1 SI LI CONE GEL COMPCS| TI ON EXCELLENT | N DAMPI NG PROPRRT @ ...
BAGKGROUND OF THE | NVENTION 1. Field of the Invention The present = “°fY

invention relates to a silicone gel conposition excellent in danping
properties. 2. Description of the Rrior Art Hitherto, silicone gellike
cured products, i.e., silicone gels are given electric resistance
properties and heat dissipation properties and are then used in filling

el enents such as H C (hybrid 1C) and power nodules to protect them In this
application, silicone gels are demanded-to be inproved in rapid curability
which allows the silicone gel to be cured in a short period of time to
produce the el enent efficiently and in | ow tenperature properties which
keep el astic properties even at a |ow tenperature, for exanple, of about
[err] and secure high reliability against environments of the application

i n which the -assenbl ed product is used as Vell as in danping properties for
I mproving vibrating stress resistance.of the parts having the el enents.

It is known that organopol ysil oxanes having [err] units are good in

| owt enperature properties,and silicone

SILICONE GEL COMPOSITION EXCELLENT IN DAMPING PROPERTY

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a silicone gel
composition excellent in damping properties.
2. Description of the Prior Art

Hitﬁerto, silicone gellike cured products, i.e.,
silicone gels are given electric resistance properties and
heat dissipation properties and are then used in filling
elements sSuch as HIC (hybrid IC) and power modules to
protect them. In this application, silicone gels are
demanded to be improved in rapia curability which allows the
silicone gel to be cured in a short period of time to
produce the element efficiently and in low-temperature
properties which keep elastic properties even at a low
temperature, for example, of about -60°C and secure high
reliability againét environments of the application in which
the assembled product is used as well as in damping
properties for improving vibrating stress resistance of the

" parts having the elements. .

It is known that organopolysiloxanes having CH;SiO; s
units are good in low-temperature properties,'and silicone
gel compositions having a base component an -
organopolysiloxane substantially comprising 80 to 96.5 mol %
of (CH3)2SiO units, 2.0 to 10.0 mol % of CH3SiO; s units, 0.25
to 4.0 mol % of (CHj),(CH,=CH)SiOo.5s units, and 25 to 6.0 mol
% of (CH3)aSiOg. s units are disclosed, for example, in



gel conpositions having a base conponent an organopol ysi | oxane
substantially conprising 80 to 96.5 nol %of [err] units, 2.0 to 10.0 nmol %
of [err] units, 0.25 to 4.0 nol %of [err] units, and 25 to 6.0 nmol % of

[err] units are disclosed, for exanple, in Japanese ’
Pre- exani nation Patent .Publication (kokai) Nos. 58- 7452 (1983) and
62- 20557 (1987). Further, the above Japanese Pre-exam nation Patent

Publ i cation (kokai) No. 58-7452 (1983) describes that it-is indispensable
for a.rapid curing reaction that the above organopol ysil oxane has [err]
units as crosslinking groups for the curing reaction. The above Japanese
Pre-exam nation Patent Publication (kokai) No. 62- 20557 (1987) teaches

t hat al though the use of a specific am no conpound as a reaction retarding
agent is useful, even in the case wherein such a reaction retardi ng agent
is used, the-pot life of the conposition can be remarkably shortened by the
bl ending of a silica processed, for exanple, with trinethylsilyl groups.
Further, Japanese Preers&snfhatsToRimtiont Pauspri wljisﬁtﬂ(%Iéi;Pl}a%m%-z-sfmss?
(1987) discl oses ag4aa2ctuysdsidndB2+205S0VebaTn. stabil ity agai nst

di scol oration and changg@hebardiieasowdlGapiheapradekhiritabh OMtand

stabi ity against aRepleneshAaPROSLA ARC HIRA) SA0M idks M10s 7Q part s
by wei ght of an organop51y5|loxane subsfanti al conpri sing 80 Lo . 75 nol
% of (CH3)2Si O uni PSIIPFERI9FF FoTaPsst o 8?r€/ea&ﬁpfo%,”’6.‘=2"5het 8°2Vd mol %
of [err] units, andr9arer@yeikwtans, s [(EHY R (THhr¢t SiRd s HeRA%Fg28 vi scosity of
20 to 10,000 cSt atcrastrinxehgtedcRpsffdreehd aiting teadfidm O0TEARbEVEY wWei ght
of "a1pol ydi or ganosiJ,@xadG WRaSEHRPhL: AdPaddne PhAGkat: dH tRoKAY hodréips and
whi ch has a 20557 (1987) teaches that although the use of a specific

amino compound as a reaction retarding agent is useful, even

in the case wherein such a reaction retarding agent is used,

the pot life of the composition can be remarkably shértened

by the blending of a silica processed, for example, with

trimethylsilyl groups.

Further, Japanese Pre-examination Patent Publication

{(kokai) No. 62-181357 (1987) discloses as a composition

improved in stability against discoloration and change of

hardness due to heat deterioration and stability against

adhesiveness a composition comprising (a) iO to 70 parts by

weight of an organopolysiloxane substantially comprising 80

to 98.75 mol % of (CH;),SiO units, 1.0 to 10.0 mol % of

CH3SiOL5 units, 0.25 to 4.0 mol % of {CH3) 2 {CH,=CH) Si0q 5

units, and 0 to 6.0 mol % of (CH;)3SiOg.s units and having a

viscosity of 20 to 10,000 cSt at a temperature of 25°C and

(b} 30 to 90 parts by weight of a polydiorganosiloxane whose

both ends are blocked with wvinyl groups and which has a

viscosity of 100 to 100,000 cSt at 25°C and is basically

linear. '

However, silicone gels obtained from thesg known

silicone gel compositions cannot satisfy all the demanded

properties such as good low-temperature properties and '

excellent damping properties and cannot satisfy requirements

in the above application because, for example, they are slow

in curing speed.

SUMMARY OF THE INVENTION



viscosity of 100 to 100,000 cSt at [err] and is basically linear.

