. DESCRI PTI ON SI LI CONE GEL COVPCSI TION TECHNI CAL FI ELD The present invention
rTelates to a vibration- absorbing silicone gel conposition. Mre
" particularly, the invention relates to a silicone gel having excellent

" Vvibration-absorbing properties which is for use as a danper
in electrical/electronic appliances. BACKGROUND OF THE | NVE @wm\mﬁ“ mnl o
appliances to be nounted on vehicles, such as sound faC|I|t neasurlng
i nstrunments, video appliances, and recorders have hitherto enpl'&y
vi brati on- proof danpers so as to prevent vibrations or inpacts fron1 bei ng

transmtted to the el ectronic apPESERIETIONspecially in the appliances in
which reading/witing in recording nedia is conducted by neans of an

optical pickup, such as CDs, Mds, and DVDs, it is essenti aI ww“mm,mmm
danpers or insulators because the precision of reading is

vi br at i g, Tdoanpess, Womebsabsenb vi brations by nmeans of an el astdo@a+
material such as a coil spring were devised previously. Thereafter, ones

conprising a coil spring and 1 a silicone oil or silicone gel sealed up
therein were devised because it is difficult to attenuate vibrations

TECHNICAL FIELD

The present invention relates to a vibration-
absorbing silicone gel composition. More particularly, the
invention relates to a silicoee gel having excellent
vibration-absorbing properties which is for use as a damper

or insulator in electrical/electronic appliances.

BACKGROUND OF THE INVENTION

Electronic appliances to be mounted on vehicles,
such as sound facilities, measuring instruments, video
appliances, and recorders have hitherto employed vibration-
proof dampers so as to prevent vibrations or impacts from
being transmitted to the electronic appliances. Especially
in the appliances in which reading/writing in recording
media is conducted by means of an optical pickup, such as
CDs, MDs, and DVDs, it is essential to employ dampers or
insulators because the precision of reading is impaired by
vibrations.

Dampers which absorb vibrations by means of an
elastic material such as a coil spring were devised

previously. Thereafter, ones comprising a coil spring and



with the elastic material alone. Furthernore, there have been cases where a

'structure which is fornmed by injecting a gel material or foam materi al
" into a container or bag nade of a substance such as a rubber and sealing
“the container or bag and which enploys no spring or the like is used as a
danper as described in Japanese Patent Laid-Open Nos. 208534/1995 and
44342/ 1999. As the material to be sealed up in such a danper is generally
used a silicone gel having a penetration of about from70 to 200. Such a
vi brati on-absorbing gel desirably is a material having high danping
propert eesidigohavoad arl gidéconel gelofehbded wpngegreimnger® a measur enent
of coefficient of dynam c viscosity. However, as described in Japanese
Pat ent Haivds@debechlosel?2832%/ 4994 ictiher ecabstensate desbretionst he use of a
gel material which has not been sealed up in a container and is in an

exposedystat eheaslbBtibemaaseinfl algdagper having a structure conprising a
cylindrical shell, a gel nmaterial held in the shell, and a support shaft

held in the gebuBEBEEMQieanéhérQaH9€é B@éﬁréé%e§(Whé¥%3Ar'the parts for
fixing a plate spring supportlng a novabl e part equipped wth the

obj ect i e at+3ReORhL EAl 1 E @BH edzbg 1ﬁ?ﬁét5 €a %@Pﬂmé@@ e gpterial has
the n

poor shape retention, sag vib atl S or orns accordi ng

0 Vi br L4052, DG OTRcUNEDL6AL 01AEEOUFT phBoacte of  substance

such as a rubber and sealing the container or bag and which
employs no spring or the like is used as a damper as
described in Japanese Patent Laid-Open Nos. 208534/1995 and
44342/1999. As the material to be sealed up in such a
damper is generally used a siliconé gel having a
penetration of about from 70 to 200.

Such a vibration-absorbing gel desirably is a
material having high damping properties and having a large
value of loss tangent tand in a measurement of coefficient
of dynamic viscosity.

However, as described in Japanese Patent Laid-Open
No. 123321/1994, there also is a desire for the use of a
gel material which has not been sealed up in a container
and is in an exposed state, as in the case of a damper
having a structure comprising a cylindrical shell, a gel
material held in the shell, and a support shaft held in the
gel material and a damper material for use in the parts for
fixing a plate spring supporting a movable part equipped

with the objective of an optical pickup.



.original shape. As a result, the gel material has inpaired danping
‘properties and, in the worst case, cones not to function as a gel at all.

" In general, a gel conposition having a |large value of tans has | ow shape

“retention and, hence, changes in shape with an intense vibration or

i npact. Consequently, in danpers having a gel not sealed up in a

contai ner or bag, the gel used should be a hard gel having shape retention

at least on a given level. It has hence been inpossible to attain a gel

havi ng hi gh vibration- absorbing properties. The invention relates to a

hi ghly vibratiodn abdar biasg,siwhetonbegeklcnapesitiohashpebrekhapeat es the

probl ens descri bed above, has excellent shape retention, and can be used

as a dampajerfMesh,i RHNgyedt alagysOfwikel RGLYEL iofeabed deBolrisa container or
bag. DI SCLOSURE OF THE | NVENTI ON As a result of extensive investigations

made in 5 IHRYin 1V iEHR it RIPPlRBhmedasehiBed aRR¥Bye? the
vi bration-absorbing silicone gel conposition mainly conprising: 100 parts

by wei ghty10f; {A) s@ﬁﬁeqrgagoaokxéhhe,xa@ﬁeh%%pgage)%g?i gﬂhégggrlégg%%%%g oup i n

its 3 nolecule; from5 to 100 parts by we 0 ysi | oxane
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having a large value of tand has low shape retention and,
hence, changes in shape with an intense vibration or impact.
Consequently, in dampers having a gel not sealed up in a
container or bag, the gel used should be a hard gel having
shape retention at least on a given level. It has hence
been impossible to attain a gel having high vibration-
absorbing properties.

