1 DESCRI PTI ON TI TLE OF | NVENTI ON: TYPI CAL METAL- CONTAI NI NG

POLYSI LOXANE COMPOSI TI ON, PROCESS FOR | TS PRODUCTI ON, AND | TS USES 5
TECHNI CAL FI ELD The present invention relates to a pol ysil oxane
conposi tion containing typical metal, & process for its production
and its uses. Particularly, it relggssRrirnensealing material and a
gas barrier material, using such a polysiloxane conposition. 10
BACKGROUND ART For flat-panel display (hereinafter referred to
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pl astic substrate is requited wherein a gas barri‘er propert nst
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conponeithfrovehfent of impads résigi@ideogs well apRIddpRbitARSPRIaBirol pRodeas. | er
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dye-sensitized solar cell and an organic semiconductor solar cell.

20 Usually, in a case where such an element is formed on a commercially available
plastic substrate, the formed element or device, such as a liquid crystal element, an
organic EL element, a TFT element, a semiconductor element or a solar cell, is weak
against water and oxygen, whereby dark spots or dead pixels are likely to be formed in
the disptay on such a display panel, or a semiconductor device, a solar cell, etc. tend

25 to fail to function properly and tend to be practically useless. Therefore, a gas batrrier
plastic substrate is required wherein a gas barrier property against steam and oxygen
gas is imparted to a plastic substrate. On the other hand, a transparent plastic film
having a gas barrier property is likely to be increasingly used, in place of a non-
transparent aluminum foil laminate film, in applications as packaging materials for e.g.

30 foods, drugs, electronic materials, electronic components, etc.

As a method to apply a transparent gas barrier layer on a transparent plastic

substrate or a transparent plastic film, a PVD method (physical vapor deposition



both of them use a vacuum process. Therefore, it is desired to forma
gas barrier |ayer by an econom cally advant ageous coati ng net hod
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15 particularly UV resistance, are inadequate, and improvements are desired.
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Patent Document 3: JP-A-05-6946
Patent Document 4: Japanese Patent No. 2,781,279

DISCLOSURE OF INVENTION
25 TECHNICAL PROBLEM
The present invention has been made in view of the above-described problem,
and it is an object of the present invention to provide a material suitable for sealing of
an LED element, protection of wiring for an LED device, insulation and sealing of a
power semiconductor or for a gas barrier layer for a transparent plastic substrate or
30 transparent plastic film and to provide an LED device, a gas barrier component, a FPD

device and a semiconductor device, using it.



3 SOLUTI ON TO PROBLEM The present inventors have found that a
pol ymer conposition obtained by hydrosilylation polynerization of an
unsat ur ated group-containing siloxane conpound and a sil oxane
compound having a structure wherein hy@&ogen is directly bonded to 5
sil'i con, gbpytrienAeepetssL_ g a specific organic netal conpound
conponent, has a high gas barrier property and nechani cal properties
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table, 25 angd coflnponent (A), an unsaturated group-containing siloxane compound of the

following formula (1):
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15  wherein R'is a hydrogen atom or a Cq.20 hydrocarbon group, m is an integer of at least
3, ais an integer of from 0 to 10, and the siloxane structure is a chain or cyclic
structure,

as component (B), a siloxane compound having a structure of the following

formula (2) wherein hydrogen is directly bonded to silicon,

|
Si—0——
RZ
20 4n (2)

wherein R? is a C1.29 hydrocarbon group, n is an integer of at least 3, and the siloxane
structure is a chain or cyclic structure, |

as component (C), at least one member selected from the group consisting of
organic metal compounds of Group 1, 2, 12, 13 and 14 metals of the periodic table,

25 and



as conponent (D), a metal catalyst of Goup 8, 9 or 10 netal of the
periodic table. Further, the present invention provides a pol yner
conposi tion produced by the above nethod. Further, the

present invention provides a sealing mdterial, a gas barrier material
5 or an i nsidsaompbrAt(Pralrmaal SRS & Glodb & 8 CRYEE of the periodic table.
cont ai ni ng the above polyner conposition. Further, the present
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DESCRI PTI EMBODI MENTS Now, the present invention wll be
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may have a straight chain, branched chain or cyclic structure.
resin component, an LED device, a semiconductor device, etc., excellent in the gas

barrier property, mechanicals strength, UV resistance, heat resistance, etc. Further, it
is also useful for a FPD device.
20
DESCRIPTION OF EMBODIMENTS
Now, the present invention will be described in detail.
In the present invention, in the presence of at least one organic metal compound
selected from the group consisting of organic metal compounds of Group 1, 2, 12, 13
25 and 14 metals in the periodic table, the unsaturated group-containing siloxane
compound of the formula (1) and the siloxane compound having a structure of the
formula (2) wherein hydrogen is ditectly bonded to silicon, are subjected to
hydrosilylation polymerization by a metal catalyst of Group 8, 9 or 10 metal of the
periodic table, to produce a polymer composition.
30 The unsaturated group-containing siloxane compound of the formula (1) as
component (A) is a chain or cyclic siloxane compound, siloxane oligomer or

polysiloxane.



111 may, for exanple, be an al kyl group, an aryl group, an arylal kyl
group, an 5 al kylaryl group, an al kenyl group such as a vinyl group,
or an al kynyl group such as an acetynyl group, having from1l to 20
carbon atons, preferably from1l to 10 &arbon atoms. Specific exanples
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20 10,000, from the viewpoint of the viscosity or mixing efficiency.

In the formula (1), a is an integer of from 0 to 10. From the viewpoint of the
reactivity of the terminal vinyl group and availability of the raw material, a is preferably
an integer of from 0 to 4, more preferably 0 or 1. Further, in the formula (1), the
siloxane structure is a chain or cyclic structure.

25 Examples in the case of a chain structure, include polyvinylhydrogensiloxane,
polyvinylmethylsiloxane, polyvinylethylsiloxane, polyvinyl n-propylsiloxane,
polyvinylisopropylsiloxane, polyvinyl n-butylsiloxane, polyvinylisobutylsiloxane,
polyvinyl sec-butylsiloxane, polyvinyt tert-butylsiloxane, polyvinyl n-pentylsiloxane,
polyvinylcyclopentylsiloxane, polyvinyl tert-amylsiloxane, polyvinyl n-hexylsiloxane,

30 polyvinylcyclohexylsiloxane, polyvinyl n-heptylsiloxane, polyvinyl n-octylsiloxane,
polyvinyl n-nonylsiloxane, polyvinyl n-decylsiloxane, polyvinylphenylsiloxane,

polyvinyltoluylsiloxane, polyvinyinaphthylsiloxane, etc.



There is no particular restriction as to the nol ecul ar wei ght of such
a pol ysil oxane, however, the weight average nol ecul ar weight is
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Further, 2,4,6,8-tetravinylcyclotetrasiloxane, 2,4,6,8-tetravinyl-2,4,6,8-
tetramethylcyclotetrasiloxane, 2,4,6,8-tetravinyl-2,4,6,8-tetraethylcyclotetrasiloxane,
2,4,6,8-tetravinyl-2,4,6,8-tetra n-propylcyclotetrasiloxane, 2,4,6,8-tetravinyl-2,4,6,8-

30 tetraisopropylcyclotetrasiloxane, 2,4,6,8-tetravinyl-2,4,6,8-tetra n-
butylcyclotetrasiloxane, 2,4,6,8-tetravinyl-2,4,6,8-tetraisobutylcyclotetrasiloxane,

2,4,6,8-tetravinyl-2,4,6,8-tetra sec-butylcyclotetrasiloxane, 2,4,6,8-tetravinyl-2,4,6,8-
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"ol g %G%eﬁ%\ﬁgﬁ%ﬁcf%ﬁ%em a Eﬁ%traéllokaﬁe eg‘c n?aynbéa1 \r/nlerr]1 ioned.
10- RRMARY] bnheted c@ol:@%ﬁoﬁ?&‘ﬂ%&hﬂs‘%’@ %‘?EfJFé?Fa%ﬁ v Iéﬁf&@ﬁasﬂoxane
cyc ne

10- pent avi ny1-2, 4,6 10- penta npropy opentasi | oxa

6
6
6
, 6,
Be
6
, 6,
6
6
6, 8 2146 B=tatraallyih2]4,8 %w&ameﬂﬁflcymnemaalozm @oq/BgﬂﬂelraamQaeasleex ane,
, 6,8,10-pentavinyl-2, 4, 6,8, 10-penta n- butyl cycl opentasil oxane,

6, 8 tqtm%ﬂﬂéﬁwtﬁ qs@xan% B4 668193l dr 2 $i6uf- fﬂtwbpfﬁw Iy alotateaciipane,
, 6,

6

6

6, 8

, 6

6, 8

, 6,

6,

6

, 6,

6,

R i e R R e R e e el R e R R R N e el s VR s A D AR BABIS.

8-
8-
, 8-
8-
8
, 8-
nt
8-
8
8
tl
8
8-
8
8-
6,
8
8,
8,
8,
8

q

8, 10- mmhév 20y &:-821 elp@nt&vihglcp@tabantasuo’e’éﬁénz Y @yqb%ﬂt&uﬂﬁ)u oxane,

, 8, 10- pentaV|ny1- pentacyclopentyIcycIopentaS|onane
, 8 2mﬁ@m-awtay@tlwlw0®p©nmnpmea 2446 Battyypentaviogehe £5,18xane,

6 PRSBIOA %?%54@?@83%5%.39&2%% CIRERERLAR . oxane:

g)gér% I
Cyﬁl’w)r% Vi ny? 5406(§ %p%%r%t%wp]yl 2Sﬁhébtyl cycl opent asi | oxane,

6, 8péﬁmw@wldy¢bpénmsﬂo>&nbo 2pE6.8a Operaavinyicy 46 etpantd wxane,
10- pent avi nyl-2, 4, 6, 8, 10- pent a nnonylé&yopent asi | oxane,

8‘3!@(}1@@9901&\%}@@9426‘ Qsﬂ@%ﬁ@‘dnﬂQ 4.8 | cycl opent asi | oxane,

oo banitRrh ISR bbentasioxaste; BIE B 10spentayinyi2 4,681 Sepntaas,
8bﬁ§ﬂo%l@> am&u&%&z&@a% Ak lzwbca/fé géﬁﬂa%hoxane

pentavi nyl- 2, entanaphthy cl opent asi | oxane,
mabutyeyoiepeniasiakane, 2 4 6 8 10 pentavmyl -2,4,6,8,10-penta n-

8 o210 BRI ”8”*‘@@3%0%%%%&%@*@%%?%‘%‘1; G RB R AR,

e

LI —

'(_'_D'_NI\)I\)'(_'_D'_NI\)I\)I\)'D NMNNMPNMNNNNMNDNDNNMNDNNDNND

[\v]
o

pentylcyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-
pentacyclopentylcyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-penta tert-
amylcyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-penta n-
hexylcyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-
pentacyclohexylcyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-penta n-

30 heptylcyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-penta n-
octyleyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-penta n-
nonylcyclopentasiloxane, 2,4,6,8,10-pentavinyl-2,4,6,8,10-penta n-



5Further, 10-nenbered cyclic siloxanes such as 2, 4,6, 8, 10-

pent aal | yl cycl opent asi | oxane, 2, 4,6, 8, 10-pentaal lyl-2,4,6,8, 10-

pent anet hyl cycl opent asi | oxane, 2 4 6, 8, 10-pentaal Iyl -2, 4, 6, 8-

pent aet hyl cycl opent asi | oxane, 2,4, 6, 8, fo- pentaal | yl1-2, 4,6, 8, 10- pent a

npropy! cysdyiRRMmRPtdASIR, obo. ﬁae@@eﬁq@nﬂ&{g@al lyl-2,4,6,8,10- to
pent ai sopr opyl cycl opent asi | oxané, etc. may be ment i oned.

Furt her, Further, 2,4,6,8,10- pentavmyl -2,4,6, 8 10- pentaphenylcyclopentasﬂoxane
2,4,6, 8, 0 12 hexavi nrgxik 6, 8, 10, Oi rret hyl cycl ohexasi | oxane
2. 4, 6, 8,46:6:8,1909u0 .%fb@ Byl Orpentgt /laysic lofusixppa et Ay (Y BeBiRVES| |

24,68, 66 3 10 pepiangpfifyloysippsnipsionang,eip, may bgmentioned: 1| ¢ ¢l oct a

si |l oxane, 2, Aukhdt, 10rehmded@ydit- sloravddikbnZas’2 6,838,108. 12, 14, 16, 18-
15nonanethylcrclonona3|onane 2,4,6, 8,10, 12, 14, 16 18, 20- dect avi ny1-

2, 4, 6, 8, peoitadyloycipen@sioanes i, ﬁMIOdgerltaﬁib'ba&G 8xi@ne,

2,4,6,8,10,12, 14,16, 18, 022unc 12, 14, 16, 18, 20, 22
. undec ARTATPEYLVEGRE GalirpRana 8 Bosntuali P24 8-

2,4,6,8

2,4,6, 8, H%t%%hﬁy&@pérﬁ %% %ﬁ %4% gghﬁﬁwgy‘élebdodgggb oxane, etc.
may be Zfopwpoydiopedasioxane, 2:4l6t8)ﬁm-pentaallyl 2,4,6,8,10-

2,4,6, 8,10, 12- hexavi nyl-2, 4, 6, 8, 10, 12- hexaethylcyclohexa5|onane
2,49, 8 pﬁ@ntaﬁompwéml@nenigs_iozaue,eet@ may be mentiegptlaet hyl cycl ohept asi | o
xane,

2,4, 6,8, 10, T2RM34EA0 A RSVRYE28.6:3197 210X pmneiyi v eAagiaxape: as
i | oxan e246 10,12, 14-eptaviny2,4,6,8,10,12,14- h

2,4 6.5 100! WP APAAAOR 020 eppmeylvdahepiasionner, ¢y

ononasi |a;>4<,ﬁ;&;10 12 14 16- octawnyl -2,4,6,8, 10 12 14 16- octamethy!cyclooctasnloxane
252,4,6,8,10, 12 14 16 20- decavi ny1- 2, 8, 10,12, 14, 16, 18, 20-
decaet hﬂ‘a: éb@é@déﬁ%ﬁ&ﬁ@na\anﬁ%ﬁﬁw 1%11-0361*68 18, 20, 22- undecavi ny1-

2 a8 srofdB bbb esiate RARATONA e BN T, 16 15, 20

3(2)§ 24h 200 de8; 0@t byilucns; @dodreasitBicybiededdioxs®y, be mentioned.
urt her,

2, 4, 6, 8 214681 MERAG 16, 18,20, 228 @lecaying-2nd Rt QP9I 1dy\H, thaR&e: | oxane,

2,4, 6,8, 1gé12rh%#1yn:yglounde a]éllozxalll'le6284,&,g,1% 21 14?8'%%85’ %%decavnﬁ) fastl
oxane,

2,4, 6, 8p1Ps121d 45 G-10C] 92124%% gg%eﬁgdéyglo%ﬁgé@asgﬁgﬁ%%?é’ n?%%é)OCta

siloxane' 92,476,810, 1 14 virnyI- 16, 18-
nonapromér(tk)nbdnonam | oxane, 2,4,6,8, 10,12, 14, 16, 18, 20- decavi ny1-
2,4,6,8,10,12, 14, 16, 18, 20- decapropylc cIodecaS|onane

2.4,6,8, 10, fyrtmr,f:'@tl @@ Y 12-hexavinyi-2,4,6,8,10,12- -hexaethylcyclohexasiloxane,

undecavbn‘y é 82104 1 5 ’1§-h]e%tajvﬁ1yjr% 41 g ‘811% @12 %elﬁ{ée?n ?@yc?&%p@/s%faun%deca& | ox

ane,

322‘21 24_& 458,811,14,11 4 616btdind 2, 4.6, )00l 8,34 eV dctdethyBydod@adibxifle, 16, 18, 2

2,4,6,8,10,12,14,16,18-nonavinyl-2,4,6,8,10,12,14,16,18-nonaethylcyclononasiloxane,

25 2,4,6,8,10,12,14,16,18,20-decavinyl-2,4,6,8,10,12,14,16,18,20-
decaethylcyclodecasiloxane, 2,4,6,8,10,12,14,16,18,20,22-undecavinyl-
2,4,6,8,10,12,14,16,18,20,22-undecaethylcycloundecasiloxane,
2,4,6,8,10,12,14,16,18,20,22,24-dodecavinyl-2,4,6,8,10,12,14,16,18,20,22,24-
dodecaethylcyclododecasiloxane, etc. may be mentioned.