However, silicone gels obtained fromthese known silicone gel conpositions
cannot satisfy all the demanded properties such as good | owtenperature
properties . and excel |l ent danping properties and cannot satisfy requirenents
I n the above application because, for exanple, they are slowin curing
speed. SUMVARY OF THE | NVENTI ON - Taking the current
state of the above prior art into consideration, an object of the present
invention is to provide a silicone gel excellent in danping properties,
rapid curability, and | owtenperature properties, and a curable conposition

whi ch can produce said silicone gel. To attain the above object, the
present invention provides a silicone gel,conposition which will be cured
to forma gel, conprising as essential conhponents - (A an

or ganopol ysi | oxane conprakghg'Greudistéit! kedtdey o @né b8¥e Mliofbart inesr] units,
0.1 "to 2.5 mol % Qfonb&deichc b, t $n B 0ol the ghelbn®Dindéneiod €5 UNIts,
wherein R representpqmgmgrgu%.L glme%eeide%&@egpgn%%%k;?%gg%g?%%u@ of a methyl

group, a phenyl grou an err .OUp, provi total of the
phenyl groups and t’hagi‘i &FFFP Bﬁp,&?“‘gd'f’wb‘fe“gﬁ%atﬁ"gr%ﬁ T ARbuAtS o0 0.5 to 10
ml %in all the R QF&Rksscompositiqupyhighfady BERINCHSRYII0XETE Bt ai ni ng at
| east one silicon-bonde® lytiriogehe abom petectn| deulnesprt Joventaen anount t hat
t he nunber of the spdevidEs- bosidedorteyglo getpoat. tivm wisicB. v ILobd cbrg@ero vi nyl
group bonded to sil{&Ana &e®MSednbr ity GRNPYRBLa1( Ampoddiits (O a -
platinum catalyst. = gu bR dddSnBlofo@buddl! B0l Ohing! BihdiShiBaid 9! i CONe
gel " means a silicope sgLad, PIOYHGE) NAVLAG.2 PENGY 52 10T 4280,
) units, and 0.1 to 4.0 mol % of CH3R(CH2=CH)Si0.5 units,
wherein R represents a group - _ ]
selected from the group consisting of a methyl group, a
phenyl group, and a CF,CH:CH,- group, provided that the total
of the phenyl grougs and the CF;CH,CH;- groups out of the R
groups amounts to 0.5 to 10 mol % in all the R groups,
(B) a hydrogenpolysiloxane containing at least one
silicon-bonded hydregen atom per molecule in such an amount
that the number of the silicon-bonded hydrcgen atoms is 0.5
=0 1.5 per vinyl group bonded to silicon atoms in the
cemponent (A), and
(C) a platinum catalyst.
In the present invention, the term "a silicone gel"
means & silicone cured product having a penetration in the
range of 0 to 200 measured by using a 1/4 Scale Cone in
accordance 'wit:h the methed stipulated in ASTM D-1403.
LED DESCRIPTION OF T NV, ON .
() vipvl croup-containing orgapopolvsiloxanes
The vinyl grcup-containing organcpolysiloxane, the
component (A}, is a base component of the present invention.

Owing to this component, improvement of the obtained
silicone gel in low-temperature preperties and damping
properties can be attained. In particular, imp}ovement in
these properties is attained where 0.5 to 10 mol %,
preferably 3 to 8 mol &, of all the R ¢roups in the above
constitutional units is held by the group(s) selected from



range of 0 to 200 neasured by using a 1/4 Scale Cone in accordance with the
met*hod, stipul ated in ASTM D- 1403. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The vinyl group-containi nhg organopol ysil oxane, the conponent (A), is a
base conponent of the present invention. OmsMng to this conponent, :

| nprovenent of the obtained silicone gel in |owtenperature properties and
danping properties can be attai ned. In particular, inprovenent in these
properties is attained where 0.5 to 10 nol % preferably 3 to 8 nol. % of
all the R groups in the above constitutional units is held by the group(s)
sel'ected from, ' 4 the group

consi sting of phenyl groups and [err] groups and and the [err] units are
contained in an anmount of 0.1 to 2.5 nol % preferably 0.3 to 1.0 nol %
If [err] units are nore than 2.5 nol %, al though the | owtenperature
properties of the obtained silicone gel are inproved further, the degree
of crosslinking of thegsedn comeisgiig of phemOnesoupe i gNCHLH, Ovesutishe
danpi ng properties. and kHatdRr Rsi0; s dnith@ransoroiined dnhen pheayt ogr@ups or the
3,3, 3- trifluor opkoRYl ndir QURS-ekLraBly of $6&c0f FRRAL £0T OLﬂSRﬁQJS Jessaed by
se

this vinyl group-containing,or opal SI# xane ncre to nore than
10 nol % the Iow—tgrrti)era gcrhe g?@pn?cgpért éé t#’ﬁe SI+:I Sﬁ% are

i nproved further, b®F°RSREI®S °of yMengPreinadys ‘@%e 95hE 8] yS| | oxane (A)
may further corrprfPéfé"eR' [%er §egraniof serors kit ah tthef si 1F6“‘iee¥ml %
Pr ef er abl e exanpl es befomtehetan high ge Goperx Ghe alamping properji@sepolFysitHegxane
i ncl ude the foll ow g, ther axuiiedos liRd phéiyl grobpsitoentheoB,3 3@ phenyl groups
falls wthin the abayesudPfropyl g%@ngpqhysanh B Whhls seuEbsdese 0.1 to
1.5 nmol % of ; [er I‘)Jy Hﬂ'st§1ny§ &ou£%0§taﬂnm?d of3dhbpolysiloxane is

increased to more than 10 mol %, the low- temperature

properties_of the silicone gel are improved further, but the

curing speed drops. The organopolysiloxane (A) may further
comprise R(CH,),810, 5 units in an amount of 1 to 10 molsg.

Preferable examples of the vinyl group-containing
organopolysiloxane include the folloewing, provided that the
content of the phenyl groups falls within the above range:
organopolysiloxanes which comprise 0.1 to 1.5 mol % of
(CH3) 2 (CH,=CH) Si0p s units, 3.0 to 5.0 mol % of
(CeHs) (CH3)S1i0 units, 92 to 97 mol % of (CH;},Si0 units,

0.3 to 2.0mol i of (CH;)Si0; s units, and 0,5 to 4.0m0l % of
(CH;)S10.5 units and have a viscosity of 400 to4,000cSt at
25%C.

