g}9@8 P91 m? |ve
Exanpl e 1] mol) of pyridine were then added to this polymer and
mixed followed by dropping in 2.67 g (0.025 mol) of TMCS
(silicon compound (c)) over the course of % minutes while
stirring. After stirring for 3 hours at room
15 temperature, 10 g of water were added to the resullting
reaction ligquid and stirred, and extraction after adding
20 g of acetonitrile was repealed three times to wash the
polymer. The solvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
20 containing condensation reaction product in the form of
Polymer 15.
10% by weight of tricyclodecane dimethanol
diacrylate, photopolymerization initiator in the form of
0.5% by weight of 2,4,6-trimethylbenzoyl-diphenyl-
25 phosphine oxide and 0.2% by weight of
ethylenebis (oxyethylene)bis {3~ (5~tert-butyl-4- hydroxy-m-
tolyl)lpropionate] were added to 89.3% by weight of the
xesultlng Polymer 15 followed by stirring with a webbed

Al Doom Tamparature untol Uhe addes components

vas Lo proepars a photosensitive silioon resiy
composition (P-17).
[C165]

[Example 18]

16,62 g (0.07] mol) of MEDMO, 17.76 g (0.071 mol} of

- i . . . o ) _ \
35 MEMO, 6.74 g (0.036 mol) of CYMDMS and 10 g of eithanol
were placed in a 500 ml, eggplant-shaped flask and

stirred. 19,44 g of distilled water and 0.004 g of 10%



34.35 g (0.148 nol) of MEDMO, 20.13 g (0.148 nol) of 15MIMs and 10 g of

et hanol were placed in a 500 nL, eggplant-shaped flask and stirred. 26.61 g
of distilled water and 0.004 g of 10@6hydroch|or|c acid were placed in a
separate contai ner and after mixing, the fitxture was dropped into the

af orenenti oned 500 nlL eggpl ant - shaped 20fl| ask over the course of 10 m nutes

using a drOppWﬂﬁhﬁﬂﬁﬂ%H1cF%kh@“M@9LCBWHk@B'@ﬂ Qf%QEQPQ @gmoﬁtgpgéfnﬁn&Ube
was attached and the contents were refl uxed ours at int

presence of fIPowiShg it Ggeh Gsiigrancorps bﬁtﬁpP@dobFEPniF@actlon Li qui d 19
cont ai ni ng t her25palkysibaxangocompoundpfaht-Ahtgedr ef hyxi 8ger60hg of PGVEA
were further added an?.j di stlibbfl on colugn was attached fol |l owed, by
removal of t h&rRanG afd™WAPEFSt 8SoBFarn“aCPBMEA SEIUBLT 018°btowing 15 g
of PGQVEA; 25 @owbltmhuenefaddoapBGgg é0c6861ﬁqllubé PyEi di necmeq eatidien
added to this %_ ymer and m xed foll owed by opping in_ 3,56 g (0 033 nol)
of TMCS (sili o EoRpEURG FEYF &G&LUrRE é%hréehﬁ?rg fF nd? és hidte

35stirring. A@&ehoaherbwnglboﬁné heursgat neoAyt gri buf KarA0rgwatesivere
added to the rePuItlng r.eact | 1 I|d and stirred, and extraction after

adding - 102°%354'§"0f gEdtoni tFPP bAhASTP epaGt BA YRt e E i eSO Wadh t he

pol ymer. The gelivent was then reaned under reduced pressure using a vacuum

punp to pbtain a SI|I a_particl, ainin ondens action product
in the #grn1of 5Pof né ?9EF FTsE 8 b&%?%p@f§ﬁé? %gt?%kplﬁ?siééo? h the
form of O. 596byhmepghweob 2i4p6dtnnnetEQDbmhzeg@pﬂapheﬂyéﬁ®@ospm$manmxide

was added to 99:5%by welghigf th Lﬁgogtg DO Lol YR o 1961 oL ) pued, by

stirring with a webbed ro erature-u
conponent d|s§@PWe@emQ@pﬁépaEewaSphb@osénspvaelsi@ltbﬁ ¢ Esiemennposeédi on

(P29). [0181]eb@@ﬁﬁﬁ%aghggeEX@TBkﬁ 8ler the course of 20 minutes using
15 a dropping funnel and stirred for 30 minutes alt room
Temperature. Follcowing stirring, a cocling tube was
attached and the contents were refluzed for 4 hours at
80°C in the presence of [lowing nitrogen.
After refluxing, 60 g of PGMEA were further added
20 and a distillation column was attached followed by
removal of the ethancl and water to obtain a PGMEA
solution.
[0166]
1% g of PGMEA, 25 g of toluene and 5.18 g (0.066
25 mol) of pyridine were then added to this polymer and
mixed followed by dropping in 6.46 g (0.060 mol) of TMCS
(silicon compound (o)) over the course of 5 minutes while
stirring. After stirring for 3 hours at room
tampaerature, 10 o of warar were addaed to the resnll iialsi
S rescl bon Liauid o ana sudrred, and extraction aitvar adeidine
20 g of acelonitrile was repeated hree times o wash the
polymer.  The solvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
containing condensation reaction product in the form of
35 Polymer 16,
10% by weight of tricyolodecans dimethano]

diacrylate, photepolymerization iniltiator in the form of



1527.60 g (0.119 nol) of MEDMO, 16.18 g (0.119 nol) of MIMS and 10 g of
eggpl ant -shaped flask and stirred. 21.38 g
of distilled water and 0.004 g of 10% hydrochloric acid were placed in a

m xi ng, thé fAfxture was 20dropped into the

af orenenti oned 500 raL eggpl ant-shaped flask over the course of 10 m nutes
using a dropping:f wineles ghel kowbna  conpl gki-qn18E,dr9PPEAGN 8 €00l i Ng tube
was attached and the contents were refluxed for 2 hours - at 80Cin the
presence of fIFOWSRG At PSgER G5Pnd-an 6¥1 “256aFhofo obtain Reaction Liquid

et hanol were placed in a 500 ni,

separate container and after

20 cont ai ni ng etthe 1poleysisl (@xaae hgorpeynds(3) (55061 0huPlki 18L {$hbhgan-

ticl b)).0.0..01 et hOFi . QJ. . Laced im a, 500
sk an, WS addaant chased Frhek J0v8e fhe! ogt svor st

flask an

dr oppi ng® f unhelesuanb nst iPpiedetron 630oilnatictiobm tenper atuk ech Fol | omiag

stirring, a cqoling_tu attached and the contents were ref|uxed for.
hours at 80C ?%Lﬁﬁéa%rgggﬁgzgo%EF§ W R CRELrogaR, added

60 g of PQVEAdwWere lfvgrt er paddedeandphodbsthbliai venstcbiam wasiatt ached
fofl owed by 103
The sonent was then renoved under reduced pressure using a
vacuum punp td9367din a silica particle-containing condensation reaction

productid n the formgetRokyner 20.

sol uti on.

oxi de was added to

t
OW ng nitro eﬁa

wehempyal, pof gt he ethanol and water to obtain a PGVEA

stirring wthvayvwebbed10otor rat:heER: 1QLeaper atyse; 4nki kot her added

conponent dissolved to prepare a photosensitive silicon resin conposition
(P30) . [0182]egﬁBE ﬁaﬁggff&ﬁPg ﬁg

resul ting phowasemskhiive.nesi § 66Mposi hi;@ho&:d): ver el dreppeds; ontoathe
center ,of alkgli-

20

Ficat d2NB| ded” PFOduct %- 15F9 vel diops
separate container and after mixing, the mixture was
dropped into the aforementioned 500 mL eggplant-shaped
flask over the course of 10 minutes using a dropping
funnel. Following completion of dropping, a cooling tube
was attached and the contents were refluxed for 2 hours
al 80° in the presence of flowing nitrogen using an olil
bath to obtain Reaction Liguid 17 containing the
polysiloxane compound (a).

60 g of PL-13L (silica particles (b)) and 4¢ g of
ethancl were placed in a 500 ml eggplant-shaped flask and
stirred. Continuing, the Reaction Liquid 17 cooled to
room temperature was then dropped into the aforementioned
eggplant-shaped flask over the course of 20 minutes using
d cdropping funnel and atirred for 30 minutes at room

sUILrring, a cooling tube was

[T U R G O S S B o | [N TR VWP O S SR I

R ey s b
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80°C in the presence of Flowing nitrogen.
Alter relluxing, 60 g of PGMEA were further added
and a distillation column was attached followed by
removal of the ethanol and water to obtain a PGMEA
solution.
[oLgs
15 g of PGMEA, 25 ¢ of toluene and 1.01 g (0.013

rnL eggpl ant - shaped
hﬁiﬁﬁtb@eusing a

CAfYeYeref!ipi | ng,
Phot opol yneri zation initiator in

t he form of 0.5@6b¥ wei ght of 2, 4,6-trinmethyl benzoyi -di phenyl - phosphi ne
991505by InePghtodt eheMEedut t i g7 Pobyher 126 toll owed by

feqd he

4



free glass (thickness: 0.7 nm dinensions: 5 cmx 10 cm Corning Inc.)
surface-treated with a nold rel ease agent conposed of a fluorine conpound
using a dropper. At this 20tinme, two pol yearbonate filnms (thickness: 1 mm
di mensions: 0.5 cmx 5 cn) were placed on°Both sides of the alkali-free

gl ass, another piece of alkali-free glass surface-treated with a nold

rel ease agent reonpesed.ofia k! uerine neonpeund was:hust pel yhixed,gn the
phot osensitive 25r§§%ﬂ .conposi tion, and the hotosensr ive resin

conposi ti on drbp WFﬁeer?§Ppﬁﬁéée18f]afka9| (Préédghass wasTMCS

sandwi ched bethalhmmwpmﬁm@@uah abka|bveEr@ﬁc(t@hQsﬁr@@tg anpapasr ehl t hat
al | ows |rrad| Jggwwgth ravrglet ﬁs an ttensity of 3000 m/cnP
using a netal . alldg'la%ﬁ -CEuSi| 6ﬁfﬁvq8y§{e NgYpaNat TOOM i1l 05--C,
domi nant 5 waveltengtchra tappr, oX 0 380 fnmptta mabéraaaedatocUh@draﬁbﬂeQn@rOdUCt
having a film.thi S desi.gnat.ed_a | ded . Pr odu

