1 CURABLE ORGANOPOLYSI LOXANE COMPOSI Tl ON A sdkeD
ARTI CLES THEREFROM This invention relates to curabl e ¥

or ganopol ysi | oxane conpositions and to the cured articles therefrom More
particularly, this invention relates to a curabl e organopol ysil oxane
conposition that have excellent pre-cure handling characteristics and that
cures into highly heat-resistant cured articles. The invention also rel ates
to the highly heat-resistant cured articCles afforded by the cure of the

subj ect conposition. Cur abl e organopol ysi | oxane conpositions
that cure into highly heat-resistant groducts are known. For exanpl e,
Japanese Patent Appl i CHRAREE GRRANGPQ YSIE?E@§F1§9§?°§N§#¥%S a curable

or ganopol ysi | oxane conposhstp u@&ﬁpaﬁﬁ éﬁﬁﬁgw&y5|loxane havi ng at

| east 2 silicon-bonded | ower g eny groups i'neach nol ecul e, an

or ganopol ysi | oxane having at |east 2 silicon-bonded hydrogen atons in each
nol ecule, silica filler, iron oxide and/or carbon black, and a platinum

cat al yst. Japanese Pat@h@ﬁﬂ&@ﬁﬂﬂﬁlQﬂ1Kﬁ&ﬂﬁﬂg %Q)04ﬂ€b5§(1985) provi des a
cur abl e organo S|ona e _conposi tion, .co I Sl r ganopql ysi | oxane
havi ng at Ie8§B ?qu@&ﬁ'%’gd’qw ‘%ﬂ?r}g% %g'f) R?n ‘éﬁ%ﬁ nol ecul e, an
or ganopol ysi Lex3eg &3 tha-e¥rdnfaS M e p éﬁ?ﬂc@l)é?f'ff hyHi{ 89¢Avahe®nl N each
nol ecule, silica filler, iron sesquioxide, and a p atlnun1catalyst

relates to a curable organopolysiloxane composition
that have excellent pre-cure handling characteristics
and that cures into highly heat-resistant cured
articles. The invention also relates to the highly
heat-resistant cured articles afforded by the cure of
the subject composition.

Curable organopolysiloxane compositions that
cure into highly heat-resistant products are known.
For example, Japanese Patent Application (Kokai) 58-
21893 (1983) provides a curable organopolysiloxane
composition comprising an organopolysiloxane having at
least 2 silicon-bonded lower alkenyl groups in each
molecule, an organopolysiioxane having at least 2
silicon-bonded hydrogen atoms in each molecule, silica
filler, iron oxide and/or carbon black, and a platinum
catalyst. Japanese Patent Application (Kokai) 60-
173051 (1985) provides a curable organopolysiloxane
composition comprising an organopolysiloxane having at
least 2 silicon-bonded lower alkenyl groups in each
molecule, an organopolysiloxane having at least 2
silicon-bonded hydrogen atoms in each molecule, silica

filler, iron sesquioxide, and a platinum catalyst.

LR



2 Fi nal |y, Japanese Patent Application (Kokai) 7- 292256(1995) di scl oses
a curabl e organopol ysil oxane conposition conprising an organopol ysi | oxane
having at | east 2 silicon-bonded | ower al kenyl groups in each nol ecul e, an
or ganopol ysi | oxane having at | east 2 silicon-bonded hydrogen atons in each
nol ecul e, very finely divided iron oxide yellow, and a platinum catal yst.
However, the curabl e organopol ysil oxane conpositions disclosed in the
preceding 3 references suffer fromvari dis probl ens. Thus, these
conpositions require the addition of |arge anounts of a heat stabilizer in
order to achi eve excellent heat resistance in their cured articles, but
such additi ofdnaddde wdapanessnRatentAppbieavionodkokamdl 7ng

characteristi ent, t fabricatiaon, of relatively.articles having a
ol at i vely | QURRER NIt dd ol &4 o 2 oF GrASEH ki BPipBECS obt a1 hed
from such comRgipddition Catr IRiNd eh SrgahosbRyhoLYxhaa! hheing! atce
because the heat stabilizer is not” uniformy di spersed therein, "and these

articl es arelslast 13 dHitleccom-looded shdwert | abkenyl egapspsbioweaghd bl ack

The inventors achi eved the present_inyention as a result of extensive
research on Fﬁg' 'eﬁE‘dE%FPFB@ﬁlﬁﬁb xane having pf 4688t 2 terns, an

ok o o BERAUAAR b aERY S, GoEH BBAERIGH QRaly ! xane
finely divided iron oxide yellow, and a platinum
catalyst.

However, the curable organopolysiloxane
compositions disclosed in the preceding 3 references
suffer from various problems. Thus, these compositions
require the addition of large amounts of a heat
stabilizer in order to achieve excellent heat
resistance in their cured articles, but such additions
cause these compositions to have poor handling
characteristics and prevent the fabrication of
relatively articles having a relatively lbw hardness.

Furthermore, the cured articles obtained from
such compositions do not manifest a satisfactory heat
resistance because the heat stabilizer is not uniformly
dispersed therein, and these articles are also limited
in color selection to reddish-brown and black.

The inventors achieved the present invention
as a result of extensive research on the problems
described above.

In specific terms, an object of the present
invention is to provide a curable organopolysiloxane

composition that has excellent pre-cure handling



3 .characteristiés and that cures into highly heat- resistant cured
articles. An additional object of the invention is to provide highly

heat -resi stant cured articles. The curabl e organopol ysi | oxane
conposition of the present invention conprises (A) 100 parts by wei ght
of an al kenyl - cont ai ni ng or ganopol ysi | oxane having at |east 2
silicon- bonded | ower al kenyl groups in each nol ecul e, (B) an

or ganohydr ogenpol ysi | oxane having at |east 2 si | i con-bonded hydrogen
atons in each nolecule, in a quantity that provides fromO0.1 to 20
nol es of silicon-bonded hydrogen atons in conmponent (B) per 1

mol e of silicbharbdohdrdstiwsr andk &bat gruaigss into highkynmeaent (A),
resistant cured articles. An additional objeét of the
invention is to provide highly heat-resistant cured

articles.

The curable organopolysiloxane composition of

the present invention comprises

{(a) 100 parts by weight of an alkenyl-containing
organopolysiloxane having at least 2 silicon-

bonded lower alkenyl groups in each molecule,

(B) an organohydrogenpolysiloxane having at least 2
silicon-bonded hydrogen atoms in each molecule, in
a quantity that provides from 0.1 to 20 moles of
silicon-bonded hydrogen atoms in component (B) per
1 mole of silicon-bonded lower alkenyl groups in

component (A),

{(C) 0.0001 to 20 parts by weight of ferrocene or a
derivative thereof,

and

(D) a hydrosilylation reaction catalyst in sufficient

quantity to cure said composition.

Cured articles according to the present
invention are characteristically afforded by the cure

of the above-described organopolysiloxane composition.



(C 0.0001 to 20 parts by weight of ferrocene or a derivative
thereof, and (D) a hydrosilylation reaction catalyst in sufficient

guantity to cure said conposition. Cured articles according to
the present invention are characteristically afforded by the cure of the
above-descri bed organopol ysil oxane conposition.

4 The curabl e organopol ysi | oxane conposition according to the
present invention will be explained in 4getail bel ow Component
(A), which is the base ingredient of the subject conposition, is an

al kenyl - cont ai ni ng organopol ysi |l oxane having at |east 2 silicon-bonded

| ower al kenyl groups i ThEacurabls brgafidpolysitoranebonupdsiitien al kenyl

roups in conponent, (A) ar referably, selected fr he grQup caonsistin
gf anyI g%cordiéé)to éié)presentyinvention wifg]he egpaagne in g

detail below.

Component (A), which is the base ingredient
of the subject composition, is an alkenyl-containing
organopolysiloxane having at least 2 silicon-bonded
lower alkenyl groups in each molecule. The silicon-
bonded lower alkenyl groups in component (A) are
preferably selected from the group consisting of wvinyl,
allyl, butenyl, pentenyl, hexenyl, and heptenyl; with
vinyl being more preferred. The lower alkenyl groups in
component (A) can be bonded in component (A) in pendant
or terminal position on the molecular chain. The
silicon-bonded groups in component (A) other than the
lower alkenyl are selected from the group consisting of
alkyl groups, such as methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, and the like; cycloalkyl
groups such as cyclopentyl, cyclohexyl, and the like;
aryl groups such as phenyl, tolyl, xylyl, naphthyl, and
the like; aralkyl groups such as benzyl, phenethyl,
phenylpropyl, and the like; and perfluoroalkyl groups
such as 3,3,3-trifluoropropyl, 3,3,4,4,4-
pentafluorocbutyl, 3,3,4,4,5,5,S—heptafluordpentyl,
3,3,4,4,5,5,6,6,6-nonafluorohexyl, and the like.