The vinyl group-containing organopolysiloxane, the

component (A), can be produced by methods well known to
those <killed dn rhe are  for evamnle  hy a marhod wherein 2
cyclic siloxane such as hexamethylevclotrisiloxane and
octamethyhlcyclotetrasiloxane, a compound containing RSi0O, s
units, CH3R(CH,=CH)SiOSiCHR(CHp=CH), and R(CH;),SiORSiR(CH;),
are mixed and are reacted at a temperature in the rage:of
100 to 200°C using a catalyst such as potassium hydroxide, a
quaternary amncnium hydroxide, a quaternary phosphonium
hydroxide, or a siliconate compound thereof. '

(B} Hydrogenpolvsiloxanes

The hydrogenpolysiloxane, the component (B), reacts

with the component {A) and acts as a croéslinking agent.

ny of hydrogenpolysiloxanes having & linear, cyclie, or



[err] units, 92 to 97 nol %of [err] units, 0.3 to 2.0 nol %of [err] _
units,,and 0.5 to 4.0 nol % of [err] units and have a viscosity of 400
t o4, 000cSt at [err] The vi nyl group-contai ni ng
or ganopol ysi | oxane, the conponent (A), can be produced by net hods wel |
known to cyclic siloxane such as hexanet hyl cycl otrisil oxane and
oct anet hyhl cycl ot etrasi | oxane, a conpound containing [err] units, [err]
and [err] are mxed and are reacted at a tenperature in the rage of
100 to [err] 'using a catal yst” such as potassi um hydroxi de, a guat er nary
ammoni um hydr oxi de, a quaternary phosphoni um hydroxi de, or a siliconate
conpound t hereof. (B)y. Hydrogennol ysi | oxanes The
hydr ogenpol ysi | oxane, the conponent- (B), reacts wi th the conponent (A
and acts as a crosslinking agent. Any of hydrogenpol ysil oxanes having a
| i near, cyclic, or 5 branched structure which are
conventional |y produyced,can_be .used wi thout, an articul ar
restriction on the rgr% KEGT et ucture wgf‘%hc?lrﬁr%",m’lef‘t’ﬁ“a#ég Bo9PERE (°3gnke
si | i con- bonded hydr B§h without agy gartiewlasr aeftFiotim 3nsths dvhepdnded
hydr ogen at onms, per sbructurepli€cut ehas at least one & Nitjos-béndedi Bydmgeaund
other than the siligagdin,bgpg@tabily 2 orhy Hiagesh HoRMRAMGIHEMUP SR eeLed from
the group congisting jecure. ©Of substituted or unsubstituted hydrocarbon
groups havi ng generally 1 to 10 carbon atons, for exanple, alKkyl
groups 10 such as a SRS/ CfgFRth compruadngthegy bian thepfdgPrgeandsd” and
a butyl group, arylhyizegps stierhans sxopbreselegreagufrom thel gtoup consisgiogp,
and a napht hyl groupf sabatkyitegr otipmstbeditated nR&€FFAHrbon groupdliingnd a
phenyl et hyl group, aeriﬁ'raﬁ.].y U @YP10 Farbon atoms, for example, alkyl groups
: 10 such as a methyl group, an ethyl group, a propyl group, and
a butyl group, aryl groups such as a phenyl group, a tolyl
group, and a naphthyl group, aralkyl groups such as a benzyl
group and a phenylethyl group, a CF;CH,CH,- group, a
CgF17CH,CH,- group, and a C,Hs- (OCH,CH;) - group, preferably a
15 methyl group, a phenyl group, and a CF3;CH,CH,- group. The

contents of these substituents are arbitrary so long as the
number of the silicon-bonded hydrogen atoms meets the above
condition.

The amount of the component (B) to be added is such

20 that the number of the silicon-bonded hydrogen atoms in the
component (B) is 0.5 to 1.5 per vinyl group contained in the
component (A). If the number of said hydrogen atoms is
less than 0.5, the crosslink density of the obtainable
silicone gel becomes toc low and the heat resistance is

25 liable to lower. On the other hand, if the number of said
hydrogen atoms is more than 1.5, there is a fear that
foaming will occur. by the dehydration reaction with the
component (A) and also there is a fear that the heat
resistance will be influenced adversely.

30 This hydrogenpolysiloxane can also be préduced by
methods well known to those skilled in the art. As a quite
common manufacturing method, a method can be mentioned
wherein, for example,
tetrahydrotetramethylcyclotetrasiloxane and/or

35 octamethylcyclotetrasiloxane, a disiloxane having a
(CH3) 3810y,2 unit or a H{CH;),Si0,,, that can serve as an end



[err] group, and a [err] ‘(OCHZCHZ) - group, preferably a 15 met hyl

gr dup, . a phenyl group, and a [err] group. The contents of these
substituents are arbitrary so long as the nunber of the

si l.i con-bonded hydrogen atons neets the above - condi tion.

The amount of the conponent (B) to be added is such 20 t hat the nunber
of the silicon-bonded hydrogen atons in the conponent (B)"is 0.5 to
1.5 per vinyl group contained in the conmponent (A). | f the nunber
of said hydrogen atons is | ess than 0.5, the crosslink density of

t he obtai nabl e silicone gel becones too | ow and the heat resistance
is 25 liable to lower. On the other hand, if the nunber of said
hydrogen atons is nore than 1.5, there is a fear that foamng wll
occur by the dehydration reaction with the conmponent (A) and al so
there is a fear that the heat resi stance will be influenced
adversely. 30 Thi's hydrogenpol ysi | oxane can al so be produced by
nmet hods well known to those skilled inthe art. As a quite commmon
manuf act uri ng rgrolipthr annetdapdsirixahe dHEPbnenadch as wherein, for

exanpl e, (st Js@dsvﬁr(@hgtzbﬁgﬁkbmi)gyféc@t eewea&;ummetaﬂ%%h&
octanethylcyclotetra3| xane i sil oxane [err] unit or a