The invention relates to a highly vibration-
absorbing silicone gel composition which eliminates the
problems described above, has excellent shape retention,
and can be used as a damper even in the state of being not

sealed up in a container or bag.

DISCLOSURE OF THE INVENTION

As a result of extensive investigations made in
order to overcome the problems described above, a
vibration-absorbing silicone gel composition mainly
comprising: 100 parts by weight of (a) an

organopolysiloxane having a (meth)acryloyl group in its



~silica; and an effective anount of (e) a polynerization initiator, could
‘be obtained. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The invention wll be
described below in detail. Ingredient (a) used in the invention is an

" organopol ysi | oxane having a (nmeth)acryl oyl groups in the nolecule. The
term (neth)acryl oyl group hereinis a general termfor acryloyl and

nmet hacryl oyl . (Meth)acryl oyl groups undergo a polynerization reaction with
the aid of an active radical, which will be described bel ow The

or ganopol ysi | oxane as the backbone is an oligoner nmade up of linearly

pol ynmermeéecgl ¢ pxbnembbntls. 10Theast$ i kprwatl ont off eAeh ai | oxane bond has
further two bonds for |inkage, which are nonoval ent hydrocarbon groups,

pr ef er abkyambdhyl y gt bopanbavnngadt 1 we 4wttt bimg Bédientor (&) y| frgp aups. The
nunber of repetition of the siloxane bonds is from50 to 10, 000.

I ngredi est 5§ apacosEsEyt Rehgne 8if (€ et &OsshonK pwensk i osi glependi ng on
the nunber and positions of the 4 (neth)acryloyl groups in the nol ecule,

and is prefgeabby »deglened;honPeosii 1@blfE01: 98l $ sfofesxanple, it is
B 5 AR

preferred to use e organopol ysi | oxane ed In apanese Pat ent

Lai d- QJFQSNQ; é?é\fﬁfl %8950 55’&“@‘%/663? wé-f&{@d%)FnEd)( agn ia'st 'tzeici mted thereto,

and any organopol ysi [ oxane can be used as long as the nolecule has been

designed; { p- L tALY ! QWEELLESL I o dENSEE Y (e) a polymerization

initiator, could be obtained.

BEST MODE FOR CARRYING OUT THE INVENTION

The invention will be described below in detail.
Ingredient (a) used in the invention is an
organopolysiloxane having a (meth)acryloyl groups in the
molecule. The term (meth)acryloyl group herein is a
general term for acryloyl and methacryloyl. (Meth)acryloyl
groups undergoc a polymerization reaction with the aid of an
active radical, which will be described below.

The organopolysiloxane as the backbone is an
oligomer made up of linearly polymerized siloxane bonds.
The silicon atom of each siloxane bond has further two
bonds for linkage, which are monovalent hydrocarbon groups,
preferably alkyl groups having 1 to 4 carbon atoms or aryl
groups. The number of repetition of the siloxane bonds is
from 50 to 10,000.

Ingredient (a) comes to have different crosslink

densities depending on the number and positions of the



- Preferred as ingredient (a) in the invention is an organopol ysil oxane
‘obt ai ned by reacting a conpound selected fromvinyl-containing

" isocyanates, acrylic anhydride, nethacrylic anhydride, acryloyl halides,

~and met hacryl oyl halides with an am no-term nated organopol ysi | oxane

represented by the follow ng general fornula 1. R33-n R6

HN-~R2-N~-Ri -Si~O+SIOH) | | RA RS RE n (1) (wherein RL and R2 are

di val ent hydrocarbon groups, preferably al kylene groups having 1 to 4

carbon atons or arylene groups such as phenylene; R3 is a nonoval ent

hydr ocar(metihgeeuy loyleberabby ianthekpplgrodp, havfngs 1prefdralhy bon at ons or

an aryl group; R4 is hydrogen or a nonoval ent hydrocarbon group,

pref er ablegiagneal kyl bgr suptabliehfas geflhyl Bor eaxawmylel kit igr oup such as

benzyl; R5 is 5 hydrogen or a nonoval ent hydrocarbon group or substituted

hydr ocaphefegiredp t opugkerakbl yraghhybolgpiabkyhegdespribedaindi - or
trial koxysilylalkyl group; R6 is a monoval ent hydrocarbon group, preferably

an al kylr ghLoeRchduicRatl 1hQa4opear RBN aBans7pn9an, arydydfomp; 1 is an
integer of O to 4;, n is an integer of 1 to 3; and mis an integer of 50 to
10, 000) 4 nJhe 2692NqR9! ¥$ he¥aneniaxhngnaneap) Nandr g4y at an

organopolysiloxane can be used as long as the molecule has

been designed to attain a low crosslink density.