Alkyl, aryl, and perfluoroalkyl groups are preferred.

In a preferred embodiment, perfluorocalkyl
makes up at least 5 mole%¥ of the silicon-bonded groups.

While curable organopolysiloxane compositions in which



allyl, butenyl, pentenyl, hexenyl, and heptenyl; with vinyl being nore
preferred. The | ower al kenyl groups in conponent (A) can be bonded in
conponent (A) in pendant or term nal position on the nolecular chain. The
silicon-bonded groups in conponent (A) other than the | ower al kenyl are
selected fromthe group consisting of alkyl groups, such as nethyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, and the |ike; cycloalkyl
groups such as cycl opentyl, cycl ohexyl, sand the |ike; aryl groups such as
phenyl, tolyl, xylyl, naphthyl, and the |ike; aral kyl groups such as
benzyl, pheneth I, phenyl ropyl and the like; and perfluoroal kyl groups
such as 3, 3,@tt $¢$§|010§L8p99n boad¢d49¢oqpemraqummtyl(m is

3,3,4,4,5,5, 5-hept af | t 3,3,4, 4 fl |, dth
P e o DarEPLSaRkeR ke, Aeta gansmt S LG SASIRY! . and he

a preferred ﬁé&@dfagﬂétaﬁﬁrb%ah%lskw STRUL oMbt £%d 2rdDl €% of the

silicon-bonded groups. Wil e curable organopolysil oxane conpositions in
whi ch nevertheless endowed with an exdellanit |lsat desistameebonded

group in conponent perfl roalkyl cure eneral_rule,,into
 heat

poorly heat - B§P§9§nFL$rH&GCP§ PR i rﬁR@P%*&?%&slﬁndomed
wi th an exCethnEoR§851E§3h§5%@g§dlng to the present invention.

The molecular structure of component (A) is exemplified
by straight-chain, partially branched straight-chain,
branched-chain, cyclic, and network structures, and
straight-chain and partially branched straight-chain
structures are particularly preferred. The viscosity
of component (A) at 25°C is preferably from 20 to
1,000,000 centipoise (20 to 1,000,000 mPa.s) and more
preferably from 100 to 500,000 centipoise (100 to
500,000 mPa.s).

Component (A) is exemplified by
trimethylsiloxy-endblocked methylvinylpolysiloxanes;
trimethylsiloxy-endblocked dimethylsiloxane-

methylvinylsiloxane copolymers; .
trimethylsildxy—endblocked dimethylsiloxane-
methylvinylsiloxane-methylphenylsiloxane
copolymers;
trimethylsiloxy-endblocked methylvinylsiloxane-
methyl (3, 3,3-trifluoropropyl)siloxane copolymers;
trimethylsiloxy-endblocked dimethylsiloxane-
methylvinylsiloxane-methyl (3,3,3-

trifluoropropyl) siloxane copolymers;



t hrough the use of the conponent (C) heat stabilizer in the conposition
according to the present invention. The nol ecul ar structure of conponent
(A) is exenplified by straight-chain, partially branched straight-chain,
branched-chain, cyclic, and network structures, and straight-chain and
partially branched straight-chain structures are particularly preferred.
The viscosity of conponent (A) at 25[err]Cis preferably from20 to

1, 000, 000 centipoise (20 to 1,000,000 n&.s) and nore preferably from 100
to 500,000 centipoise (100 to 500,000 nPa.s). Component (A) is

exenplified by trimethylsiloxy-endbl ocked nethyl vinyl pol ysi | oxanes;
trimet hyl si | bximekbyledlexydriensthaakad metdrylvinylgilgxanay| si | oxane

;otri h I | - bl ock Lret hyl si | -
et hy1 Vi nyl si 1 oxaRBEREEIGH A st L or Sy T AL axane
trimethylsil oxy-epdploagsRdgret hyl vi nyl si | oxane-

met hyl (3, 3, 3-trifluoropropyl)sil oxane copol yners;
trimet hyl si | bxjmetbyledkekyarnstbhdakeddimethylsiloxane-

et hy| vyl i1 oxae: REC I (3 3 3. metid 15O OpLgPYL) 51 oxane
R e T
trimet hyl si | diyethiiivdaieds idiowsr-randblocleeat-dimethylpolysiloxanes;
dimethylvinylsiloxy-endblocked
methylvinylpolysiloxanes; _
dimethylvinylsiloxy-endblocked dimethylsiloxane-
methylvinylsiloxane copolymers;
dimethylvinylsiloxy-endblocked dimethylsiloxane-
methylvinylsiloxane-methylphenylsiloxane
copolymers;
dimethylvinylsiloxy-endblocked methyl (3,3,3-
trifluoropropyl)polysiloxanes;
dimethylvinylsiloxy;endblocked dimethylsiloxane-
methyl(3,3,3-trifluorbpropy1)siloxane copolymers;
organopolysiloxanes comprising R13Siol/2, R?szsiollz,

and SiO4;, siloxane units;

organopolysiloxanes comprising RlzR?Siol/z and SiO4/5
siloxane units;

organopolysiloxanes comprising RlR?Sioz/z and RlsiO3/2
or sti03/2 siloxane units; and

mixtures of two or more selections from the preceding

1
organopolysiloxanes. R in the preceding formulas



met hyl vi nyl si | oxane-net hyl (3, 3, 4, 4, 4- pent af | uor obut yl ) si | oxane

¢opol yners; dinethyl vinyl sil oxy-endbl ocked di net hyl pol ysi | oxanes;

di et hyl vi nyl si | oxy- endbl ocked met hyl vi nyl pol ysi | oxanes;

di met hyl vi nyl si | oxy- endbl ocked di net hyl si | oxane- met hyl vi nyl si | oxane
copol yners; dinethyl vinyl sil oxy-endbl ocked di net hyl si | oxane-

nmet hyl vi nyl si | oxane- net hyl phenyl si | oxane copol yners;

di et hyl vi nyl si | oxy- endbl ocked nethyl(3,§,3-

trifluoropropyl)polysiloxanes; dinethylvinylsiloxy-endbl ocked

U b G GG G Gl il

and Sigerr] slkexgbeguoups, organopol ysil oxanes conpri sing
Rlerr]Rerr]Sierr] and Sierr] si | oxane units;

or ganopol ysi | Rkabespeefprabl pgsBlectrl ErbhStBkegrbuphdeReBit@d Zrom or
Rlerr]Sigerr] siloxane units; and mxtures of two or nore selections from

t he precedi ng@lkylaaspupssi seghnas. meRhyils | ethyilhe P¥opyddi dytydr.nul as

! pentyl, hexyl, heptyl, octyl, and the like; cycloalkyl
groups such as cyclopentyl, cyclohexyl, and the like;
aryl groups such as phenyl, tolyl, xylyl, naphthyl, and
the like; aralkyl groups such as benzyl, phenethyl,
phenylpropyl, and the like; and perfluoroalkyl groups
such as 3,3,3-~trifluoropropyl, 3,3,4,4,4-
pentafluorobutyl, 3,3,4,4,5,5,5-heptafluoropentyl,
3,3,4,4,5,5,6,6,6-nonafluorchexyl, and the like.

Alkyl, aryl, and perfluoroalkyl are more preferred for

1 2
R . R in the preceding formulas is a lower alkenyl

groups. R? is preferably selected from the group
consisting of vinyl, allyl, butenyl, pentenyl, hexenyl,
and heptenyl, with vinyl being more preferred.
Component (B}, which is the curing agent for
the subject composition, is an
organohydrogenpolysiloxane having at least 2 silicon-
bonded hydrogen atoms in each molecule. This silicon-
bonded hydrogen atom can be bonded in pendant or
terminal position on the molecular chain. The non-
hydrogen silicon-bonded groups in component (B) are
preferably selected from the group consisting of alkyl
groups, such as methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, and the like; cycloalkyl groups



denot es nonoval ent hydrocarbon groups ot her than | ower al kenyl groups.

Rlerr] is preferably selected fromthe group selected from alkyl

such as nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
cycl oal kyl groups such as cycl opentyl, cyclohexyl, and the
aryl groups such as phenyl, tolyl, xylyl, naphthyl, and the |ike; aralkyl
groups such as benzyl, phenethyl, phenylgropyl, and the |ike; and

the like;

per fluoroal kyl groups such as 3,3, 3-tri

| uoropropyl, 3,3,4,4,4-

pent af | uorobutyl, 3,3,4,4,5,5, 5-heptafl uoropentyl,

3, 3, 4, 4, 5,

per fl uoroal k

a lower al kerytoups cspsh &2 pheRyEf etobyy, seiye¢lednbphhile @nhdughe
consisting of vinyl, allyl, butenyl, ﬁentenyl, hexenyl, and heptenyl

vinyl being nbtkepra¥alkgl groups’ suc

gr oups,

and
i ke;

R AL, offfobifyly “fna FRE IR RV s i s

, With

CagpbareYl¢ Bphenstbllis the curing

agent for the | £Ct conposi ti | $,.an organohydrogenpol ysil oxane havi ng
2 least 2 oPIEHIOTORILE Rydr SBenl SEBhsarA BREH HOTERTREL AHOSEE | con.
bonded hydr oggicrRtfsn $28, Dec Bopvgdrbpragpliant, ar 4t grginal position on the
chain. The non- hydrogen silicon-bonded groups in conponent (B)

nol ecul ar

are pref er abl gentedEuedobubyl i ha, 3¢ 6up, bohsbshepyadiuelrbpengydups,

met hyl , et hyl

cycl oal kyl

gr

Yibed 4 15, 0U8YE; 6PROhE F1uOE S exy o iha DS e the !
Alkyi, aryl, and perfluorocalkyl are more preferred.