Cured nol ded 6%2%%@?@ ae%&}%aggbcgfegrﬁglnanﬁeFﬁLBaS “QRseFt %EdaéébQ% f or
phbt osensi ti v Usid icdorcetpedicmiconpesi tkonst - Rhrto {Px38) {oandswer ge
respectively designated:fs Quied ol ded. RLAduchs. 2l 30y, LOA5S]

[ Fabrication of red Fil 50ne rop o] e resu t 0sersi'ti ve resin
conposi tion (p’fF%Wé§ @ﬁéﬁﬁed @ﬁf@umhéu@ént@rObfdahkalBalfraep@rassl@—

(thi ckress: cBn%ﬁthh@E@%h99§5a5L%H‘%eQQngh SprakRg Hcfﬂesyéﬁﬂcg treated
with a noldr I sase a ent conposed a fluorine conpound using a dropper

At this 10ti WRE6 pdl’yet hyl ene terephthalate films (thickness: 50 pm

di mensi ons: 0.5 cnﬂ&“SbQWNem@he praced-0on1 bath- st desnofnihe al kal i -free
gl ass, another preci8 Eall-free Iass surface-treated with a nold

rel ease agent “dGipd PHOFPHB YHET CoRpOTRd WAkl furt het Fhketown ¢he
15phot osensi t vés rbgrne@thosthom 6aﬂdlh86hph©é@§@@$L@lyﬁeﬁ§§ln

conposiitd on d Qnt o t flrs Lece of alkali- free glass was
sandmnch%d beFBBQ§g |%833 0? ‘abKal'f! %?Eeoﬁlass to create an

anaer obi ¢ stap@hyhancahbomsyrnhybeheohlst3eu5+ﬂ@rbyb@xygem+tﬁy&&b*ﬁﬁﬁwed-
20Subsequently, the abkaljztree glass 0n ong shde. vas . 1o of the
resulting Polymer 17 followed by stirring with a webbed
rotor at room temperature until the added components
20 dissolved to prepare a photosensitive silicon resin
composition (P-19).
[0169]
[Example 20)
23.13 g (0,100 mol) of MEDMO, 3.01 g (0.022 mol) of
25 MIMS and 10 g of ethanol were placed in a 500 ml,
eggplant-shaped flask and stirred. 9.5% g of distilled
water and 0.004 g of 10% hydrochloric acid were placed in

a separate container and after mixing, the mixture was

¢ e } A
) f\ . r‘ X —_ NS RNV S
: it A TG
funnel. Following completion of droppi ng, a cooling tube
was attached and the contents were refluxed for 2 hours
- — YO o -. mn i ey e - T N
at #80°C in the presence of flow] Ilng nitrogen using an oil
bath to obtain Reaction Liguid 18 containing the
35 polysiloxane compound (a).
GO g of PL-1SL {(silica particles (b)) and 40 g of

eltnancl were placed in a 500 mL eggplant-shaped flask and



irradiated with ultraviolet light at an intensity of 3000 mJ/cnR using a
netal halide lanp (Fusion UV Systens Japan K K., CV-110Q G dom nant
wavel engt h: approx. 380 nm to fabricate a cured filmhaving a film
t hi ckness of 50 pm rdesignated as Cured Fitf’m1- 2. Cured filns were
fabricated using the same nethod as descri bed Move for photosensitive s i

..... con. residf: comosi tdans {(R+2), tt%( Pre3Q)bi cAng,; \Werie nespeet 'éiﬁeh% hum 2-2
to 35-2. 018/0 St ruct uof t :1....a ne conpounds used t

synt hesi ze the" 7 i 'cdipartiti%e Wcjogntté]ieﬁ]i ﬁjgmé)é)ﬁdjeﬁé‘étol Sher éé@fﬁ@ﬁrlﬁaﬁ@a@éit
(Z1) are showedgp RIG-shadQ185]ask overMale Q@M}%@t @qesoduﬁmge@h%g c%g of

Pol 1to 21 50 th foll ow ng Tabl
c%ymsco 1) FoD e Om%‘y Ton 2eg OO TR D) ToreRoLet sogT

1emocraLUte Eow1ng stirring, a cooling tube was
attached and the contents were refluxed for 4 hours at
80°C in the presence of flowing nitrogen.
After refluxing, 60 g of PGMEA were further added
and a distillation column was attached followed by
10 removal of the ethancol and water to obtain a PGMEA
solution.
[0170]
15 g of PGMEA, 25 g of toluene anda 8.66 g (0.109
mol) of pyridine were then added to this polymer and
15 mized followed by dropping in 10.80 g {0.116 mol) of TMCS
(silicon compound (c)) over the course of 5 minutes while
stirring. After stirring for 3 hours at room
temperature, 10 g of water were added to the resulting
reaction liquid and stirred, and extraction after adding
20 20 g of acetconitrile was repeated three times Lo wash the
polymer. The solvent was then removed under reduced
pressure using a vacuum pump Lo obtain a silica particle-~
containing condensation reaction product in the form of

Polymer 18.

25 10% by weight of tricyclodecane dimethanol
diacrylate, photopolymerization initiator in the form of
G.5% by welght of 2,4, 6-trimethylbenzoyl-diphenyl-
phosphine oxide and 0.2% by weight of

syebthyiene)bis s~ (5 i b vy QU
L DYOWCIGnT of Lha

resulting Polymer 18 followed by stirring with a webbed
rotor at room temperature until the added components
dissolved to prepare a photosensitive silicon resin
composition (P-20).

35 01717

[T amy AR "J

A photesensitive silicone resin composition (P-21)



- 106 - [0186]

The wei ght percentages and phot opol yneri zabl e

functional group equivalents of the conponents of the photosensitive
silicone resin conpositions of (P-1) to (P—OSO) are shown in the foll ow ng
Table 2. CVCOCO 0J.CO ., ©( DcDcbep &7 1) "U') (11 .:( O LID S |

0Cd14) ( O

{n

16

15

20

25

20

111
was prepared by adding 10% by weight of tricvclodecane

dimethanol diacrylate, photopolymerization initiator in
the form of 0.5% by weight of 2-hydroxy-2-methyl-1-
phenylpropan=~l-one (BASF SE, Darocure 1173), and 0.2% by
weight of ethylenebis (oxyethylene) big[3-(5-tert~butyl-4-
hydroxy-m~tolyl)propionate] to 84.8% by weight of the
Polymer 1 obtained in Example 1 and stirring with a
wepbed rotor at room temperature until the added
components dissoclved.

[0172]

[Example 22]

A photosensitive silicone resin composition (P-22)
was prepared by adding 10% by weight of 1,4-cyclchexane
dimethanol moncacrylate, photopolymerization initiator in
the form of 0.5% by weight of 2,4, 6~trimethylbenzoyl-
diphenyl-phosphine oxide, and 0.2% by weight of
ethylenebis (oxyethylene)bis[3~ (5~ tert-butyl-4-hydroxy-m-
toiyl)propionate] to 89.3% by weight of the Polymer 1
obtained in Example 1 and stirring with a webbed rotor at
room temperature until the added components dissolved.
[0173]

[Example 23]

A photosensitive silicone resin composition (P-23)
was prepared by adding 10% by weight of epoxylated
bisphenol A diacrylate {(Shin-Nakamura Chemical Co., Ltd.,
A-BPE-10), photopolymerization initiator in the form of
0.5% by weight of 2,4, 6-trimethylbenzoyl-diphenyl-

phosphine oxide, and 0.2% by weight of

Vo e 7 Tl e e s e
i H Pidaida (s ‘)f a1
Sy Ty e Ve H
:‘\ {'} L IRYi SR ATYY R T i

obtained in Example 1 and stirring with a webhed rotor at
room temperature until the added components dissolved.
[0174]

[Example 24}

A photogsensitive silicone resin composition (P-24)
was prepared by adding 30% by weight of tricvolodecane

dimethancol diacrylate, photopolymerization initiator in

11
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the form cf 0.5% by welght of 2,4,6é-trimethylbenzoyl-
diphenyl-phosphine oxide, and 0.2% by weight of
athylenebis{oxyethylene)bis|[3-(5- tert-butyl-4-hydroxy-m-
tolyl)propionate] to 69.3% by weight of the Polymer 1

