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(57) ABSTRACT 

A composition is prepared by mixing components including: 
(I) a polyorganosiloxane having an average of at least two 
unsaturated organic groups per molecule, with the proviso 
that component (I) is free of fluorine atoms, optionally (II) 
an organohydrogenpolysiloxane having an average of at 
least two Silicon-bonded hydrogen atoms per molecule, with 
the proviso that component (II) is free of fluorine atoms; (III) 
a hydrosilylation catalyst; (IV) a fluoroorganosilicone, with 
the provisos that (1) component (IV) has at least one 
functional group reactive with component (I), component 
(II), or both, (2) when component (II) is not present, then 
component (IV) has an average of at least two Silicon 
bonded hydrogen atoms per molecule, and (3) component 
(IV) is added to the composition in an amount Sufficient to 
provide chemical resistance to a cured product of the com 
position; and (V) an adhesion promoter. 
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SILICONES HAVING IMPROVED CHEMICAL 
RESISTANCE AND CURABLE SILICONE 
COMPOSITIONS HAVING IMPROVED 

MIGRATION RESISTANCE 

TECHNICAL FIELD 

0001. This invention relates to curable silicone compo 
Sitions and Silicones formed by curing the curable Silicone 
compositions. More particularly, this invention relates to 
hydrosilylation-curable compositions having improved 
resistance to Bleed. The curable Silicone compositions cure 
to form products having improved chemical resistance and 
resistance to Bleed. 

BACKGROUND OF THE INVENTION 

0002 Polyorganosiloxane elastomers, such as polydim 
ethylsiloxane-based elastomers, are frequently used in the 
electronics industry for properties Such as their thermal 
stability and ability to relieve stresses over a broad thermal 
range. However, these poly organosiloxane elastomerS may 
Suffer from the drawback of poor resistance to Some organic 
chemicals, Such as Solvents and engine oils. 
0.003 Fluorosilicone elastomers and organic elastomers 
have been used to improve chemical resistance. However, 
fluorosilicone elastomers Suffer from the drawback of hav 
ing higher cost than poly organosiloxane elastomers (that are 
non-fluorinated). One proposed approach to address this is 
to combine fluorosilicone elastomers with polyorganosilox 
ane elastomers. However, proposed approach has generally 
not been used due to concerns that the fluorosilicone and 
non-fluorinated organosilicone components would phase 
Separate, resulting in unstable properties. 
0004 Silicone compositions that cure to form elastomers 
may also Suffer from the drawback of poor resistance to 
Bleed. Bleed can be problematic in applications in which the 
composition is applied to a portion of a Substrate before 
curing. The Species that Bleed (out of the Silicone compo 
Sition) may contaminate the Substrate. This tends to be 
particularly problematic for adhesives, Such as die attach 
adhesives used in electronicS applications, because the addi 
tion of adhesion promoters to hydrosilylation-reaction cur 
able polyorganosiloxane elastomer compositions has been 
found to increase Bleed. 

0005 Organic elastomers may suffer from the drawback 
of having insufficient flexibility or bulk thermal properties. 
Therefore, there is a need in the electronics industry for 
curable Silicone compositions having improved resistance to 
Bleed, where the curable Silicone compositions cure to form 
elastomers having improved chemical resistance and resis 
tance to Bleed, while retaining flexibility and bulk thermal 
properties. 

SUMMARY OF THE INVENTION 

0006. This invention relates to a composition prepared by 
mixing components comprising: 

0007) (I) a polyorganosiloxane having an average of 
at least two unsaturated organic groups per molecule, 

0008 optionally (II) an organohydrogenpolysilox 
ane having an average of at least two Silicon-bonded 
hydrogen atoms per molecule, 

0009) (III) a hydrosilylation catalyst; 
0010 (IV) a fluoroorganosilicone; and 
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0011 (V) an adhesion promoter. 
0012 Component (I) is free of fluorine atoms. Compo 
nent (II) is free of fluorine atoms. Component (IV) has at 
least one functional group reactive with component (I), 
component (II), or both. When component (II) is not present, 
the component (IV) has an average of at least two Silicon 
bonded hydrogen atoms per molecule. Components (IV) and 
(V) are present in amounts Sufficient to improve resistance 
to Bleed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0013 All amounts, ratios, and percentages are by weight 
unless otherwise indicated. The following is a list of defi 
nitions, as used herein. 