The molecular structure of component (B) is exemplified
by straight-chain, partially branched straight-chain,
branched-chain, cyclic, and network structures, with
straight-chain structures being particularly preferred.
The viscosity of component (B) at 25°C is preferably
from 1 to 1,000,000 centipoise (1 to 1,000,000 mPa.s)
and more preferably from 10 to 500,000 centipoise (10
to 500,000 mPa.s).

Component (B) is exemplified by
trimethylsiloxy-endblocked methylhydrogenpolysiloxanes;
trimethylsiloxy-endblocked dimethylsiloxane-

methylhydrogensiloxane copolymers;
trimethylsiloxy-endblocked dimethylsiloxane-
methylhydrogensiloxane—methylphenylsiloxané
copolymers;
trimethylsiloxy-endblocked methylhydrogensiloxane-
methyl (3,3,3-trifluoropropyl})siloxane copolymers;
trimethylsiloxy-endblocked dimethylsiloxane-
methylhydrogensiloxane-methyl(3,3,3-

trifluoropropyl) siloxane copolymers;

such as

i ke;



8 such as cycl opentyl, cyclohexyl, and the |ike; aryl groups such as
phenyl, tolyl, xylyl, naphthyl, and the |ike; aral kyl groups such as
benzyl, phenethyl, phenyl propyl, and the -like; and perfluoroal kyl groups
such as 3, 3,3-trifluoropropyl, 3,3,4,4,4- pentafluorobutyl, :
3,3,4,4,5,5, 5-hept af l uoropentyl, 3,3,4,4,5,5, 6, 6, 6-nonafl uorohexyl, and the
like. Alkyl, aryl, and perfluoroal kyl are nore preferred. The nol ecul ar
structure of conponent (B) is exenplifiéﬁ by straight-chain, partially
branched strai ght-chain, branched-chain, cyclic, and network structures,

w th straight-chai tructure i rid 5§% The viscosity
of conponent tt(é}“e&?]yig[lg'ro Ceiﬁgroer&(eﬁﬁ#%&&%{r#%rﬁé&%%o, r(z)% centi poi se
(1 to 1,000,000 %twlmm,q,ma@{mmdfmﬂﬂmimmo centi poi se
(10 to 500, 000 mPa. s). nponent (B) is exenplified by

t ri met hyl si | oxy- edipicdopmersvet hyl hydr ogenpol ysi | oxanes;
trimet hyl sil oxy.- engbl.ocked di ne | si | oxane- : | hydr ogensi | oxane
copol yners; ﬁ%&ﬂﬁﬁ%ﬂ%ﬁﬁ -?ﬁﬂﬁ#ﬁéﬁkﬁg) *ﬂﬁ?&#&?+%§§%@¥

met hyl hydr ogensi | ﬁggégygmdéiéﬁggmgth 1(35Ppol ynBrLs;
trinethylsiloxy-eﬁgﬁﬁgggé; nmet hy hydrogensil&&ane- he

met hyl (3, 3, 3-tri f Ipeartef lopyrtgsit yikes:l oxqne yoopglymers ;

trimethyl sil oxy-endhl ocked di ngf hyl sil gxane-
nethylhydrogéﬁﬂQQh&%h¥4ﬁﬂgﬁn§¥%?¥¥tené% o¢ke4| uor opr opyl ) si | oxane

copol yrers; dimethylpolysiloxanes;
dimethylhydrogensiloxy-endblocked
methylhydrogenpolysiloxanes;
dimethylhydrogensiloxy-endblocked dimethylsiloxane-
methylhydrogensiloxane copolymers;
dimethylhydrogensiloxy-endblocked dimethylsiloxane-
methylhydrogensiloxane-methylphenylsiloxane
copolymers;
dimethylhydrogensiloxy-endblocked methyl (3,3,3-
triflucropropyl)polysiloxanes;
dimethylhydrogensiloxy-endblocked dimethylsiloxane-
methyl (3, 3,3-trifluoropropyl) siloxane copolymers;
trimethyleiloxy-endblocked
dimethylhydrogensiloxy(3,3,3-
trifluoropropyl)polysiloxanes;
trimethylsiloxy-endblocked dimethylsiloxane-
dimethylhydrogensiloxy(3,3,3-
trifluoropropyl) siloxane copolymers;
dimethylhydrogensiloxy-endblocked
dimethylhydrogensiloxy(3,3,3-

trifluoropropyl)polysiloxanes;



9 ‘trinethylsiloxy-endblocked met hyl hydr ogensi | oxane-

et hyl (3, 3, 4, 4, 4- pent af | uor obut yl ) si | oxane copol yners;

trimet hyl sil oxy-endbl ocked di net hyl si | oxane-

met hyl hydr ogensi | oxane- net hyl ( 3, 3, 4, 4, 4- pent af | uor obut yl ) si | oxane
copol yners; dinet hyl hydr ogensi | oxy- endbl ocked di et hyl pol ysi | oxanes;
di met hyl hydr ogensi | oxy- endbl ocked nmet hyl hydr ogenpol ysi | oxanes;

di et hyl hydr ogensi | oxy- endbl ocked dinethﬁﬁ%iloxane-
met hyl hydr ogensi | oxane copol yners; di nmet hyl hydr ogensi | oxy- endbl ocked

di met hyl si | ox - ens) . ' ane

copol yrer s: o IRy SEL AL LS LRGSRl RaRE TR KL BTN Sheati
trifluoropropyl) pol 3&héekplBegdrodetiBi dykiyd, agansi | oxy- endbl ocked

di et hyl si | oxane- met hyl (3, 3, 3-trifluoropropyl)sil oxane copol yners;
trimet hyl si | oxy- endprbEkedropropui heihokangr egpedymexs;3, 3, 3-
trifluoropropyl)polysiloxanes; trimethylsiloxy-endblockad

di met hyl si | oxa@rganopolygi hexApe Ry aPBREASLPEXR( 358082, R 2HS810; /5,
trifluoropropyl)sil oxane copol yners; dinethyl hydrogensi | oxy-endbl ocked
di met hyl hydr ogensi | ang (810, 2z siloxane idnitos ppropyl ) pol ysi | oxanes,

organopolysiloxanes comprising RleSiol/z and SiOy4/;
siloxane units;

organopolysiloxanes comprising R1H8102/2 and RISiO3/2 or
HSiO3/; siloxane units; and

mixtures of two or more seléctions of the preceding

organopolysiloxanes. R1 in the preceding formulas

denotes monovalent hydrocarbon group free of ethylenic

unsaturation. - Rl is preferably selected from the group
consisting of alkyl groups, such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, and the
like; cycloalkyl groups such as cyclopentyl,
cyclohexyl, and the like; aryl groups such as phenyl,
tolyl, xylyl, naphthyl, and the like; aralkyl groups,
such as benzyl, phenethyl, phenylpropyl, and the like;
and perfluoroalkyl groups, such as 3,3,3-
trifluoropropyl, 3,3,4,4}4-pentaf1uorobuty1,
3,3,4,4,5,5,5-heptafluoropentyl, 3,3,4,4,5,5,6,6,6-
nonafluorohexyl, and the like. Alkyl, aryl, and
perfluoroalkyl are more preferred. '

Component (B) is added in a quantity that

provides from 0.1 to 20 moles, preferably from 0.1 to



10  di net hyl hydr ogensi | oxy- endbl ocked di net hyl si | oxane-

di met hyl hydr ogensi | oxy( 3, 3, 3- trifluoropropyl)siloxane copol yners;

or ganopol ysi | oxanes conprising Rlerr]SiJerr], Rerr]HSiJerr], and
Sigerr] siloxane units; organopol ysil oxanes conprising R err]HS Jerr]
and Si(err] sil oxane units; organopol ysil oxanes conpri sing
Rerr]HSiJerr] and Rerr]SiJerr] or HSidJ err] siloxane units; and
m xtures of two or nore sel ections of th&lpreceding or ganopol ysi | oxanes.
R in the preceding fornulas denotes nonoval ent hydrocarbon group free of

ethylenic unsg c'qtéson -an. pg}(r: léﬁﬂﬁ%‘?&%’ﬂﬁ?i&%g&“féogfge 5droup

consisting of alk grloups, propyl tyl, pentyl,
hexyl, heptyl ,mcasasquf a1id iidun {1 bdteied Visydodden @t@upsnswrhpeﬁeﬁycl(awentyl
cyclohexyl and the like; aryl groups such as phenyl, tolyl, xylyl,
napht hyl , andRe%e 1 imale sidiganjended %QWa%lszy|9r<pmﬁemyl

ey B oy gy L RS QI P il ind

3,3, 4, 4,5, 5, 5HrptaiddsliioonsRisdopdl s #1dx2nd, Sofpésition contains
less than 0.1 mole of gilicon-bonded hydrogen in
component (B} per 1 mole silicon-bonded lower alkenyl
in component (A). When the curable organopolysiloxane
composition contains more than 20 moles of silicon-
bonded hydrogen in éomponent (B) per 1 mole silicon-
bonded lower alkenyl in component (A), the resulting
cured article will suffer from such problems as
cracking, swelling, and a reduced heat resistance.