5

obtained In Example 1 and stirring with a webbed rotor at
room temperature until the added components dissolved.
[0175]
[Example 25]
A photosensitive silicone resin compositicon (P-25)
10 was prepared by adding 50% by weight of tricyclodecane
dimethanol diacrylate, photopolymerization initiator in
the form of 0.5% by weight of 2,4,6wtrimethylbenzoylm
diphenyl-phosphine oxide, and 0.2% by weight of
ethyleneblis {cxyethylene)bis[3- (5~ tert-butyl-4-hydroxy-m-
15 tolyl)propicnate] to 49.3% by weight of the Polymer 3
obtalned in Example 3 and stirring with a webbed rotor at
room temperature until the added components dissolved.
[0176]
[Example 26]
20 A photosensitive silicone resin composition (P-26)
was prepared by adding 50% by weight of tricyclodecane
dimethanol diacrylate, 20% by weight of ethoxylated
bisphencl A diacrylate, photopolymerization initiator in

the form of 0.5% by weight of 2,4, 6-trimethylbenzoyl-

N
o

diphenyl-phosphine oxide, and 0.2% by weight of
ethylenebis (oxyethylene)bis (3~ (5-tert-butyl-4- hydroxy-m-
tolyl)propionate]l to 29.3% by welght of the Polymer 3
obtained in FExample 3 and stirving with a webbed rotor at

L e FR P S T R
[ S WO O U I G S A S O

20 o1y

[Example 27]

A photosensitive silicone resin composition (P-27)
was prepared by adding photopolymerization initiator in
the form of 0.5% by weilght of 2,4, 6é-trimethylbenzoyl-

35 diphenyl- phosphine oxide to 899.5% by weight of the
Polymer 3 obtained in Dxample 3 and stivring with a

wepbed rotor al room temperature until the added
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components dissolved.
{0178}
[Example 28]
A photosensitive siliceone resin composition (P-28)

5 was prepared by adding 70% by welght of tricyclodecane
dimethanol diacrylate and photopolymerization initiator
in the form of 0.5% by weight of 2,4,6-trimethylbenzoyl-
diphenyli-~phosphine oxide to 29.5% by weight of the
Polymer 1 obtained in Example 1 and stirring with a

10 webbed rotor at room temperature until the added
components dissolved.
[0179]
[Comparative Example 1]
34.35 g (0.148 mel) of MEDMO, 20.13 g (0.148 mol) of
15 MTMS and 10 g of ethanol were placed in a 500 ml,
eggplant-shaped flask and stirred. 26.61 g of distilled
water and 0.004 g of 10% hydrochloric acid were placed in
a separate container and after mixing, the mixture was
dropped into the aforementioned 500 ml eggplant-shaped
20 flask over the course of 10 minutes using a dropping
funnel. Following completion of dropping, & cooling tube
was attached and the contents were refluxed for 2 hours
at B0°C in the presence of flowing nitrogen using an oil
bath to obtain Reaction Liquid 19 containing the
25 polysiloxane compound (a).
After refluxing, 60 g of PGMEA were further added
and a distiliation colwmn was attached followed by
removal of the ethanol and water to obtain a PCMEA

1

(A

10 5!:3
15 g of PGMEA, 25 g of toluene and 2.86 g (0.036
moly of pyridine were then added to this polymer and
mixed followed by dropping in 3.56 g (0.033 mol) of TMCS
(silicon compound (c}) over the course of 5 minutes while
dh stlrring. After stirring for 3 hours at room
temperature, 10 g of water were added to the resuliting

reaction lLiquid and stirred, and extraction after addino
; ! -3
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20 g of acetonitrile was repeated three times to wash the
polymer. The solvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
containing condensation reaction product in the form of
Polymer 19.

Photopolymerization initiator in the form of 0.5% by
welight of 2,4,6-trimethylbenzoyl-diphenyl-phosphine oxide
was added to 99.5% by weight of the resulting Polymer 19
followed by stirring with a webbed rotor at room
temperature until the added component dissolved to
prepare a photosensitive silicon resin composition (P-
29) .

[0181]

[Comparative Example 2}

27.60 g (0,119 mol) of MEDMO, 16.18 g (0.119 mol) of
MTMS and 10 g of ethanol were placed in a 500 mlL,
eggplant-shaped flask and stirred. 21.38 g of distilled
water and 0.004 g of 10% hydrochloric acid were placed in
a separate container and after mixing, the mixture was
dropped into the aforementioned 500 ml eggplant-shaped
flask over the course of 10 minutes using a dropping
funnel. Following completion of dropping, & cooling tube
was attached and the contents were refluxed for 2 hours
at 80°C in the presence of flowing nitrogen using an oil
bath to obtain Reaction Ligquid 20 containing the
pelysiloxane compound (a).

20 g of PL-1SL (silica particles (b)) and 50 g of

ethanol were placed in a 500 wl, eggplant-shaped flask and

LR Lol L g LIS ReadU LOn LAdgusg 2U coglaed o
OO o vemme satgre was fhien clronmse I3 LR L oned

a dropping funnel and stirred for 30 minutes at room
temperature. Following stirring, a cooling tube was
attached and the contents were refluxed for 4 hours at

80°C in the presence of flowing nitrogen.

A IR P o U |
After refluxing, 60 g of I

A T E S S . [ R I
A waere Iurther added

and a distillation column was attached followed by
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removal of the ethanol and water to obtain a PGMEA
solution. The scolvent was then removed under reduced
pressure using a vacuum pump to obtain a silica particle-
containing condensation reaction product in the form of
5 Polymer 20.
Photopolymerization initiator in the form of 0.5% by
welight of 2,4, 6-trimethylbenzoyl-diphenyl-phosphine oxide
was added Lo 99.5% by weight of the resulting Polymer 20
followed by stirring with a webbed rotor at room
10 temperature until the added component dissolved to
prepare a photosensitive silicon resin composition (p-
30) .
[0182}
<Fabrication of Cured Molded Product:>
15 Five drops of the resulting photosensitive resin
composition (P-1) were dropped onto the center of alkali-~
free glass (thickness: 0.7 mm, dimensions: 5 cm x 10 cm,
Corning Inc.) surface-~treated with a mold release agent
composed of a fluorine compound using a dropper. At this
20 time, two polycarbonate films (thickness: 1 mm,
dimensions: 0.5 cm x 5 cm) were placed on both sides of
the alkali-free glass, another piece of alkali-free glass
surface-treated with a mold release agent composed of a
fluorine compound was further fixed on the photosensitive
25 resin composition, and the photosensitive resin
composition dropped onto the Tirst plece of alkali-free
glass was sandwiched between the two pieces of alkali-
free glass to create an anaerchic state that allows

curing by oxygen to be dlgnoved.

b den [ I P T Ie . L . P R . o
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irradiated with ultravioclet light at an intensity of 3000
md / cm’ using a metal halide lamp (Fusion UV Systems Japan
KoK, CV-1100-G, dominant wavelength: approx. 380 nm) to
fabricate a cured molded product having a film thickness
3h of 1 mm designated as Cured Molded Product 1-1.
Cured melded preducts were fabricated using the same

method as described above for photosensitive silicon
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resin compositions (P-2} to (P-30), and were respectively
designated as Cured Molded Products 2-1 to 30~1.
[0183]

[Fabrication of Cured ¥ilm]

One drop of the resulting photosensitive resin
composition (P-1} was dropped onto the center of alkali-
free glass {thickness: 0.7 mm, dimensions: 5 cm x 10 cm,
Corning Inc.) surface-treated with a mold release agent
composed of a fluorine compound using a dropper. At this
time, two polyethylene terephthalate films (thickness: 50
pm, dimensions: 0.5 cm x 5 cm) were placed on both sides
of the alkali-free glass, another piece of alkali-free
glass surface-treated with a mold release agent composed
of a fluocrine compound was further fixed on the
photosensitive resin composition, and the photosensitive
resin composition dropped onto the first piece of alkali-
free glass was sandwiched between the two pieces of
alkali-free glass to create an anaerobic state that
allows 1nhibition of curing by oxygen to be ignored.
Subseguently, the alkali-free glass on one side was
irradiated with ultraviolet light at an intensity of 3000
mJ/cm’ using a metal halide lamp {Fusion UV Systems Japan
K.K., CV-1100-G, dominant wavelength: approx. 380 nm) to
fabricate a cured film having a film thickness of 50 um
designated as Cured Film 1-2.

Cured films were fabricated using the same method as

descr

ibed above for photosensitive silicon resin

compositions (P-2) Lo (P-30), and were respectlvely

deasioanated as Filme 2-~2 Lo 302
TR

Structural formulas of the silane compounds used to
synthesize the silica particle-containing condensation
reaction product (A} are shown in FIG. 1.
[0185]

Mole percentages during charging of FPolymers | to 23

arve shown in the Following Table 1.