Definitions and Usage of Terms 
0014) 
0015 “Bleed” means an undesirable tendency for species 
to move acroSS the interface of a Silicone composition or 
cured product thereof. Bleed includes movement of Species 
out of the Silicone composition, or cured product thereof, 
onto, for example, a Substrate on which the Silicone com 
position, or cured product thereof, is applied. Bleed further 
includes movement of Species into the Silicone composition, 
or cured product thereof, from outside of the Silicone com 
position, or cured product thereof. 
0016 “Chemical resistance” means reduced tendency of 
a Silicone to Swell, or degrade, or both, when exposed to 
Solvents and oils. 

0017 “Combination” means two or more items put 
together by any method. 

“A” and “an” each mean one or more. 

0018. The abbreviation “cP” means centipoise. 
0019. The abbreviation “IR” means infrared. 
0020 “Migration” means the tendency of fluorine-con 
taining Species to move toward the interface of a Silicone 
composition or a cured product thereof, without crossing the 
interface, thereby enriching the content of fluorine-contain 
ing Species at the interface as compared to the bulk. 
0021. The abbreviation “mm” means millimeters. 
0022 “Pa's" means Pascal seconds. 
0023 The abbreviation “ppm” means parts per million. 
0024 “Silicone' and “siloxane' are used interchangeably 
herein. 

0025. This invention relates to a composition prepared by 
mixing components comprising: 

0026 (I) a polyorganosiloxane having an average of 
at least two unsaturated organic groups per molecule, 

0027 with the proviso that component (I) is free 
of fluorine atoms, 

0028 optionally (II) an organohydrogenpolysilox 
ane having an average of at least two Silicon-bonded 
hydrogen atoms per molecule, 

0029 with the proviso that component (II) is free 
of fluorine atoms, 

0030) (III) a hydrosilylation catalyst; 
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0031 (IV) a fluoroorganosilicone, 
0032) 
0033 i) component (IV) has at least one func 
tional group reactive with component (I), compo 
nent (II), or both, and 

0034) ii) when component (II) is not present, then 
component (IV) has an average of at least two 
Silicon-bonded hydrogen atoms per molecule, 
and; and 

0035 (V) an adhesion promoter. 

with the provisos that 

Component (I) Polyorganosiloxane 
0036 Component (I) is a polyorganosiloxane having an 
average of at least two unsaturated organic groups per 
molecule. Component (I) may have a linear, branched, or 
resinous structure. Component (I) may be a homopolymer or 
a copolymer. The unsaturated organic groups may be alkenyl 
groups having from 2 to 12 carbon atoms and are exempli 
fied by, but not limited to, vinyl, allyl, butenyl, and hexenyl. 
The unsaturated organic groups may be alkynyl groups 
having 2 to 12 carbon atoms, and are exemplified by, but not 
limited to, ethynyl, propynyl, and butynyl. Alternatively, the 
unsaturated organic groups may contain acrylate-functional 
or methacrylate-functional groups and are exemplified by, 
but not limited to, acryloyloxyalkyl Such as acryloyloxypro 
pyl and methacryloyloxyalkyl Such as methacryloyloxypro 
pyl. The unsaturated organic groups in component (I) may 
be located at terminal, pendant, or both terminal and pendant 
positions. 
0037. The remaining silicon-bonded organic groups in 
component (I) may be monovalent organic groups free of 
aliphatic unsaturation. These monovalent organic groups 
may have 1 to 20 carbon atoms, alternatively 1 to 10 carbon 
atoms, and are exemplified by, but not limited to alkyl Such 
as methyl, ethyl, propyl, pentyl, octyl, undecyl, and octade 
cyl, cycloalkyl Such as cyclohexyl, aryl Such as phenyl, 
tolyl, Xylyl, benzyl, and 2-phenylethyl, and cyano-functional 
groupS Such as cyanoalkyl groups exemplified by cyanoethyl 
and cyanopropyl. Component (I) is free of fluorine atoms. 
0038. The viscosity of component (I) is not specifically 
restricted, however, component (I) may have a Viscosity of 
0.05 to 500 Pa's at 25°C., alternatively 0.1 to 200 Pa's at 25° 
C. Component (I) is added to the composition in an amount 
of 100 weight parts. 
0039) Component (I) may comprise a polyorganosilox 
ane of the formula 

0040) (a) R'SiO(R'SiO).(R'R''SiO)SiR's, 
0041) (b) R.R'SiO(RSiO) (RR'SiO)SiR.R", or 
0042 (c) a combination thereof. 