Preferred as ingredient (a) in the invention is an

organopolysiloxane obtained by reacting a compound selected

from vinyl-containing isocyanates, acrylic anhydride,

methacrylic anhydride, acryloyl halides, and methacryloyl

halides with an amino-terminated organopolysiloxane

represented by the following general formula 1:
?33-11 RS
|
HN-{RE-N}-RISi—fO{sr0)-H| o
| | | m s
R4 R RO

(wherein R' and R? are divalent hydrocarbon groups,
preferably alkylene groups having 1 to 4 carbon atoms or
arylene groups such as phenylene; R® is a monovalent
hydrocarbon group, preferably an alkyl group having 1 to 4
carbon atoms or an aryl group; R' is hydrogen or a
monovalent hydrocarbon group, preferably an alkyl group

such as methyl or an arylalkyl group such as benzyl; R® is




- end, which is represented by general fornula 1, is obtained by causing an
‘or ganosi | oxane having a silanol group at an end to add to an

or ganoal koxysi | ane havi ng an am no group. Subsequently, this
“organopol ysil oxane is reacted with an isocyanate conpound havi ng at | east
one (nmeth)acryloyl group serving as a radical-curable functional group to
t hereby cause an isocyanate group to add to an am no group. Alternatively,
t he organopol ysil oxane is reacted with (neth)acrylic anhydride or a
(meth)acryloyl halide to thereby cause a (neth)acryloyl group to add to

t he am hgdrggenporThumpnohelenefeydedcangeedyentp (@ $wrststutiedt he
invention is produced. These reactions proceed quantitatively wth great
ease W hhawbcaebeasgiratippgpacfential ysél1lAl{ hawghl eathgreact aoit 4 o be used
can be suitably selected from conpounds known in the relevant field,

typi cal gexappl esibhebrokiaveadryiohteus; AYypical nerwwllenté of the
or ganoal koxysi | ane having an am no group are represented by general fornula

2. R3 H Boyargén‘§koﬁg% briferfB1POaK 1Ry vheseh madigndl R% af e dival ent
hydr ocar bon groups, = preferably al kyl ene groups having 1 to 4 carbon atons
or arylLengodr QUBRsSHENaASaPPENYLERE; R3iLSad MRPOYELESE o to 4; n

is an integer of 1 to 3; and m is an integer of 50 to

10,000).

The organopolysiloxane having an amino group at an
end, which is represented by general formula 1, is obtained
by causing an organosiloxane having a silanol group at an
end to add to an organocalkoxysilane having an amino group.
Subsequently, this organopolysiloxane is reacted with an
isocyanate compound having at least one (meth)acryloyl
group serving as a radical-curable functional group to
thereby cause an isocyanate group to add to an amino group.
Alternatively, the organopolysiloxane is reacted with
(meth)acrylic anhydride or a (meth)acryloyl halide to
thereby cause a (meth)acryloyl group to add to the amino
group. Thus, thé preferred ingredient (a) for use in the
invention is produced. These reactions proceed
quantitatively with great ease without necessitating a
catalyst.

Although each reactant to be used can be suitably

selected from compounds known in the relevant field,

typical examples thereof are as follows. Typical examples




_hydrocarbon group, preferably an alkyl group having 1 to 4 carbon atons or
‘an aryl group; R4 is hydrogen or a nonoval ent hydrocarbon group,
preferably an al kyl group such as nmethyl or an aryl al kyl group such as
“benzyl; R5 is hydrogen or a nonoval ent hydrocarbon group or substituted
hydr ocar bon group, preferably allyl, an al kyl group, or a di- or

trial koxysilylalkyl group; X is an alkoxy group; n is O or 1; and 1 is an
integer of 0 to 4). Specific exanples of these conmpounds include

((3-am noethyl) -p- am noethyltrial koxysilanes, ((3-am noethyl)-y-

am nopr ogylthei alrkexysillkangsilayeahibrapyopyl agmfB8e group are

am noet hyl tri al koxysi | anes, (y-am nopropyl)-y- am nopropyltrial koxysi |l anes,
am nopr eppresicaltkaxpyi banesal @sicmopropy! met hyl di al koxysi | anes,
3-[N-al Iyl -N(2- am noet hyl )] am nopropyl trimet hoxysilane, N, N 7

bi s[ (et hyl di met hoxysi |l yl ) propyl ]am ne, N, N-bis[3- trinmethoxysilyl)propyl]
et hyl enedi am ne, and the |ike. Specific npl es of the

(meth) acryl oyl - contai ning isocyanate inttdlie nethacryl oyl isocyanate, 2-

i socyanat oet hyl net hacryl |so ropenyl 2, 2- dinmethyl benzyl isocyanate,
and (neth)acryl ates aJ_él aseite grgup whi ch are obtai ned by
reacting a conpound in nsocyanate groups, such as 2, 4-
tol yl ene diisocyanate, 6 ton ne dllsdcyanate or 1,5- naphthalene

di i socyanate, with a ( h)acry pe havﬁﬁ©3qn hydr oxyl group, such as

2- hydr oxyet hyl nethacrylate or 2- )

(wherein R! and R? are divalent hydrocarbon groups,
preferably alkylene groups having 1 to 4 carbon atoms or
arylene groups such as phenylene; R® is a monovalent
hydrocarbon group, preferably an alkyl group having 1 to 4
carbon atoms or an aryl group; R* is hydrogen or a
monovalent hydrocarbon group, preferably an alkyl group
such as methyl or an arylalkyl group such as benzyl; R® is
hydrogen or a monovalent hydrocarbon group or substituted
hydrocarbon group, preferably allyl, an alkyl group, or a
di- or trialkoxysilylalkyl group; X is an alkoxy group; n
is 0 or 1; and 1 is an integer of 0 to 4). Specific
examples of these compounds include (f-aminoethyl)-p-
aminoethyltrialkoxysilanes, (B-aminoethyl)-y-
aminopropyltrialkoxysilanes, (y-aminopropyl)-B-
aminoethyltrialkoxysilanes, (y-aminopropyl)-y-
aminopropyltrialkoxysilanes, aminopropyltrialkoxysilanes,
aminopropylmethyldialkoxysilanes, 3-[N-allyl-N(2-

aminocethyl) laminopropyltrimethoxysilane, N,N-



- hydroxypropyl nethacrylate. It is possible to use (neth)acrylic anhydride
‘or (nmeth)acryloyl halides, e.g., (neth)acryloyl chloride, in place of