.00
Ore
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0" (s) COCOCC - 108 - [0187] The results of carrying out neasurenents
and evaluations in accordance with (1) to §|_5) bel ow on sanples of the Cured
Mol ded Products 1-1 to 30-1 and the 5CuiedFiT1ns 1-2 to 30-2 fabricated

usi ng the photosensitive silicone resin conpositions (P-1) to (P- 30)

fabricated in 'g‘-ExarrpI esi 1101287 and Conpariative] Exanples 1 and 2 are shown
in the followihng Tahle|3.{ Siince | Conpar atijve| Exanpl e 1 does not contain
silica 10parti.clkes (/b ther shrinkage and coefficient of |inear thermnal
. A4 - - . .
expansi on. were;inferlon, | and since the|val ye of [Si-O-5iP33]/([Si-OR2] +
[ Si-O Si R331) ;& epr eS€n! j;rfi;f? theternm nal<|struet ure of the condensati on
VI'IY .‘[“ . <3 @(,J B (_D._‘)rkf) P o l{’.) EC)’ |0 :C,') ? <3 C;f
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15t hermal wei ght | oss was inferior. - 110 - [0188] (1) 29Si - NWR
Measurenment of Silica Particle-Containing Condensati on Reaction Products
50. 6% by wei ght of chrom um acetyl acetonate were added to a deuterated

chl orof orm sol uti on of 30% by wei ght of " Po¥§ner 1 to prepare a sanple

foll owed by measurenent with an NVR (nucl ear magnetic resonance) system
(JEOL Ltd., MparlgdgCA700) using an ST10 probe at 10an observation frequency
of 139.1 MHz with nQ spin and using a waiting tinme of 120 seconds and

cumul ati ve nunber of'SBESE MBI CEYEIEES Sof 20gh ey Ered YITRE ZgPagr ess of the
reacti on was confdimed if rgqmuweaq@qaﬂ@aeelftsc@rfp%@ntcoiﬁgon@armoa%mthﬁ,
conponent 02 The results of 295i-NVR for Polyner 1

ar}%tcoréponq_nt__ o.. .. 3 ] N

are shown in BI'GPE1tIVE I dGi ol © Stie SPERGELS 16F Swabef 67 i séBar at i on
for compbnent @-atl8 shewshowrFliG t3.e \Wavebearimgsepanat bon was carried out by
cal cul ati ng peak separation of the silica 20particles (b) according to the
non-1inear |east square nethod using the Lorentzian function, and then
calculating in the sane manner using the half width value thereof. As a
result of waveform separation, the ratios of conponent 02, conponent (B and
component 4 were 1.5% 25 15.5% and 83.0% Conponent 4 having a peak of
-111 ppmderived fromthe particles, conponent (B having a peak of -102 ppm
derived fromthe particles, conponent @2 having a. peak of -89 ppmderi.ved
fromthe particles, a. peak. at. 1pea k -T derived from conmponent P2, a.
peak at -TO ppmto -15 ppm Pc: rived from conponent pi, and a peak. at 9
ppm derived from conponent M were able to he assigned. The
condensation ratio of Polymer 1 as determ ned according. to the foll ow ng
formula usini the integrated hies of each peak was 93% In. the follow ng,
the peak a 8a of ivpnponent DI, for exanple, is represented as (D1).



Condensed silicon area: {(M)+ (D1) + (Dzzf%{ 2 + (Ti) + (T2) x

+ (QA) + (@) x 2 + (CB) X 3 + (Cn) X 41 silicon area: (
((DO + (D) (D) 11X 127+ [((TOT* (T Y 1H (T2) T+ (F3)rrx@-+4(0) + (@) +
(@) + (A %54 Candensatijon|rlatio |- (condensed silicon
area)/ (total 10”“ iicopidrea) x 100 | n |addi tji pn,| the results of
det er mi ni ng t he. y%jy Of o he f.oldlawlng . f-onmuias f S0 S 1.4433]/ ([ S - O R2] +
[Si-O SiR33]) whérein! S0 SURSIL nepresent s M) [andsl S|z Rl 15
represents th(Q§UW1 twice the|val ug ot {(|D1) land |(TTi{); thriee|t/i mes t he

e

the valiueid
89]| (2) [Evaliuatiion|g
q cafcOF et hem r\_ah‘: .Ifl. (\5(}1?

g under _condikions
sses \were

val ue of (T2) |and
shown in Tabl & 27 [
t hi cknesses were
30-1, and after _baki
at rosphere, fidmthi
Products 1-1 1‘0;;3@*&.,.
100% for the fitmithi
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- 112 - cracks at 1 to 4 |ocations were evaluated with a "B", and those for
which there were cracks at all 5 |ocations were evaluated with an "C'.
[0191] 5(4) Measurenent of Coefficient of Linear Thermal Expansion
The fabricated Cured Films 1-2 to 30-2 wet® cut out to a width of 3 mMm
foll owed by nmeasuring using the TMA-60 manufactured by Shimadzu Corp.
according to tieigensile 10measurenent nethod under conditions of a sanple
l ength. of 15 mm [oad of 5.0 g and heating rate of 10C/ m n, and using
val ues obt ai ned by MEadifaHg fa “de&orid Wike Cusi Agasurepratsamedsanpl es. Mean
expansi on was ©al adw@tes firoma30e 40,206, rand 1a val ug)of,chegs than 50 ppm C
was eval uated 15with a "A", val ue of 50 ppm C to_less than 70 ppm C was
eval uat ed witHh AHES Yndly &éﬂréj Wgﬁi@dpﬁﬁf)éufi?sglléét &P wHS ledBFuAf8d with
an "C'. p0192]Curs)d Budlnuatii-on tef 3Ther mabrWeihght! Lessg20®he wei ghts of the
fabricated Cur )| ded . Products 1-1 to _30-1 were neasured, —and after
baki ng under &%ﬁﬁi%ﬁ%%’]‘v% Hour$ &t "T50E icﬁmgoﬁiIFFSBEn?gt Hrgsgﬁeliéf t he
wei ghts of thelQurfed Nbladed! Produetie LEs1 1t 603081 awer €onpasur édeagai n. The
wei ght after haking was calcul ated reent n.a_value of 100%
for the weight bé@%r(‘ae ba%l ng u%ggér S@%ﬁgi E?ioﬁgcoﬁggl%gag g?b%o%i n a
ni trogen at nospl m:Sé,I'l<%§ff1(§?0§1P\ﬂ9:Iaﬂié-V@f Igo%troe noreewasot 80evaluatediwath an
"C. [0193] (§)a-Evalatien of Rhat.ashrinkad8e and coefricient of

linear thermal expansion were inferior, and since the

value of [S1-0-8iR%;]/([Si-0-R?] + [Si-0-8iR%]),

representing the terminal structure of the cendensation

product (A}, is 0 in Comparative Example 2, the rate of

15 thermal weight loss was inferior.



Densities of thb pthotosensitive silicone resin conpositions of (P-1) to
(P-3) and (P-28) and dnsitiee of Cured Mol ded Products 1-1 to 3-1 and 25i.
were nmeasured at 22C usi ng a Hubbard-type & cnoneter. - 113 - Volunetric
shrinkage factor attributable to photocuri é Wwas cal cul ated fromthe
density of the photosensitive silicone resin conpositions before

phot ocuring and the density of the cured nol ded products after curing. A
5vol unetri ¢ shri-nkage f.act.or 5.0%o0r.less was evaluated with a "A", a

e
vol unetric shninkage factor |[of |greatler | than|5. 00 ito!6.0% or lless was
eval uat ed mﬁth'af"l "1 1and g voliunmetiri ¢ |shrijnkpge fagtor of greater than
6. 0% was eval uatiéd wifh jan|"/Q"| 10[ 0194] (7) [Evaliuatilon|of| Vi/si bl e- UV
Regi on Transnl%IénceﬂFwaM§wiEW&r@@ﬂc¢mﬂhemhabﬁﬂoaﬁednﬁwweduwblded Pr oduct s
1-1to 3-1 maﬁgﬁeasured usi ng the UV31D1RC manuf gct urled| byl Shi madzu Cor p.
at a slit widfh®6f |5.0|nm |15Transnitt ance| at a|vWavellengt hl off 400 nm was
88% in each case. [Q195]| (8) [Evaluatiion aof | Hardness | The| Shore D hardness of
the fabricated Cure Nded 120ProdugtsT 1= to 341 ang 29-1 was neasured
using a Tecl o¢ck®Dundnetgr| (Ted gck| Corp.,| Mddel | GS- 7Q2N| Type |D). The
har dness vaIua@méﬁ,the Qur ed Mol|ded |Products i1r1 [toi3-1|and 29-1 were 80,
86, 85 and 60 “FegpgghﬁvghqﬂC@1;f519f@@rgqg§sl |‘CUqu“WbIded Product. 29-1
not cont ai ni ngithel 258iT i ca |particl ey (b)| s “detler mnéd t6 be | ower.
[0196] (9) Evd:i?u'at.icn ofl Watier | Absprpt| on The f abr ated Cured Mol ded
Produclp 1-1 Iﬂ@ﬂ and
85
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the sanple were then neasured again after dr yi.ng for 2 hours at 120C. The
increase in weight after imrersing based on a value. of 100% for thm wei ght
after drying was cal cul ated as the water absorption rate. The water
35absorption matesthe Cunmed Mr ded ProductsClei, 16-1 and 30-1 were 1.5%
1. 1% and 3.0% respectively, and the water absorption. rate of Cured Ml ded
Product 30-1, ferssy 114 - which the val ue of

[Si-OSi R33]/([S|-OR2] LSi-O5iR33]) is O was greater than that of the
other cured nol ded productsiMf 0977 5¢1e)t Meastteheht " oft Wbl ®cul ar Vi ght

of Silica Partiehe:i:Cont ai ni ng Condensation Reaction Product Cel
pernmeation chromat ography (GPC) was carried out using the CRC Max, TDA305
and TSKgel GVHHR- M col unf 158 died By Vi EsEk Pcor p. The sarrpl e

consi sted of pr epar@ g a1 %days e qghte rselnitunon cefi: yl?olawa%bnb tHeNyere

t et rahydr of ur vent, n ht aver age nol e l.ar__weight (Mwy) using

pol ymet hacryl a 4 c‘for t He s(t ed’a?rt?ij‘%[/\acgud)ent nh@ci’ ttlﬁ) N2 °di gfo Elti al

refract omet er V(Gnght The folyecul ar nml}:gmpa\m 823200p LleNEJSTRIvAKL ARPLI CABI LI TY
[ 0198] L2ptigal. "%{)ﬁrh al, q\m %%I: %ru%an the} rr%sglogjpglg osition of

t he present |nvent| on can be prefera used as'various 'ty f plastic
| ens mat eri al s5&edt i W EGLorl iei(arrpb/l@@lelt tEéJAdIOé)st ive ingnsnofs 1dél prphenes, LEDs

or vehighes ang, tméﬂmla@mﬂ@mwfah%g Dagklsl ghting Rt gal, sheet s of

liquid crystal displays and i ke hti'ng, various typée sensors,
printers and dgpyyhgazgﬁﬁdﬁyhégnm,inlﬂgo_5econd% and cumulative number

of measurement cycles of 200 cycles. The progress of the
reaction was confirmed from the peaks of component T3,
component T2, component DZ and component DI.