[err] that can RISFERCS, 9 a?lqﬁ¥8?YSt such as sui?%rlc ac1d r oup an

or ganosi | oxane Wlif§erromesignesadiondcy peid.c an‘ér“@téﬁ%ﬁ%‘il%i”é’cce&‘:?-ﬁ &hé presence
of a catal yst stempesstusiel éfirabouacildeC tua friQror owteitchares wrbdwde thei d, and

met hanesul f oni c;Rehfed@hyard RHIBEIRUbRakd aBOLE. [err] to +400C, whi ch can

produce the intended I Y, Jﬁé Exanilees of the
hydr ogenpol ysi I. oxane. %]* eQQ&‘{‘QﬁL 8519821 dne inc
following compounds:

Me Me Mﬁ . %e Me MF
HiiO(iiO)nSiH HﬁiO(ﬁiO)nSﬁMe
Me Me Me , Me Me Me ,
Tl Tl omr
Hsﬁo(ﬁic)n(ﬁiO)msﬁH HSﬁO(ﬁiO)“(SEO)mSEH
i : Me Me . Me Me Me Me Me Me ,
MIe Mle Mle ' M|e _
. . . i OSi—H

HSIO(S10) Sitte MeSI—OSE TR
Me Me Me Me 3’

i e e

I . .
[_Me Me _1 {— Me Me \

. énd

wherein Me stands for a methyl group and n and m are each a
- positive integer. '
{C) Platinum catalysts
The platinum catalyst is a catalyst for promoting_the
addition reaction (hydrosilylation) of the component (a) and
the component (B) and for it any platinum catalyst known to
those skilled in the art can be used. Examples include .
platinum black, chloroplatinic acid, an alcohol-modified
chlorbplatinic acid, and a complex of chloroplatinic acid



foll owi ng conmpounds: [err] wherein Me stands for
a nmethyl group and n and mare each a positive integer. (C Platinum

catal ysts The platinumcatalyst is a catalyst for pronoting the

addi tion reaction (hydrosilylation) of the conponent (A) and the conponent
(B) and for it any platinumcatal yst known to those skilled in the art can
be used. Exanpl es i nclude platinum bl ack, chloroplatinic acid, an

al cohol -nodi fied chloroplatinic acid, and a conplex of chloroplatinic acid

6

group or an organosiloxane oligomer such as

(CH;) 3810 (Si (CH;3) ;0) 381 (CH3) 3, etc. are equilibrated in the
presence of a catalyst such as sulfuric acid,
trifluoromethanesulfonic acid, and methanesulfonic acid at a
temperature of about -10°C to +40°C, which can produce the
intended hydrogenpolysiloxane easily.

Examples of - the hydrogenpolysiloxane include thg
following compounds:

Me Me MF Me Me %e
HSiO(iiO)nSﬁH HSiO(SiO)nSﬁMe
Me Me Me , Me Me Me ,
Mle. I-II Mle Mle M'le }II Mle Mle
HﬁiO(ﬁiOJH(SﬁO)mSﬁH HSﬁO(SﬁO)n(SiO)mSiH
Me Me Me Me , Me Me Me Me ,
Me

Me Me Me

L.
I | { i {—
HSiO(S10) Sive MeS1—-0Si—i |,

Me Me Me Me 3'

H Mle ' Mle

| . .

slio (sliO) R (51015 (810);
[—Me Me —] (— Me Me _—1

' and
wherein Me stands for a methyl group and n and m are each a
positive integer. :
{C) Platinum catalysts '

The platinum catalyst is a catalyst for promoting the
addition reaction (hydrosilylation) of the component (A) and
the component (B) and for it any platinum catalyst known to
those skilled in the art can be used. Examples include
platinum black, chloroplatinic acid, an alcohol-modified
chloroplatinic acid, and a complex of chloroplatinic acid



group or an organosil oxane oligoner such as [err] etc. are equilibrated in
the presence of a catalyst such as sulfuric acid, trifluoromethanesulfonic
acid, and net hanesul fonic acid at a tenperature of about [err] to [err]

whi ch can produce the intended hydrogenpol ysil oxane easily. Exanpl es of
t he hydr ogenpol ysi | oxane include the follow ng conpounds: M M M
Me Me Me [err] - wherein Me stands for a

met hyl group and n and mare each a positive integer. (C Platinum.

catal ysts The plati-numcatalyst is a catalyst for pronoting the

addi ti.on reaction (hydrosilylation) of the conponent (A) and the conponent
(B) and for it any platinum catalyst known to those skilled in the art can
be used.  Exanples include platinumblack, chloroplatinic acid, an

al cohol -nodi fied chloroplatinic acid, and a conplex of chloroplatinic acid

7

with an olefin, an aldehyde, a vinylsiloxane, or an
acetylene alcohol. . In view of the purity, a complex of
chloroplatinic acid with a vinylsiloxane is preferred.

Although the amount of the component (C) may be
increased or decreased suitably depending on the desired
curing speed, genérally the amount is in the range of 0.1 to
500 ppm, preferably 1 to 200 ppm, in terms of platinum based
on the component(A). However, if it is required to
increase the light transmission of the obtained silicone
gel, the smaller the amount is, the more preferable it is,
and generally it is suitable that the amount is 1 to 500
ppm.

Other ingredients

Besides the above compositions (A) to (C), if
necessary, a curing speed controller and a storage stability
controller may be added. Examples thereof include a vinyl
group-containing organopolysiloxane such as
methylvinylcyclotetrasiloxane, trially isocyanurate, an
alkyl maleate, an acetylene alcohol, and its silane-modified
product or siloxane-modified product, a hydroperoxide,
tetramethylethylenediamine, and benzotriazole. The amount
of these compounds to be added is generally 0.01 to 100,000
ppm based on the component (A).

Usage and uses

The present composition is used, for example, by
pouring the composition in a. container wherein electric
parts, electronic parts, etc. have been wired or dipping a
wired substrate or the like in a liquid of the composition
and then pulling it up therefrom: the composition can.be
cured by heating at about 100°C to 180°C for about 5 min to
1 hour to produce a silicone gel.