Component (C), which is ferrocene or a

derivative thereof, functions to impart a high level of
heat resistance to the cured article without causing a
decline in the handling characteristics of the
composition. Componeﬁt {C) is preferably selected from
ferrocene, acetylferrocene, vinylferrocene,
ethynylferrocene, ferrocenylmethanbl, bis(n-
cyclopentadienyl)iron{III) tetrachloroferrate(III),
tetracarbonylbis {n-cyclopentadienyl)diiron(I), 1,1’-
bis(trimethylsilyl) ferrocene, 1,1’-
(dimethylphenoxysilyl) ferrocene, and 1,1’-
bis{dimethylethoxysilyl) ferrocene. Ferrocene and
acetylferrocene are particularly preferred. Component
(C) is well-suited for use in the present composition-

to fabricate a cured article having a relatively low



nonaf | uor ohexyl, and the like. Al kyl, aryl, and perfluoroal kyl are nore
preferred. Conmponent (B) is added in a quantity that provides
fromO0.1 to 20 noles, preferably fromO.1 to 10 nol es, and
particularly preferably from0.1 to 5 noles of silicon-bonded hydrogen atom
I n conponent (B) per 1 nole silicon-bonded | ower al kenyl groups in
conponent (A). A thorough cure is not o ?jned when the curable

or ganopol ysi | oxane conposition contains ess than 0.1 nol e of

si licon-bonded hydrogen in conponent (B) per 1 nole silicon-bonded | ower
al kenyl in cogpeaaBEs(A) ThYBeRs! bacausablbaiy garenelvisidig amuigonposi tion
contains nore than 20 noles of silicon- bonded hydrogen in conponent (B)
per 1 nole S|hmountsboﬁdedmponentaﬂkﬁansU1bannix&dﬂldﬂ@ ‘thehesulsrat i ng

cured article wll suffer fron1such probl ens  as ra swelling, and a

reduced heat F@E‘P??éﬁé@n in order °C&g’;§6r’ré"n &?rﬁa(fﬁ 7esX8hacene or a

derivative thgﬁ %%ggﬁbgns M%r'%ﬂ%&t %dm rmuac (ﬁﬂﬁﬁﬂe esistance to
a I ng

the cured arti hout "Causi ng edllne I'n the characteristics

of the corrposehbgnaneaauorimptro(v@)nem mmfwr@meatse&esﬁtsarhﬂcr@mf ftelie ocene,
acetyl ferrocene, vinylferrocene, ethynylferrocene ferrocenylnethanol
bis([err]- cyek 86 POPOLYr Seati-rEaisatantn Srad atiqies jafforded

tetracarbonylg&sghg Bh %&B%%%ﬂg%yéyﬂé£éﬂér63M5331€13ns in which at

least 1 silicon-bonded group in component (A) is

perfluoroalkyl.

Component (C)} is added from 0.0001 to 20
weight parts, preferably from 0.601 to 10 weight parts,
and more preferably from 0.005 to 5 weight parts, in
each case per 100 weight parts component (A). When the
curable organopolysiloxane composition contains less
than 0.0001 weight part component (C) per 100 weight
parts component (A), the cured article afforded
therefrom will have a poor heat resistance. The
curable organopolysiloxane composition containing more
than 20 weight parte has a poor storage stability.
Component (C) is preferably mixed into the subject
cqmposition by dissolving component (C) in component
(A) prior to the composition mixing step. An organic
solvent can be used in the dissolution of component (C)
in component (A). The particular organic solvent used
here is not critical as long as it does not adversely
affect the hydrosilylation reaction. Examples of
organic solvents which may be used include toluene,

xylene, hexane, and heptane. The organic solvent is



bis(trinethylsilyl)ferrocene, 1,1 - (dinethyl phenoxysilyl)ferrocene, and
1,1 - bis(dinethyl ethoxysilyl)ferrocene. Ferrocene and acetylferrocene
are particularly preferred. Conponent (C) is well-suited for use in the
present conposition to fabricate a cured article having a relatively | ow
12 hardness. This is because only a relatively small anobunts of conponent
(O nust be mxed into the subject co ition in order to obtain highly
heat -resi stant cured articles. Mreover, conponent (C) induces a
substantial inprovenent in the heat resistance of the otherw se poorly

heat -1 esi St angHL ey ! kehBed! heEdRd coipofithh!(@) OtdaN ARy si | oxane

conpositions Tn which at least 1 silicon-bonded group in conponent (A) is
per f | uor oal kylissolved in €Eomponent ((8) .i sAzsdetadtiedombov@)Otheo 20 wei ght
parts, preferably fromQ.001 to 10 vweight parts, and nore preferably from
0.005 to 5 wePHRPepaet of Fﬁe§a§ﬁlé&§¥egéfr =16 Ln@merntsa ats (A) .

e £ B e PSR LSS ERGR Mo e 2 00001
article affordegullber ¢hr ansubkltahtiala ig@FovesRint €31 Handwatlihe curabl e
or ganopol ysi | oxane conposition containing nore than 20 wei ght parts has a
poor storage tegbptpnge of the cured product, which makes this
component particularly well-suited for application in
curable organopolysiloxane compositions intended for
use in the fabrication of low-hardness cured gel. The
hardness of said cured gel is preferably from 10 to 300
as measured by the 1/4-consistency test specified in
JIS K 2220. In addition, since the subject component
(C) has a relatively low hiding power, it supports the
preparation of cured articles in any color as may be
generated by pigments and dyes.
The hydrosilylation reaction catalyst (D)
accelerates the cure of the present composition.
Component (D) is preferably a platinum catalysts, such
as finely divided platinum, platinum black, platinum-
on-active carbon, platinum-on-silica, chloroplatinic
acid, platinum tetrachloride, alcohol solutions of
chloroplatinic acid, platinum-olefin complexes,
platinum/1,3-divinyl-1,1,3,3-tetramethyldisiloxane
complexes, and the like; palladium catalysts, such as
tetrakis (triphenylphosphine)palladium; rhodium
catalysts; and resin powders comprising a catalyst as.
listed above dispersed or encapsulated in a

thermoplastic resin such as polystyrene resin,



Component (C) is preferably m xed into the subject conposition by

di ssol ving conponent (C) in conponent (A) prior to the conposition m Xxing
step. An organic solvent can be used in the dissolution of conmponent (C)

in conponent (A). The particul ar organic solvent used here is not critical
as long as it does not adversely affect the hydrosilylation reaction.
Exanpl es of organic solvents which may bg,used include tol uene, xyl ene,
hexane, and heptane. The organic solvent™is

13 preferably renmoved after conponent (C) has been di ssol ved in conponent

(A). As stat edodhauenohde P r@¥ARCE ddryANRN Yl id, WRlohadi/1i ARkES, Of

conponent (C)“in“the curabl e organopol'ysil oxane conposition results in a
substanti al i opr eiddeocne resin.he@latdsist aradmlgfsttsh e rpartpradlatrly whi ch
makes this conpgnent particularly well-suited for application in curable
or ganopol ysi | B¥&&&X&6&%posi tions intended for use in the fabrication of

| ow- har dness cured gel . Cmﬁ?g@'ﬁctzfa@éans %&&%f%&ﬁié%f%%@?g from

10 to 300 as neasured by sistency test speci ¥12220.