15 The results of ““Si-NMR for Polymer 1 are shown in
FIG. 2.

In addition, the results of waveform separation for
component ¢ are shown in FIG. 3. Waveform separation was
carried out by calculating peak separation of the silica

20 particles (b) accerding to the non-linear least square
method using the Lorentzian function, and then
calculating in the same manner using the half width value
thereof. As a result of waveform separation, the ratiocs

of component. QZ, component Q3 and component Q4 were 1.b%,

25 15.5% and 83.0%. Component Q4 having a peak of ~111 ppn
derived from the particles, component Q3 having a peak of
=102 ppr derived from the particles, component Q2 having
a peak of -89 ppm derived from the particles, a peak at -

A B T o e e e T . . s : 5
R LIS v e I I Sl [ B S S A NN TR R P 3 s Iy e i e 1

[ ats
[l

derived from component D2, a peak at =10 ppm to -15 ppm
derived From compenent DI, and a peak at ¢ ppm derived
from component Ml were able to be assigned

The condensation ratio of Polymer 1 as determined

[
W

according to the following formula using the integrated
values of each peak was 9353%.

In the following, the peak area of component DL, for



CLAI M5 1. A photosensitive silicone resin conposition conprising (A a
silica particle-containing condensation reaction product and (B) a

phot opol yneri zation initiator, 5wherein: the silica particle-containing
condensation reaction product (A) is a cohdénsation reaction product of

pol ysi | oxane conmpound (a), conposed of a hydrolytic condensation product of
one or nore typesy,l00f silane conpounds represented by the fol | ow ng
general formula (1): (1) (wherein, R represents a hydrogen atom or organic
group 15cont ai ni ng 4G T Catblorf At GHEAnl represents an integer. of 0 to
3, X1 represents a gneup, s@ﬁctﬁed( F,0m the g(rlqu,{“cqq@:%sy ng ,of, .8 )hxd oxyl
group, hal ogen atom alkoxy group having 1 to carbon atons and acetoxy
group having 1 to 6(@arbon{dtomrs,” andgel, xRI3 and(X]l mayieach be the 20sane
or different in theToctads}e Sa}._..pilc,uor al irteya’t hereof is present) and/or the silane
conpound, and silica parti cl'es n(b% a termnal structure Si-OY of the

condensation reactiomarodugtl (;A)+ (wherein, (DY )r epresent s 52 or; (BipR33, 52
and R3 represent hydrogen atons or organic groups having 1 F to 20 carbon
atoms, and the plur@lity" of'R3 ‘maly’ Bdch Be "t He Came d@lgi fif dE@nt ¥ @B sfi es
the follow ng fornul a(.Qé()Z}) 'w [Si-0-si 31 /(isi-o-vlps' o-s , 1) 5 1 Sea
condensati on reaction product (A) has a photopol yneri zabl e functi onal

group. The phot osensintdaretadone regiinp conposidansmd siliconaecerdi/ngoteicl ai m
1, wherejn the photSoiploilé/rreri zahl e ﬁ- functional . oup equi val ent of the

phot osensitive one nocoerpnoséaili(ala nis. 5 nmol /g to 4.5 mmoi/g. 3.The

phot osensi ti ve sililboneldigsion,camposiddudns of determining the value of
the following formula:
[S1-0-SiR%31/([Si~C-R*] + [Si-0-SiR%;])
wherein [{5i-0-SiR’%;] represents (M1) and [Si-0-R”]
15 represents the sum of twice the value of {(D1) and (T1),
three times the value of (T2} and (Q1), twice the value
of (QZ) and the value of (03), are shown in Table 2.
[0189]
(2} Evaluation of Thermal Shrinkage
20 Film thicknesses were measured for the fabricated
Cured Molded Products 1-1 to 30-1, and after baking under
conditions of 3 hours at 150°C in a nitrogen atmosphere,
film thicknesses were again measured for the Cured Molded
Products 1-1 to 30-1. A film thickness after baking
25 based on a value of 100% for the film thickness before
baking under conditions of 3 hours at 150°C in a nitrogen
atmosphere of 99% or more was evaluated with a "A", that

Chan 9%% witlh & "BY, and that of less than

30 foren]
(3) Evaluation of Crack Resistance
The fabricated Cured Molded Products 1-1 to 30-%
were baked under conditions of 2 hours at 150°C in a
nitrogen atmosphere and observed at 5 locations, those
25 Tor which there were no cracks al any of the 5 locations

were evaluated with a "AY, those for which there were



- 116 according to claim1, wherein the (3i-O-SiR33i in forrmula (2) is
derived fromone or nore types of a silicon conpound (c) represented by the
foll owi ng general formula (3): 5R3381X2(33 (wherein, R3 is the sane as
defined in fornula (2), X2 represents a gréup sel ected fromthe group

consi sting of a hydroxyl group, hal ogen atom al koxy group having 1 to 6

carbon atons a@ﬁb@%§t£%Y1gﬂ9U@ haviing, L t.e.8 carbon 10atans, ang-the,
plurality of present may be the same or different), or the fol 'ow ng

general for nul%h?iﬁ for W“%Sﬁ@ﬂ‘%ﬂ%l"i%ﬁ@“{%\ﬁeﬁé LIRS ile cehd csEmy eas
defined in forsua{2)q and, the miurality of 1k3 present may be the sane or
different). 154 il' photosensitive silicone resin conposition according to
claim1l, wher ef silica particle containing condensation reaction
product €A) is a copdensatdoreneactd o quadudteraf dfhe.ipelaysithexane conpound
(a) conposed q Sg h dr oI ytic condensati on 20product of one or nore types of
sil ane corrpoundX repr ‘@sent ed by general formula (1), or the polysil oxane
conpound (a) and th&sifane conpouhd,edand Itthe Isid itea 3gart welres o) oul. The
phot osensi tive. i Si si qrdi.ng to.¢l.aim.l.wherein
the [SI-OSi R—eLS %n&%@lﬁu ﬁé@?rﬁ?ﬂ 5t f?ﬂé%sby réléc%tl né;l o4 1((::Ior%]énga %
reaction pr odmﬂ@faqmyqﬁ;I%lﬂ@ﬂ&%ﬁh%ﬂﬁ@un@q@)w&m oo tthe ée@@mi@und and

the siliga parddglessds Wh 4 hgd8S ascarding to cl %mgin e hULbher ¢

conprising a coyrpound (O hAV| ng a photopol ymeri zabi e functional ‘group in a
mol ecul e the 7L9henphotaosensit.itve sird é@r@e:mwmt@omfoﬁjwmm%aan@r ding to

claiml, further; comprialng, (@ an 3 L dant, @ S5.Joh W thiad ekl

absor ber.
the same samples. Mean expansion was calculated from 30°C

to 70°C, and a value of less than 50 ppm/°C was evaluated
15 with a "A", a value of 50 ppm/°C Lo less than 70 ppm/°C
was evaluated with a "B", and a value of 70 ppm/°C or
greater was evaluated with an "C".
[6192]
(5} Bvaluation of Thermal Weight Loss
20 The weights of the fabricated Cured Molded Products
1-1 to 30-1 were measured, and after baking under
conditions of 3 hours at 150°C in a nitrogen atmosphere,
the weights of the Cured Molded Products 1-1 to 20-1 were

measured again. The weight after baking was calculated

25 as a percentage based on a value of 100% for the weight
before baking under conditions of 2 hours at 150° in a
nitrogen atmosphere, and a value of 99% ar more was

iv ¥ i £ i 1
F
noe 1 e
30 evaluated with an "C".
re1e3l
(6) Evaluation of Photoshrinkage
Densitles of the photosensitive silicone resin
compositions of {P-1) to (P-3) and (P-28) and densities
a5 of Cured Molded Products 1-1 Lo 3-1 and 28-1 were

neasured at Z2°C using a Hubbard-type pycnometer.