That silicone gel is a material with a low stress,
rapid curability, low-temperature properties, and damping
properties and is useful, for example, as a protective
sealing material and an impact absorbing material for
electrical and electronic parts such as IC.



7 wth an olefin, an al dehyde, a vinylsiloxane, or an acetyl ene al cohol.
In:view of the purity, a conplex of chloroplatinic acid with a

vinyl si |l oxane is preferred. Al t hough the amount of the conponent (C)
may be increased or decreased suitably depending on the desired curing
spéed, generally the anobunt is in the range of 0.1 to 500 ppm preferably 1
to 200 ppm in terns of platinum based on the conponent(A). However, if it
is required to increase.the |ight transm ssion of the obtained silicone
gel, the smaller the ambunt is, the nore preferable it is, and generally it
is suitable that the amobunt is 1 to 500 ppm O her ingredients - Besi des
t he above conmpositions (A to (C, if necessary, a curing speed controller
and a storage stability controller may be added. Exanples thereof include
a vinyl group-containing organopol ysil oxane such as

met hyl vi nyl cyel otetrasiloxane, trially isofyanurate, an alkyl maleate, an
acetyl ene al cohol, Bh@pidss silane nodified product or siloxane-nodified
product, a hydroperoxide, tetranethylethyl enedi am ne, and benzotri azol e.
The amount of these conPBURASSTRS BRVeRFded WidlgRatersl 48551899 t6tR00, 000 ppm
based on the conporrefier§nte. téjFxgepkasd bseshe presghe jmveseitn denposition is
used, for exanple, degtpiitelngy tdhemcONRAStHd @811dwiAg (il peionihenei n
electric parts, el egh[ QN tﬂé"r\;i_%cogi%tgr i DS cPRELILE & 95-dlipRI a wred
substrate or the |Iketl n_a %Bléqﬂw'dho éﬁe COH‘gOS.ItI on and then pulling it up
therefrom the comfositiBn Can BELIPaESHy HERTISRgS ¥ tbout [err] to [err]
for about 5 min to EXKaBRA& 1t o produce a silicone gel. That silicone gel
is amterial with a | oW)stir2sg,0of calcium oxide and 0.88 g of 10%-potassium

siliconate were added to 300 g of raw materials consisting

of:
(a-1) [(CH3);SiOln (m =3 to 8) ' 246.33 g,
(a-2) [CgHg),Si0]l, (n = 3) 36.98 g,
(a-3) [(CH;3)2810]3CH;3Si0(CH;3) Si [ (CH;) 2810] 4 9.41 g,
(a-4) CH,CH(CH,) (CgHg) SiOp sl 0.88 g,
and
(a-5) [(CH;)3Si0p 512 6.40 g,
and the polymerization reaction was effected at 150°C for 9
hours. Théreafter, the temperature was lowered to 30°C,

then 8 g of dimethylvinylchlorosilane and 16 g of
tetramethyldivinylsilazane were added, followed by stirring
for 2 hours and a neutralization treatment, then low-
temperature fractions were distilled off at a distillation
temperature of 180°C, and the residue was filtered to obtain
an organopolysiloxane (A-1) having a viscosity of 1050 cPp.
The organopolysiloxane (A-1) consisted of 92 mol % of

(CH3) 2810 units, 5.0 mol % of (CH;) (CeHe) SiO units, 0.50 mol
% of CHySi0; s units, 0.16 mol % of (CH;=CH) (CeHe) (CHs) $10, s
units, and 2.34 mol % of (CH3)3SiOp s units, and the content
of ‘the phenyl groups described above was 5.16 mol %.

(2) Components of a mixture made up of 0.1'part of a
chloroplatinic acid/vinylsiloxane complex (platinum content:
1 % by weight), 0.006 part of 1l-ethyl-l-hexanol, 0.0012 part
of tetramethylethylenediamine, and 4.3 parts of a
dimethylpolysiloxane whose ends are blocked with HMe,Si0q 5
units were allowed to come contact with each other for 12
hours at room temperature. Thereaf;er, to the above



rapid curability, |lowtenperature properties, and danping properties and is
useful, for exanple, as a protective sealing material and an-i npact
absorbing naterial for electrical and electronic parts such as |IC.

EXAMPLES The present invention will now be described with reference to
ExXanpl es, but the present invention is not restricted by them |In the
follow ng description, the value of the viscosity is that neasured at [err]

and the parts are by wei ght unless otherw se stated. Exanple 1° (1) 1.3
g of cal cium oxide and 0.88 g of 10% potassiumsiliconate were added to 300
g of raw materials consisting of: [err] and the pol ynerization

reaction was effected at [err] for 9 hours. Thereafter, the tenperature
was |owered to [err] then 8 g of dinethybkvinylchlorosilane and 16 g of

t etranmet hyl di vi nyl sil azane were added, followed by stirring for 2 hours and
a neutralization tPeEarfeiysitarene |Bud) rehpédet e FPPRCEPS FExhtitein)i stil | ed
off at a distillatrormtenpéramruie ref=q ef i 2bite~tHreef i ore was filtered to
obt ai n an or ganopobigrinbiyat Boxate 1)a- DR \anAchan VE saxsi 0§ aof 1050 cP. The

or ganopol ysi | oxaneh¢droddngedpsiiokest 08 3prbnféiOfy the following

formula:

CH, CH,  CH,
H-810—(810) ;—Si—H
'~ CHy CH, tl:ﬁa _
was added per 100 parts of the organopolysiloxane {(A-1l) as
shown in Table 1, and they were mixed uniformly to cobtain a
curable silicone gel composition. After the silicone gel
composition was deaerated, the silicone gel composition was
cured by heating at a temperature of 150°C for 30 min, and
the loss tangent by shear vibration in the range of 1
to 500 Hz was measured at room temperature under the '
conditions that the thickness of the test specimen was 0.25
mm and the vibraticnal amblitude was 2.5 pm. The results
are given in Table 2.
Lompa Tlive kX ile !
(1) The procedure under (1) in Example 1 was repeated,
except that in place of the raw materials {a-1) to (a-5),
the foilowing raw'materials were used:

{a’-1) [(CH3),Si0l, (m = 3 to 8) . 228.30 ¢,
(a’-2) [ (CH;);Si0] 3CH3S10 (CH;) 54 [ (CHs) 2510) 5 61.26 g,
(a'-3) [CH,CH{CH;) {CeHg) $i0p s]2 3.09 g,
and .