0043. In formula (a), C. has an average value of 0 to 2000, 
and f has an average value of 2 to 2000. Each R" is 
independently a monovalent organic group. Suitable 
monovalent organic groups include, but are not limited to, 
acrylic functional groupS. Such as acryloyloxypropyl and 
methacryloyloxypropyl; alkyl groupS Such as methyl, ethyl, 
propyl, and butyl, alkenyl groupS. Such as Vinyl, allyl, and 
butenyl; alkynyl groupS. Such as ethynyl and propynyl, 
aromatic groupS. Such as phenyl, tolyl, and Xylyl; and 

Feb. 17, 2005 

cyanoalkyl groups Such as cyanoethyl and cyanopropyl. 
Each R is independently an unsaturated monovalent organic 
group. R is exemplified by alkenyl groups such as vinyl, 
allyl, and butenyl and alkynyl groupS. Such as ethynyl and 
propynyl, and acrylic functional groupS. Such as acryloylox 
ypropyl and methacryloyloxypropyl. 

0044) In formula (b), X has an average value of 0 to 2000, 
and 8 has an average value of 0 to 2000. Each R is 
independently a monovalent organic group. Suitable 
monovalent organic groups include, but are not limited to, 
acrylic functional groupS. Such as acryloyloxypropyl and 
methacryloyloxypropyl; alkyl groupS Such as methyl, ethyl, 
propyl, and butyl, alkenyl groupS. Such as Vinyl, allyl, and 
butenyl; alkynyl groupS. Such as ethynyl and propynyl, 
aromatic groupS. Such as phenyl, tolyl, and Xylyl; and 
cyanoalkyl groups Such as cyanoethyl and cyanopropyl. 
Each R" is independently an unsaturated organic hydrocar 
bon group. R" is exemplified by alkenyl groups such as 
Vinyl, allyl, and butenyl; alkynyl groupS. Such as ethynyl and 
propynyl; and acrylic functional groupS. Such as acryloylox 
ypropyl and methacryloyloxypropyl. 
0045 Component (I) may comprise polydiorganosilox 
anes Such as 

0046) i) dimethylvinylsiloxy-terminated polydimeth 
ylsiloxane, 

0047 ii) dimethylvinylsiloxy-terminated poly(dimeth 
ylsiloxane/methylvinylsiloxane), 

0048 iii) dimethylvinylsiloxy-terminated polymeth 
ylvinylsiloxane, 

0049) iv) trimethylsiloxy-terminated poly(dimethylsi 
loxane/methylvinylsiloxane), 

0050 v) trimethylsiloxy-terminated polymethylvinyl 
Siloxane, 

0051 vi) dimethylvinylsiloxy-terminated poly(dim 
ethylsiloxane/methylphenylsiloxane), 

0.052 vii) dimethylvinylsiloxy-terminated poly(dim 
ethylsiloxane/diphenylsiloxane), 

0053 viii) phenyl, methyl,Vinyl-Siloxy-terminated 
polydimethylsiloxane, 

0054) ix) dimethyl-acryloyloxypropyl-siloxy-termi 
nated polydimethylsiloxane, 

0055 x) dimethyl-methacryloyloxypropyl-siloxy-ter 
minated polydimethylsiloxane, 

0056 xi) dimethylhexenylsiloxy-terminated polydim 
ethylsiloxane, 

0057 xii) dimethylhexenylsiloxy-terminated poly 
(dimethylsiloxane/methylhexenylsiloxane), 

0.058 xiii) dimethylhexenylsiloxy-terminated polym 
ethylhexenylsiloxane, 

0059 xiv) trimethylsiloxy-terminated poly(dimethyl 
Siloxane/methylhexenylsiloxane), 

0060 xv) dimethylvinylsiloxy-terminated poly(dim 
ethylsiloxane/methylcyanopropylsiloxane), and 

0061. xvi) combinations thereof. 
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0.062 Methods of preparing polydiorganosiloxanes suit 
able for use as component (I), Such as hydrolysis and 
condensation of the corresponding organohalosilanes or 
equilibration of cyclic polydiorganosiloxanes, are well 
known in the art. 