In addition, gionefrieheheliveiedtorquuidition hasfon & giraet ycadw hi di ng
power, it supports the preparation of cured articles in any color as nay be
gener ated by pgitgmepesindnd appeenent (D) is mded dinsa |quant by redlEi on

catalyot (D) RERSLEAN Bl Ao I 2065 o dO RS Spm TABRT™ (O

plhf‘f) Ir gulma?! ﬁf?n@wﬂ@wewy VEGRIPB) tP| S60 R GRE Shbh Ofletal in

¢ P component (D) based on component {A). When component
(D) provides less than 0.1 weight-ppm metal with
reference to component (A), the curable
organopolysiloxane composition will have a very slow
reaction rate and becomes very vulnerable to cure
inhibition. Additions to the curable
organopolysiloxane composition in excess of 1,000 ppm
provide almost no improvement in cure rate and thus are
unecononmical. |

The curable organopblysiloxane composition

according to the present invention may contain other
components on an optional basis insofar as the objects
of the present invention are not impaired. These
optional components are exemplified by inorganic filler
such as dry-process silica, wet-process silica,
powdered quartz, calcium carbonate, fumed titanium
dioxide, diatomaceous earth, aluminum hydroxide,
aluminum oxide, magnesium carbonate, magnesium oxide,
zinc oxide, zinc carbonate, microparticulated mica, and

the like; the preceding inorganic fillers after surface



acid, platinumtetrachl oride, alcohol solutions of chloroplatinic acid,
pl ati num ol efi n conpl exes,

platinunm 1, 3-divinyl-1,1, 3, 3-tetranet hyl di sil oxane conpl exes, and the |ike;
pal | adi um cat al ysts, such as tetrakis(tri phenyl phosphi ne)pal | adi um rhodi um
catal ysts; and resin powders conprising a catalyst as |listed above

di spersed or encapsulated in a thernnpli%tic resin such as pol ystyrene
resin, 14 pol ycarbonate resin

acrylic resin, nethacrylic resin, or silicone resin. Platinumcatalysts are

parti cul ar |y p i ghaiailssation by CPEROREH kELni Sraddedil Bosl i ci ent

quantity to ] ect conposition. Froma practical standpoint,
conponent ( Djorgamsisiesl e boxamea] | bygahathpovosiitanereferably fromO0.1 to

1,000 weight-ppmnmetal and nore preferably from0.5 to 500 I ght - ppm
netal in conﬁ&maﬂ°§¥$°¥ﬁébhﬁ%ﬁ'pgﬂﬁoﬁﬁ%?c?kﬁ?‘VﬁéﬁhEoﬁﬁﬁﬁéﬂgg(%gaﬂgovides
| ess than 0.1 Lic hrté%ﬁgag%éﬁﬁfféﬂé ﬂ\k{e‘;r%&&‘é%ﬁ Egar@EEBB”%R%,I_i%)corfshe curabl e

organopolysil% Fon W have~a very slow reactron rate and

beconmes very gudhesdbietPlEHIE chbitpblihisone.4ddi Bi-paEhi0 -Lhbutynail-e
or ganopol ysi | oxane conposition in excess of 1,000 ppm provide al nost no
i mprovenent ol cud e5rdiwethylt hobexys-dnedondnpbgnyl-1-butyn-3red. curabl e

contai n_of herSSanborSHESTh SHRBRRRBHacbHe s 3 RESAYL 25 PERE B et
yne, 3,5-dimethyl-3-hexen-i-yne, etc.), alkenyl-
functional siloxanes (e.g., 1,3,5,7-tetramethyl-
1,3,5,7-tetravinylcyclotetrasiloxane, 1,3,5,7-
tetramethyl-1,3,5, 7-tetrahexenylcyclotetrasiloxane,
etc.), and triazoles such as benzotriazole; other heat
stabilizers such as iron oxide black, carbon black, and
the like; organic solvents such as toluene, xylene,
hexane, heptane, and the like; antimolds; flame
retardants; plasticizers; thixotropy donors; adhesion
promoters; cure accelerators; pigments; and dyes.

The curable organopolysiloxane composition
according to the present invention cures to give highly
heat-resistant cured articles. The nature of the cured
article is not critical and it may be, for example, a
gel, rubber, or resin. Since the curable
organopolysiloxane composition according to the present
invention provides very heat-resistant cured products —
even when cured to give a gel with a 1/4-consistency
according to JIS K 2220 of from 10 to 300, it is, as a

result, well-suited as a sealant, coating, or potting



of the present invention are not inpaired. These optional conponents are
exenplified by inorganic filler such as dry-process silica, wet-process
silica, powdered quartz, calciumcarbonate, fumed titanium dioxide,

di at omaceous earth, al um num hydroxi de, al um num oxi de, magnesi um
carbonat e, magnesi um oxi de, zinc oxide, zinc carbonate, mcroparticul ated
mca, and the like; the preceding inorggnic fillers after surface

15 hydr ophobi ci zati on by treatnent w th organosil azane,

or ganocycl osi | oxane, organochl orosilane, organoal koxysil ane,

| ow nol ecul argy@hPhfost & eabE1 6801 AndSklayepeniandevieeki kad addition
reaction inhibitors such as acetyl enic conpounds (e.g., 3-nethyl-1-butyn-3-

ol , 3,5-di netihystduhenys-8ndl thé- phkayl - 1- butyn-3-0l, etc.), ene-yne
compounds (e.g., 3-nethyl-3-penten-1- yne, 3.5-dine - 3- hexen- 1-yne,
etgP), alkgny?; functioﬁﬁregﬁfﬁﬁéﬁégs(é?ﬁ??gipg,§97&gétpﬁﬁ59ﬁgl- d
1,3,5 7-tet r"i%é@%\kgﬁh%f%iaﬁb%%é”ﬁonéiﬁe?eé‘ in detail.

t et r amet hyl - et rahexenyl cyclotetrasi| oxane, etc.), and triazoles

such as benzotriazol e; ghbed hesiclebahickbzaingstohthe prememti de bl ack,
carbon bl ack, and the |ike; organic solvents such as toluene, xylene,
hexane, hept ahevenkionnarej rbaraatersplicallyaiforsdedahys thy sih&i zers;

thi xotropy d089r§heagﬂ§gbgg organopolysiloxane composition described
hereinabove. The nature of the cured article is not
critical and it may be, for example, a gel, rubber, or
resin. However, the cured article is preferably a gel
with a 1/4-consistency of 10 to 300 according to JIS K
2220. |

The curable organopolysiloxane composition

according to the present invention evidences excellent
pre-cure handling characteristics and cures to give
highly heat-resistant cured articles. It can therefore
be used as a sealant, coating, or potting agent for
electrical and electronic devices and instruments and
the like. Moreover, the curable organopolysiloxane
composition according to the present invention can form

heat-resistant cured articles of any color.

EXAMPLES
The curable organopolysiloxane composition
according to the present invention and cured articles
therefrom will be considered in greater detail below
through working examples. The viscosity values

reported in the examples were measured at 25°C. The



pronoters; cure accelerators; pignents; and dyes. The curabl e

or ganopol ysi | oxane conposition according to the present invention cures to
give highly heat-resistant cured articles. The nature of the cured article
is not critical and it may be, for exanple, a gel, rubber, or resin. Since
t he curabl e organopol ysil oxane conposition according to the present

I nvention provides very heat-resistant ggred products - even when cured to
give a gel with a 1/4-consistency accordi'ng to JIS K 2220 of from 10 to
300, it is, as aresult, well-suited as a sealant, coating, or potting

16 agent fofaflanld ioal-A00L£lSCiconbe €yl 667aBIE | nstrunents and the
like. r articles according to the present invention will now
be consi der edbrgaritisliysiloxane compéilieionstandleshaccurddngrtacike present
invention are characteristically afforded by the_cure of the curable

or ganopol ysi Ihsaharesifloanee orere SeeaserednascfadboWe: The nature of the
cured article is not critical and it may be, for exanple, a gel, rubber,

or resin. However, the cured article is preferably a gel with a

1/ 4- consi st erga O &P 300 EETPUE NEr&andbS ?3Q ]

organopolysiloxane compogition was measured at 25°C and
the handling of the curable organopolysiloxane
composition was evaluated based on this viscosity

value.

Heat i st £ t] 3 Cicl
About 40 g of the particular curable
organopolysiloxane composition was poured into a 50-mL
glass beaker, defoamed, and then cured in a forced
convection oven at 150°C for 1 hour. The 1/4-
consistency of the resulting cured material was
measured according to JIS K 2220. This cured material
was subsequently held in the forced convection oven at
150°C for the specified period of time, cooled to room
temperature, and then again submitted to measurement of
the 1/4-consistency. The heat resistance of the cured
material was evaluated based on the change in the 1/4-

consistency wvalues.

Example 1
A curable organopolysiloxane composition was

prepared by mixing the following to homogeneity: 100



according to the present invention evidences excellent pre-cure handling
characteristics and cures to give highly heat-resistant cured articles. It
can therefore be used as a seal ant, coating, or potting agent for

el ectrical and electronic devices and instrunments and the |ike. Mreover,

t he curabl e organopol ysil oxane conposition according to the present

I nvention can form heat-resistant cured articles of any color.