30 Further, 2,4,6,8,10,12-hexavinyl-2,4,6,8,10,12-hexapropylcyclohexasiloxane,
2,4,6,8,10,12,14-heptavinyl-2,4,6,8,10,12,14-heptapropylcycloheptasiloxane,
2,4,6,8,10,12,14,16-octavinyl-2,4,6,8,10,12,14,16-octapropylcyclooctasiloxane,



dodecapr opyl cycl ododecasi | oxane, etc. may be nentioned. Furt her,
2,4,6, 8,10, 12- hexavi nyl- 2, 4, 6, 8, 10, 12- hexai sopr opyl cycl ohexasi | oxane,
2,4,6,8,10,12,14-heptaviny1-2,4,6,8,10b12,14-heptaisopropy|cyclohepta
si | oxane,

2,4, 6, 8,40 68144016y, 961 B\HoR¥ingh-2 4%, 818014, 1¢l186- oct ai sopropyl cycl oo

ct asi | oxane,
102, 4, 6, yridprdiyidye)chonasiioxanay2,B)618,204 261481 8,08 2B detatibyl 8-

nonaisopro%%lc cl ononasi | oxane, 2,4,6,8,10,12, 14, 16,18 20-decavin¥1-
2, 4, 6, 8,26,68,104 21, 16 180wacapsspicyplpresasiomna $i4 6balfy12,14,16,18,20,22-

2 Cnaeo kA28 681832 18 2R heRaBrobyibybButdedididRint 20- 22

2,4, 6, 8,406l@184216, 18180022 2 ddastacmyi-nw,6,8,10,12,14,16,18,20,22,24-
152, 4, 6, 8, 10,12, 14, 16,'18, 20, 22, 24- dodecai sopr opyl cycl ododecasi | oxane,

et c. mayddelecapropyibpeddodecasiloXamet bier may be mentioned.

2,4,6,8,10,12- hexavinyl-2,4,6,8,10 12- hexa n-butyl cycl ohexasi | gxane,
2, 4,6,8, 10, 174 %6(6;% Ry 2:-hexavipy2.4¢9,8,3 011 2-hexgisppropy cyclohexasiioxans,

n-but yl cygl i ] hental ;

2. 4.6 o o T ni PATnY24.6.8,10, 13, 1 hepipisapropyigygigeptasiioxane,
n- but yl @y4l60m¢0,a2]140r68&avinyl-2,4,6,8,10,12,14, 1 6—octaisoprcl{)ylcgclooctasiloxane,
202, 4,6,8,10,12,14, 16, 18-nonavi nyl-2,4,6, 8,10, 12, 14,16, 18-nona n-
but yIocy @,4:6¢h 48,1 Rddakie] 8-nonang-2146:6210.42,16,188180- decavi ny 1-

2,4,6,8,10, 12. 14, 16, 18, 20- _pyt Lodecasi ,

2. 4.6, 8,"fﬁ'????iqﬂy@?'%?gPﬁﬁﬁ"ggg'?ﬁ}e‘ggﬁﬂﬁgé,%zﬂ,%g‘,a%,bé%fé%g‘?ﬁﬂ: 16, 18, 20, 22
-und | i 4 QX :

e 8 eI G2 ARG BE LLLARBROpy oyclodeqasiloxane,

252, 4, 6 .284,6(8, 12,124 A 16, 1520,22hdR4avioyl %4 618, b0t 2] 1dy1d, tBipd@easi | oxane,
etc. may be nentioned. F

> 4. 6. 5 UgeeisPRIRRYIRYUNesaBIaxane, 44,6461 195kl 61182012k dedecavinyt,
2, 4;2%”2 2149 6.1 0; 7219644, 2 35 24% SR aik Bprbopy o ERIRLR 0N, SHCHsRy as

ilo

2, 4,6, 8nidhtibAedd, 16- oct avi nyl-2, 4, 6, 8, 10, 12, 14, 16- oct ai sobut yl cycl ooc
t asi | oxane,

302, 4, 6, 8, 1Grurthen£,4,6,81 8, hdhanavipyl-24,6,5%1 3 1 2heka ntaytgleydehexasiloxane,

a6 oBthes 0T en e Sl aperbsbaInsaRa RGN,

2. 4.6 8506421 fn 18, BOARIAAAN AL 191Gl rbubloddodddadBcdfe 20 2

2, 426, 8246, B21012,16,168,8200rkirdA-2006l6clayi 2)y4,16,18-nona n-

2,4,6,8,10,12, 14, 16, 18, 20, 22, 24- dodecai sobut yl cycl ododecasi | oxane,

et c. mabubkcyelononasiggane, 2,4,6,8,10,12,14,16,18,20-decavinyl-
2,4,6,8,10,12,14,16,18,20-deca n-butylcyclodecasiloxane,
2,4,6,8,10,12,14,16,18,20,22-undecavinyl-2,4,6,8,10,12,14,16,18,20,22-undeca n-
butylcycloundecasiloxane, 2,4,6,8,10,12,14,16,18,20,22,24-dodecavinyl-

25 2,4,6,8,10,12,14,16,18,20,22,24-dodeca n-butylcyclododecasiloxane, etc. may be

mentioned.

Further, 2,4,6,8,10,12-hexavinyl-2,4,6,8,10,12-hexaisobutylcyclohexasiloxane,
2,4,6,8,10,12,14-heptavinyl-2,4,6,8,10,12,14-heptaisobutylcycloheptasiloxane,
2,4,6,8,10,12,14,16-octavinyl-2,4,6,8,10,12,14,16-octaisobutylcyclooctasiloxane,

30 2,4,6,8,10,12,14,16,18-nonavinyl-2,4,6,8,10,12,14,16,18-
nonaisobutylcyclononasiloxane, 2,4,6,8,10,12,14,16,18,20-decavinyl-
2,4,6,8,10,12,14,16,18,20-decaisobutylcyclodecasiloxane,



5Further, 2,4,6,8, 10, 12-hexavi nyl-2, 4,6, 8,10, 12- hexa

sec- butyl cycl ohexasi | oxane,
2,4,6,8,10,12, 14- heptavi nyl-2, 4, 6, 8, 10, 12, 14- hept a

sec- but yl cycl ohept asi | oxane, 10

2, 4,6, 8,409,618 164016, 96,1 800l urdcbaRirl-2 Q. 6.8,1 4211, 96 118,20,22-

sec- butyl cycl ooct asi | oxane,

2, 4, 6, 8,urietaispbutyytidundecasiloydne) 244,6,8810,02,12,154,.818),28 2dedmalecavinyl-
secbut yl cycl ononasi | oxane, 2. 4.6,8,10,12,14, 16, 18, 20- decavi nyl -

102, 4, 6,34£68:10,1241 410,18, 28%4-dodecalspbupyieyriqdogecasioxanarric. may be
2’4’6’8wﬁg %éﬁ%#4,16,18,20,22-undecaviny1-2,4,6,8,10,12,14,16,18,20,22
-undeca s % utyT cycl oundecasi | oxane, .

2,4, 6, 8,10, 12,rikbr 15 4133 30,12 SAviRH2 298 BM0112-hexa sec-butylcyclohexasiloxane,
2,4,6,8,10, 12, 14,16, 18, 20, 22, 24- dodeca sec- butyl cycl ododecasi | oxane,
et c. may2,H8 &b PodeleptaBryird, /.68, 10.12rienanta dec-dudcystohibptasioxarel i ¢
Cer - DUyt Eybl O exds! -BUEHEY 536 815, ol 4 16 phiet e Y kydoociasiosane,
2,4,6,8, et Ve t4asq < .

2.4 o 5 21600 F121aRE A bhalihi £, 80,98 A5te, PARRa o

t er t - buthuigyylsrasiagboiamenn@,6,8,140, 12, 84,16,1820LdeckyinyB- nonavi ny1-
2,4,6,8,10, 12, 14, 16, 18-nona tert-butyl cycl ononasi | oxane,

2, 4,18, 8,214.61210,42.16, 16813 80-dega seaiu decasi®xane,12, 14, 16, 18, 20- deca
tert-bu WA S .

24, 6. 8 b ORI 0331 1B 2022 unclecerin ! 161042 4P 1529221 desa 5607
-undeca OHde%Sdi i , . vl

25, o, 5 BRS80S0 21116118 20,22.24-dodecaviny

2,4, 6, 82146110,42,16,1831 820,22, 24dahedacmctiritfleyuiddddeyasittadecstsi hay bae,
etc. may be nentioned. 2526- Menbered or hi gher nenbered cyclic

si | oxan8¥eMAeHg sinilar structures nmay al so be within the scope of

Si | d%ane cobgbiRh wavempere PP rituRd bR G0 i Wich 2k K g 12-

case whebRalifg-4)88!8, 163 HexaaertdutyIe/cisHexasiokand, 2 2808 10 2t En&RAVRRL
conposition to be thereby fornmed, are inproved. 30It is also within
t he scopet.68,tht2 pddepia tarhbulyicydnhepasitxane g 416,8,800L, thts-ablavinyl-

compound- bad T 4P atat BrOIHE PR e A0, 12 1 SGe Funy
di rect | PpRdarh 3 9431l {£Atha Bt SATRIABAdRbxarles 2%, 6830 25456 fo.

si | oxane’ édonpound, sifoxane ol'i go or pol ysi [ 'oxare.

f or ool adé2avin®2,4,6,810,122Q, 16/ 118,20aickaneigbatyivycleddcidiexaiysr ocar bon
group may be saturated or unsaturated and may have a straight chain,
br anched:46:8i 19, 62,143$¢18,20,82ungdepadnyl-2,4,6,81 %1%9&1@@%&,%329»!*@&96 fest-

R2 may, . f exanmpl e, .be an : roup, an aryl al kyl
group, QH&&“‘IVQ(%UQB%&S@]%W’ 2:41%&1@ ﬁ.gﬁ H&Pﬁ@p%éé#&%‘%"@‘"ﬁﬁ group, or
an al kyEE@,G,@[W‘PZ,w,@lB B2 RP2 228004 1EH-BURIcyPRUbASC S8 ANk, k. hy be
carbon atons, préferably from1 to 10 carbon atons. 10Specdific
exanpl emention&® i ncl ude nethyl, ethyl, n-propyl, isopropyl, n-butyl
i -butyl, ‘

25 Y 26-Membered or higher membered cyclic siloxanes having similar structures may

also be within the scope of the present invention.

When an unsaturated group-containing siloxane compound having a cyclic
structure is used, there may be a case where the heat resistance and cracking
resistance of the polymer composition to be thereby formed, are improved.

30 It is also within the scope of the present invention to use a mixture of the above
siloxane compounds having chain and cyclic structures.

The siloxane compound having a structure of the formula (2) wherein hydrogen is



sec-butyl, tert-butyl, n-pentyl, tert-anyl, n-hexyl, cyclohexyl,
phenyl, toluyl, naphthyl, cyclobutyl, cyclobutenyl, cyclopentyl,
cycl opent adi enyl, cycl ohexyl, cycl ohexenyl, cycl ooctenyl,

cycl ooct adi enyl, 1-adamantyl, etc. R2 #5 particularly preferably a

st rai ght giedly oAby ko Qiﬁ&dﬂ?%_si{orrmbnﬁ(o&?k@éhaﬁﬁ BFr&;(rjc]ié sflb}ﬁb{ﬁet d¥npound,

vi ewpoi nt of “econom cal efficiency. wever, in order to |ower the

r ef r act i siloxane eligahet ¢trepgiydilprae.conposi ti on, a secondary or tertiary
hydr ocar bon 'g]roup such as_Lsopropyl, sec-butyl, cycl ohex
t

ted-butyl, terthe ml{l%(2);B§mem¥dr9%ara%ﬂm%and _énﬁjhya-/rgéaraen arepp
or oup. SuERY Bg BB offeBllFef arblfepfrod R SREPETIL, fHRoeih HATH ©

formgl a dy@kic studtbrean integer of at least 3, and the upper limt is
not particularly limted, but i szpreferabl y at nost 10,000 fromthe
vi ewpoi nt of Thenbydrosarben gyoumidr M -may fefdiapipede aFalkyhgroup. an atykgroup,

formula (2), . the sil oxan tructure is,a chain or cycli¢c structure.
Eonml T WYIAUST SERE: S Skl G Ui an Skl oo Sy 2 a viny Grotip, of &
pol ymet | ' aAnL.i b e

pol yi sorparﬂbgw Q@@%&’ﬁﬁ%&l&?’ %@MFW@ ﬁ%‘)’(‘gﬁg{o}hpg;/(?gg%{ y nszﬁf@)%h%rg?‘erably
poly sedrdmtivtbsigl exxigreatopd.y tert-butyl sil oxane, poly

npent yl si | oxane, polycyclopegpylsiloxane, oly tert-anyl sil oxane,

pol y10N- hexy | SRACHiaRIEMRIes (R Yt iotesy Mstbyethy, b-povRy| isomppyl BibuBA eIy,
Dol ypheryr Y BB e P SR SO BRI PR LY AEPPEVE
Th . : Y= . h
i g A= o e it e e T v B
f r om 50@ytloot2nl, 0pdodadiepg 1 iaclahenty, giceferably from 1,000 to