" these isocyanate conpounds. This reaction readily proceeds when a vinyl -

" containing isocyanate or another compound is added to the am no-containing

organosi | oxane usually in an amount of 1 nol or |arger per nol of the

organosi | oxane and these ingredients are mxed wth slight heating at

about 50C. Ingredient (b) in the invention functions as a plasticizer and

a diluent, and is a diorganopol ysil oxane wunreactive with ingredient (a).

Al t houghitsypnedah yéxameltdés xyefi liydgpedpght afbhear ¥, N-bigéBepol ysi | oxanes

termnated by trinmethylsilyl and cyclic diorganopol ysil oxanes, a 8

di net hy kkpamesihosyané yilepropatied thy lansdl andheat agacbhendikgry be used as

long as it is unreactive with ingredient (a). However, in the case where

ingredient (a) BPécifQEOBRameQQFb!etMétbméthP@@f?loﬁ&%b@nﬁﬁﬁﬁ&%@xy group,
then dinet hyl polysil oxanes term nated by a silanol at each end "are

unsui t ahl Lt Al e d:i Lept 6b) after the
product?gﬁcgﬁhfﬁgrg??g#?%(E%Eﬁgggkgg9gdéF??gﬁg%?Q'i%gredient (b) before

CO) < SRSt SO0 B SHbERbabpla IpypLesuI! 1 e Pnacequare
added i%i%%%%&ibe%%y&OQS%%§%%a ,m%kgthggﬁ)%ggyEg£ég ggnygigyﬁgOf
an isocyanate group which are obtained by reacting a

compound having two or more isocyanate groups, such as 2,4-

tolylene diisocyanate, 2,6-tolylene diisocyanate, or 1, 5-
naphthalene diisocyanate, with a (meth)acrylate having a
hydroxyl group, such as 2-hydroxyethyl methacrylate or 2-
hydroxypropyl methacrylate. It is possible to use
(meth)acrylic anhydride or (meth)acryloyl halides, e.g.,
(meth)acryloyl chloride, in place of these isocyanate
compounds.

This reaction readily proceeds when a vinyl-
containing isocyanate or another compound is added to the
amino-containing organosiloxane usually in an amount of 1
mol or larger per mol of the organosiloxane and these
ingredients are mixed with slight heating at about 50°C.

Ingredient (b) in the invention functions as a
plasticizer and a diluent, and is a diorganopolysiloxane
unreactive with ingredient (a). Although typical examples

of ingredient (b) are diorganopolysiloxanes terminated by

trimethylsilyl and cyclic diorganopolysiloxanes, a




~ingredient (a). In case where the anount thereof is smaller than 5 parts
by weight, the resultant gel has inpaired vibration-absorbing properties.
When it exceeds 100 parts by weight, there are cases where ingredient (b)
" oozes out of the cured gel or the gel has reduced shape retention and
col | apses. The nol ecul ar weight of ingredient (b) is preferably from 1, 000
to 100, 000. For exanple, in the case where the silicone gel according to
the invention is to be used for electronic parts, ingredient (b) is
preferably one having a nol ecular weight of fromb5,000 to 10,000 fromthe
st andpodhmebhyppevgntinganengeediratedbhpyf aosiVehati &t zéaghiend the air. 9
The anor phous pul veri zation product of a three- dinensionally crosslinked
silicongayepenuskagaedient &e) it B theebbyenti ohthsiagpeotlect oHY ai ned by
pul verizing a three-dinensionally crosslinked high-nol ecul ar

or ganopgbysiLexang hawi Resa wakesubayrueight 0&) e asgveigl thousands to
several hundred thousands. It has a particle dlaneter of fromO.1 ~tmto

50 ~tm réécwg@e@aﬁﬂtsﬁg}lo%n be usegn E9koRY¥aPPLEy, tERde name "Trefil

R-900", "Tre R-902A", or "Tre R- 910", manufactured by Dow Cornig
T S T to b
2dded i SpEERTIEBY o5, xanBE %Q?m%bgﬁed Thp grpunLy sl ynocedhesq(c) to be

R U IRER o Lol e M I R
after the production of ingredient (a) because addition of
ingredient (b) before completion of the production of
ingredient (a) may result in an inadequate molar proportion
of ingredient (a).

The amount of ingredient (b) to be added is from 5
to 100 parts by weight per 100 parts by weight of
ingredient (a). In case where the amount thereof is
smaller than 5 parts by weight, the resultant gel has
impaired vibration-absorbing properties. When it exceeds
100 parts by weight, there are cases where ingredient (b)
oozes out of the cured gel or the gel has reduced shape
retention and collapses. The molecular weight of
ingredient (b) is preferably from 1,000 to 100,000. For
example, in the case where the silicone gel according to
the invention is to be used for electronic parts,
ingredient (b) is preferably one having a molecular weight

of from 5,000 to 10,000 from the standpoint of preventing

ingredient (b) from volatilizing into the air.