EXAMPLES The curabl e organopo}ésiloxane conposition according to
the present invention and cured articles therefromw || be considered in

gr eat of det Al B OWeLREOMIh bR G VXA cHift SdiRERST 1Y Val ues

reported in e~exa es were [err]C. The

17 handl i ngeth§ndat, ar, i3s-tird<€ laioridparopylaipcd ysoir lgaeops | wist b axane
conpositions and the cured article heat resistance were neasured as

follows.  HyAECORGLaT ofhd (AR0aeRtIRPIRH ARLF PlahkeAdT tFons

mhe vt scost Bt IRty Sl 3 PYANSs OORIYRIIR |GUAe compost L1 on vas
dimethylhydrogensiloxy-endblocked
dimethylhydrogensiloxy(3,3,3-
trifluoropropyl)polysiloxane with a viscosity of 10
centipoise (10 mPa.s) and a silicon-bonded hydrogen
content of 0.5 weight%; 0.01 weight part ferrocene; and
sufficient platinum/1,3-divinyl-1,1,3,3-
tetramethyldisiloxane complex to provide 5 weight-ppm
platinum metal in this complex relative to the
dimethylvinylsiloxy-endblocked methyl (3,3,3-
trifluoropropyl)polysiloxane.

Table 1 reports the results for the
evaluation of the handling characteristics of this
curable organopolysiloxane composition and the heat
resistance of the cured gel afforded by the cure of

this composition.

Example 2

A curable organopolysiloxane composition was
prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy-endblocked
methyl (3,3, 3-trifluoropropyl)polysiloxane with a
viscosity of 1,000 centipoise (1,000 mPa.s) and a
silicon-bonded vinyl content of 1.0 weight%; 3.5 weight
parts dimethylhydrogensiloxy-endblocked



conposition was eval uated based on this viscosity val ue. Heat resistance
of the cured article About 40 g of the particular curable

or ganopol ysi | oxane conposition was poured into a 50-nL gl ass beaker,

def oaned, and then cured in a forced convection oven at 150[err]C for 1
hour. The 1/4- consistency of the resulting cured material was neasured
according to JIS K 2220. This cured mategi al was subsequently held in the
forced convection oven at 150[err]C for "the specified period of tineg,
cooled to roomtenperature, and then again submtted to neasurenent of the

1/4- consi st epQretthA MRAloJad SilRFEs of , 3 he cured material was eval uated
based on the changé In théi1/4- coﬁ%ﬁstency val ues.

Exanple 1 trifluoropmapydabpolorsidloyeoie svlttk amevisopostyioh Was prepared
by m xing the foll ow ng to honogeneity: 100
centipoise (10 mPa.s8) and a silicon-bonded  hydrogen
content of 0.5 weight%; 0.01 weight part
acetylferrocene;_and sufficient platinum/1,3-divinyl-
1,1,3,3-tetramethyldisiloxane complex to provide 5
weight-ppm platinum metal in this complex relative to
the dimethylvinylsiloxy-endblocked ﬁethy1(3,3,3-
trifluoropropyl)polysiloxane.

Table 1 reports the results for the
evaluation of the handling characteristics of this
curable organopolysiloxane composition and the heat
resistance of the cured gel afforded by the cure of

this composition.

Comparative Example 1
A curable organopolysiloxane composition was

prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy-endblocked
methyl (3,3, 3-trifluoropropyl)polysiloxane with a
viscosity of 1,000 centipoise (1,000 mPa.s) and a
silicon-bonded vinyl content of 1.0 weight%; 3.5 weight
parts dimethylhydrogensiloxy-endblocked
dimethylhydrogensiloxy (3,3, 3-
trifluoropropyl)polysiloxane with a viscosity of 10
centipoise (10 mPa.s) and a silicon-bonded hydrogen
content of 0.5 weight%; and sufficient platinum/1,3-

divinyl-1,1,3,3-tetramethyldisiloxane complex to



18 weight parts dinethylvinylsil oxy-endbl ocked

et hyl (3,3, 3-trifl uoropropyl)polysiloxane with a viscosity of 1,000
centipoise and a silicon-bonded vinyl content of 1.0 weight% 3.5 weight
parts di et hyl hydr ogensi | oxy-endbl ocked di net hyl hydr ogensi | oxy(3, 3, 3-
trifluoropropyl)polysiloxane with a viscosity of 10 centi poi se (10 nPa.s)
and a silicon-bonded hydrogen content gB 0.5 weight% 0.01 weight part
ferrocene; and sufficient platinuml, 3-0arvinyl-1,1, 3, 3-
tetranet hyl di si |l oxane conplex to provide 5 weight-ppmplatinumnetal in
this conpl ex |V the _.di LAY Sd Vi CKSHp hyl (3, 3, 3-
trifluoropr oﬁ’{/‘ﬁ"?ﬁeﬁ }v%xlzér@:. &Wl@éiﬂ%bﬁﬁ%r%ﬁ%@t he rgﬁl ts for the
eval uati on ofrditiRando rthe Rbintetleyiwinyks Doty endiclocked

or ganopol ysi | oxane conposition and the heat _resistance of the cured gel

af forded by mechsty @ of 3Bl EgrRRrYoRYl ) polysiloxane. Exanpl e
2 A curabl e oppl ysi o} {LLO repared by m xing
the following to homggfn%ﬁ%wl%%’éé/\%ggﬁgp%?ﬁiéé Fotnd

di met hyl vi nylesid et fonl b ockes meidyins, Shdrdetérist 0ps00%| thdkysi | oxane
with a viscosity of 1,000 centipoise (1,000 nPa.s) and a silicon-bonded
vinyl cont entcwfalile® argapenelysbloxannt cpmpesition and the heat

di-met hy| hydroxgeesna‘.sééa(x)ﬁ( e—eg bt':l?gkglgred gel afforded by the cure of

this composition.

Comparative Example 2

A curable organopolysiloxane composition was
prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy-endblocked
methyl (3,3, 3-trifluoropropyl)polysiloxane with a
viscosity of 1,000 centipoise (1,000 mPa.s) and a
silicon-bonded vinyl content of 1.0 weight%; 3.5 weight
parts dimethylhydrogensiloxy-endblocked
dimethylhydrogensiloxy(3,3,3-
trifluoropropyl)polysiloxane with a viscosity of 10
centipoise (10 mPa.s) and a silicon-bonded hydrogen
content of 0.5 weight%; 10 weight parts iron oxide
yvellow micropowder (NYB-40 from Nippon Bengara Kogyo
Kabushiki Kaisha); 10 weight parts iron oxide red
micropowder (Tensho Bengara from Nippon Bengara Kogyo
Kabushiki Kaisha); and sufficient platinum/1,3-divinyl-
1,1,3,3-tetramethyldisiloxane complex to provide 5

weight-ppm platinum metal in this complex relative to



19 di et hyl hydr ogensi |l oxy(3,3,3- trifluoropropyl)polysiloxane with a
viscosity of 10 <centipoise (10 nPa.s) and a silicon-bonded hydrogen
content of 0.5 weight% 0.01 weight part acetylferrocene; and sufficient
plati num 1, 3-divinyl- 1,1,3,3-tetranethyl disiloxane conplex to provide 5
wei ght-ppm platinumnmetal in this conplex relative to the

di met hyl vi nyl si | oxy- endbl ocked methyl(32 ,3- trifluoropropyl)polysil oxane.
Table 1 reports the results for the evaluation of the handling
characteristics of this curable organopol ysil oxane conposition and the heat
resistance Oié;lteha-&w’tﬁ%%klﬂfsfﬂro%de%m%w Queitfhy 1l {6 S3 cpnposi ti on.
Conparative anpﬁe 1 A Cur abl e organopol ysi | oxane conposition
was prepar ed tirg fFiuwomog riopy 1f) pdlgsidgpxamehonogenei ty: 100 wei ght parts

di et hyl vi nyl si | oxy- endbl gcked net hyl (3, 3, 3-trifl uoropr | ) pol ysi | oxane
with a viscosity of 1, Fe®iGedt irﬁ"@?‘?}és( thoFemuts éﬁfg '%P%I | i con- bonded

vi nyl conten i 9 Iaht s ot 4 ;

di net hyl hydrtga’%f%é". tgf\ﬁfé%bﬁ&:ki‘eag‘dﬁﬁ Hffdcteristics of this

trifluoropropyirapaley rigatpd Wil ckanes caspys i idh) edttipeiseat10 nPa. s)

and a silicon-bonded hydrogen content of 0.5 weight% and sufficient
pl ati nun 1, 3regiidtance] of Iis t@ﬁ%ﬂ?ﬁ/l%ﬁ%‘?#“%ﬁ%@c@h‘bl eyre oof

this composition.