The photosensitive silicone- resin conposition - 117 - according to claim
7, conprising 100 parts by weight of the silica particle-containing
condensation reaction product (A), 0.01 parts by weight to 50 parts by

wei ght of the photopol ynerization initiatér3(B), 0 parts by 5weight to 900
parts by weight of the conpound (C) having a photopol ynerizable function
group in a nol |6t hereof . and O parts. by weight. .tq 50Q . el ght of
t he anti oxi dant@@gﬁg? _%){r]ﬁal ﬁ%l\ﬁglgqe{) gﬂbstoorsfbe%réL e(l'\%)kgng% Q’eﬁg g)'?j(r)ots%ﬁ}s%%é ’tJ“?@e

si li cone resi n"&€dnpdsti+died oaedbriditngaes idhaith Fhadrdiaserhe tive

phot opol ymer i zabl ecdunctd O GEQMLd 1 Lhes sidica pardd &g centaining
condensati on rgacu on product (A) is derived fromthe pol ysi| oxane conpound
(a) and/or the“Sif+ o’ tompourieh $¢)ne 1510 P ik Photidsénsitinid Ssi | ifcone

][esi n con‘slposi twi;@mra@@.ﬁ:[@i @%ir@k&@}eﬁimcﬁsomf ej <t he- Q,flcﬁisowsyr@rfél%@e%
unctional group. in the,silic article-containing condensati on reaction
product (A) an‘f:lfioklJ ¥ he* corfpo %%r%\ﬁk}fg"rﬁ“%ti%ﬁ&cﬂfwéﬁ 2519 FurétiTonal
group in a 20nol @tute & het eof issatwdeastalong dyypeiselected farem:t he group
consisting of a . h)acryloyl, group, styryl group, nqrbor i group, epoxy
group and ner c\g%'glg%gtr”dlucp.%’hr%kc E‘D:L.ipal':ﬁ‘emph%j{ 'éer‘iagtietri Sglaéji I6:q'cc')"n “esin
conposi ti on aceordidged ovcllaian 3)C'Wherein the anobunt of the silica
25partighes (b)gigyf00% by weight of the silica particle- containing
condensati on reaction product (A) is 1% by weight to 80% by wei ght, and the
total amount of thelpol§sidwx iane conpou.Md-(8) Fand arhd rsirlsréen acempound
(c) is according to glahmda, Wheleind he gplar Jatd 9. d.copopmt
M (conpone) Monponent D 4. conponentconponent 5)1 x 100 of a. conponent

1) (1 to thm t ot’sldHurber bf hotes vofs tie Sofsbrertavthe coigdrént D, a
conponent T angk.a.3bsampanent iR hhmsid i ca pardiGi v:eont /MisNg .
condenchal | -n feactui xf product (1)5 excluding the s ina particles &lh) is 1

molt to-80 nDl%gansmltta ce at a wavelength of 400 nm was 88% in eac
case.
{0195]

(8) Evaluation of Hardness
The Shore D hardness of the fabricated Cured Molded
20 Products 1-1 to 3-1 and 29-1 was measured using a Teclock
Durometer (TeClock Corp., Model GS-702N Type D). The
hardness values of the Cured Molded Products 1-1 to 3-1
and 29-1 were 80, 86, 85 and 60, respectively, and the
hardness of Cured Molded Product 29-1 not containing the
25 silica particles (b) was determined to be lower.
[0186]
(9) Bvalualtion of Water Absorption

The fabricated Cured Melded Products 1-1, 16-1 and

e nCiurs
".\mi |y iaf e v e fo 3% o
N 3 N I RN
the sample were then measured again after drying for 2
hours at 120°C.  The increase in weight after immersing
based on a value of 100% for the weight after drying was
calculated as the water absorption rate. The water
35 absorption rates of the Cured Molded Products 1-1, 16-1

Y ees T I T P S R T A ) e
and 30-1 were 1.5%, 1.1% and 3.0%, respectively, and the

water absorption rate of Cured Molded Product 30-1, for



118 - 13. The photosensitive silicone resin conposition according to
claim1, wherein the polysiloxane conpound (a) contains a product obtained
as a hydrol ytic condensation product of a silane conpound in which at

5l east nl of the silane conpound representéd by general formula (1) is 1.
14. The photosensitive silicone resin conposition according to claima1,

wherein the pohysid oxane, conpound (;a)-¢onta| ns & pEodyct, ghtained as a
hydrol yti c 10condensati on product of a silane conpound in which at f'east nl
in the silane conpolint Heprieserted By agermdr alhef ersira crpd gcidegnd a
si | ane conpoungk-ddquwd ch nl is 2. 15. The photosensitive silicone
resin conpositiﬁﬁyﬁgcording to claiml, the ratio of the nunber of bonds
15t hat form si a bonds with silicon in the silica particle-containing
condensabi on react i @ )prediirdA):tt @t e tetala nwaber tot thends ~that
respectively fﬁug@gg$e§iloxane bonds, direct bonds wth hydroxyl groups and
di rect bonds mF%h“hyé?olyzable groups is 40 nol % to 100 20nol % 16.
The phot osensi ti ve &irlticcionieng esirmicconpdsint Remcadeor diraguko cl aim 1, wherein
the silica particles, | e .produced from an,al ilane by a wet method.
117. The photosensﬁfﬁv EéiCf%%ﬁgiF%%fﬁmé8ﬁ68§W¥ig%éﬁgaﬁégrﬁﬁﬁﬁlF§68Péin11,
wher ei n t he mednligr iiber yisartaxc| EdiZdieted 6EKoké siHHGaMpaotiuches (b) is 1
nmto 20;nm The.phol.o L ildi.cone r I S i.ti.on agtordi ng
Co ol aim 3. whorsm iR o T on omaund 08y o FPrEnt iy - tRd L]
The phot osensiRliSFE 519 cone resive igdripssiltitopnacdordilngeto Lchlai m 6, wherein
the phot opol yr®rdzahl8 Jancti analy 9rouR Hdn R8s LLea spar ti-¢Le;,6ont ai ni ng
condensati on reaction product (A) and/or the conpound (C) hmving a

phnt opol ymer av4bi%e! i uhtt) orraindgredpien ha crafledat FBIE Gof B§aadard was

(met hpdcl yl oyldetgnoupcand/ion gr eUEferentdtd vefractom@@erhRphot @gensitive
silicon rremg}ggqppqsulon ngOfdln%,LO claim6, wherein the

phot opot yrer i 2&bi% ¥ ac i/l §ASup -“n -t he silica particl e-contai ni ng
condensation reaction product (Apuandien thercompoundy(C) 5having a
photopolyneriZEHyg%}functional group in a

An optical material obtained by using the resin
composition of the present invention can be preferably
20 used as various types of plastic lens materials used in,
for example, the plastic lens of cell phones, LEDs or
vehlcles and the like, replica materials, backlighting
optical sheets of liguid crystal displays and the like,
Lighting, various types of sensors, printers and copying

25 machines.



nol ecul e thereof is an epoxy group and/ or nercapto group. 21. The
phot osensitive silicone resin conposition according to claiml1, wherein the
phot opol yneri zation initiator (B) is a photoradical polynerization
initiator. 1022. The photosensitive silicbhe resin conposition according to
claim®6, wherein at |east one type of the compound (C) having a

phot opol yneri zabl e functional group in a;pelecul e thereof contains one or
more carbon rings and/or heterocycles inm-a nol ecul e thereof. 1523. A
producti on process of a ‘pHtosEnsitiliessisiildewecr gsisd nc opposistitonn

conpri sing thedmghl:omng §1eRS:silica particle-contad@rfibhbSteosheR Lok on
obtaining a poh¥S|Joxane conpound (%% by hydrol ytically condensing one or
nore 20types oOf°%i4dHe RIGHPGUNASS epr e semted oy LyHe LRI e ng NgEAaE N .
formula 61): RitdrSE%14,1 (1) (wherein., Rl represents a hydrogen atom or
organic group 25 containing_ .1 to .2Q carbon atons, ql,rePresents an integer
of 0 to 3, >0 represents a grolp “gel’écét &4 Fromerhe rfolip"Cons of a hal ogen
atom al k. oxy groum swviag rkace iGrcarbomeat gm)sard sacenkexyagroup having 1
to 6 cnbon e i ~ 8. second step for obtaining a condensation
reacties product. by ¢ ﬁé%§¥h§gtﬁ§ﬁ#§§ﬂpﬁﬁﬁﬁ §8W§§Ppgxgﬁé’céﬁ388ﬁ8d(a)
and/ or the siledne dompound iwi tdersichised ipar pirckes t( b), one or morthirdest ep

for obtajning. Silj.ca.. Lcs, i.on, pr ct. .conde. nsi_.ng the
resultiﬁ% conégﬁsggfgﬁgﬁéggﬁﬁgﬁgp?gﬁﬁ%%%%ngobg &ﬂ%h%gwég¥ﬁ% n988ﬁ68&nd (c)
represent ed by aellfel {1lowi ng general fornula (3): R33Si X (3) (wherein, R3
represents a hydrogen «atem or organic group 5containing 1 to 20 carbon
atons, X2 represents a group selected fromthe group consisting of a
hydroxyl group, halldden atom al koxy group having 1 to 6 carbon atons and
acet oxy group hawimgnl t:0 §e§@é9@ﬂt§t9nﬁyd§8§eﬁh@t@%“&@'6£dé§ﬁcF§r£ﬁﬁse”t

.. .or

may be {he sane or different
5 containing 1 to 20 carbon atoms, nl represents an integer

of 0 to 3, X' represents a group selected from the group
consisling of a hydroxyl group, halogen atom, alkoxy
group having 1 te 6 carbon atoms and acetoxy group having
1 to 6 carbon atoms, and nil, R and x! may each be the

20 same or different in the case a plurality thereof is
present) and/or the silane compound, and silica particles
{b}, a terminal structure $i-0-Y of the condensation
reaction product (A} (wherein, Y represents RY or SiR%, R?