_retention, i.e., has such reduced shape-retaining ability that it breaks
'or sags with an intense vibration. In case where the anmobunt thereof is

| arger than 20 parts by weight, vibration-absorbing properties are
“reduced. The atomi zed silica as ingredient (d) in the invention serves,
when used together with ingredient (a), to heighten the strength of the
cured resin. Nanely, it can inpart high shape retention to the gel forned.
In addition, ingredient (d) and ingredient (c) interact and thereby
enabl e the cured silicone gel to have enhanced vibration-absorbing
properties. 10 The &moeghsuki palwayibetaoy ptoduownof uarethsed+ cas having a
surface area of at least 50 M/g. Preferred are silicas having a surface

area | apgpenkhana209 erdskgiardd simkikenet PapiAPOiNMBFEdidht S (&F, because
these silicas are commercially easily available materials. The funed

silica jpreherabbynhagna;susf aeeqaceacstal hem BOOph 0vepdz R4 9a The anount
of ingredient (d) to be added is from1l to 20 parts by weight per 100

parts b¥{1¥'§%g:a&m%fgrsiigg§§%?§%osgﬁ)inklea g%gﬁémfg%@wf amount -t hereof is

smal | er t, not onl esultant cured gel has
'S0 | ngFaarBRe esy reohst ey 50, 8 ot et e TR e B e of Case where the
Gel - whFBR=Ehds “PEUGEBA°y thr SEFGRoAbBUBTEG pPaperpigs, 16 has & & NATC
particle diameter of from 0.1 pum to 50 pm. As ingredient
(c) can be used, for example, trade name "Trefil R-900",
"Trefil R-902A", or "Trefil R-910", manufactured by Dow
Cornig Toray Silicone Co., Ltd., or the like.
The amount of ingredient (c) to be added is from 1
to 20 parts by weight per 100 parts by weight of ingredient
(a). In case where the amount thereof is smaller than 1
part by weight, the resultant cured gel has impaired shape
retention, i.e., has such reduced shape-retaining ability
that it breaks or sags with an intense vibration. In case
where the amount thereof is larger than 20 parts by weight,
vibration-absorbing properties are reduced.
The atomized silica as ingredient (d) in the
invention serves, when used together with ingredient (a),
to heighten the strength of the cured resin. Namely, it
can impart high shape retention to the gel formed. 1In
addition, ingredient (d) and ingredient (c) interact and
thereby enable the cured silicone gel to have enhanced

vibration-absorbing properties.

10



_Ingredient (e) in the invention serves to generate an active-radical
‘species or the |Iike upon heating or light irradiation to thereby

pol ymeri ze ingredient (a). Ingredient (e) is already known as an organic
" peroxide or photoinitiator. Based on the selection of ingredient (e), a
desired node of curing can be selected, such as thermal curability,

phot ocurability, two-pack m xing type, or anaerobic curability. As the
organi ¢ peroxi de can be used a known one. Exanples thereof include
hydr oper oxi des such as cunene 11 hydroperoxide, t-butyl hydroperoxide,

p- ment hane hydTopefoxedesibithyhaet byl aket ofiekperoxiwesd cyicl iofeexane
peroxi de, dicunyl peroxide, and diisopropyl benzene hydroperoxide, and

furtherniafehyde ker@aeeperexi d€sat deaktybopetfaxi degsefpereyyeséers, and the
| i ke. As the photoinitiator can be suitably used a known

photODOEXm&eagahhemn@abagﬁgtacExaBEbe§a£P@£e@ﬁahn@@@dﬁzéﬁ%@kpphenone,
pr opi ophenone, benzophenone, xanthol uorei n, benzal dehyde,

anthraqghggmgr thhRhepy! a7 e, ThQ%rQ%Z%E%au%e”%%@!EaSEEQEQQn R,
4- et hyl acetophenone 3- pentyl acet ophenone, 4-nethoxyacet ophenone, 3-

bromacg%@@@gggggl g%%ﬁ?hxllvg?ﬂéﬁﬂ mgté‘ﬂgi’éybeﬁ%o?‘%%?{‘%ll

4-allyl enon enzophenone chl oro nzylbenzophenone
benzoyl REER t“‘”é?ﬁqeﬁas Bendet %"%ﬁ%‘%?gQ?ﬁefrme‘é%‘)%r?n&’%%rﬁ“EQSREnny”Z"y'
ket one, The amount of ingredient (d) to be added is from 1
to 20 parts by weight per 100 parts by weight of ingredient
(a). In case where the amount thereof is smaller than 1
part by weight, not only the resultant cured gel has
impaired shape retention and reduced vibration-absorbing
properties but also ingredient (b) is apt to ooze out of
the cured gel. 1In case where the amount thereof is larger
than 20 parts by weight, the result is a hard gel, which
has reduced vibration-absorbing properties.

Ingredient (e) in the invention serves to generate
an active-radical species or the like upon heating or light
irradiation to thereby polymerize ingredient (a).
Ingredient (e) is already known as an organic peroxide or
photoinitiator. Based on the selection of ingredient (e),
a desired mode of curing can be selected, such as thermal
curability, photocurability, two-pack mixing type, or
anaerobic curability.

As the organic peroxide can be used a known one.