1, 000, 000. Wen the weight average nolecul ar weight is within such a
range, the HYdpGarticklagyinspierakly aishright sbaia@dvbhaying ahmogt 3 gatpox atoms

pol r St ] I . as | .
rocHani S B en BnEerEorg Rl Relkhed A BRRLL S In BEBP R BN M siragine
simlar jfdeid sfipé Ebgnﬁ?@ohﬁbbmﬁn%é@é&%rﬁwﬁbﬂ%y Reddh g8l BlictPhs
not hi gher than 500 is al so within the scope of the present

i nvent i gaopropyl, seciixdwiptysiohaxyt, ert-butyh tett-amyt pt il tadagtantydt ie peeferretuated in
trimethylcyclotrisil xanﬁ, tet.r rretﬂél cyfl ot et rasi | oxane, .

pent aneCFYFT) NNBERTR WS PERSHE, NFRx AIBE R IVERTICOMRPSLIoN o33 AEematic group
hept ane p ' 1 t hyl cycl ooct asi | oxane,
nonanet Eg?ﬂé%fﬂgﬁﬂﬁa@é?gﬁﬁmﬁ%ﬁr@t@ ylcycl odecasi | oxane,

undesanet hylieyed foundiaqayin iexarirtegen dieatdamst By bay theoodosadiagii isoohne,

etc. Further, triethylcyclotrisil oxane,

t et r aet Partioyariyiliniiess buig aneferahbnetmesh, 11,90 tiparine viavmeintef the viscosity
P B AR Bt I BN SRR AR e i
decaet hxy&%@t%ﬁﬁg_si | oxane,

Examples in the case of a cyclic structure include polymethylsiloxane,

25 polyethylsiloxane, poly n-propylsiloxane, polyisopropylsiloxane, poly n-butylsiloxane,
poyisobutylsiloxane, poly sec-butylsiloxane, poly teri-butyisiloxane, poly n-
pentylsiloxane, polycyclopentylsiloxane, poly tert-amylsiloxane, poly n-hexyisiloxane,
polycyclohexylsiloxane, poly n-heptylsiloxane, poly n-octylsiloxane, poly n-
nonylsiloxane, poly n-decyisiloxane, polyphenylsiloxane, polytoluylsiloxane,

30 polynaphthylsiloxane, etc. .

There is no particular restriction as to the molecular weight of such a

polysiloxane, but the weight average molecular weight is usually from 500 to



undecaet hyl cycl oundecasi | oxane, dodecaet hyl cycl ododecasi | oxane, etc.
may be nentioned. Further, tri n-propylcyclotrisiloxane, tetra

n- propyl cycl ot etrasi |l oxane, penta n- 20 propyl cycl opent asi | oxane,
hexa n- propyl cycl ohexasi | oxane, hepta #ropyl cycl ohept asi | oxane, octa
n- pr opyl £ ¥eh 906! BatibOuAP BrefSRBR AR ANBEK 000086 | WHERhe ARTGHt average
n- propyl cycl odecasi | oxane, undéca npropyl cycl oundecasi | oxane,” dodec
n- pr opy| mypltEcalho dedgd iis withinesuck taange,ythb dyomsilylatiadreaz2iéiu ptdveeds
triisopropylcyclotrisiloxane, tetraisopropylcyclotetrasil oxane,

pent ai s '@B?ﬁhﬁ@ﬂ@p@?ﬁ’@@f sRaewitiomexgslien F‘db? gag§ SrBies RERarbaitk,

nonar sonT BRI PRERT sy Bk nll; SEIRR ORI GhERERL s ST
undecai sRichRE I RiHie aaight B¥@RaBe molecular weight of not higher than 500 is also

dodecai sopropyl cycl ododecasi | oxane, etc. may 30 be menti oned.
Fur t her ,within the $eapgl af\thé ptasest invesiin. tetra

n- butyl cycl ot etragsi | oxane, penta nbutyl cycl gpent asi | oxane,, hexa

n- but yl cycl oé?@@@ﬁ? Bitigeash F&VH'TC 51@/0‘ &t'??'@ F%P@bﬂ&lé&@é‘ﬁ%ﬁ?@,”eoct a
n- but yl ' ' ne, deca

n- but yl g%@%@%@@@‘ﬁ’k@%@%@?x%@8@%@%@%@%@8&%@ oxane, dodeca

n- but y| deshaktteeaidHexdsixane] foptamethyfyoRhtpesiskangfur t her,
triisobutylcyclotrisiloxane, tetrai sobutyl cycl otetrasil oxane,

pentidi scistameibylcydpeciaaiixans anmnantkycydonangsigxnehexasi | oxane,

hept ai soput vyl | ohept asj | oxane,  oct ai,sobut yl cycl ooct asi | oxane,

nona: soB Lo HORERECAT NS et e g L SRR oxane.
undecai m&yﬁgmlc?%%g@@gﬁmetd_iodecai sobut yl cycl ododecasi | oxane,
etc. may be 10 nentioned. Further, tri

sec- but yl cy dunther,Stiéthyepelotrisidames ttraptiydyciodetedsiibrarss, | oxane, penta

secbut yl cycl opent asi | oxane, hexa sec-butyl cycl ohexasi | oxane, hepta
sechut yReptaeindpicianantaalaxane, bexaatbylcyrielxasio e asi | oxane, nona

oo S AR B B B gl Rsib e et | oxane, undeca

sec- but YopuethgROSBAGAdiIIBXAE de@é&hylﬁ%o@&dﬁ@idd@?ed- Further,
tri tert-butylcyclotrisiloxane, tetra tert-butylcyclotetrasil oxane,

pent a t endbcasthyyydlopeiecasildxeramndesasthylogeipdbarogsigxaneh elcamidydeane,
hepta tert utélcycloheptasiloxane, octa tert-butyl cycl ooct asi | oxane,
nona t eMeM®HBH: vl cycl ononasi | oxane, deca

tert-butylc i 3 t - i e,
dodeca t ort T E0r &5 i aRAARaHRaERe) R n-MSbYlc I BURIAERS periaR

Al s @p 26 prapviscRipentashogiey; herahgresyleyctdHexasildxane/taspthavi ng si m |l ar
structures are within the scope of the present invention. 25Wen a
si | oxan@repigysioheptasiiexane; eetau-aropyicyelaociagilaxangcnona Bt ructure is
used, ‘

propylecyclononasiloxane, deca n-propylcyclodecasiloxane, undeca n-
propylcycloundecasiloxane, dodeca n-propylcyclododecasiloxane, etc. may be
mentioned.

25 Further, triisopropylcyclotrisiloxane, tetraisopropylcyclotetrasiloxane,
pentaisopropylcyclopentasiloxane, hexaisopropyleyclohexasiloxane,
heptaisopropylcyclohepiasiloxane, octaisopropylcyclooctasiloxane,
nonaisopropylcyclononasiloxane, decaisopropylcyclodecasiloxane,
undecaisopropylcycloundecasiloxane, dodecaisopropylcyclododecasiloxane, etc. may

30 be mentioned.

Further, tri n-butyleyclotrisiloxane, tefra n-butylcyclotetrasiloxane, penta n-

butylcyclopentasiloxane, hexa n-butylcyclohexasiloxane, hepta n-



there may be a case where the heat resistance and cracking resistance
of the polymer conposition to be forned, are inproved. It is
also within the scope of the present invention to use a m xture of

t he above sil oxane conpounds having ch& n and cyclic structures.

30The orgapictcldRéhsitXaRE Ustia Al Filodotadioxarte, nbpadf- 14 metal in the
periodic table, as conponent (C),” may be an organic netal conpound
conpr i simgylayclonaeasiloxayrey dpcandbudyloptiadecakildxiank| ungecaagnesi um  zi nc,
tin or aluminum As the organic 14 roup, an al kyl group may be
ment i oneRHtEsYoyngdacasiarane; %decw-éuw%yawdaﬁﬁgﬂsﬂa*% etcy mayr kg ght
chain Orm?nﬁﬁt{h d chain C1.20 al kyl group nay be used.

Speci fically, Tor exanple, n-butyllithium diethyl magnesi um

di et Byl zi nc, FirteretritobahitcouiBilokdnd tbiraisb bUT Byt tetrasiloxane,

tri-i-butylalumnum tri-n-butylalumnum tri-n- 5decyl al um num

t et r aet Ipdrtdisgbutycycidpantasilonanathexaisaputylcysiohekasiodans, Anong t hem
in or branched chain .20 al kyl al um num or al kyl zi nc

a strai ght chai C .
"s pr of digRzisobutylcyaiohishtasiioxane, AAtaSOl P VRIGSRAS XA a1 urr num

triethyl ) [ : |y i : m num
tr: [ so%u‘@#g gynfﬂ]cyﬁ]fdntoﬁ%@g%b%ny g’?&%‘h%&#loﬁe?ﬁ% %ﬁ)‘%’exyral um num
tri n- 0thdeahisabmrnsyclbuxhdea:a@w@Mbpda@lefda)igtiwmlmmdodieaﬁilbxéwé,Lm.rmzﬁy be

chloride, nethylalum num sesquichl oride, nethylal um num dichl ori de,
di etlRy| aneitionemh chl ori de, et hyl al um num sesqui chl ori de, ethyl al um num

di chl oride, di, n-pr.opyl 1 .chlorid di .n:butylal um

Chi‘or  de. - ai TR IR R, e SELE PR AR R Genifsec-
di et hvl : oo . . . . al uni

br o de. e B . et o o,

di et hyl autyicyrlohepiddiloxars octh sddipliglcyciooctasiebdans) mma sec-

di i sobut yl al um num et hoxi de, dii sobutyl al um num et hoxi de,

di i sobutWPAeYSIANPNASIREPR oPRpa SRE-DUlYIRKE RYecasexane HRYEG $RS-chl or i de,

i cthy | SERCYRR o TRl Glothich SEb REn RIS e i et T of ot e,
et hyl zi ngerftioneq] de, etc. 20Particularly preferred are

trimethylal um num triethylalumnum triisobutylalum num
di met hyl zi nEurtieatthjert-buty|cyelotisiloxaneaitetranterifouthlayagtetrasiloxane Therde tert-

o b B Pk S8 SRS o b O (12
gﬁ;' ‘r)rg' g{rﬂ@gﬁyggpgagﬁ%%rﬁ?ﬁfe&qgﬁt#{@!eydlc’iodtésilBQér?é, lofaltidrtyse at |east

20 butyleyclononasiloxane, deca tert-butylcyclodecasiloxane, undeca tert-
butylcycloundecasiloxane, dodeca tert-butylcyclododecasiloxane, etc. may be
mentioned.

Also 26-membered or higher membered cyblic siloxanes having similar structures
are within the scope of the present invention.

25 When a siloxane compound of the formula (2) having a cyclic structure is used,
there may be a case where the heat resistance and cracking resistance of the polymer
composition to be formed, are improved.

It is also within the scope of the present invention to use a mixture of the above
siloxane compounds having chain and cyclic structures.

30 The organic metal compound of Group 1, 2, 12, 13 or 14 metal in the periodic

table, as component (C), may be an organic metal compound comprising an organic

group and a metal of lithium, magnesium, zinc, tin or aluminum. As the organic



consisting of metal catalysts of iron, ruthenium osm um cobalt,

rhodium iridium nickel, palladiumand platinum Fromthe viewpoint
of the catalytic activities, preferred is a rutheniumcatalyst or a
pl ati num catal yst, and particularly pr&erred is a platinumcatal yst.

et 1 achl SPuf A ARTHERL MAPhg mEPonc e EYBRRSFrialTR T R B vl arave

tetrachl oriae, I num rabr om

di brom destrfiyht tHiioF Bfanahed cH&in Cﬂlg@hik@“?ﬁ‘odbinw & used.

hexachl oroplatinic (IV) acid, hexabronoplatinic (I1V) acid,

hexai odopl at $peaifiqatiy) for egarapled n-tuislibinms digihymaghesipmydiediayizine,
hexahydrat e,, hexabromopl atjnic. (1V).acid hexahydrate, . .
excal oddMEARE TILGR. el umiabs s B AU e Helmipim, -
cat algyst eo&%ﬁﬁnﬁ@ﬂh‘?,rtét}’aé?fé]ﬂfir?,rtéﬁgodtﬂtiﬁ é}b%agg@nﬁmmpsﬂ having such a
conpound réduced by a reducing agent, or a hetal conplex of platinum

synt hesi zed Amony thehh] @ sieaighigreimdr Brahahéd ghain \G.3y bikglatuminum ovidlioxzine
conpound and the above pl ati num conpound. The sil ane conpound
havi ng dswrefgiredr oup is preferably a conpound having at |east two

O OSSR BB PR LR BRI oupe,
such as plodyldugidgth! RTRbOYaludnBh tydulitghluiRMg; triisoprenylaluminum, tr n-
1,1, 3,3-tetravi nyl-1, 3-di net hyl di $i | oxane or the above-renti oned 10
c onploneritexylajurmaymb & mexctyladmmdthum, tri(2-mReathyipenbdyalumipoet, éimettylakindnum
pl ati num cat al yst prepared by m xing the above pl ati num conmpound and
a cycl i ehiaridex BeinYRIVIIH seFquicprioR. GhathyalifTiawm Slialuerisied sigjnsluminum
;?(r)hlp?r éﬂ?ﬁfd?gg@?%ﬁnpﬁ%%ﬁéh}/or%gpgtﬂglaminm' &thgﬁée,%] ngﬂrgﬁﬂglluminum
chioride, di n-butylaluminum chloride, diisobutylaluminum chloride, isobutylaluminum
dichloride, diethylaluminum iodide, diethylaluminum fluoride, diethylaluminum bromide,
15  diisobutylaluminum hydride, diethylaluminum hydride, diethylaluminum methoxide,
diethylaluminum ethoxide, diisobutylaluminum methoxide, diisobutylaluminum
ethoxide, diisobutylaluminum isopropoxide, dimethylzinc, methylzinc chloride,
methylzinc bromide, methylzinc iodide, methylzinc fluoride, diethylzinc, ethyizine
chloride, ethylzinc bromide, ethylzinc iodide, ethylzinc fluoride, etc.
20 Particularly preferred are trimethylaluminum, triethylaluminum,
triisobutylaluminum, dimethylzinc, diethylzinc, etc. containing no halogen.
These organic metal compounds may be used alone or as a mixiure of two or
more of them.
As the metal catalyst of Group 8, 9 or 10 metal of the periodic table, as
25 component (D), it is possible to use at least one member selected from the group
consisting of metal catalysts of iron, ruthenium, osmium, cobalt, rhodium, iridium,
nickel, palladium and platinum. From the viewpoint of the catalytic activities,
preferred is a ruthenium catalyst or a platinum catalyst, and particularly preferred is a
platinum catalyst.
30 Specific platinum catalysts may, for example, be platinum tetrachloride, platinum
dichloride, platinum tetrabromide, platinum dibromide, platinum tetraiodide, platinum

diiodide, hexachloroplatinic (IV) acid, hexabromoplatinic (IV) acid, hexaiodoplatinic {IV)



wherein each of 133 and it which are independent of each other, is a
Cl1- 20 hydrocarbon group, or R3 and R4 are bonded together to forma
cyclic structure, R5 is a Cl-20 hydrocarbon group, or a hydrogen
atom and b is an integer of at |east 8 and reducing the m xture. By