‘ S ey e AR ; :
and R” represent hydrogen atoms or organic groups having 1

[
(@]

to 20 carbon atoms, and the plurality of R31may each be
the same or different) satisfies the following formula
{2

z;):

0 < [S1-0-8iR%*]/([81-0-R%] + [51~0-SiR%1) < 1

B o R S TP — e 1 L N C e : .
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condensation reaction product (A) has a
photopoiymerizable functional group.
2. The photosensitive silicone resin composzition
according to claim 1, wherein the photopolymerizable
35 functional group equivalent of the photosensitive
silicone resin composition is 0.5 mmol/g to 4.5 mmol Sy .

3. The photosensitive silicone resin composition



10t he followi ng general. fornula (4): R33Si NHSi R33(4) (wherein, R3 is the
sane as defined in general fornmula (3)), and a fourth step for mxing the
resulting 15silica particle- containing condensation reaction product (A)
with a photopol ynerization initiator (By.!24.~A production process of a

photosensitive silicone resin conposition, conprising the follow ng steps:

a first step farcoktaining & nol s Loxans 20¢omaund (ak:by fydiglypical Iy

condensing a SI ane conpound at |eéast including a silane conp
represented by'4he ¥ it owaty gemercdle foor malrg @ypestﬁus|X14l1@m (1)

25(wher ei n, Rlcd’n%ﬂﬁﬁ&ﬁn(tcﬁ & ddrRgenR ALYMOL, %g_%lqu%r Qupecant aning 1 to
20 carbon ato nl represents an integéer of t reprdsents a group

sel ected from the group condisting of a hydroxyl group, halogen. atom
al koxy i and ac4 ards?tilLa sanme or different. in the case a plggality
thdreof Is present econd step for

i C
obtaining a co dén§3fioﬁ@réﬁc?%SnSﬁPBdﬁEtd8§1%8ﬂdéﬁs?ﬂﬁm¥h% fesul ¥i ng.
pol ysi | oxane 35gonpound: A @)rcandtske csltane rfeonpotad gwichh sibhiseatpagt bel es

(0), a third §§qﬂmﬁgﬂqﬂb2ﬁkﬂkﬂg %1%@£%C%ioh, a%koxy group having 1 to
& carbon atoms and acetoxy group having 1 to 6 carbon
10 atoms, and the plurality of R’ present may be the same or
different), or the following general formula (4):
R¥SiINHSIRY, (4)
(wherein, R’ is the same as defined in formula {2y, and
the plurality of R’ present may ke the same cr different).
15 4. The photosensitive silicone resin composition
according to claim 1, wherein the silica particle-
containing condensation reaction product (A) is a
condensation reaction product of the polysileoxane
compound (a) composed of a hydrolytic condensation
20 product of one or more types of silane compounds
represented by general formula (1), or the polysiloxane
compound (a) and the silane compound, and the silica
particles (b).
b The photosensitive silicone resin composition
25 according to claim 1, wherein the [Si~OMSiR%} in formula
(2) is obtained by reacting a condensation reaction

product of the polysiloxane compound {(a) and/or the

ane compound and the silica particles {h), with the

} ) E Licone resin Composition
according to claim 1, further comprising a compound (C)
having a photopolymerizable functional group in a
molecule theraot,

7. The photosensitive silicone resin composition

35 according to claim 1, further comprising (D} an
antioxidant and/or uliraviolet absorber.

a. JThe photesensitive silicone resin composition



particl e-contai ni ng condensati on reaction product (A) by condensing the
resul ting condensation reaction product at with a silane conpound at | east
including a silane conpound represented by the follow ng general fornula
5(1): (1) (wherein, R represents a hydrg@én atom or organi c group
containing 1 to 20 carbon atons, nl represents an integer of 0 to 3, Xi

represents a group-selected:fomt hQ‘CQ({}:QH%IlIQ]CQQ@ SLRG %8’ %ogﬁgmw

group, hal ogen atom _ al koxy group having 1 to carbon atons acet oxy
group having 1 Ehe Bl ddrb ot Ht g~ and-aiining C&ﬁkﬂicﬂlba#&ymeaé’ﬁcbéwhe same or

different in thee®ase enpl wrali tistihengof,digpr esenty) Ja-which,nl g 'h% 1 or
2, and a fourth step for. mxing the resultln% SI ica
¥

particle- cont@i ity HoHdaHsat on *raéd&ri dﬁ“ﬁr@d@éft (BAY Wi PRT&S
photopolynerlzailqnl|uut9Gﬂ(pad&§ by we}gqt25f e pegessdageor dizRg nto
claim 23 or vKnefreOn in the firs one or rmret){ pes .of sil ane
20conpounds repr S et e By gerretal U(S 1Oé\l CHPU&r ¢ "hydFGHVERdEl |y condensed
under aci di ¢ clomdiddonsarich Qarpdaquaemws walieoholtcsaltutizons by weigh26orThe

process accordijng 1,9 { CAZ’%pJQH dt{d/zol U\qlr%grr ei. nilorﬂ t%%eﬁ%conqggt ep, a

condensati on reaction obt'ai e by co SIng % by weight to
99% by wei ght of tHe pol¥ysi Irdxeves ecorpommd s(a) cand 1%:sby weinghts 1tdo80% by

wei ght of the Rartd ¢l i q u f. | cohol
naving 5 to 4 carbon s pranay{ooy. i LR B el R TP

second step, aftErtigddidiy e dredde @né 'tOyﬁp@défo;@dleve:@PtﬁaW ng a boiling

poi nt of 100C.:dei200G: kﬁ1@kﬁkﬂ§%%@%%%@u@&oqhxh%sgb%%@v%@n$¥%hlng of an
al oe: nob ketone, ester, ether and hydrocar bon solvent. to the congensatl on

reaction. prodiitt OBtEiMEd BPreondersiing "CHe Tpéhysisildxanre compound (a) and
the silica. pardi.cles (b. ) t he water content of the condensation reaction

pr oduct g,s 122 - 0. 001% by wei ght to 5% by weight b
distillihg off thea@d d%é’ol SO SCOTh OISRt ‘°B>in&i°§"f~| Irlﬁétll‘“ohomp@‘“{lon

according te claim &, wherein the photopolymerizable
functional group in the silica particle-containing
condensation reaction product (A) and/cor the compound ()
having a photopolymerizable functional group in a

20 molecule thereof 1s at least one type selected from the
group consisting of a (meth)acryloyl group, styryl group,
norborneyl group, epoxy group and mercapto group.

11.  The photosensitive silicone resin composition

according to claim 3, wherein the amount of the silica

25 particles (b) in 100% by weight of the silica particle-
containing condensation reaction product (A) is 1% by
weight fo 80% by weight, and the total amounl of the
pelysiloxane compound (a) and the silicon compound (¢) is

L 3 P A o
(P INEY WA LA T L Ll e

LAY Ty
I -

LA R . o : Co
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according to claim 1, wherein the molar ratio {component
M/ {conponent. M+ component D+ component T ¢ component
)} x 100 of a component M to the total number of moles

of the component M, a component D, a component T and a

o S . i PREY T : :
35 component Q in the silica particle-containing
condensation reaction product (A) excluding the silica

particles (b)Y is 1 mol% to 50 mold.



28. The process according to claim 23, wherein in the third step, after
addi ng at | east one type of solvent selected fromthe group consisting of
an al cohol, ketone, ester, ether and hydrocarbon solvent to the
condensation reaction product obtained bylé&dndensing the pol ysil oxane
conpound (a) and the silica particles (b), the silicon loconpound (c)
represented by general f. ﬂ{cmﬂ}ﬂﬂ(o%)oﬂ%% irz%tsqu‘Motnbz g50avel '1nL ithe form

of an organi c base |n an armount 0.5 tines times the nu of nol es of
the silicon cohpourid Q%)LQd?Wka&rbyﬁKéﬁﬁViﬁ?qiﬂ@kﬂ@dﬁvﬁﬂgaﬁpﬁﬁ@mwﬂd by

washing with amﬁqum@rﬁ@wtpmd& Iaablialdy the siiGa 1Rantd cl e-contai ning
condensati on rea(ﬁlon pr oduct or after adding at |east one type of

sol vent sel ect€d 4561 tHd g ‘Eoﬁ§i§tﬁﬁd@@p &YTRICEER0IL KEtehe 2test er,

ether and hydroearbon sof vent di0 dhe condensati-pn Jd-eackicon PLedWet; jobt ai ned
by condensi ng FOtheHP L S|Io§gne conpound (a) and the silica particles (b),
the silicon coﬁ% ( 5 'sented by general formula (3) is allowed to
react to obtain theLSJIﬂh&qyﬁduaﬁ&ﬁxmnmwrﬁﬁ@cﬁﬁmdeﬁgahi@mwm©@Qﬁh@ﬂ
product (A). Thelproc%ss ccordln 23 or 24, 25wherein

in the third steﬁ?d%Q%w T eacti'ng 't K&’ <9 e ﬁﬁ OF@TG CORPOHE
condensati on rédcﬂﬁﬁniwnodumnammmamnednbyrmmh@englmgdvhéypoby5|loxano

conpoung (a) %d( r1<ha_er ] '&%cﬂgftﬁ %(34 %S (bi) el ?%lu\/lgnt; ~CQARonEN tt

redlIl. ILis al.- xxxb ocess accor to cIa|n123 or
24, wherein |ﬂQ%ﬁéfQﬁu%ﬂ1%W%pHiéwéommmmﬂﬁmdjuma@ﬁ@@L@dphwt@p@hyﬂérlzable

functional groupini2 ol ecule thor eof. 5130dkOL AR AL 0Xf dantrand/ g
ultraviol et absorber (q) are further m xed ucia c ure proéuct

cc. a photosensitive si [TComEsise eoiposi tiiencoeenpeisdPngomposi2don st ep

for irradiatingddeliphotesensi:id ve siHld cone o esi RHeompasi-t- o aceoLding to
any of ?JalnBT% to{22 with Iight having a dom nant wavel ength of 200 nmto