Examples thereof include hydroperoxides such as cumene

11



. benzyl nethoxy ketal, 2-chlorothioxanthone, diethoxyacetophenone, and the
‘I'i ke. The anobunt of ingredient (e) to be added can be suitably determ ned
in a known range so as to result in desired curability. Al though the
“amount thereof may be generally in the range of fromO0.01 to 10% by wei ght
based on the total weight of the oligoner of ingredient (a), it is
generally preferably in the range of fromO0.1 to 5% by weight. 12 Storage
stability inprovers, antioxidants, colorants and the |ike may be added to
the gel conposition of the invention as |ong as they do not inpair the
concept hydfropkeoixident itohutglnbydrheegekidenpbsinenbhaneé t he invention has
excel l ent vibration-absorbing properties, it can be used as actuator
danper shiydropptroxaldepi amktthyl theéydakpeoaecopedegkde, t oybeohexated on
vehicles, and the |like. EXAMPLES To 2,000 g of a silanol-term nated

pol ydi mpehyksideoxaneumynl pewban deei ght, d10s6P0dpishaddede 16.3 g of
am nopr opyl di et hoxysilane. This mxture is stirred and reacted at 100'C

for 2 hayhsowetBxAidlrogan rherhacenBoluddhreeahteperbheqgxcess _
am nopropyl tri nmet hoxysi | ane was renoved under vacuum by suction to obtain

a_pol ydyagt Ayhsblexangeker pepaked stk raN€an@ndnby1agkno and having a
viscosity of 10,000 cps. To 100

As the photoinitiator can be suitably used a known
photopolymerization catalyst. Examples thereof include
acetophenone, propiophenone, benzophenone, xanthol,
fluorein, benzaldehyde, anthraquinone, triphenylamine,
carbazole, 3-methylacetophenone, 4-methylacetophenone, 3-
pentylacetophenone, 4-methoxyacetophenone, 3-
bromoacetophenone, p-diacetylbenzene, 3-methoxybenzophenone,
4-allylacetophenone, 4-methylbenzophenone, 4-chloro-4-
benzylbenzophenone, 3-chloroxanthone, 3,9-dichloroxanthone,
3-chloro-8-nonylxanthone, benzoyl, benzoylmethyl ether,
benzoin butyl ether, bis(4-dimethylaminophenyl) ketone,
benzyl methoxy ketal, 2-chlorothioxanthone,
diethoxyacetophenone, and the like.

The amount of ingredient (e) to be added can be
suitably determined in a known range so as to result in
desired curability. Although the amount thereof may be
generally in the range of from 0.01 to 10% by weight based
on the total weight of the oligomer of ingredient (a), it

is generally preferably in the range of from 0.1 to 5% by

weilght.

12



- g bf the resin obtained was added 0.77 g of 2- isocyanatoet hyl

‘met hacrylate. This mxture was stirred and reacted at 50'C for 1°

nitrogen replacenent to obtain (A as ingredient (a). A 500-cSt
“di met hyl pol ysi | oxane having a trinethylsilyl group at an end (TNVDVS) was
added as ingredient (b) in the amounts shown in Table 1. 13 Funed silica

(Aer osi

| 200, manufactured by N ppon Aerosil Co., Ltd.) was incor

as ingredient (c) in the anbunts shown in Table 1. An anorphous
pul veri zation product of a three- dinensionally crosslinked silicone resin

(Trefil

R-900, ShamebacstebdlbyyDoweCovatag JoragxBiéntene Co., Lt

average particle dianeter, 20 m was incorporated as ingredient (
anmount scellowanitis Balbl eht 1Edet maymbee addiedydooxiteygedheaypopbeiyh ket one
was added as ingredient (e) in the anbunt shown in Table 1. Thus,

ul travi glfettheurakled tiidn @eNe ogRMResithegn8owabe ifphaiknede Asne@ppounds for
Conpar ati ve Exanples were used cal cium carbonate, rubber particles, and a
hol | ow Hid k@ intRethipber particles used were fine urethane acrylate

pol ynmer particles UPX-15 having a particle dianeter of 15 m (rmanufactured

by Seki sui Pl askiG8eChne bid. LonbiELHGLI W Lhb v Lserh g, Ol | ow fine

cal cium carbonate particles M-L-100CA

aving a partic anet er

excellent vibration-absorbing properties, it can be used as
actuator dampers for optical pickups, the dampers of decks

to be mounted on vehicles, and the like.

EXAMPLES

To 2,000 g of a silanol-terminated
polydimethylsiloxane (molecular weight, 10,000) is added
16.3 g of aminopropyldimethoxysilane. This mixture is

stirred and reacted at 100°C for 2 hours with nitrogen

replacement. Thereafter, the excess
aminopropyltrimethoxysilane was removed under vacuum by
suction to obtain a polydimethylsiloxane terminated at one
end by amino and having a viscosity of 10,000 cps. To 100
g of the resin obtained was added 0.77 g of 2-
isocyanatoethyl methacrylate. This mixture was stirred and
reacted at 50°C for 1 hour with nitrogen replacement to
obtain (A) as ingredient (a).

A 500-cSt dimethylpolysiloxane having a
trimethylsilyl group at an end (TMDMS) was added as

ingredient (b) in the amounts shown in Table 1.

13

hour wth

por at ed

d.;
d) in the

of 100 m



. (manuf actured by Matsunoto Yushi Co., Ltd.). The silicone conpositions
obt ai ned above were injected into a transparent container having a
dianeter of 30 mmand a depth of 1.2 mm The silicone conpositions were
“cured by irradiation with ultraviolet in an integrated 14 quantity of |ight
of 30 kJ/m 2 using a 4-kW high-pressure nercury lanp (main wavel ength, 365
nm . The cured silicones were taken out and examned wth a rheoneter for
vi brati on-absorbing properties. Wth the rheoneter were determ ned | oss
tangent tan8 and storage nodulus G at 25'C and 1 Hz. The val ue of tan8,
whi ch i ndi cat esFhhedabiility t{heabsbdib200pratnofsctusedprief aigipon from 0.5
to 0.7. Gels having a value of tan8 |lower than 0.5 have poor

vi brati merabsar bong preper LikesiaRdrpbeatynsHst ahheelidentisecpsim danper
material. The value of G, which indicates the shape retention of the

cured gehke bﬁougﬁgf%hgghyl%OQagqehqgher CGel s having a value of G |ower
than 700 deformw th vibrations or inpacts, resulting in a phenonenon such

as 52991 ng. - Theanesibrbher 60t ,8nds LheoRr0poskono ol edehee  nar edient i

each conposition per by wel g are shown |n Tabl e 1.