(a’-4) [(CH;)38i00.5]2 7.35 g,

thereby preparing an organopolysilokane aA'). This

organcopolysiloxane (A') consisted of 94.00 mol % of

(CH3)28i0 units, 3,00 mol % of CH3Si0y.s units, 0.518 mol % of

(CH,=CH) (CeHe) CE3) Si0g s units, and 2.482 mol % of (CHs)sS$iOp.s

units and had a viscosity of 1,300 cb, ' |
(2) The procedure under (2) in Example 1 was repeated,

except that in place of the organopolysiloxane (A-1), the



[err] units, 5.0 mol %of [err] units, 0.50 nol %of [err] units, 0.16 nol
%:of [err] units, and 2.34 nol %of [err] units, and the content of the
phenyl groups descri bed above was 5.16 nmol % (2) Conponents of a

m xture made up of 0.1 part of a chloroplatinic acid/vinylsiloxane conpl ex
(platinumcontent: 1 % by weight), 0.006 part of 1-ethyl-1-hexanol, 0.0012
part of tetranethyl ethyl enediam ne, and 4.3 parts of a dinethyl pol ysil oxane
whose ends are blocked with [err] units were allowed to cone contact with
eachiother for 12 hours at roomtenperature. Thereafter, to the above

9 organopol ysil oxane (A-1) was added the resulting mxture in [err]

or ganopoysi | oxane (A-1) and then 8 parts of a hydrogenpol ysil oxane ('B)

represented by the following forrmula: [err] was added per 100 parts of
t he organopol ysi |l oxane (A-1) as shown in Table 1, and they were m xed
uniformy to.obtain a curable silicone gel conposition. After the

silicone gel conposition was deaerated, the silicone gel conposition was
cured by heating &F9PPERfLarMnce Al Fadr kfed ornd3tPsyi ?u’&nﬂf{;%é | 0ss tangent
by shear vi brati orflprdedhbydrangercdisiloxane5@0 phanged YPelstpadtsaarer oom
t emper at ure under Hoheparosmdift theDridnabolvsdldxane kines asobhdwme it @gblspeci nen
was 0.25 nmm and thg vidvesd igrRahciagl klhtiite VESichne & Edmpesiti@nl €Sl ts are
given in Table 2. gi33c0ne gel was obtained by curing this curable silicone

gel composition in the same way as that Example 1 and the

loss tangent cf the silicone gel by shear vibration

was measured in the same way as that Example 1. The

results are shown in Table 1.



(1) The procedure under (1) in Exanple 1 was repeated, except that in place
of ‘the.raw paterials (a-1) to (a-5), the following raw materials were used:

[err] thereby preparing an organopol ysil oxane (A ). Thi s
or ganopol ysi | oxane (A") consisted of 94.00 nmol % of [err] units and had
a viscosity of 1,300 cP.. (2) The procedure under (2) in Exanple 1 was

repeated, except that- in- place of the organopol ysil oxane (A-1), the

10 organopol ysi |l oxane (:A-)- was used, and the amount of the bl ended

hydr ogenpol ysi | oxane wasi‘changed to 9 .5 parts per 100 parts of the

or ganopol ysit oxane (A') :as shown in Table 1, thereby preparing a curable
silicone gel "conpositiorg: . A silicone gel -was obtained by curing this
curabl e silicone gel conposition in the same way as that Exanple 1 and the
| oss tangent of thggsilicone gel by shear vibration was neasured in

t he sane way as t hat Exgnple 1. The results are shown in Table 1.
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12 [err] According to Table 2,

in all the frequency

ranges at which the neasurenent was effected, the | oss tangent of the

silicone gel of Exanple 1 are greater than those of Conparative Exanple 1

and it can be understood that the danping properties of the silicone gel
Exanple 1 are excellent.

represent ed by

0.7 part of a hydrogenpol ysil oxane
[err] '

12
Table 2
Oscillaticn'
requen: Hz Cured product {A) Cured product (A}
1 -0.5 -1.1
5 ) -0.35 -0.95
10 -0.2 -0.6%
50 -0.1 -0.35%
100 ' -0.01 -0.25
500 0 -0.05

" According to Table 2, in all the frequency ranges at
which the measurement was effected, the loss tangent
of the silicone gel of Example 1 are greater than those of
Comparative Example 1 and it can be understood that the

damping proparties of the silicone gel o2 Example 1 are
excellent.

Conparative Example 2
0.7 part of a hydrogenpolysiloxane represented by

o
Measio—-(SI:LO)T—-(SliO)r,;-—SiMe3
Me Me

and having a viscosity of 100 cP was added to 100 parts of "

an organopolysiloxane represented by the following average'
formula:

Mr We MF
(Vi—SﬁO)Qj (Sﬁo)zm (S|:'Lblie)1’4
Me Me Me

wherein Ve represents a vinyl group and Me represents a’
methyl group and having a viscosity of 800 cP, and a

chloroplatinic acid/2-ethynylcyclohexanol solution was added

to the resulting mixture in an amcunt of $ ppm in terms of

of



and having a viscosity of 100 cP was added to 100 parts of an

organopol ysi | oxane represented by the follow ng average fornul a:
wherein Ve represerts a vinyl group and Me represents a methyl group and
having a viscosity of 800 cP, and a chloroplatinic
aci d/ 2- et hynyl cycl obexanol sol ution was added to the resulting mxture in

an anount of 5 ppmin terns of :
total anmount of the above pol ysil oxanes,
obtain a curable silicone conmposition (A").

the sane way as that in Exanple 1 to obtain a silicone gel. The

penetration of the silicone gel

[err]

pl ati num based on the
followed by mxing uniformy to
This conposition was cured in_

obt ai ned i n Exanple 1 and the si i cone gel

obtained in Conparative Exanple 1 under | ow tenperatures was nmeasured using

a 1/4 Scale Cone in accordance with ASTM D- 1403.