Comparative Example 3

A curable organopolysiloxane composition was
prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy—endblockéd
methyl (3,3, 3-trifluoropropyl)polysiloxane with a
viscosity of 1,000 centipoise (1,000 mPa.s) and a
silicon-bonded vinyl content of 1.0 weight%; 3.5 weight
parts dimethylhydrogensiloxy-endblocked
dimethylhydrogensiloxy(3,3,3-
trifluoropropyl)polysiloxane with a viscosity of 10
centipoise (10 mPa.s) and a silicon-bonded hydrogen
content of 0.5 weight%; 1 weight part iron oxide yellow
micropowder {NYB-40 from Nippon Bengara Kogyo Kabushiki
Kaisha); 1 weight part iron oxide red micropowder
(Tensho Bengara from Nippon Bengara Kogyo Kabushiki
Kaisha); and sufficient platinum/1,3-divinyl-1,1,3,3-
tetramethyldisiloxane complex to provide 5 weight-ppm
platinum metal in this complex relative to the
dimethylvinylsiloxy-endblocked methyl (3,3,3-

trifluoropropyl)polysiloxane.



20 provide 5 wei ght-ppm platinumnetal in this conplex relative to the
di et hyl vi nyl si | oxy-endbl ocked net hyl (3, 3, 3-trifl uoropropyl)pol ysil oxane.
Table 1 reports the results for the evaluation of the handling
characteristics of this curable organopol ysil oxane conposition and the heat
resi stance of the cured gel afforded by the cure of this conposition.
Conparative Exanple 2 A cur %Ie or ganopol ysi | oxane conposition
was prepared by mxing the follow ng to honpbgeneity: 100 weight parts

di met hyl vi nyl si | oxy- endbl ocked nethyl (3,3, 3-trifluoropropyl)pol ysil oxane
with a viscosity of 1,QQQ4¢ent ig%go'i‘i:s( PG dRas) e @hesi | i con-bonded
vinyl content of 1.0 weight% 3.5 weight parts

di met hyl hydr egaisialtdon efdithec kechdldimptdhdtaahagsisi¢doxyf XBig-
trifluoropropyl)polysiloxane with a viscosity of, 10 cepti poise élo nPa. s)
and a silicofIB CFREFSRAT YO RN S fCMBO Skl 1P oA Otﬁ%i parts iron
oxi de yel | ow_mi_Gr. er - 1 pé)flﬂ:]%% Y, byughi ki

Kai sha); 10 %sé'ﬁ%%%ar s°f|( %1% f)l'%%{ed);ié} m Cropo Zé?( e%s o%eangara from
Ni ppon Bengardilo @¢mgedidsiiki Kai sha); and sufficient

plati num 1, 3-divinyl- 1,1, 3,3-tetranethyl di sil oxane conplex to provide 5
wei ght -ppm pl ati numnetal in this conplex relative to
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t he

or ganopol ysi | oxane conposition and the hggt

afforded by the cure
Exanple 3

of
4 cuﬁ
by m xing the follow n

di met hyl vi nyl si | oxy-en
with a viscosity of 1,
vinyl content of 1.0 W
di et hyl hydr ogensi | oxy
trifluoropropyl)polysi
and a silicon-bonded h
oxi de yel | ow m cr opowd
Kai sha); 1 weight part
Ni ppon Bengara Kogyo K

his _conposition.

t he di net hyl vi nyl si | oxy-endbl ocked net hyl (3, 3, 3-

trifluoropropyl)pol ysil oxane. Table 1 reports the results for

eval uation of the handling characteristics of this curable

resi stance of the cured gel
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j tq he eneity: 100 |weight parts
bl qckgdB net hyl 43, B 3-jtrif lg'o opr oyl ) pollysi | oxane
DOO [cet@poi se (& 060 rjPa. & safd a $id icor}- bonded
i gHt %8 B} 5 wei ght part]s 2
ergdbl 8¢ked di met hyl hydr ogensi | oxy( 3, 3, 3-
oxdne wikh a viscosity of 10 centipoisel(10 nPa.s)
drgdgea cpntent of 0.5 ght% 1 weight gart iron
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Kai sha); and sufficient platinum 1, 3-divinyl-1,1,3,3- tetranethyldisil oxane
conplex to provide 5 weight-ppmplatinumnetal in this conplex relative to
t he di net hyl vi nyl si | oxy-endbl ocked net hyl (3, 3, 3-

trifluoropropyl)polysil oxane. 22

Table 1 reports the results for the evaluation of the handling
characteristics of this curable organop24ysil oxane conposition and the heat

resi stance of the cured gel afforded by the cure of this conposition.
23 [err]

Example 3

A curable organopolysiloxane composition was
prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy-endblocked
dimethylpolysiloxane with a viscosity of 400 centipoise
{400 mPa.s) and a silicon-bonded vinyl content of 0.4
weight%; 0.5 weight part trimethylsiloxy-endblocked
methylhydrogenpolysiloxane with a wviscosity of 20
centipoise and a.silicoanonded hydrogen content of 1.6
weight%; 0.01 weight part ferrocene; and sufficient
platinum/1,3-divinyl-1,1,3,3-tetramethyldisiloxane
complex to provide 5 weight-ppm platinum wmetal in this
complex relative to the dimethylvinylsiloxy-endblocked
dimethylpolysiloxane.

Table 2 reports the results for the
evaluation of the handling characteristics of this
curable organopolysiloxane composition and the heat
resistance of the cured gel afforded by the cure of

this composition.

Example 4

A curable organopolysiloxane composition was
prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy-endblocked
dimethylpolysiloxane with a viscosity of 400 centipoise
(400 mPa.s) and a silicon-bonded vinyl content of 0.4
weight%; 0.5 weight part trimethylsiloxy-endblocked

methylhydrogenpolysiloxane with a viscosity of 20



24 Exanpl e 3 A cur abl e organopol ysi | oxane
conposition was prepared by mxing the followi ng to honogeneity: 100

wei ght parts di net hyl vinyl sil oxy-endbl ocked di net hyl pol ysil oxane with a
viscosity of 400 centipoise (400 nPa.s) and a silicon-bonded vinyl content
of 0.4 weight% 0.5 weight part trinethylsil oxy-endbl ocked

met hyl hydr ogenpol ysi | oxane with a viscogéty of 20 centipoise and a
silicon-bonded hydrogen content of 1.6 weight% 0.01 weight part
ferrocene; and sufficient '

pl atinunt 1, 3xdhyiprhisé %28, drktly)arRidhd @idiilcommiud | gpdisye ovi de 5
wei ght -ppm pl ati numnetal in this conplex relative to the
di met hyl vi nyksikteny- efiddl.6¢c wed ghtitretthyll meliglitl @atte. Table 2

reports the resul for the evaluati aof the handlin aracterd stics of
this curablea8P53ﬁ365F9§FPG¥aﬁ@wE&Mﬁ£;QH§H¥zﬂﬁ#ﬁﬁﬁ?@é@éga %X%R%%ﬁe of the
cured gel aff0rded 30Dy ihe 191 il ok LRSI 1B to provide S

Exanpl e 4 A cur abl e “organopol ysi | oxane conpodsition was prepared
by m xi ng t heefighitewpng pla thenmg eretialy :inl Ghieeigimplex tiselative to

di met hyl vi nyl si | oxy-endbl ocked di net hyl pol ysi| opxane with a viscosity of 400
centi poi se (4be @n@§§PM%W}R¥¥ﬁﬂ¥Q%ﬁFQRéhkﬁFkﬁ4w1 content of 0.4 weight%

0.5 vel ght  Pain lhlyi y - endbl ocked met hyl hydr ogenpol ysi | oxane with
a viscosity ?ﬁhﬁ;ﬂﬁfﬁéﬂ9ggléygge,

Table 2 reports the results for the
evaluation of the handling characteristics of this
curable organopolysiloxane composition and the heat
resistance of the cured gel afforded by the cure of

this composition.

c £ E le 4

A curable organopolysiloxane composition was
prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy-endblocked
dimethylpolysiloxane with a viscosity of 400 centipoise
(400 mPa.s) and a silicon-bonded vinyl content of 0.4
weight%; 0.5 weight part trimethylsiloxy-endblocked
methylhydrogenpolysiloxane with a viscosity of 20
centipoise (mPa.s) and a silicon-bonded hydrogen
content of 1.6 weight¥%; and sufficient platinum/1,3-
divinyl-1,1,3,3-tetramethyldisiloxane complex to
provide 5 weight-ppm platinum metal in the complex
relative to the dimethylvinylsiloxy-endblocked
dimethylpolysiloxane.