Table 146HknEY3HRY ?Eyl%%%%ﬁ%kéé) éQQ}Q%QO}QQ%QO%99&9911019196’0

manufactured by Dow Corning Toray Silicone Co., Ltd.;
average particle diameter, 20 um) was incorporated as
ingredient (d) in the amounts shown in Table 1.

Furthermore, l-hydroxycyclohexyl phenyl ketone was
added as ingredient (e) in the amount shown in Table 1.
Thus, ultraviolet-curable silicone compositions were
obtained.

As compounds for Comparative Examples were used
calcium carbonate, rubber particles, and a hollow filler.
The rubber particles used were fine urethane acrylate
polymer particles UPX-15 having a particle diameter of 15
pm (manufactured by Sekisui Plastics Co., Ltd.). The
hollow filler used was hollow fine calcium carbonate
particles MFL-100CA having a particle diameter of 100 um
(manufactured by Matsumoto Yushi Co., Ltd.).

The silicone compositions obtained above were
injected into a transparent container having a diameter of
30 mm and a depth of 1.2 mm. The silicone compositions

were cured by irradiation with ultraviolet in an integrated

14



. TNDMS105090404040404040 Silicone resin 20 20 pul veri zation 20201 202052040
product Atom zed 1010103820101010 silica Polynerizati .21.21.21.21.2
©11.21.21.21.2 initiator Itan 50.580.680.620.5910.590.61_ 0.59

" 13 815713764778 1814734747768 is Table 1(2) Conparative Exanple 123456789
(A)100100100100100100100100100 TMDVB013040404040404040 Silicone resin

pul veri zation 20200702020

quantity of light of 30 kJ/m? using a 4-kW high-pressure
mercury lamp (main wavelength, 365 nm).

The cured silicones were taken out and examined
with a rheometer for vibration-absorbing properties. With
the rheometer were determined loss tangent tand and storage
modulus G' at 25°C and 1 Hz. The wvalue of tand, which
indicates the ability to absorb vibrations, is preferably
from 0.5 to 0.7. Gels having a value of tand lower than
0.5 have poor vibration-absorbing properties and are
unsuitable for use as a damper material. The value of G',
which indicates the shape retention of the éured gel, is
preferably 700 or higher. Gels having a value of G' lower
than 700 deform with vibrations or impacts, resulting in a

phenomenon such as sagging.

The results thereof and the proportion of each
ingredient in each composition per 100 parts by weight of

(A) are shown in Table 1.

Table 1(1)

Example

1 2 3 4 5 6 7 8 9
(A) 100 (100 (100 |100 |[100 |100 [100 [100 |100
TMDMS 10 50 90 40 40 40 40 40 40
Silicone resin
pulverization |20 20 20 20 20 20 5 20 40
product
Atomilzed 10 10 10 3 8 20 10 10 10
silica
Polymerization
initiator 1.2 (1.2 (1.2 |1.2 |1.2 |1.2 |1.2 |1.2 1.2
tan 0 0.5110.58[(0.68|0.62[{0.59[{0.59]|0.63[0.61[0.59
G' 862 815 713 764 778 814 734 747 768

15



- product Atom zed 10101010030101010 silica Pol yneri zation
1.21.21.21.21.21.21.21.21.2 initiator Calcium 20 carbonate Rubber 20
particles Hollow filler20 tan S0.310.840. 440. 420. 380. 411. 220. 410. 4

© G 906622706890711742218642653 | NDUSTRI AL APPLI CABI LI TY The invention
provides a silicone gel conmposition which readily cures and gels upon
light irradiation, heating, or the like. Since the cured gel has high
shape retention, it neither sags nor changes in shape in response to
vibrations. In addition, because the gel has high vibration-absorbing
properties despite its high shape retention, it can be used as a

vi brati on-absorbi ng danper or the |ike not sealed up in a container or
bag. 16T&bAEMS(2)

Comparative Example

1 2 3 4 5 6 7 8 9
(Aa) 100 100 100 100 100 100 100 100 100
TMDMS 0 130 |40 40 40 40 40 40 40
Silicone resin
pulverization |20 20 0 70 20 20
product
Atomized 10 10 10 10 0 30 10 10 10
silica
Polymerization
initiator 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Calcium
carbonate 20
Rubber
particles 20
Hollow filler 20
tan o 0.31(0.84]|0.44]|0.42{0.38]0.411(1.22(0.411]0.4
G' 906 622 706 890 711 742 218 642 653

INDUSTRIAL APPLICABILITY

The invention provides a silicone gel composition
which readily cures and gels upon light irradiation,
heating, or the like. 8Since the cured gel has high shape
retention, it neither sags nor changes in shape in response
to vibrations. In addition, because the gel has high
vibration-absorbing properties despite its high shape
retention, it can be used as a vibration-absorbing damper

or the like not sealed up in a container or bag.