33: ;gyi%Jgd%&qésa?{“g%ﬁﬁéagyxg&ﬁngka@a@%sﬂ%%tgg%ng %ﬁiggﬁ\ﬁd& rir%chani cal
proper t i ieskahydeid) MexarsopRtini(PdukidiBex@hydtitarstc C ORP G platfum \datlyst,

conprises mxing and reacting conponents (A), (B), (C and (D) is not
par t i cul parligulainpreseirechis\enletinum igenfpeungd Mg mUcH @ssormpaunisireduesti byg

th th f, 1 X] t A, ..(B), D), i X
et hod. J80HAOBEeRh Y aaHe FuPblas Shblauhiiisuhifestiston a)s7ate EpRpted
i : h h g
P i 5o e Sintl GupOERADENe o ridThe bBlo BERMABRRE, °:
prelim nari | phensikinegoppaunddiavmg(aingingro(S)s pretdrabiyaccdoyp @i eyiranat

m Xi ng conponents (B) and (D) sequentially thereto, (3) a_ 16 method
of pr el ileastdwpMnyDsduRg it enp srdesLEe {ram thejevaraintafihe eatplviigegtiviies.
addi ng and g xi onponent . (D) thereto, .or (4) a et f

2l CaneoustRPalbangr SRR SHEmhe T Yy Sroli¥ sfla ey Faigetrametny.
condi ti ong.dhviryldisRiahB 91,9 BTRREVIY1-4/9-dintdMyldisioxaRBbrtES abBvd-Hentiased
of 5 producing the pol yner conposi‘tion are not particularly [i1mted,
howetver ,contpmrieat (Avwhagbe oratitipheds nmay be used. Conmponent (A) or

(B) may be used as a reaction nmedi um b{%i{tself, however, an jinert
sol vent may hratigdady preferediga plahnyme gaialst PrRPAREPYMIEBE i$ 8PV t he

reaction,.l ' I I : . (A [ '
used i nATuRP bR P e ickold Kok AyhgAtimBn oo e 4 EBordary
hydr ocarpesrtigtCdarben Biode B diretly boR€sH ane whithlieasaditalkeydlgpbgxane,

n- hept ane or n-decane; an unsaturated hydrocarbon such as tol uene,
xyl ene orRﬂeceEe-l; an ether such as diethyl ether, dipropyl ether,
tert-but :J \raR yl ether, dibutyl ether, cyclopentyl nethyl ether or
t et r ahydr om a%ﬁ an al cohol such as nethanol, ethanol,

i sopr opanol sec- butanol, tert-butanol or 2-ethyl hexanol,
15 may be r, a solvent mxture of such solvents may al so
be used. TQe reacti enperature in the case of the reaction is

usual ly wt e of -10Qafo 200C, preferably within a range of
-85 to 150C, as a tenperature ich is commonly industrially used.
The1pressure condition for the reaction may be under el evated

S AN e R T e
group, or R® and R* are bonded together to form a cyclic structure, R’ is a Cy.0
hydrocarbon group, or a hydrogen atom, and b is an integer of at [east 3, and reducing
the mixture. By using such a platinum catalyst, it is possible to produce a polycyclic

20 siloxane having high cracking resistance and mechanical properties.

The process for producing a polymer compaosition, which comprises mixing and
reacting components (A), (B), (C) and (D} is not particutarly limited, however, the
following process may be used.

As the method for mixing components (A}, (B), (C) and (D), any mixing method

25 may be employed. For example, there may be (1) a method of preliminarily mixing
components (A) and (B), followed by adding and mixing components (C) and (D)
sequentially thereto, (2) a method of preliminarily mixing components (A) and (C),

followed by adding and mixing components (B) and (D} sequentially thereto, (3) a



are not particularly limted. Usually, however, to 1 nol of the Si
content in conponent (A), the Si content in conponent (B) is within a
range of fromO0.01 nol to 1,000 nol, preferably fromO.1 nol to 100
mol. If the content is outside this rafge, the nechanical strength of

the pol yrﬁg{hoﬁomﬁlg%f.nrrggnyri'lMﬂgﬁéﬁnﬂ%r‘[}e@ﬁ%@y@y@%g@ﬁﬁ%ﬁ BY I%?(rj%ng and

cracki ng or peel’l resu r co

Fur t her , mixihglcdmpodnti(DRtHareteP bk @) ta mbthear emsultaneAlisly iiking @dkrpdhepls
the organic netal conpound as conponent (C) is within a range of from

0. 001 nolA)t B)1(8%) arsl (D)preferably from0.01 nmol to 10 mol. If the
tent i t si de, .t hi th hani t f . th

conposi ti on 118 RORGIGNS 1ob PRGN GHeg TREPRALAN (B (G ATEPAE) MBrEaek 2Eki g
3 ; ; S o

or 3Q pﬁﬁ'lejﬂgtﬁn He gﬁ?ﬁqe? cb%gﬁp:@ﬁoﬁ’%%( ﬁ\?ﬂ' p?ﬁ%ﬂ?%@}[ Ig fféH, HoWé‘veg the follBwing

nol of I n conponent cont ent
conponendondionssnay béused range of from 0.00001 nol to 10 nol,
preferably from0.0001 nol to 1 nol. 17 If the content is outside

this range, Genpanedid{Aypr (thanpy b mepd esmysarticromedimy by itselhdowever, an

corposi (N SPRRRT ey B irerG Einenar fien e e Relblo e reaction

conposi tik ABy ﬁﬁiﬁc@ﬁrl&'ﬁﬁ\ﬂe&%oilén | 8s iths!bnEWhidAas BYEH irl Bk RYNSIERERN, Anddor
q

purification means such as filtration using a glass filter or a

si ntier ecexpaompde,sa saidyated bydrekaboasschasor-peddne depaptass nrlexane,

distillation, or columm separation using silica, alumna or a polyner
gel . At %’ﬁ'&he{@%,“'E%R!ﬂ”%éﬁ@%?ﬁeamg%?ﬁwrﬁf%[?ﬁﬁrﬂ%ﬁrp%,Su%!%aﬁ fluenge

, M _ ;

usad | n IR droBekiec b el 3 Lo BERGR Sher BRRTTREN

vessel tefma, Gan @fher,acyfddﬂe@hgﬂ Aebthihers tepaf/desfufing ar h afdohal sWh as

type reactor may be used, and the pol ynerization operation nay be

carri ed noethangl, aiinanol, isppsenanioh wobigtangls sesrputansk merbgutanowsz-ethymaaol,

bat ch t Furth i t b ied out dividedly int

steds LY DM drinsl § rEvPoLIPGHed SUEh SAveRRATSY dag bersed i s
I 1 hi : S, .

ont ai ni g 0 e R e o o ot WK AR,

ref ract i-yg0 to@Eoe (] préfagably whhiher range af F8P Ry t80°Cnast tbimpepling®iich is
conposi tion. ~_The oxygen atom containing organi c conpound of
Group 4 captaenlyringdusiriglly sizedp| Ehe peesgutaoprisiition feefedsapiiarumpy bepmder

fol I ow %%Ja%c!%'rle%s&rdé), :oro%%{r%rys%u@ E}Zec?u%e&(rbré)s(sﬁ}e.

20 The stoichiometric proportions of components (B}, (C) and (D) to component (A)
are not particularly limited. Usually, however, to 1 mol of the Si content in component
(A), the Si content in component (B) is within a range of from 0.01 mol to 1,000 mol,
preferably from 0.1 mol to 100 mol. If the content is outside this range, the
mechanical strength of the polymer composition film to be formed may decrease, or

25 cracking or peeling may resuit in the polymer composition film.  Further, to 1 mol of
the Si content in component (A), the content of the organic metal compound as
component (C) is within a range of from 0.001 mol to 100 mol, preferably from 0.01
mol to 10 mol. If the content is outside this range, the mechanical strength of the
polymer composition film to be formed may decrease, or whitening, or cracking or

30 peeling may resuit in the polymer composition film.

To 1 mol of the Si content in component (A), the metal content as component (D)

is within a range of from 0.00001 mol to 10 mol, preferably from 0.0001 mol to 1 mol.



wherein Mis Ti, Zr or H, R7 is a Cl.20, preferably Cl1.10,

hydr ocarbon group, X is fluorine, chlorine, brom ne or iodine, p, q,
u and r are p>0, g>0, u>1 and r>0, respectively, and represent
nunbers conpatible with atom c valence$’of Ti, Zr and H, and y is an

I nt eger : |
0 20T 1 T SRS AR B! R o B B
The hydrdiffietibosherebythd film rRZyfﬂi&Vbefd?me@XGﬁWiquolﬁﬂe@ccﬁh;ﬁtﬁltwﬁfllﬂmaﬁ or
branched al kyl group, a cycloal kyl group, an arylal kyl group, an aryl
group orunglerge Rg*peatr@n gr oup. Speci fic exanples of the formula
(4) incl ude I tani um co und such as, ti oo

et r anet hoxi LB PEREEH B e! PaEBrBgPamare uiilas § B bl ey spusifad by
titaniu | t

L1 201 AT Apl BT lfe Jich MR ifyca SR P AT Forous
titanat epodyphomeal @sgdsure banaiteed prwxee d:smrampnxcyr cbilurhh 3epa@tiona using
hal ogenat ed titani um conpound such as tetrachlorosilane; a

hal ogendilied. alufiampumpolarash oAt that iraersushareansonawee gged in

di chl orozi rco an al koxyzirconi um conpound such as
tetraet HSQ‘H“%}LOﬁnFEme &ﬁe {élq%ﬁ oxyzirconi um a hal ogenated hafni um

conpound SUGty s rbaétb P bE LSER{on thETteadfoR df@@dﬂ%ﬁhly Hseq "FPfPhtE‘fécﬁHi‘éBl
as tetraet hoxyhaf nium or tetrabutoxyhafnium etc is also wthin

t he 19coffielcbinay Isaitable bentsetnv Artirting tessabtype re;ﬂqhmrahlchgdlefd lmed/ tyer reactor

at om cont ai ni ng ..organi ¢ conpounds of G oup 4 tal having differ
hydrocapa@rplrgp%J ?v RS, eRCiok VR @aﬁtﬁ@ HPE{E‘%‘F@%RH BRI HYH OHRY eof

Goup 4

as m xe& or a?wé?&act e%’rﬁ'l:—' l‘f?%%ﬁ%e%mgsgﬁ“ \Aﬁtﬁr}]%{&ne étgﬁpg%ﬁg
t he pres®ithet, iMaaY betatied6ld dvigsdP MLb d;qnstg:étep@ uAdleradifsreat . an
organi c si | anol or an organi c silicon conpound, which may be reacted

or conplpékmBrWﬁtlﬂnfwtlgﬂganﬁlbomtaI conpound of Goup 1, 2, 12, 13 or

14 tal of t.h dic tabl Th |, cohol

ahi Oy bl ISGIABHIE 5 $EPPecofiiie, BEHERBY patictfo e b AERR BfGono!

an aI | CYBhi @%S%?IL Tl%hrﬁ{n r@lto'uﬁ A ordé?@‘ﬁ@@a@é tﬁg réffitive index
u ano anol

al cohol 1 nc n- propanol , 1 -propanol, n-
but anol dutisgobsaftamtbé pregration ehibk polynbencmmpqsnmnhexanol
2- et hyl hexanol , n-octanol, octanol, n- stearyl aI cohol , cI opent anol ,

cycl ohexanoITheé’c’%Ig‘P'éﬁ@f@ﬁ%"@!mngﬂ@anmm r?PBI"dBﬁ maefos
ecampl o X GRoE; B8 PR heatGEBlm sl B ing oot BHIPERE: TR en mmy e
addegl, is sgﬂ)]gqg ggiﬁfyq(x;r]ycorrpounds (4)
wherein M is Ti, Zr or Hf, R’ is a Cy.zp, preferably Cq.10, hydrocarbon group, X is
fluorine, chlorine, bromine or icdine, p, q, u and r are pz0, g>0, ux1 and r>0,
respectively, and represent numbers compatible with atomic valences of Ti, Zr and Hf,
and yis an integer. Particularly preferred is an oxygen atom-containing organic
25 compound of Ti, Zr or Hf, which satisfies O<p<1, 1<u<?, and 1<g<6.
The hydrocarbon group for R’ may, for example, be a straight chain or branched
alkyl group, a cycloalkyl group, an arylalkyl group, an aryl group or an alkylaryl group.
Specific examples of the formula (4) include an alkoxytitanium compound such
as titanium tetramethoxide, titanium tetraethoxide, titanium tetra-n-propoxide, titanium
30 ftetra-i-propoxide, titanium tetra-n-butoxide, titanium tetra-i-butoxide, tetra(n-nonyl)
titanate, tetra(2-ethylhexyl) titanate, tetracresyl titanate or hexa-i-propoxy dititanate; a

halogenated titanium compound such as tetrachlorosilane; a halogenated zirconium



havi ng an al kyl group, a cycl oal kyl group, an aryl al kyl group, an
aryl group or an al kylaryl group, which have at | east one hydroxy
group and wherein the organic group has from1 to 12 carbon atons,
preferably from1 to 6 carbon atons. Ft8 exanple trinethylsilanol

triethylsi Ianol hen an tert- .25b Ut

Uyl o e e ﬂﬁ@f%@ﬁmﬂ%@ o ShERoNERarIR: | con
COWDOUDOEdm;b&Jh TRNRE RELEGokZidoRRAPOHIRE ABERKGHRB %twhafegenated
following formula (5): [CeSi f(0119)91 19hl d(5) wherein each of R8 and
RO whi crhadnigimi umiepemtésﬂcf‘oﬂs tearahhlotdlnafmunns an aBbxgiafnipmreéenpblind 8ich as
Cl1_10, hydrocarbon group, g.and h are e>0, f>0, g>1 and h>0,

r espect i\e&agthoxyhafigp %"sf@HFbWQﬁﬂ'@ﬁ%'uﬂbﬁﬁ%\t ible with the atonic

val enoe of St 1o A00ufniing bl SARE ordlin LGAGALPO0, SEANRNG 9F ot

for ex I'mear 0O gro
cycl oal Kabtbrrﬂcfd?ﬂﬁmn@rbrgén’ & ablfpbuBdLEPGraUD Asial Ha@lhg, dlﬁ’é'reﬁi I’@dr@ééﬁbon
group, etc. Speci fic exanpl es include tetranmethoxysilane,

t et r aet lgvayps.| dPush exygen-atpmepolaining arganic eempoindsrafiireyp i aatal may be
tetra-n-buto SI I ane tetra-j-pentoxysilane, tetra-n- 5hexoxysil ane,
L 61 1 aphRBRAIS 58 M of Figks of BBET gl hESERAS MG O ABer HeCRt.