25 centipoise (20 nPa.s) and a silicon-bonded hydrogen content of 1.6
weight% 0.1 weight part acetylferrocene; and sufficient
platinum 1, 3-divinyl- 1,1,3,3-tetranethyl disiloxane conplex to provide 5
wei ght-ppm platinumnmetal in this conplex relative to the

di met hyl vi nyl si | oxy- endbl ocked di net hyl pol ysi | oxane. Table 2
reports the results for the evaluation,of the handling characteristics of

this curabl e organopol ysil oxane conpos% ion and the heat resistance of the

cured gel afforded by the cure of this conposition

Conparative Exanple 4 qgpie reggﬁlg YL U[AIPHHSidxane conposition
was prepared by m xing the E%II w ng to honogeneity: 100 wei ght parts

di net hyl vi ny eviallaayiend blfo dhed hathdisiry |qieEnsdtd exdstel os tdf schiscosity of
400 centipoise (400 nPa.s) and a silicon-bonded, vinyl_content of 0.4

wei ght % 0.5 € FFTPNOPORFEILCKANSFIRAT kY and the heat

et iyl hydr 09alslLaxane ol i ePidddladd P OOber, (gFR. 5) and 2

si |'i con-bondé rogen cont ent i cl ent
platinum 1, 3this composition.

Comparative Example 5

A curable organopolysiloxane composition was
prepared by mixing the following to homogeneity: 100
weight parts dimethylvinylsiloxy-endblocked
dimethylpolysiloxane with a_viscosity of 400 centipoise
(400 mPa.s) and a silicon-bonded vinyl content of 0.4
weight%; 0.5 weight part trimethylsiloxy-endblocked
methylhydrogenpolysiléxane with a wviscosity of 20
centipoise (20 mPa.s) and a silicon-bonded hydrogen
content of 1.6 weight%; 10 weight parts iron oxide
yellow micropowder (NYB-40 from Nippon Bengara Kogyo
Kabushiki Kaisha); 10 weight parts iron oxide red
micropowder (Tensho Bengara from Nippon Bengara Kogyo
Kabushiki Kaisha); and sufficient platinum/1,3-divinyl-
1,1,3,3-tetramethyldisiloxane complex to provide 5
weight-ppm platinum metal in this complex relative to
the dimethylvinylsiloxy-endblocked
dimethylpolysiloxane.

Table 2 reports the results for the
evaluation of the handling characteristics of this

curable organopolysiloxane composition and the heat



divinyl-1,1,3,3-tetranet hyl di sil oxane conplex to provide 5 weight-ppm
platinumnetal in the conplex relative to the

di met hyl vi nyl si | oxy- endbl ocked di net hyl pol ysi | oxane.

26 Table 2 reports the results for the evaluation of the
handl i ng characteristics of this curable organopol ysil oxane conposition and

t he heat
conposi tion.

resi stance of the cured gel

af ded by the cure of
Conmpar afi've Exanple 5

this
A curabl e

or ganopol ysi | oxane conposition was prepared by mxing the following to

honogenei ty:
di net hyl pol ysi

AR

i dEL

a Vi scosl

si l'i con- bondethié nydmpesiehdénof 0.4 weight% 0.5 weight part
trimet hyl sil oxy-endbl ocked net hyl hydr ogenpol ysi | oxane with a viscosity of
20 centipoise (20 nPa.s) and a silicon-bonded hydrogen content of 1.6

wei ght %
Bengar a Kogyo

10 wei ght parts iron oxide
Kabushi ki

Kai sha) ;

10

1 cr opowder

faeled

(NYB-40 from Ni ppon
parts iron oxide red

m cr opowder (Tensho Bengara from Ni ppon Bengara Kogyo Kabushi k

and sufficient platinunil, 3-divinyl -

o8 Y502 B8 hEEBEe Rt o) ana a

Kai sha) ;
1,1,3,3-tetranet hyl di si |l oxane conpl ex

to provide
Present Invention Comparative Examples
Example 3 Example 4 Comp . Comp .
Example 4 | Example 5
s the curablé
organopoly-siloxane
composition
excellent excellent excellent poor
handling '
380 390 380 66,000
viscosity (mPa.s)
s the cured materidl
reddish-
appearance yellow, yellow, colorless, brown,
transparent | transparent | transparent opaque
heat resistance
{1/4-consistency)
initial 55 55 55 50
after 90 hours 56 52 48 45
after 300 hours .54 52 35 42




wei ght -ppm plati numnmetal in this conplex relative to the

di et hyl vi nyl si | oxy-endbl ocked di net hyl pol ysi | oxane. Tabl e 2
reports the results for the evaluation of the handling characteristics of
this curabl e organopol ysi | oxane conposition and the heat

27 resi stance of the cured gel afforded by the cure of this conposition.

Table 2 : 2g’resent | nvention Conpar ati ve
Exanpl es Exanpl e 3 Exanpl e 4 Conp.

Conp. Exanple 4 Exanple 5
* the curable The curable organopolysiloxane composition

according to the present invention, because it
comprises components (A) to (D) and in particular
because it contains ferrocene or a derivative thereof
as component (C), is éharacterized by excellent pre-
cure handling characteristics and by the ability to
cure into highly heat-resistant cured articles.
Moreover, cured articles according to the present
invention, because they are generated by the cure of
the subject curable organopolysiloxane composition, are

characterized by an excellent heat resistance.



or ganopol y- si | oxane conposition excel | ent

excel | ent excel | ent poor handl i ng

380 390 380 66, 000 viscosity (npa.s) * the
cured materi al

r eddi sh- appear ance yel | ow, yel | ow, col orl ess,

br own, , transpapgnt transparent transparent.
opaque heat resistance (1/4- con3|stency

I T R

52 48 aims: 45 after 300 hours

35 42 *The

curabl e organopol ysi | oxane conposition accordi ng to the present |nvent|on,
because it conprises c onent s V%g %%% and, in artlcular gause it
contains ferrocene or Q'lmd)erleiga é %%é? n%go%%ﬁb 7ERRe (E?mp?gl Lon
characteri zed:dnpedild ent pre- cure handling characteristics and by the
ability to cure into highly heat-resistant cured articl es.

(A) 100 parts by weight of an alkenyl-containing
organopolysiloxane having at least 2 silicon-

bonded lower alkenyl groups in each molecule;

(B) an organohydrogenpolysiloxane having at least 2
silicon-bonded hydrogen atoms in each molecule, in
a quantity that provides from 0.1 to 20 moles of
silicon-bonded hydrogen in component (B) per mole

of silicon-bonded alkenyl in component (A);

(C) 0.0001 to 20 parts by weight of ferrocene or a
derivative thereof;

and

(D} ' a hydrosilylation reaction catalyst in sufficient

quantity to cure said composition.

2. The curable organopolysiloxane
composition of claim 1, wherein component (A) has an
average of at least one silicon-bonded perfluorocalkyl

group per molecule.



Moreover, cured articles according to the present invention, because they
‘are generated by the cure of the subject curable organopol ysil oxane
conposition, are characterized by an excellent heat resistance.

29 1. A curable organopol ysil oxane corrp sition conprisi ng
(A) 100 parts by weight of an al kenyl -contai ni ng ﬂﬁﬂ,

having at least 2 silicon- bondedslower al kenyl w,”(ﬂ

nol ecul e; (B) an organohydr ogenpol ysi I30xane havi ng at I east"2 ¥
silicon-bonded hydrogen atons in each nolecule, in a quantity that
provides fromO0.1 to 2@ ol eshedfcurable '&%@Wé’fﬁd@é{ﬁéogen in component
(B) per nole of silicon-bonded al kenyl in conponent (A); (© 0.0001

to 20 parts I§pmpsisjiicst dferalsciorse brom 2 whexiein vea id ecomposbt joand (D) a

hydr osi | Iatlon reacti on catal yst uffj ci ent
y y de 8, upon cure,y geri %1 ving a 1/4 consistency of

from 10 to 300, when measured according to JIS K 2200.



gquantity to cure said conposition. 2. The curable

.or ganopol ysi | oxane conposition of claim1, wherein conponent (A) has an

average of at |east one silicon-bonded perfluoroal kyl group per nol ecul e.

30 3. The curabl e organopol ysi |l oxane conposition of clains 1

or 2 wherein said conposition yields, upon cure, a gel having a 1/4

consi stency of from 10 to 300, when neagared according to JIS K 2200.
CURABLE ORGANOPOLYSILOXANE COMPOSITION AND CURED

ARTICLES THEREFROM,

ABSTRACT

A curable organbpolysiloxane composition is
claimed herein comprising

(A) 100 weight parts organopolysiloxane having at

' least 2 silicon-bonded alkenyl groups in each
molecule,

{B) organopolysiloxane having at least 2 silicon-
bonded hydrogen atoms in each moleculg, in a
quantity that provides from 0.1 to 20 moles
silicon-bonded hydrogen in component (B) per 1
mole silicon-bonded lower alkenyl in component
(a),

(C) 0.0001 to 20 weight parts ferrocene or derivative
thereof,

and

(D) hydrosilylation reéction catalyst .in sufficient
gquantity to cure the subject composition.

Also, cured articles afforded by the cure of the

subject composition.

N