500 nm A Sured B Hu&P“@Bt&‘ﬁ@dSéédépﬂlﬁﬁ 5t ke Sprocess
according to qkﬁﬂmkﬂkacontainjﬁﬁ chheleprseeess aceerdongphedgk-al m3ly

further conpr|§bn 8 _step 1 in at 3"C to 300C. ‘ 34, A
cured product obtainéd éggFﬁi cE§SPEELAM Gitg HPE e FaPm 33.
siloxane bonds, direct bond° with hydroxyl groups and
direct bonds with hydrolyzable groups is 40 mel% to 100
20 mol.
16. The photosensitive silicone resin composition
according to claim 1, wherein the silica particles (b)

are produced from an alkoxysilane by a wet method.

1L7.  The photosensitive silicone resin composition

25 according to claim 1, wherein the mean primary particle
diameter of the silica particles (b} is 1 nm to 20 nm.

18,  The photosensitive silicone resin composition

according to claim 2, whey

eln the silicon compound () is

e o silioon commoun \4

e gy e s e T e el e .
Y LR I S R BT B AV Rl W et H T8 NAaLoTen atom
! Priomily Lty R [ O I TR SR R B I R R
19, The photosensitive gilicone resin composition
according to claim 6, wherein the photopolymerizable
functional group in the silica particle-containing
condensation reaction product (A) and/or the comnpound  {(C)
35 naving a photopolymerizable functional group in a

T S L TN T - 3 -
molecule thereal 1s a (meth)acryloyl group and/or Sy s

v,
.

group.



1035. A plastic |lens produced according to the process according to claim
31. 36. Areplica material produced according to the process
according to claim 31. 37. A surface coating material produced
according 15to the process according to-cladn 31.

20. The pholtosensitive silicone resin composition
according to claim 6, wherein the photopolymerizable
functional group in the silice particle-containing
condensation reaction product (A) and/or the cempound  (C)

having a photopclymerizable functional group in a

{82

molecule thereof is an epoxy group and/or mercapto group.
21. The photosensitive silicone resin composition

according to claim 1, wherein the photopolymerization

initiator (B) is a photoradical polymerization initiator.

10 22. The photosensitive silicone resin composition
according to claim 6, wherein at least one type of the
compound (C) having a photopolymerizable functional group
in & molecule thereof contains one or more carbon rings
and/or heterocycles in a molecule thereof.

15 23. A preoduction process of a photosensitive
silicone resin composition, comprising the following
steps:

a first step for obtaining a polysiloxane
compound {a} by hydrolytically condensing one or more

20 types of silane compounds represented by the following
general formula (1):

R'Y1SiX 40
(1)
(wherein, R' represents a hydrogen atom or organic group

25 containing 1 to 20 carbon atoms, nl represents an integer
of 0 to 3, %' represents a group selected from the group
consisting of a halogen atom, alkoxy group having 1 to 6

carbon atoms and acetoxy group having 1 toe 6 carbon

44444 -~ i - - S
e 4D RllgSaliog

a second step for obtaining a condensation
reaction product by condensing the resulting polysiloxane
compound {(a) and/or the silane compound with silica
particles (b),

35 a third step for obtaining a silica

particle-containing conde caction product (A) by

condensing the resulting condensation reaction product
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with a silicon compound {c¢) represented by the following
general formula (3):

R¥,51x%7 (3)
(wherein, R* represents a hydrogen atom or organic group
containing 1 to 20 carbon atoms, X° represents a group
selected from the group consisting of a hydroxyl group,
halogen atom, alkoxy group having 1 to 6 carbon atoms and
acetoxy group having 1 to € carbon atoms, and the
plurality of R’ present may be the same or different), or
the following general formula (4):

R*;SINHS1R, (4)
{wherein, R’ is the same as defined in general formula
{3)), and

a fourth step for mixing the resulting
silica particle- containing condensation reaction product
(A) with a photopolymerization initiateor (B).

24. A production process of a photosensitive silicone
resin compositicn, comprising the following steps:

a first step for obtaining a polysiloxane
compound {a) by hydrolytically condensing a sllane
compound at least including a silane compound represented
by the following general formula (1):

RM1S1XY 0

(1)

(wherein, R* repraesents a hydrogen atom or organic group
containing 1 to 20 carbon atoms, ni represents an integer
of 0 to 3, ¥ represents a group selected from the group

consisting of a hydroxyl group, halogen atom, alkoxy

G atoms and aco group having

(I R D e

N
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same or different in the case a plurality thereof is
present) in which nl is 3,

a second step for obtaining a condensation
reaction product by condensing the resulting polysiloxane
compound (a) and/or the silane compound with silica
particles (b)),

a third step for obtaining a silica
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particle-containing condensation reaction product (A} by
condensing the resulting condensation reaction product at
with a silane compound at least including a silane
compound represented by the following general formula
(1)

R'yi 81Xty (1)

{(wherein, R’ represents a hydrogen atom or organic group
containing 1 to 20 carbon atoms, nl represents an integer
of O to 3, x! represents a group selected from the group
consisting of a hydroxyl group, halogen atom, alkoxy
group having 1 to 6 carbon atoms and acetoxy group having
1L to 6 carbon atoms, and nl, R’ and X' may each be the
same or different in the case a plurality thereof is
present) in which nl is 1 or 2, and

a fourth step for mixing the resulting
silica particle- containing condensation reaction product
(A) with a photopolymerization initiator (B).

25. The process according to claim 23 or 24,
wherein in the first step, one or more types of silane
compounds represented by general formula (1) are
hydrolytically condensed under acidic conditions in an
agqueous alcohol solution.

26. The process according to claim 23 or 24,
wherein in the second step, a condensation reaction
product is obtained by condensing 20% by welght to 99% by

o,

welight of the polysiloxane compound {a) and 1% by walght

to 80% by weight of the silica paviticles () in an
agueous solution of an alcohol having 1 to 4 carbon

atoms, at o a pH o of b to Y9, and at BOYC o 100 {1 atm) .

i The noocess according o claim 2% or 24,

r, alter adding at leaslt one

wherein in the second st

type of solvent having a boiling point of 100°C to 200°C
(1 atm} selected from the group consisting of an alcchol,
ketone, ester, ether and hydrocarbon solvent to the
condensation reaction product obtained by condensing Lhe
polysiloxane compound {(a) and the silica particles (b),

Lhe water content of the condensation reaction product is
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adjusted to 0.001% by welght to 5% by weight by
distilling off the added solvent component by
distillation.

28. The process according to claim 23, wherein in
the third step, after adding at least one type of solvent
selected from the group consisting of an alcohol, ketone,
ester, ether and hydrocarbon solvent to the condensation
reaction product obtained by condensing the polysiloxane
compound {(a) and the silica particles (b), the silicon
compound () represented by general formula (3) is
reacted with a scavenger in the form of an organic base
in an amount 0.5 times to 3 times the number of moles of
the silicon compound (c) followed by removing the organic
salt formed by washing with an aqueocus solution to
obtain the silica particle-containing condensation
reaction product (A), or after adding at least one Lype
of solvent selected from the group consisting of an
alcohol, ketone, ester, ether and hydrocarbon solvent to
the condensation reaction product obtained by condensing
the polysilcoxane compound (a) and the silica particles
(b}, the silicon compound (c¢) represented by general
formula {3) is allowed to react to obtain the silica
particle~containing condensation reaction product (A).

29. The process according to claim 23 or 24,
wherein in the third step, after reacting the silicon
compound (c) with the condensation reaction productl
obtained by condensing the polysiloxane compound (a) and

the silica particles (b)), the solvent component

Eooobhtaln the
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30. The process according to claim 23 or 24,
wherein in the fourth step, a compound (C) having a
photopolymerizable functional group in a molecule thereof
and/or an antioxidant and/or ultraviolet absorber (D) are

further mixed.

310 A production proce of a cured product of a

2 A

=X
photosensitive silicon resin composition, comprising: a



[
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step for irradiating the photosensitive silicone resin
composition according to any of claims 1 to 22 with light
having a dominant wavelength of 200 nm to 500 nm.

32. A cured product obtained according to the
process according to claim 31.

33. The process according to claim 31, further
comprising a step for baking at 130°C to 300°C.

34. A cured product obtained according to the
process according to claim 33.

35. A plastic lens produced according to the
process according to claim 31,

36. A replica material produced according to the
process according to claim 31.

37. A surface coating material produced according

to the process according to claim 31.