et hyl but OXY)lﬁJAr%'Peir ist4d Rlthin s BES mﬁ%&fytﬁé tb?é(é’e)iﬁ ilv@Rfen to add a compound

met hyl t ri met hoxysilane, ethyltri oxysi

n- buby! tsuicheishoxaabhelen o@aamwnrtahblrmtdimmanicmmn compound, which may be
vi nyl trinmet hoxysil ane, chloromethyltrinmethoxysil ane,

3-chl or dga@pwqr epmplanedydih thaerganic gstalcopaMItior Gedmbxe.sid, ddcr 14
trinmet hox%/ L ‘ﬁg mathé 1glrl et hoxysi lf , toethyltriethoxysilane,

n- pr opy M5 PE? RPErPdirdabIs a5 GPOHOPER ¥dkysi | ane,

phenyl tri et hheyabbid) SvhicH r'ﬂ)ﬂ!bé'a%ﬁa |¥:% C?{NmeﬁF 6r branched &itgHah€aicohol,
3-am nopropyl triethoxysilane, triet hoxysi ["ane,

et hyl t r iani alicycjwodgatid] anan avcnmg{ﬂict alcelnelpr opoxysi | ane,

i -pentyltri-n-butoxysilane, tri-i-pentoxysilane,

et hyBtri-i pénesiRies Phke alw@phwmfiemﬁtha&@x%mnaha propénol, i-propancl, n-

henyl
F-S%p; PFellnr?Eﬁﬁ% g@sé% a%g@ bu[bt;moﬁ{ﬁ{u‘ri’é’r}’dl h%%ﬁﬁ?xé’ %{h%@ﬁanol, n-octanol, i-

octanol, n-stearyl alcohol, cyclopentanol, cyclohexanol, ethylene glycol, etc. Further,
benzylalcohol and a phenol such as phenol, cresol, xylenol or hydroquinone, may, for
example, be exemplified.

20 Further, the organic silanol which may be added, is selected from compounds
having an alky! group, a cycloalkyl group, an arylalkyl group, an aryl group or an
alkylaryl group, which have at least one hydroxy group and wherein the organic group
has from 1 to 12 carbon atoms, preferably from 1 to 6 carbon atoms.

For example, trimethylsilanol, triethylsilanol, triphenylsilanol, tert-

25  butyldimethylsilanol, vinyldimethylsilanol, etc. may be mentioned.

The organic silicon compound which may be added is a compound represented
by the following formula (5):

[06SiHOR®)gR g (5)
wherein each of R® and R® which are independent of each other, is a C1.20, preferably

30 Ci-10, hydrocarbon group, e, f, g and h are >0, >0, g=1 and hx0, respectively, and
represent numbers compatible with the atomic valence of Si, and d is an integer.

The hydrocarbon group for R® and R® may, for example, be a linear or branched



di met hyl di met hoxysi | ane, net hyl phenyl di net hoxysi | ane,
di phenyl di et hoxysi | ane, net hyl di met hoxysi | ane,

di net hyl di et hoxysi | ane, di et hyl di et hoxysi | ane,

di phenyl di et hoxysi | ane, net hyl dodecyl di%®t hoxysi | ane,

met hyl o | di

et hyl df%ﬁﬂ@%‘é& aeér?}&w%gﬁ)bénzy 8@?‘&%@??%?%@@6%@3% KYjpnA group,
di met hyldate- n- but oxysi | ane, etc. may be nenti oned. Further, an
al koxysi | ane_or aryl oxysilane, such as dimethyldi-i - pentoxy5|lane

di et hyl di - i mﬂlfﬁgﬁm@lﬁwnwdﬁ tetjawtrmxyﬂlqﬂ@nteéwpmqu{ane tetra-n-

i | Sob PP AR RS ST F- AP BB Pt e R e STt -pentoxysitane, tetra-n-
trimgt h51'| X _géihéﬁbl RASpheh B LMLt Pefk}’sxgjeggm}exox )SIIane tetrakis(2-

trineth r opoXysi Pane trinmét opo ysi | ane,

trinet hwthylbb&nkp)vsymé aeteak|$(2+nmthbxyethe>ty)mtangsniean$rlrrtelthowsﬂ‘ade n-
but oxysi | ane, trimethyl-n-pent OX%@I | ane or trinethyl phenoxysil ane; a

hal oal kcﬁt'?ﬂtrl"%ﬁih‘?w&%“%@ eutyRirmeherxetiroryrhanydmethoxysilane,

oo SMIRSIAAE e PR AotibAAc

di i sopr %Ydrg Xﬂﬂﬁﬁéﬂﬁdx@@%n@ﬂlfﬁéthb)‘é@ﬂéﬁ@%@ﬁ?ﬁ@é‘th& yshBge,
|sopropylnet i met hoxysi | ane, i sopropyl et hyl di met hoxysi | ane,

[ soploop;eltrwmlewmmanleonwomametha)@mfanepmbdltylmeﬁydxymtamxys| | ane,
i sopropyl di et hyl net hoxysi | 2Q i sopropyl di phenyl net hoxysi | ane,
i soBr ogfﬂhenv'éﬂ%'aw@'@ﬁéﬂnv f'?@&ﬁk‘%'ﬁ?%‘? tet ngympl ang y
triisopropyl ' S

propy ﬁ-é%%ﬁr%éﬁﬂgfhﬁéﬁ%h% %f%@éhgﬁlsgﬁ grogoxysﬂane

i sopropyl et hy OXYSI ropy1p%eny
i sopr Opwirga!tﬂmdrd;bcﬁ@bm i-Féﬁl@ltn—lnStﬂﬂé%Hér@b ,Fhéutyiei-hpsmokysiane, ethyltri-i-
|

i sopropyl di phenyl et hoxysi | ane, 5sec-butyl trinethoxysilane, di

sec- but yneatqwsm»e/maﬂad@ nhexowdanq;@hgenyi’étlmgxyse{a@e, n-
but th | | et h |
secBut PromRIEh e Eprdingtm eoe o A T EPRA LRt ane.
but
S B S B T

sec- but yrieihy:ldimmmsxysdmm dlmetrqtdnethb)qtstlar)é eﬂétbgdylmth@«yeuane
sec- butyl net hyl di et hoxysi | ane, sec-huty Iethyldlethox¥5|lane

but yI ph&iRheay qﬁla%vglarsﬂa@etbxééo%%MWR@ﬁH?n%ﬂﬁa e %ﬁ?@yldlethoxysﬂane

oyl ope RS peBldEty R aRE: ma b R B e R baitne,
trigycl a@mﬁbm&%%y@nﬁ,m&sﬂsmw& iy fHerBbhexysi | ane,
cyclopentylethyldlnethoxy5|lane 15 cyclopentylphenyldlnethoxy5|lane,

cycl opent y| Funbehphratkdxyzijarid emraylosysiltopesuchl ai dittejhyiditipextiosdiysitane,
cyel opegte){hﬁalplhpee% oxg,fs.:ltlan?ax)éhs1l E&Qﬁ - guter%oxy”s?lgne edlgﬁéﬁ;héi |—ep%htoxysilane,
diphenyldi-n-octoxysilane, diisobutyldimethoxysilane, trimethylmethoxysilane,
trimethylethoxysilane, dimethyléthoxysilane, trimethyl-i-propoxysilane, trimethyl-n-
25  propoxysilane, trimethyl-t-butoxysilane, trimethyl-i-butoxysilane, trimethyl-n-
butoxysilane, trimethyl-n-pentoxysilane or trimethylphenoxysilane; a haloalkoxysilane
such as dichlorodiethoxysilane, dichlorodiphenoxysilane or tribromoethoxysilane; a
haloaryloxysilane; etc. may be mentioned.
Further, isopropyltrimethoxysilane, diisopropyldimethoxysilane,
30 triisopropylmethoxysilane, isopropyimethyldimethoxysilane,
isopropylethyldimethoxysilane, isopropylphenyldimethoxysilane,

isopropyldimethyimethoxysilane, isopropyidiethylmethoxysilane,



Further, cyclopentyltriethoxysilane, dicyclopentyldiethoxysil ane,
tricycl opentyl et hoxysil ane, cycl opentyl net hyl di et hoxysi |l ane,
20cycl opent yl et hyl di et hoxysi | ane, cycl opentyl phenyl di et hoxysi | ane,
cycl opentyl di net hyl et hoxysi | ane, cycl of&nt yl di et hyl et hoxysi | ane,

| ! ! j ol g bl
& Cycl opeah SRR AR o MBI AU R s RoR AR b iRne,
cycl opertrirdbeiplatrd:yslish dTesdpespametiyRiiethoxysilane, isopropylethyldiethoxysilane,

cycl opent adi enyl et hyl di met hoxysi | ane, 25 _
cycl ope nstaprpénéh phdeigthoixpsitanexigopropylimethylethoxysilane,

cycl opent adi enyl di hyl et haxysi | ane .

cyel opertSRPERYIdRhgtAlERS, 5 PR Phenyiethoxysilane,

cycl gpent adi ' : Vi oAl : |_oned.

Pt hor cycT o AR RRIRY A e B py G tndipiiarte, FPRic

di cycl opmnyladittenybitiret, sexpahiiraattyldméeibhpryinaol ssb-utyletividimetioxasiane,
cycl opent adi enyl met hyl di et hoxysi | ane, 30 .

cycl opersesdnéviphenyigimatizpmsias, saprutyldimethyimethoxysilane, sec-

cycl opent adi,e henyl di_et hoxysi.| ane. . :

cycl op eE:iuiﬁijlgﬂiﬁ/#rﬁfﬁ]gh?fﬁg?h%%%ny@H&enylmethoxys:lane, etc. may be mentioned.

cycl opent adi e ictylt@irMosgsIRRE di sec-butyldisthoxysilane, tri sec-

cycl opent adi enyl di phenyl et hoxysi | ane, cycl ohexyl tri met' hoxysilane, 21

di cylol olhertylbttioresilana ysad-atglimetinyldigtHoahsileyle meedibutyethddiethoxysilane, sec-
cycl ohexyl et hyl di net hoxysi | ane,

?Ei §E§®h¥%&kﬂéﬁ%pﬁﬁ%§’: 4%tyigmt6ﬂ8ﬂ}?ﬁﬁiﬁﬁ?h§¢%t hoxysi | ane, .
R N Y R T e

di cycl olgxyiopentytameaidxgsitanel fricoyiepamgmydipbli@nase, ane,
cycl ohexyl net hyl di et hoxysi | ane, cycl ohexyl et hyl di et hoxysi | ane,

cyc: oEeﬁyflgpémt?:ln@ﬁtbvlﬁw_bfmﬂ@)el,gy@lb?ﬂ@wwflmcljdmw' Vle’si*ﬂne/si I iane,

t t n t ne,
e
cycl ghe%ﬂﬁ?ﬁ%k%%ﬁyﬁgﬁn&hgwclyci %E@b%%@rﬁ? : | né%éﬁ:‘('))b{/}l?i treane,
cycl ohexemiibdedet hyl met hoxysi | ane, cycl ohexenyl di et hyl net hoxysi | ane,

cycl ohexenyl di phenyl nmet hoxysi | ane, etc. may be 15nmenti oned.
Further, cyflushekengrpentxittihgersilanm dieyclopenbiticibayysdirBenhoxysi | ane,

cycl onedBIGBERGIITEHRlE SyaRECh EDRBMMCIROMHIANGS o of hoxysi | ane.

cy cbghexgayhehipRifidiethbysnahe aRlopeisishenyRIBthahyaliayd, et hoxysi | ane, 20

cycl ohexenyl di phenyl et hoxysi |l ane, et¢. may be néntioned. Further,

or gani ccysloperdyldimetbvinttoxysitainedeyaprintddietivieinexysiand as
cyclopentyldiphenylethoxysilane, cyclopentadienyltrimethoxysilane,
dicyclopentadienyldimethoxysilane, tricyclopentadienylmethoxysilane,
cyclopentadienylmethyldimethoxysilane, cyclopentadienylethyldimethoxysilane,

25 cyclopentadienylphenyldimethoxysilane, cyclopentadienyldimethylmethoxysilane,
cyclopentadienyldiethylmethoxysilane, cyclopentadienyldiphenylmethoxysilane, ete.
may be mentioned.

Further, cyclopentadienyltriethoxysilane, dicyclopentadienyldiethoxysilane,
tricyclopentadienylethoxysilane, cyclopentadienylmethyldiethoxysilane,

30 cyclopentadienylethyldiethoxysilane, cyclopentadienylphenyidiethoxysilane,
cyclopentadienyldimethylethoxysilane, cyciopentadienyldiethylethoxysilane,

cyclopentadienyldiphenylethoxysilane, cyclohexyltrimethoxysilane,



i sopropyl vi nyl di met hoxysi | ane, isopropyl vinyl di et hoxysi | ane,

i sopropyl vi nyl di tertbutoxysilane, diisopropylvinyl methoxysil ane,
di i sopropyl vi nyl et hoxysi | ane, diisopropylvinyl tert-butoxysilane,
i sopropyl di vi nyl net hoxysi | ane, 25i sopr &pyl di vi nyl et hoxysi | ane,
Sopr opylk. : - OXVS :
sopropy+@¥%9$%%ﬂ4¥?%ﬁ%?ﬂ%%@%ih%ﬁ@?h?g%%ﬁgggwﬁpﬂglnethylethoxysilane,
sopr0pydyddlwxmméawldwmomnmaﬂybl@n@xyiethyid_imetho silane, _
sopropylvi nyl et hyl met hoxysi | ane, “i sopriopyl vi nyl et’hyl et hoxysi | ane,
sopr opydyeiahgkgiphghyldierathdysdanys idyalnbexyldimethylmethoxysilane,

R/ AR LS R R A A O N
dilsgprqﬂgb | met hoxysi | ane, dii sopropyl phenyl et hoxysi | ane,

di i sopropyl phenyl tert-butoxysilane, isopropyldi phenyl net hoxysil ane,
i sopropyl di phatndredyemnesyikrisiBoxysiamns, aiicibnehgticthd@silaryt oxysi | ane,
22 i sopropyl phen Inethylnethoxgsilane, ] )

i sopr opyr@mﬂﬂwéﬁwyaﬂmaa@xglg extacthyitigthoyysilamany | net hyl

tert-but oxysil an I ropyl phenyl et nmet hoxysi |.ane,

| Sopr oy IRRSY BB L SRS RIBRE: 1y

tert-but { il i i :

sec- but y@é@%@?@%%@@gﬁéﬁﬂéhag%@ﬁxgwm%@%glIt? ?e'Sbut oxysi | ane,
di seo- bulygloheryltiphthylxekysilaeae, dickdexknyiidmethgkeilboxysi | ane, di sec-
butyl vinyl tert-butoxysilane, sec-butyldivinylnmethoxysilane,

secbut yIde¥riahexenvdinainegisiane ddcysirhexanyimeloysifansput oxysi | ane,

secbut yl ph i i . Sec- | ph | di oxV.si | ane,

ceo- but P PRBETTEE OB R R ey R R B RERRsky o1 1 ane.
di sec- big¥oRBRINIIHEIHBREsafbSfcioHeXBHYIMIntRMHethoxysilane,
tert-but oOxysil ane, séc-butyldi phenyl net hoxysil ane, sec-

but yl di phelhexaryidigtbyinmeieoxysiand wyglobexéraddipherstimethoxysilase] einemagtbe;
hal oal kox silaaes such as an aryl oxysi |l anedi chl or odi et hoxysi | ane,

di cHPor SRF'BI9BRBxysi | ane, tri bronoet hoxysil ane, etc.; and

hal oaryl oxy s ; : Loge :

pol yal koxypﬁd@ ?ﬁ(?ygﬁ@%xes Cﬁe@@xﬂ%%&%?fgﬂ%gﬂeﬁ?@ie&%gysﬁne,

oct amet fipyelohiegemyiathorysildae aearidhexpghdineisjldiotdrgsilane,

hexaet hoxydi si | oxane, octaethoxytrisiloxane, decaethoxytetrasil oxane,
etc.; am¥cClpbexenylginyidiethexysiansorydehexeatipbenyldigthexysilane,

1, 3-di net -1.1 3atetranmet hoxydi sil oxa .