Tabl e 3.
Penetrati on

Tablel%

ot

platinum based on the total amouﬁt of the above
polysiloxanes, followed by mixing uniformly to obtain a
curable silicone composition (A%). This composition was
cured in the same way as that in Example 1 to obtain a
silicone gel.

The penetration of the silicone gel obtained in Example
1 and the silicone gel obtained in Comparative Example 1
under léw temperatures was measured using a 1/4 Scale Cone

in accordance with ASTM D-1403. The results are shown in
Table 3. '
Table 3
Penetration

Temperature (°C Example 1 Comparative Example 2

-10 - 70 ‘ 65

-20 70 65

-30 ' 71 64

-40 69 64

-50 70 30

-60 ' 68 , 25

-70 60 _ 20

From the results shown in Table 3, it can be understood
that the composition of the Example of the present invention
gives a silicone gel which kéebs its resiliency even under
low temperatures, compared with the composition of the

Comparative Example that uses a linear polydimethylsiloxane
as a base component.

The results are shown in



[err] Fromthe results shown in Table 3, it can be understood that the
composi tion of the Exanple of the present invention gives a silicone gel

whi ch keeps its resiliency even under |ow tenperatures, conpared with the
conposition of the Conparative Exanple that uses a |inear

pol ydi met hyl si | oxane as a base conponent.

14 Exanpl e 3 Ei ght organopol ysi | oxanes were prepared simlarly
to the procedure of Exanple 1, provided that raw materials and their
anounts were appropriately changed for the ained organopol ysiloxanes. The
nmol ecul ar conposition and vis- cosity of each organopol ysil oxane are given
i n Table 4. _ 14 Tabl e 4

Example 3
Eight organopolysiloxanes were prepared éimilarly
to the procedure of Example 1, provided that raw materials
; and their amounts were appropriately changed for the aimed
' organopolysiloxanes. The molecular composition and vis-
cosity of each organopolysiloxane are given in Table 4.

Table 4
Oxganopolysiloxane No. 1 2 3 4 S 6 1 ]

Me38i0g, 5 (mol%) 2.34 2.34 2.34 2.34 2.3¢ 2.34 2.34 2,34

ViePh+Me«SiOg g (mol%) 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16

{Me),Si0 (mol%)} 96.9 96.7 96.5 96.0 94.0 92.0 87.0 92.0
PheMeSi0 : .(mol%) 0.. 0.3 0.5 1.0 3.0 5.0 io.o =15.o
Me«8i0; 5 (mol%) 0.50 0.50 o.Sp 0.50 0.50 0.50 0.50 0.50
Viscosity  (cp) 760 850 1,100 780 1,550 830 1,970 1,410

Remarks: Me stands for the methyl?group, Vi stands for the
vinyl group, and Ph stands for the phenyl group.

Curable compositions were prepared- in the same
manner as in Example 1, except that the organapolysiloxane
-{A) was replaced by one of the organopolysiloxane Nos., 1-8
and the amount of the hvdrogennalvajloxane (R) war rhanaed
as shown in Table 5. TFrom each curable composition a
silicone gel was prepared in the same manner as in Example
1, and the silicore gel was measured for loss tangent by



[err] Remarks: Me stands for the met hyl group, Vi stands for the

vinyl group, and Ph stands for the phenyl group. Cur abl e
conpositions were prepared-in the sane manner as in Exanple 1, except
t hat the organdpol ysi | oxane . (A was replaced by one of the
organopol ysi | oxane Nos. 1-8 as shown in Table 5. From each curable

conposition a silicone gel was prepared in the same manner as in Exanple

1, and the silicone gel was neasured for |oss tangent by
15

1=
shear vibration and penetration under low temperatures.
The results are given in Table 5.

Organopolysiloxane No. 1 2 3 4 5 6 7 8

amount of the hydrogen- 6.3 B.3 8.2 8.1 8.0 8.0 7.5 7.9
polysiloxane

{part by weight)

Loss tangent
(Vibration frequency)

1 Hz 0.4 ~0.45% -0.45 -0.50 ~0.45 -0.40 -0.45 -0.55 .
5 Ez 0.3 -0.3 =0.35 -0.3 -0.3 ~0.3 =-0.3 ~0.35
10 Hz =0.25 ~0.2 ~0.2 <0.2 =0.15 =0.2 ~0.25 =0.2
|0 Nr - 1 P, w3 N e N o "o A s n.:.:
100 Lz =0.0Z =G.01 =0.02 =0.U3 ~0.0L ~0.01 -P.Uz ~U.Ud
500 Hz -0.01 0 -0.01 -0.02 0 -0.01 O -0.02
Penetration
{Temperature) .
-10°C ‘68 16 s6 70 67 69 5§ 72
-20°C 67 75 $7 69 67 70 59 72
-30°C ' 57 74 56 69 68 69 67 71
-40°Cc - 3 74 55 69 65 &9 57T . 65-
~50°C 40 64 53 67 64 68 55 62
-60°C 30 40 50 65 64 68 S3 56
~70°C 25 30 48 60 &0 63 50 40
Example 4

A flucrine-containing organopolysiloxane having
the molecular composition and viscosity indicated below
was prepared in similarly to Example 2, provided that raw
materials and there amounts were appropriately changed for
the aimed organopolysiloxane.



shear vibration and penetration under | ow tenperatures.
given in Table.5. Table 5
[err]”’ ) Exanpl e 4 A f lucrine-containing
or ganopol ysi | oxane havi ng t he nol ecul ar conposition and viscosity

I ndi cat ed bel ow was prepared in simlarly to Exanple 2, provided that
raw materials and there anobunts were appropriately changed for

The results are

16
Composition

MaySio unit 92.0 mols ,
{Me) (CF3CHoCH)Si0 unit = - $.0 mol$

MeSiO; g unit _ 0.5 mols$

(Vi) (Ph)(¥e)Si0g, 5 unit 0.16 mols

Me38i0g, 5 unit 2.34 mol$

Viscosity (cp) 960

From the abaove fluorine-containing
organopolysiloxane, a silicone gel was prepared in the
game manner as in Example 2, and measured for loss tantent

by shear vibration and penetration. The results are given

in Table S§.
Table 6
Loss tangent Penetration
" (Frequency) (Temperature)
1 Hez ~0.45 ~10°C 65
5 Hz -0.3 -20°C 65
10 Hz -0.2 -3Q°C 65 .
50 Hz -0.1 : ~-4Q°C 64
100 Hz -0.01 -50°C 637
500 Hz Y] -60°C 61

-70°C 5%




the ai med or ganopol ysi | oxane.