16



- 1. A vibration-absorbing silicone gel conposition mainly conprising: 100
"parts by weight of (a) an organopol ysil oxane having a (neth)acryl oyl group
"inits nmolecule; fromb5 to 100 parts by weight of (b) an
~organopol ysi | oxane unreactive with ingredient (a); from1l to 50 parts by
wei ght of (c) an anorphous pulverization product of a three-dinensionally
crosslinked silicone resin; froml1l to 20 parts by weight of (d) an
atom zed silica; and an effective anount of (e) a polynerization
initiator. 2. The vibration-absorbing silicone gel conposition according
to claim1, wherein ingredient (a) ¢BAIM®tai ned by reacting a conpound
sel ected fromvinyl- containing i socyanates, acrylic anhydride, nethacrylic
anhydride, acryloyl halides and nethacryl oyl halides, with an
am no-term nated organopol ysil oxane represented by the follow ng general

formula 1: 17 R33- naR6idr &bk of2aPeftpish 4 ifidorfe dd RedmpdBitidnl) (wherein
R1 and R2 are dival ent hydrocarbon groups,
mainly comprising:
100 parts by weight of (a) an organopolysiloxane
having a (meth)acryloyl group in its molecule;
from 5 to 100 parts by weight of (b) an
organopolysiloxane unreactive with ingredient (a);
from 1 to 50 parts by weight of (c) an amorphous
pulverization product of a three-dimensionally crosslinked
silicone resin;
from 1 to 20 parts by weight of (d) an atomized
silica; and
an effective amount of (e) a polymerization

initiator.

2. The vibration-absorbing silicone gel
composition according to claim 1, wherein ingredient (a) is
obtained by reacting a compound selected from vinyl-
containing isocyanates, acrylic anhydride, methacrylic
anhydride, acryloyl halides and methacryloyl halides, with
an amino-terminated organopolysiloxane represented by the

following general formula 1:

17



. preferably al kyl ene groups having 1 to 4 carbon atoms or arylene groups
"such as phenylene; R3 is a nonoval ent hydrocarbon group, preferably an

" al kyl group having 1 to 4 carbon atons or an aryl group; R4 is hydrogen or
“a nonoval ent hydrocarbon group, preferably an al kyl group such as nethyl
or an aryl al kyl group such as benzyl; R5 is hydrogen or a nonoval ent

hydr ocar bon group or substituted hydrocarbon group, preferably allyl, an

al kyl group, or a di- or trialkoxysilylalkyl group; R6 is a nonoval ent
hydrocarbon group, preferably an al kyl group having 1 to 4 carbon atons or
an aryl group; 1 is an integer of O to 4, n is an integer of 1 to 3; and m
is an integer of 50 to 10, 000). 3 The vrbrat on- absorbing silicone gel

conposi tion accordrng to cIa|n12 in t m no- term nated
organopolysrloxa is o i ned by causrng organosiloxane havi ng a

si | anol grou QQQSE}__ | g org al koxysi | ane
represented E§ 33 &%N RL -Si (2)

ng
R R X3-n (mhere n Rl and RA are drval t hyd ocarth QMpS preferably
al kyl ene groupignavrng 50 4 carbon atons qRﬁ;arylene groups such as
phenyl ene; a nDno ent

(wherein R! and R? are divalent hydrocarbon groups,
preferably alkylene groups having 1 to 4 carbon atoms or
arylene groups such as phenylene; R® is a monovalent
hydrocarbon group, preferably an alkyl group having 1 to 4
carbon atoms or an aryl group; R? is hydrogen or a
monovalent hydrocarbon group, preferably an alkyl group
such as methyl or an arylalkyl group such as benzyl; R® is
hydrogen or a monovalent hydrocarbon group or substituted
hydrocarbon group, preferably allyl, an alkyl group, or a
di- or trialkoxysilylalkyl group; R® is a monovalent
hydrocarbon group, preferably an alkyl group having 1 to 4
carbon atoms or an aryl group; 1l is an integer of 0 to 4; n
is an integer of 1 to 3; and m is an integer of 50 to

10,000).

3. The vibration-absorbing silicone gel
composition according to claim 2, wherein the amino-
terminated organopolysiloxane is obtained by causing an

organosiloxane having a silanol group at an end to add to

18



. hydrocarbon group, preferably an alkyl group having 1 to 4 carbon atons or
~an aryl group; R4 is hydrogen or a nonoval ent hydrocarbon group,
" preferably an al kyl group such as nmethyl or an aryl al kyl group such as
" benzyl; R5 is hydrogen or a nonoval ent hydrocarbon group or substituted
hydr ocar bon group, preferably allyl, an al kyl group, or a di- or
trial koxysilylalkyl group; X is an alkoxy group; n is O or 1; and 1 is an
integer of 0 to 4). 19
an amino-containing organocalkoxysilane represented by the

following general formula 2:

HN-+RZ2-N+R!-Si @

(wherein R! and R? are divalent hydrocarbon groups,
preferably alkylene groups having 1 to 4 carbon atoms or
arylene groups such as phenylene; R® is a monovalent
hydrocarbon group, preferably an alkyl group having 1 to 4
carbon atoms or an aryl group; R* is hydrogen or a
monovalent hydrocarbon group, preferably an alkyl group
such as methyl or an arylalkyl group such as benzyl; R’ is
hydrogen or a monovalent hydrocarbon group or substituted
hydrocarbon éroup, preferably allyl, an alkyl group, or a
di- or trialkoxysilylalkyl group; X is an alkoxy group; n

is 0 or 1; and 1 is an integer of 0 to 4).
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