T3 5 | Yty Rah BhaORE XU Rhe iR T hsthovsiane,

1,358, 7 @Bﬁ@{@é; i XREEbE heriibRéd. oxane, etc. may be
exerergl i fblyed. 20 %%"él‘a’iygeéﬁ%’ﬁ’ga'ﬂér’ﬁ'ﬁi C s?lganol ls)ﬁ%é]d organic silicon
conpounds midyrther, wsgahiabitare compouraisiinaltiding atkoxysilanes sooh asof t hem

By m xing and reacting the above-descri bed conponents, a pol yner
conposi 1SOBFPRIVIRdIMstiieystane, saproRAviBYHietoxy aﬁneneeﬁpronya"rb@mr

G TN LCR e NI T M ETEE LN
heat r egiisdmoggviafide ADAtoGBIEHES idopropyIditiflypdthdestarigt eri al  havi ng

all of such properties. Such properties are of a |evel which cannot

be guf f isopeapyidiviaylethionysilabe, sopropytdivimd temrbttoxysitaneup- subst i t ut ed

Ol | -substituted si i es.
S1TOX an%o%Foplg/?v?nn%meg'lry?nl'ljgth(s)gysslla:‘le,ulsgprofjly vn%( i gth?lg{l'ulo?qs/silane,

isopropylvinylmethyl tert-butoxysilane, isopropylvinylethylmethoxysilane,

isopropylvinylethylethoxysilane, isopropylvinylethyl tert-butoxysilane,
isopropyiphenyldimethoxysilane, isopropylphenyldiethoxysilane, isopropylphenylditert-
30 butoxysilane, diisopropylphenylmethoxysilane, diisopropylphenylethoxysilane,
diisopropylphenyl tert-butoxysilane, isopropyldiphenylmethoxysilane,
isopropyldiphenylethoxysilane, isopropyldiphenyl tert-butoxysilane,



Anong materials of the present invention, particularly, a polyner
conposition 30 having a structure represented by Si-OA or Si-0OZn,
Is excellent in the above gas barrier property, nechanical strength,
WV resi stance, heat resistance and hea#2 conductivity. 23 Such a

| _ o . . _ e,
Y o LERTBB e B R ER A3, Rob SRy RS R bl ™ ©
sem condsisiepFiphOoRettif farcBdedians,; ishiopylpHemNShyIntheaailang a
resin conmponent with the polynmer conposition of the 5present

i nvent i dsppropylphemdsibyidiaihoxysilans, dsaprepdphpnylatay tért-buimppianey sed- t he
resin c nent , ch resin c onent, may, for exanpl.e, be a resin
Const SRR HiraSnekylans. ot SRR R SRt e sab LY Ut e
rotecti ' : lidnrenid ' i a
P oy EfioXysliENg ety by minBlBRans, deliyOfvERbIBIARE e, 2

I mpr ov edbugdsinlae ibetoxysiaes, tsechbubidicinyisaihasstafd;Bedevi ce.  EXAMPLES
Now, Exanples will| be described, but i1t should be understood that the
pr esent buyidininylsthaxysignes seadahddivingiteddutexysiggie, ERempl es.

15Me t of .the filmthick ' t b .

Styl us CypePeAdR ey fnee so¢ BOD BN HR AR B ararea Bl gt
ULVAC. ' j i 7 -
ot ot R ] B e Ay
Cor por abutyipleenyatemibatoxysilane) ssogbltyldipibehginrettiogsiane tec- ( DR- Vi

(wavel engt h: 589 nn)) manufactured by 20 Atago Co., Ltd, The
total | PyBAdiphemdethpxysiiane,aes-brivldiphenyldgrtintoxyailanss efc haloaliorysieaes

with Jl - . I ; C Lght

Fransm tanes ety R PEgCBON e fiEREEER bbb Bians: i b o
spect r0ﬂﬂﬂbﬁi&tfﬁxyé%n’é?@tc@@%ﬂhﬁlbﬂ?[o%%h@?ﬂét& me@bemertffhe@m t 0 850
nm ) manuf act ured” by JASCO Corporation. 25The WV irradiation test was
carried out FuytharpolyatfoxgyelysSimpxenessucreas bexapusthofdisiwanact ur ed by

| wasaki Electric Cq., Ltd, under conditions of 68 rchqQ éwavel engt h:
300180 26t o;%rdgI%@n%d{ﬁcgmethoxytetrasﬂoxane, exaethoxydisiloxane,

octaethoxyirisiloxane, decaethoxytetrasiloxane, etc.; and
polyalkylpolyalkoxypolysiloxanes such as 1,3-dimethyi-1,1,3,3-tetramethoxydisiloxane,
1,3,5-trimethyl-1,1,3,5,5,-pentamethoxydisiloxane, 1,3,5,7-tetramethyl-1,1,3,5,7,7-
hexamethoxydisiloxane, etc. may be exemplified.

20 Such alcohols, organic silanols and organic silicon compounds may be used
alone or as a mixture of two or more of them.

By mixing and reacting the above-described components, a polymer composition
of the present invention can be obtained. The polymer composition of the present
invention is excelient in the refractive index, gas barrier property, mechanical strength,

25 UV resistance, heat resistance and heat conductivity and can be a material having all
of such properties. Such properties are of a level which cannot be sufficiently
attained by conventional methyl group-substituted siloxane or phenyl group-substituted
siloxane series.

Amceng materials of the present invention, particularly, a polymer compaosition

30 having a structure represented by Si-O-Al or Si-O-Zn, is excellent in the above gas
barrier property, mechanical strength, UV resistance, heat resistance and heat

conductivity.



The duroneter hardness was neasured in accordance with JI'S 7215 by
means of a duroneter hardness neter Type A. 30Wth respect to the
heat conductivity, the density was neasured by a water displacenent
nmet hod, the specific heat was neasured2by Pyris D anond DSC

f d - _ : . oot i i
e by S B3GR Ellosi B 18, SR ADILLUR AR s Bl
manuf actignedfpyortaretestifd a6d é@ﬂir@iﬁ@ﬂhﬁp@p[_l@pri RIS, serhibBndudibrer

t he heat conductivity was cal culated. he oxygen per neabi ] ty

was neassgmigonyuatdrs, @t hod i n accordance with JI'S K7126-1, and the
wat er perneabi |ity was neasured by the ne d in accordance wi,th 5
IS krhoon Futher oy R oAy SUROTREN AR ARE PONI GOTBRAGR Cepitin n
Nucl gar t: ] 0 : Qb ;
manufact e e i B R Ry (e RS, ope Y e Hicin
conposeccaphpdrient.i nSuaaa deghy cbinposentenay) fohenanitle Shd & ¢ain $Gbsitanaor @

whi ch vinyl group and secondary carbon atomare directly bonded]

Into a EJ’QSII"MfI_TBehI enk flask reactor equipped with a stirrer, 17.1 g
(50 mmol) of 2,4 6-trivinyl-2 4 6-triisopronylcyclotrisiloxane .
brepared | n HiEEaR cutsiiarcHAe PEe RERREC R eBde o) eDles3hh @ entiapoan
16.4 m 1of y&id '@é'QlFP@"@exgcesgr 8 sbpiddndlBo} d@vfticé‘.h'Rrr%gééin?}bﬁerg%ﬁing an

hexahydrate were charged under a nitrogen stream an rre

15r com timppevest gascbdrieofropeny eaube usedasa EPDaevicéo thi s uni form
solution, 4.20 g (50 nmmol) of sodi um hydrogencar bonate was added in
10 mnutes, followed by stirring at 70C for 6 hours. The obtai ned

suspensiéaﬁ%jMFgE%iltrated through a glass filter to filter off a gray
resi due a btain a transparent yellow platinum catal yst

sol ution. Theow EeeAplERiilse Sdsdpbad, Bt sHbuldBe QREEYSTRE thAARE PRSI

yell ow pl ati num catal yst solution 20 was 0.297 mmoVg. [Preparation of
pol yner inventiosiis bynd means limiteddosochiExgotplemk fl ask reactor equi pped

ith a stirrer, 5. 71 coptent: 10 mmol ) of a 20 wt % hexane
sol U1 on of Nedsupspafsifn ot idssm s et gl Srats fh b usgme
ol ) ol Ay REIAAEES RS RXARSNIINEAGaBE] BPLLGKRr age ol ecul ar 25

wei ght o nder a nitrogen ‘stream stirring at
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20 Atago Co., Lid.

The total light transmittance was measured by the method in accordance with JIS
K7361-1. The wavelength dependency of the light transmiitance was measured by
means of an ultraviolet and visible spectrophotometer (V-530 (measuring wavelength
region: 250 nm to 850 nm)) manufactured by JASCO Corporation.

25 The UV irradiation test was carried out by means of EYE Super UV tester SUV-
F1 manufactured by lwasaki Electric Co., Ltd. under conditions of 68 mW/cm?
(wavelength: 300 to 400 nm) and 120 hours.

The durometer hardness was measured in accordance with JIS 7215 by means
of a durometer hardness meter Type A.

30 With respect to the heat conductivity, the density was measured by a water
displacement method, the specific heat was measured by Pyris Diamond DSC

manufactured by Perkin Elmer, and the thermodiffusion coefficient was measured by



mol ) of the platinumcatal yst solution prepared as described above
was added, 30 followed by stirring at roomtenperature for 1 hour to
obtain a hexane solution of the polyner conposition. [Application of
pol ymer conposition to silicon substrate] 25 The above hexane
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grid squares (1 nmsquare each) were forned, and a peeling test was
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For 5 nGPeEalnn shPRInuE e B bleSER PG e P EUBEE <oty St it
ref pact e d.é@'ﬁmn‘{@@. measured and found to be 1.620. 26 EXAMPLE 3
[Preparation of polymer composition]

In a 50 ml Schlenk flask reactor equipped with a stirrer, 5.71 g (Al content: 10
mmol) of a 20 wt% hexane solution of triethylaluminum was added to 4.30 g (Si
content: 50 mmol) of palymethylvinylsiloxane having a weight average molecular

25  weight of 1,200, under a nitrogen stream, followed by stirring at room temperature for
20 hours. To the obtained reaction solution, 3.00 g (Si content: 50 mmol) of
polymethylhydrogensiloxane having a weight average molecular weight of 1,600 was
added, followed by stirring at room temperature for 1 hour, whereupon 0.034 g (0.010
mmol) of the platinum catalyst solution prepared as described above was added,

30 foliowed by stirring at room temperature for 1 hour to obtain a hexane solution of the
polymer composition.

[Application of polymer composition to silicon substrate]



[ Preparation of polyner conposition] In a 50 mM Schl enk flask
reactor equipped with a stirrer, 1.36 g (5.0 mmol)

tetraet hoxyzirconi umwas added to 4.30 g (Si content: 50 mmol) of 5
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subst r atng] paeingevasboee ek arfairder,@soin heathresiptangetest byeating abhSaHes
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the sorvBRs PaRtnySlBHit oreNG P Rodind s SO\ Aseas.  The TeBRgvE moex
conposi tjonELLipe d‘#Bhifug db@AG%dor ansparent, and its thickness was

10 pm Cross-cuts of 10x10=100 grid squares (1 mm square each) were

f or med, COMPARATRVERKXAMPLEWRS carried out by means of a scotch tape,
whereby 20 no peeling was_observed. Further, also in a heat

resi stance tABOlYM@r ReEPPAjoRwassueparsd ivthectanee masnesas AyExampleki ng
or peelin observed. The refractiv i%exo s _neasured and
found t SpedtihababoRiiskans wastissBindtiad SEneif frobexdiesabfon '
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(Al content: 5.0 mml) of a 20 wt % hexane sol uti on of ethyl al um num
was adddide polyrhed@omp@Sition evasaapplied @0 asiichn stibgiadty medhdriedi nyhs ipolyxeare
havi ng a wei | ecul ar wei ght of 1,200, under a nitrogen
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hour, whereupon 0.0034 g (0.001 mmol) of the platinum catal yst

sol ut i owese ppaledd FurtEenimph beat resistantadest ydigading gt B0°Q for 5 hours,
cracking and peeling were observed. The refractive index was measured and found
20 1o be 1.451.
EXAMPLE 2
A polymer composition was prepared in the same manner as in Example 1
except that 6.71 g (Zn content: 10 mmol) of a 18.4 wt% hexane solution of diethylzinc
was used instead of the 20 wi% hexane solution of triethylaluminum used in the
25  preparation of the polymer composition in Example 1, and the polymer composition
was applied to a silicon substrate.
The polymer composition film was uniform and transparent, and its thickness was
10 um. Cross-cuts of 10x10=100 grid squares (1 mm square each) were formed, and
a peeling test was carried out by means of a scotch tape, whereby no peeling was
30 observed. Further, also in a heat resistance test by heating at 150°C for 5 hours,
yellowing, cracking or peeling was not observed. The refractive index was measured

and found to be 1.620.