[err]-
silicone gel

for loss tantent by shear vibration and penetration.

in Tabl e 6.

16

From t he above fl uorine-containing organoponS|onane a

was prepared in the sane manner as in Exanple 2,

and neasur ed

Tabl e 6

17

We claim: o )
1. A silicone gel composition which will be cured'.to
form a gel, comprising as essential componentss . .
(A) an organopolysiloxane substantially consisting of.
90 to 97 mol % of R(CH;)SiO units, 0.1 to 2.5 mol % of
RSi0y s units, and 0.1 to 4.0 mol % of CEBR(CH2=CH)SiQ.5

units, wherein R represents a group

a group selected from the group consisting of a methyl
group, a phenyl group, and a CFiCH,CH;- group, provided that
the total of the phenyl groups and the CF;CHzCH;- groups out
of the R groups amounts to 0.5 to 10 mol % in all the R
groups,

(B) & hydrogenpeolysiloxane containing at least one
silicon-bonded hydrogen atcm per molecule in such an amount
that the number of the silicon-bonded hyvérogen atoms is 0.3
to 1.5 per vinyl group bonded to silicon atoms in the
component (A), and

(C) a platinum catalyst.

2. A composition as claimeé in claim 1, whereir the
organopolysiloxane of the component (A) contains 0.3 to 2.5 .
mol % of RSiOp s units, and the tocal amcunt of the group(s)
selected from the group consisting of the phenyl groups and
the CF;CHE.CH,- groups out of the R groups accounts for 3 to 8
mol % in all the R groups.

3. A composition as claimed in claim i, wherein the
component (A), the organopolysiloxane, ccmprises 92 'to 87
mol % of (CH;),Si0 units, 3.0 to 5.0 mol % of (CgHs) (CE;)SiO
units, 0.3 to 2.0 mol % of (CH;)Si0; s units, 0.1 to 1.5 mol
% of (CHj3),(CH,=CH)SiOp s units, and 0.5 to 4.0 mol % of
(CH;) 3510, units

4. A composition as claimed in claim 1, wherein the
component (B}, the hydrogenpolysiloxane, comprises at least
one selected from the group consisting of

* c L N S *

The results are given



17 W claim 1. A silicone gel conposition which will be cured to
forma gel, conprising as essential conponents; (A an '

or ganopol ySi | oxane substantially consisting of. 90 to 97 nol %of [err]
units, 0.1 to 2.5 nol %of [err] units, and 0.1 to 4.0 mol % of [err]
units, wherein Rrepresents a group a group selected fromthe group
consisting of a nethyl group, a phenyl group, and a [err] group, provided
that the total of the phenyl groups and the [err] groups out of the R
groups anmounts-to 0.5 to 10 mol %in all the R groups, (B) a

hydr ogenpol ysi Foxane contai ning at | east one silicon-bonded hydrogen atom
per nolecule in such an anount that the_ nunber of the silicon-bonded
hydrogen atons is 0.5 to 1.5 per vinyl‘aroup bonded to silicon atons in the
conponent (A) , and L) lae pl ati num caeal )ast 2. A conposition
as clained in claimi,, ? )n Ihe org qp(gllé{sgh@ xane of the conponent (A)
contalnso3t025m)ll/oo r‘qrr] uni t's, d)tietotal armpunt of the
group(s) sel ected fromMehe"syr otip pon3| s¥¢ n¢feof *Bhe. phenyl -groups and the
[err] groups out of the R groups accounts for 3 to 8 mol %in all the R

gr oups. 3. A conpads t Hon clve nmed |n m 1Me\/\h§ee| n the conponent
(A), the organopol ysi Im@m o)cgzu @;s 92 tgs:.B(?s onDdleo) glerr] units, 3.0
to 5.0 nmol % of [err] ifls, "3 1 Om)IM‘e%ng Jnits, 0.1 to 1.5
ml % of [err] units, and?) 5?0 eO'rml %of [err unlts' 4. A
conposition as cl ai rred in claiml, wherein the conponent (B), the

hydr ogenpol ysi | oxane, cigerrp&(iaseﬁeat | east - OFMFGI ]ct ed fromthe group

consi sti ng of 1 | i i i—
J HSi0(S10) ,Sive MeSi—r-0Si-H
] I ! Me 3

Me Me ‘Me .
e’ [
H Me Me

] | :
;io(si0)3 ’ (SEO)Z(SEO)Z
(_ML Je _1 {_ Ma Me _-]

p and

wherein Me stands for a methyl grcup and n and m are each a
positive integer.

S. A silicone gel cbtained by curing 2 composition as
claimed in claim 1.

I ——————

L R



18

-~clraimed in claiml.

[

19
Abstract of the Disclosure
LICONE GEL_ COMPO “EXCELLE P op

A silicone gel compositién, céhprising as essential
conponents

{A) an organopolysiloxane comprising substantially $0
to 97 mol % of R(CH;)SiO units, 0.1 to 2.5 mol % of RSiO; s
units, and 0.1 to 4.0 mol § of CE,R(CH,=CH)Siy ¢ units, '
whersin R represents a group

selected from the group consisting cf a methyl group, a
phenyl group, and a CFaCE;CH,- group, provided that the total
of the phenyl grougs and the CFiCH,CH;- groups out cf the R
' greups amounts to 0.5 to 10 mol % in all the R groups,
(B) a hydrogenpoljsiloxane containing at least one
_ silicon-honded hydrogen atom per molecule in such an amount
that the number of the silicon-kcuded hydrogen atoms is 0.5
to 1.5 per vinyl group bonded to silicon atoms in the
component (A}, and
(C) a platinum catalyst. Frem this composition, a
silicone gel excellent damping properties, rapid curability,
and low-temperature properties can ke obtained.