stirring at roomtenperature for 1 hour to obtain a colorless
transparent hexane solution of the polymer conposition. [Application
of pol ynmer conposition to silicon substrate] The above hexane
solution of the polymer conposition wag applied to a silicon 5
substratgxﬁwgﬁfggr coater and dried by renoving the sol vent under
conditions o Cfor 5 mnutes. The polyner conposition filmwas

uni f or m [ERebarafiers B ner 8dEpbditori|hi ckness was 449 nm Cross-cuts of
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test was carried out by nmeans of a scot'ch tape, Whereby out ol 100
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resi stance test by heating at 150C for 5 hours, cracking and Peel I ng
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or epar eaotenpucdied Sedh FERhold UARRERY, RAGNER BYSIIPR L0 BBty
cont ent :fo/51 Rolife! dbt&lh aPhek@nd sollifoR F &itep&igingt tOMpeéitish.et hyl zi nc was

used instead of the 20 wt % hexane sol ution of triethylal um num used
in the phAepiveation ohpol/meneompbsitien tasiligssutistratdln Exanpl e 4, and t he
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tape, wierehnumes.pefla pgywes cobpesitiadfiintFwat hefornabad tiansparbend its
resist a?f%gkgeessstwal?sy1 Ohﬁr%t. ' rogst-c&’rg%% I))C();Oj‘l O%O;rgds’squazrgs (1 mm square each)
were formed, and a peeling test was carried out by means of a scotch tape, whereby
20 no peeling was observed. Further, also in a heat resistance test by heating at 150°C
for 5 hours, yellowing, cracking or peeling was not observed. The refractive index
was measured and found to be 1.788.
EXAMPLE 4
[Preparation of polymer composition]
25 In a 50 ml Schlenk flask reactor equipped with a stirrer, 2.84 g (Al content: 5.0
mmol) of a 20 wit% hexane solution of ethylaluminum was added to 4.30 g (Si conteni:
50 mmol) of polymethylvinylsiloxane having a weight average molecular weight of
1,200, under a nitrogen stream, followed by stirring at room temperature for 20 hours.
To the obtained reaction solution, 3.00 g (Si content: 50 mmol) of
30 polymethylhydrogensiloxane having a weight average molecular weight of 1,600 was
added, followed by stirring at room temperature for 1 hour, whereupon 0.0034 g (0.001

mmol) of the platinum catalyst solution prepared in Example 1 was added, followed by



yel | owi ng, cracking or peeling was not observed. The refractive index
was neasured and found to be 1.690. EXAMPLE 6 [ Preparation of polyner
conposition] 5In a 50 m Schlenk flask reactor equi pped with a

stirrer, 1.36 g (5.0 mmol ) of tetraethéXyzirconi umwas added to 4. 30
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conposition . o silicon substrate . The above hexane | ution o
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and 1ot s 805 hbiisk yelmwvingscracking on peelgosss ool ahsefvetOx Thelréfractiviedndex
squares (1 mm square each) were fornmed, and a peeling test was
carri ed WAg Megsyredndipund &:Be dib33ape, whereby no peel i ng was

Observe%OWAﬁﬁWE%)?RMbﬂE heat resistance test by heating at 150C
for 5 hours, "yell owiTig, cracking or peeling was not observed. The

y
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[ Preparation of pol ymer conposition] In a 50 mM Schlenk tlask
react or exgeptghais.Apgofhexane veas, usedinstgad of thedit with hexang soliation obf a
20 wt % hexane, sal ution af triethylal un num was added t.o 4. 30 Sj
contiEn: BV RRETT oSBT 42 AR B BN s SomE caltde ke Dl gad
nol ecul ' " e Lt m 8’%‘«5 o
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colorl esﬁl%xﬁ 621n (? Srric(ja gttquébt\'le_s%‘? rrllgrﬁ1 isrclqiuglge epaoclh &%E‘é forr%ged, and a peeling test was
carried out by means of a scotch tape, whereby out of 100 squares, 13 squares were
20 peeled. Further, also in a heat resistance test by heating at 150°C for 5 hours,
cracking and peeling were observed. The refractive index was measured and found
to be 1.451.
EXAMPLE 5
A colorless transparent polymer composition was prepared in the same manner
25 asin Example 4 except that 3.36 g (Zn content: 5.0 mmol) of a 18.4 wi% hexane
solution of diethylzinc was used instead of the 20 wt% hexane solution of
triethylaluminum used in the preparation of the polymer composition in Example 4, and
the polymer composition was applied to a silicon substrate.
The polymer composition film was uniform and transparent, and its thickness was
30 507 nm. Cross-cuts of 10x10=100 grid squares (1 mm square each) were formed,

and a peeling test was carried out by means of a scotch tape, whereby no peeling was

observed. Further, also in a heat resistance test by heating at 150°C for 5 hours,



To the obtained Al -containing polyner, 3.00 g (Si content: 50 nmol)
of pol ynmet hyl hydr ogensi | oxane havi ng a wei ght average nol ecul ar

wei ght of 1,600 was added, followed by stirring at roomtenperature
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| east 9 That is, the UV resistance was found to be high. 20The
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fr om 156elutignp8H@ & i santenkdd, mamp)otf pelymathylbygragensilpyane baving arvgight

160C 't o 2sEBRETHBRE el fRlortlor | BB R R RAGREH LY R ABAN | O
yel | owi Rgmpesatiretio@PRBnY Mherdiph 0.6034 §20.00RnmEI opirRNAISHIMAS caBlfspund

to be high. The heat conductivity of the obtained cured plate
sanpl e walition zeepanedhrkExampleck wge adged,felidywed by stiving Bt 838N denpératutayor
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sol yg i OfhiGHndsEvidW 18 W, NWIRolS-@Mts dt 10x10=100 grid squares (1 mm square each)
were formed, and a peeling test was carried out by means of a scotch tape, whereby
no peeling was observed. Further, also in a heat resistance test by heating at 150°C
for 5 hours, yellowing, cracking or peeling was not observed. The refractive index
was measured and found to be 1.790.

25 EXAMPLE 7

[Preparation of polymer composition]

In a 50 mi Schlenk flask reactor equipped with a stirrer, 7.10 g (Al content: 12.5
mmol) of a 20 wi% hexane solution of triethylaluminum was added to 4.30 g (Si
content: 50 mmol) of polymethylvinylsiloxane having a weight average molecular

30  weight of 1,200, in a nitrogen stream, followed by stirring at room temperature for 20
hours. From the obtained reaction solution, hexane was distilled off under reduced

pressure to obtain a colorless transparent Al-containing polymer.



5 the preparation of the polymer conposition in Exanple 7. The
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colorless and 30 transparent, and its surface was flat and snooth.
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i rradi attquntpetliggf iNSAEaNGH YRS S1aintained to be at least 97.0)4/0. That is, the UV
resistance was found to be high.

20 The durometer hardness of the obtained cured plate sample was 97.5, and after
a heat resistance test of repeating temperature up and down from 150°C to 260°C
three times, 97.5 was maintained. Further, after the heat resistance test of repeating
temperature up and down from 150°C to 260°C three times, cracking, breakage or
color change such as yellowing was not observed. That is, the heat resistance was

25 found to be high.

The heat conductivity of the obtained cured plate sample was 0.230 W/m-K, the
oxygen permeability was 1,325 cc/m®.day, and the water permeability was 14.8
g/m®day.

The obtained cured plate sample was analyzed by 2°Si CP/MAS NMR, whereby a

30 peak attributable to Si-O-Al was observed at 6-110 ppm. That is, it was found that a
primary structure chain comprising silicon, oxygen and aluminum was formed.

EXAMPLE 8



5 was remarkably deteriorated. That is, the UV resistance was found
to be ow The duroneter hardness of the obtained cured plate sanple
was 77.2, and after a heat resistance test of repeating tenperature
up and down from 150C to 260C three ti8®s, it decreased to 65. 4.

End down 1 r ooebBEsT RbuESHARGE: cdribodlor GREBIARA SRR RIS Bt
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property is |low. EXAVMPLE 9 [Preparation of polymer conposition] 20In
a 50 nl tsdwparsotfangsie Prlé’@@ﬁdb‘ase‘i)ﬁ!iapdémwﬂﬂ-h a stirrer, 7.10 g (Al

\(,:Vggt ngjiadltz j’@%%ﬁ%pgg%%{ lglnﬁzébtg%)ég & %%l Fﬂqtltieqs%mogle Wais%g sluallcleél ?ng Yound
pol yi sopg %@W.é!édly!ﬁd%ﬂf&%ﬁ@"ﬁ%ﬁﬂ‘ﬁﬁ&%ﬁe VRS PES,, ARLSHE fe WP Ot
of 30,000, in a nitrogen stream followed by stirring at room

t enper atinadiafiar t€2€ thetotsl light tramdrhittanté aas exkintaeid torbes®l.8%6. oThehexane
was distilled off under reduced 25 pressure to obtain a colorless

t r ans paMévelengii eprendenay optieyigsk transmittange g sypb Mialdee lightdmmeritianeg

oL w67 rR TPl PR BB AL S SR

by stir tédt0920% REShiARREa!l UTBaf i8F the N Wsistdhey RHS RSurd 18 2shigh.( 0. 001

nmml ) of the platinumcatal yst solution prepared in Exanple 1 was

added, f ol | dhedlusgmaterdirdnesagf the oltametioupst plater sarmple wiash@f0, and after

ggf 3%& gdfﬁ%gés:igtsaq:ﬁt treasgglp raerpggttiné) %n%/pnt;ereraltu?g HB%?IIdtdogvrr]f frénw |58!’8 ?o 8f60°C
three times, 96.0 was maintained. Further, after the heat resistance test of repeating
temperature up and down from 150°C to 260°C three times, cracking, breakage or
color change such as yellowing was not observed. That is, the heat resistance was
found to be high.

20 The heat conductivity of the obtained cured plate sample was 0.251 W/m-K, the
oxygen permeability was 1,032 cc/m>day, and the water permeability was 12.5
g/m>.day.

COMPARATIVE EXAMPLE 3
A polymer composition was prepared in the same manner as in Example 7

25 except that the 20 wi% he>‘<ane solution of triethylaluminum used in the preparation of
the polymer composition in Example 7, was not added, to prepare a colorless
transparent polymer composition and to obtain a cured plate sample of the polymer
composition in the same manner as in Example 7.

The obtained cured plate sample of thé polymer composition was colorless and

30 transparent, and its surface was flat and smooth.

The refractive index of the obtained cured plate sample was measured and found
to be 1.448. Further, its total light transmittance was 90.5%, and after the UV



Into a glass mold of 50 nmx 50 mMm x 2.0 mmin thickness, the above
pol ynmer conposition was cast and heat-cured at 150C for 1 hour to
obtain a cured plate sanple of the polynmer conposition. The
obt ai ned cured plate sanple of the pol §her conposition was col orl ess
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t he 16xy yarepisanad] and g cals chaigdiccyeliod:. way pbsavded.heThva tig the heat
perneability was 13.8 20 g/ pRday. The obtai ned cured plate
sanpl e &SRS 8?9‘@@&06@/‘%919%? %/ MAS NVR, whereby a peak attributabl e
to Si-O Al ' ' f ta
ori mary st r QLR SpiionRly O herbrRifiba Rk did sematias 3 T W
for med. WENAMRLE AW a8 Solripaeibivil tHhétt cBAlyERIty 9PERABbletdnds, 1N a
50 m Schl enk flask reactor equipped with a stirrer, 7.109 (A
content: 12.Thermeyodn permealylityofdhecctzaiped surad plateoosaropleatdsy8,516im num

e 1hg. B0l 20 Bre, e BRLERR AR S a3 B8 1 e kg dhe

stream a8d LRA L A r To
t he obt g?(g%%—p eacétél)btl)l?& ?ﬁ? %ﬁer@%@@hg E 75 %P? Cé?‘bgg%-@@% g%(%%%was
added, Fokhmpled7 bpd 8 and kveggad bartienplopepgislow. e for 3 hours. Fromthe

obt ai ned reaction sol ution, hexane and non-reacted 2-butanol were
di stil| EXAMPLESder reduced pressure 33 to obtain a colorless

transpa - Wl | Vi To the obtained Al -containing
pol ymer ,[ﬁ%baét'aﬁ%gbgl on%}gzﬁﬁ]%oé@‘a%l ) of polymethyl hydrogensi | oxane

havikfig a weightsoaHes@aenPAskCehator é@dliﬁﬁéd Kith b &iHerVR$0 g@tﬂ%m&ﬁﬂ: howed
by stirring at roomtenperature for 1 hour, whereupon 0.0034 g (0.001

mmol) of a 20 wi% hexane solution of triethylaluminum was added to 5.70 g (Si

content: 50 mmol) of polyisopropylvinylsiloxane having a weight average molecular

weight of 30,000, in a nitrogen stream, followed by stirring at room temperature for 20

hours. From the obtained reaction solution, hexane was distilled off under reduced
25 pressure to obtain a colorless transparent Al-containing polymer.

To the obtained Al-containing polymer, 3.00 g (Si content: 50 mmol) of
polymethylhydrogensiloxane having a weight average molecular weight of 1,600 was
added, followed by stirring at room temperature for 1 hour, whereupon 0.0034 g (0.001
mmol) of the platinum catalyst solution prepared in Example 1 was added, followed by

30 sftirring at room temperature for 1 hour to obtain a colorless transparent polymer
composition.

[Molding of polymer composition]



5 mol) of the platinumcatal yst solution prepared in Exanple 1 was
added, followed by stirring at roomtenperature for 1 hour to obtain
a colorless transparent polynmer conposition. [Mlding of polyner

conposi tion] Into a glass nold3f 50 nmx 50 mMmmx 2.0 nmin

t hi ckness, t W Wﬁﬁ ' -

under condit&g%gtéﬁsg_fﬁg@@p r’?[ah%ﬁr o%%@%ﬁtﬁﬁﬁ%gggﬁggg%ggkg[@&
the pol yg@hpesmaoahé cast and heat-cliRRI &b5APOYEr £HOECoRILAAIR SSAUTRY pl®é t he
pol ymer conposition was colorl ess and transparent, and its surface
was f| atsamplesitifia polymeecemspesiten.ve i ndex of the obtained cured plate
sanpl e was asured and fou 15to be 1.552. Further, its total |ight
Cr anoni { tancE S EBBECEHod HEte LR ROV inek B iaPpatoR uds coldtless o0d|

|ightg t r@g}ﬁgfﬁé{rﬁggﬁ fé%uﬁ%e%@é A nasnsotfl- 8% The wavel engt h

dependency transmttance was such that the |ight

transm t t ancCEhewvasraative alek of thelSbtaintd icarddnslaieasnisle dvasavieasurgd And found
range, and after the UV irradi ation test, at |east 98. 0% was

mai nt ai fedee Tha2. i BurthateitsUotal dghtdransouitanee wandt 20 and atfegthe B¥The
d t d f the. ' d plate. | .98.0. and
after o fedpupR Rl Bh el W anRliltt Mas eI Bi® 90 2na M
from 15Gajdleriftf GepBhdcl o ligh 118n¥@AftialBs Wa%'é“u%ﬁ-thé‘_t‘{ﬁ% Nght tratfshiifiance

i
the heat resistance test of repeating tenperature up an own from
150G¢t o 2604t [ehastcdy 0% mathin theankasiged waraleagih mnge phiod aftdrathg )\ inchlisdion

yel l owing was not observed. That is. the heat resistance was 25 found
to be hilgsh at least Sf,@%nkas Mabrained. vT"t‘%I ’%ﬁh?ﬁjé/fﬂﬁséﬁﬂ?@d”%?oéﬂdé@éﬁé“gh-

and e wat o i R0 e SRR KalSantn PV SRR ster

30A pol W1REatGESTHRRES tebt oﬂ%%eﬁfin@@ﬁ{n%brﬁﬂﬂe ApGndbw bR SRAEie zelbod; he

pol ymer conposition was prepared in the same manner as in Exanple 7
except tthege tmas 9§. was owinteimed. 1Pushemaslitgr the hehtireisistanesdpsiopforperding

O Al B LA ¥hee B i R385 o
conposi tofp chAnge &N &s Yellowing was not observed. That is, the heat resistance was
found to be high.

The heat conductivity of the obtained cured plate sample was 0.230 W/m-K, the
oxygen permeability was 1,150 cc/m®day, and the water permeability was 13.8

20  g/m*day.

The obtained cured plate sample was analyzed by *°Si CP/MAS NMR, whereby a
peak attributable to Si-O-Al was observed at 8-110 ppm. That is, it was found that a
primary structure chain comprising silicon, oxygen and aluminum was formed.
EXAMPLE 10

25 [Preparation of polymer composition]

[n a 50 mi Schlenk flask reactor equipped with a stirrer, 7.10 g (Al content: 12.5
mmoi) of a 20 wi% hexane solution of triethylaluminum was added to 4.30 g (Si
content: 50 mmol) of polymethylvinylsiloxane having a weight average molecular
weight of 30,000, in a nitrogen stream, followed by stirring at room temperature for 20

30 hours. To the obtained reaction solution, 5.56 g (75 mmol} of sec-butanol was added,
followed by stirring at room temperature for 3 hours. From the obtained reaction

solution, hexane and non-reacted 2-butanol were distilled off under reduced pressure



The pol yner conposition was a turbid viscous slurry and non-uniform
The cured plate sanple of the polynmer conposition was turbid and
non-transparent, and its 5surface had irregularities and was not
flat. COVPARATI VE EXAMPLE 5 A pol yner 8dnposition was prepared in the

sane nma ' Ekﬁé"égg( ) : (Al content: 12.5
mol ) o?ljagcfbtﬁinﬁr#ugrglsec- t%c?é?ﬁgﬁg‘ggoﬁtgﬁk%pggmggxane wer e used instead
of the 20 w6 thexshigingalAicbrmairg polyeieh)d.a0 4TBNeERteRed0 nimdiP of he
preparation of the polyner conposition in Exanple 7, to obtain a

col or | espolymeihylivdeagensiexanerhavirgpa sicight average molgcdar weight ek 6660 mgkse
Exanp) e 0K IEBRATD S eiTg HoRoR-ERHeiR I A oTgHPEh @ LDat 001
was tsur Qi g AN tﬁ'@ngrattiﬁaﬁ&‘i‘él?&tsolﬁﬁnw&ﬁ it Example ’P‘m&glc?%%jkﬁsﬁllowed by,
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of the mirympat wonpemjdratireVits 10idLaito eBiaima cbRrisestrangserent @syrher
Exanpl e 10 except that 1.50 g (12.5 mmol) of di nethyl di net hoxysi | ane
was usedompasdign. of sec-butanol in the preparation of the polymer

conposi tipn,in le 10. 2Q0The obtained cured plate sanple of the
pol ymer [WR%PF?@M §OTRPEIPRS s and transparent, and its surface

was flat andng@gls mold of 50 MEmhesd Afrh ko hﬂﬁ%trﬁéknfeaﬁ, etir%Qta%b{?@ g?g‘{e‘?d

pl ate sanpl e was neasured and found to be 1.550. Furt Its

| i ghio t reongpositioancss vast adidl. HEt-cared rfdee cobdiittondvofi 130adifat 1 dout wsdbtaitlze
total light transmttance was maintained to be 91.9% The 25
wavel engUfediplisaanele Athe Relymeyisemposiiehi t t ance was such that the
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mai nt ai nR@Mspditat, dndl it Si9fadY WS aaRGews. found to be high. The

duroneter hardness of the obtained cured plate sanple was 98.0, and
after a heatThegsfractiveciodex of thefohtaipedclireg platesarmple masupeaswded e found
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wavelength dependency of the light transmittance was such that the light transmittance
was at least 98.0% within the measured wavelength range, and after the UV irradiation
test, at least 98.0% was maintained. That is, the UV resistance was found to be high.
20 The durometer hardness of the obtained cured plate sample was 98.0, and after
a heat resistance test of repeating temperature up and down from 150°C to 260°C
three times, 98.0 was maintained. Further, after the heat resistance test of repeating
temperature up and down from 150°C to 260°C three times, cracking, breakag'e or
color change such as yellowing was not observed. That is, the heat resistance was
25 found to be high.
The heat conductivity of the obtained cured plate sample was 0.229 W/m-K, the
oxygen permeability was 1,210 cc/m?.day, and the water permeability was 14.5
g/m>day.
COMPARATIVE EXAMPLE 4
30 A polymer composition was prepared and a cured plate sample of the polymer
composition was prepared in the same manner as in Example 7 except that 2.55 g (Al

content: 12.5 mmol) of aluminumisopropoxide and 10.0 g of hexane were used instead



35 found to be high. The heat conductivity of the obtained cured
pl ate sanple was 0.229 Wnk, the oxygen perneability was 1,430
cc/nR2.clay, and the water perneability was 16.5 g/ nRday. 5 | NDUSTRI AL
APPLI CABI LI TY The pol yner conposition #&f the present invention is

usef ul i tf 36 Aede/ e HRE ok ton & tRUBLEEN S UsbE AL BepaRtiBA'l S

mat eri al ent e gas barr property, mechanical strength,

W resi W@—,Cdﬁﬁ%sm@ﬁhg,@me 7etc., and it is thereby possible to
i o provide a resin conponent having a gas barrier property, an LED

\chevi ce, a sdifiequiytuet complesitioewaeedurbid viscous Sty énginoa-Wifoemos e of
apanese Pat ent | i cati . 2010-139215 fil J 18. 2010 ,.
el i ryrehaals FRBleGH e Pab e SREPETARAN RS (W aed PO AResPHERk Aol
15refseres%%céﬂa{j}irg?ﬁﬂér‘iﬂe%t%d wabn&ifiMS: 1. A process for producing a

pol yimer "conposi > Whi ch conprises m xing and reacting: as
conponertOMRARAIVE BAMPRES gr oup- cont ai ni ng sil oxane conpound of

the S5following formula (1): )

A polymer composition was prepared in the same manner as in Example 7
except that 3.08 g (Al content: 12.5 mmol) of aluminum sec-butoxide and 12.0 g of
hexane were used instead of the 20 wt% hexane solution of triethylaluminum used in

10 the preparation of the polymer composition in Example 7, to obtain a colorless
transparent polymer composition.

A cured plate sample of the polymer composition was prepared in the same
manner as in Example 7, whereby its surface was flat and smooth, but the surface was
turbid and non-transparent.

15  EXAMPLE 11

A colorless transparent polymer composition was prepared and a cured plate
sample of the polymer composition was obtained in the same manner as in Example
10 except that 1.50 g (12.5 mmol) of dimethyldimethoxysilane was used instead of
sec-butanol in the preparation of the polymer composition in Example 10.

20 The obtained cured plate sample of the polymer composition was colorless and
transparent, and its surface was flat and smooth.

The refractive index of the obtained cured plate sample was measured and found
to be 1.550. Further, its total light transmittance was 91.9%, and after the UV
irradiation test, the total light transmittance was maintained to be 91.9%. The

25  wavelength dependency of the light transmittance was such that the light transmittance
was at least 98.0% within the measured wavelength range, and after the UV irradiation
test, at least 98.0% was maintained. That is, the UV resistance was found to be high.

The durometer hardness of the obtained cured plate sample was 98.0, and after
a heat resistance test of repeating temperature up and down from 150°C to 260°C

30 three times, 98.0 was maintained. Further, after the heat resistance test of repeating
temperature up and down from 150°C to 260°C three times, cracking, breakage or

color change such as yellowing was not observed. That is, the heat resistance was



wherein RL is a hydrogen atomor a Cl1-20 hydrocarbon group, mis an
integer of at least 3, ais an integer of fromO to 10, and the
sil oxane structure is a chain or cyclic structure, 10as conponent
(B), a siloxane conmpound having a stru¥ture of the following fornula
(2) whegel Wigggn is directly bonded to silicon, R2 (2)
wher ei n‘i%{lill? a @% 20 hydrocarbon group, n is an integer of at |east
3, and the ghedeabeosdudistyokthesbiaingd curedrplatesaimple wag & 222 W/ mdsdhe
conponent (C), at |east one nenber, selecied fromthe group c i sting
of or gaRK¥gerpeIMeabiiy wisgd 410 es/ausay, arét%ggyatggp%{ﬁ'@a% &T&?ﬁﬁgﬁ%f t he
periodi ¢ tggl e, and as conponent (D), a netal catalyst of Goup 8, 9
or 10 mQ('HI' ¥ the periodic table. 2. The process according to Claim
1, wgerein to 1 nol of the Si content in 20 conponent (A), the Si
content in conponent (B) is within a range of from0.01 nol to 1,000
mol , t héNDUSTENAL APRIWGABHJRYI ¢ netal conpound as conponent (C) is
within a range of fromO0.00Q01 noJ, to 100 nol, . and the content. of
met al | cat al Y196 RRYTEETIRRRARTGTEY! the Present vanihGaiegi ARGt 68 S R)
to 10 ol gy hBri |t h 1RE gBs DARGSrGIrBpéry,
compoun pJP?é[cHg@ﬁlgf%g@mﬁ%s%WéﬂhQﬁmﬁﬂ St Qi th RE gds Y pé\'ty.
mechanical strength, UV resistance, heat resistance, etc., and it is thereby possible to

10  provide a resin component having a gas barrier property, an LED device, a

semiconductor device, efc.

The entire disclosure of Japanese Patent Application No. 2010-139215 filed on
June 18, 2010 including specification, claims and summary is incorporated herein by

15  reference in its entirety.



25formula (4) is further added: 37 [Op Mu (OR7)q Xr ]y(4) wherein M
is Ti, Zr or Hf, R7 is a Cl.20 hydrocarbon group, X is fluorine,
chlorine, bromne or iodine, p, q, uand r are p>0, g>0, u>1 and r>0,
respectively, and represent nunbers cofpati ble with atom c val ences
of Ti, Zr and Hf, and y is an integqk.ajed: The process according to
Claim1l or 2, V\,her ein an al cohol, an or gani c silanol or an organic
silicon norrmpmbess fdrtprbb@cfm@dctmwm admnpcitiing wiidhhcoaipriveg anikingraidal
conmpound of Goup 1, 2, 12, 13 or 14 netal of the periodic table, as
conponenféagi)g: or lets the or ganl C rret aI conmpound form a conpl ex.

5. The process_accordi erein onent

C
organic 10 afUFARTAYY Egb&ﬁd"@ﬁ‘ Lﬁﬂtegr‘-’éa‘rlﬁ oA gieal ‘?\8°mp8£’ &rﬂtj‘e

process p&ahgidehdi® (@i m1 or 2, wherein conponent (D) is a
pl ati num cat a yst or ‘d rutheniumcatalyst. 7. A polyner conposition

pr oduced he oress as defined in any one of Clains 1 to 6. 158. A
seal i ng ri coptai ning the polynmer conposition as defined in
Claim?7. Sﬁ" ﬁ parrier material containing the polymer

conposi tud | phed in Aaim7. 10. An insulating and sealing
material for gem conduct ors, containing the polynmer conposition as
defined ip d %um 7.1 11. An LED device using the sealing nmaterial as
defined im C aim8.d @012. A resim)conponent using the gas barrier
material as defined in daim9. 13. A sem conductor device using the

i nsul at iwtgereindR'Sie @l hyaljodert stoirbr & O1..Slydrecardos gesup, ndis alehtatrd of &t least
Caim 1%, a is an integer of from 0 to 10, and the siloxane structure is a chain or cyclic
structure,
10 as component (B), a siloxane compound having a structure of the following

formula (2) wherein hydrogen is directly bonded to silicon,
1]
l Si O J

AN (@)

wherein R? is a C1.20 hydrocarbon group, n is an integer of at least 3, and the siloxane

RZ

structure is a chain or cyclic structure,
15 as component (C), at least one member selected from the group consisting of
organic metal compounds of Group 1, 2, 12, 13 and 14 metals of the periodic table,
and

as component (D), a metal catalyst of Group 8, 9 or 10 metal of the periodic table.
2.  The process according to Claim 1, wherein to 1 mol of the Si content in
20 component (A), the Si content in component (B) is within a range of from 0.01 mol to
1,000 mol, the content of the organic metal compound as component (C) is within a
range of from 0.001 mol to 100 mol, and the content of the metal catalyst as
component (D) is within a range of from 0.00001 mol to 10 mol.
3.

formula (4) is further added:

The process according to Claim 1 or 2, wherein a compound of the following

25



10

15

20

37

[0p My (OR7 )g X Iy (4)
wherein M is Ti, Zr or Hf, R” is a C1.x0 hydrocarbon group, X is fluorine, chlorine,
bromine or iodine, p, q, u and r are p>0, >0, u>1 and r=0, respectively, and represent
numbers compatible with atomic valences of Ti, Zr and Hf, and y is an integer.
4.  The process according to Claim 1 or 2, wherein an aicchol, an organic silanol or
an organic silicon compound is further added which reacts with an organic metal
compound of Group 1, 2, 12, 13 or 14 metal of the periodic table, as component (C), or
lets the organic metal compound form a complex.
5.  The process according to Claim 1 or 2, wherein component (C) is an organic
aluminum compound or an organic zinc compound.
6. The process according to Claim 1 or 2, wherein component (D) is a platinum
catalyst or a ruthenium catalyst.
7. A polymer composition produced by the process as defined in any one of Claims
1 10 6.
8. A sealing material containing the polymer composition as defined in Claim 7.
9. A gas barrier material containing the polymer composition as defined in Claim 7.
10. An insulating and sealing material for semiconductors, containing the polymer
composition as defined in Claim 7.
11. An LED device using the sealing materiai as defined in Claim 8.
12. Aresin component using the gas barrier material as defined in Claim 9.
13. A semiconductor device using the insulating and sealing material for

semiconductors, as defined in Claim 10.