0063 Component (I) may comprise resins such as an MQ 
resin consisting essentially of RSiO2 units and SiO2 
units, a TD resin consisting essentially of RSiOs units and 
R2SiO2 units, an MT resin consisting essentially of 
Rs. SiO, units and RSiO2 units, an MTD resin consisting 
essentially of RSiO, units, RSiO units, and RSiO, 
units, or a combination thereof. 

0064. Each R is a monovalent organic group. The 
monovalent organic groups represented by R may have 1 to 
20 carbon atoms, alternatively 1 to 10 carbon atoms. 
Examples of monovalent organic groups include, but are not 
limited to, acrylate functional groupS Such as acryloxyalkyl 
groups, methacrylate functional groupS Such as methacry 
loxyalkyl groups, cyano-functional groups, and monovalent 
hydrocarbon groups. Monovalent hydrocarbon groups 
include, but are not limited to, alkyl Such as methyl, ethyl, 
propyl, pentyl, octyl, undecyl, and octadecyl, cycloalkyl 
Such as cyclohexyl, alkenyl Such as Vinyl, allyl, butenyl, and 
hexenyl; alkynyl Such as ethynyl, propynyl, and butynyl, 
and aryl Such as phenyl, tolyl, Xylyl, benzyl, and 2-phenyl 
ethyl. Cyano-functional groups include, but are not limited 
to cyanoalkyl groupS. Such as cyanoethyl and cyanopropyl. 

0065. The resin may contain an average of 3 to 30 mole 
percent of unsaturated organic groups. The unsaturated 
organic groups may be alkenyl groups, alkynyl groups, 
acrylate-functional groups, methacrylate-functional groups, 
or combinations thereof. The mole percent of unsaturated 
organic groups in the resin is the ratio of the number of 
moles of unsaturated group-containing Siloxane units in the 
resin to the total number of moles of siloxane units in the 
resin, multiplied by 100. 

0.066 Methods of preparing resins are well known in the 
art. For example, resin may be prepared by treating a resin 
copolymer produced by the Silica hydroSol capping proceSS 
of Daudt et al. With at least an alkenyl-containing endblock 
ing reagent. The method of Daudt et al., is disclosed in U.S. 
Pat. No. 2,676,182. 

0067 Briefly stated, the method of Daudt et al. involves 
reacting a Silica hydroSol under acidic conditions with a 
hydrolyzable triorganosilane Such as trimethylchlorosilane, 
a siloxane Such as hexamethyldisiloxane, or mixtures 
thereof, and recovering a copolymer having M and Q units. 
The resulting copolymers generally contain from 2 to 5 
percent by weight of hydroxyl groups. 

0068 The resin, which typically contains less than 2 
percent by weight of Silicon-bonded hydroxyl groups, may 
be prepared by reacting the product of Daudt et al. With an 
unsaturated organic group-containing endblocking agent 
and an endblocking agent free of aliphatic unsaturation, in 
an amount sufficient to provide from 3 to 30 mole percent of 
unsaturated organic groups in the final product. Examples of 
endblocking agents include, but are not limited to, SilaZanes, 
Siloxanes, and Silanes. Suitable endblocking agents are 
known in the art and exemplified in U.S. Pat. Nos. 4,584, 
355; 4,591,622; and 4,585,836. A single endblocking agent 
or a mixture of Such agents may be used to prepare the resin. 
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0069 Component (I) can be a single polyorganosiloxane 
or a combination comprising two or more polyorganosilox 
anes that differ in at least one of the following properties: 
Structure, Viscosity, average molecular weight, Siloxane 
units, and Sequence. 

Component (II) Organohydrogenpolysiloxane 
0070 Component (II) is an organohydrogenpolysiloxane 
having an average of at least two Silicon-bonded hydrogen 
atoms per molecule. Component (II) can be can be a 
homopolymer or a copolymer. Component (II) can have a 
linear, branched, cyclic, or resinous Structure. The Silicon 
bonded hydrogen atoms in the component (II) can be located 
at terminal, pendant, or at both terminal and pendant posi 
tions. Component (II) is free of fluorine atoms. 
0071 Component (II) can comprise siloxane units 
including, but not limited to, HRSiO2, RSiO2, 
HRSiO2, RSiO2, RSiO2, and SiO, units. In the 
preceding formulae, each R is independently selected from 
monovalent organic groups free of aliphatic unsaturation. 
0072 Component (II) may comprise a compound of the 
formula 

(0073) (a) R',SiO(R"SiO) (RHSIO)SiR", or 
(0074) (b) R.HSiO(RSiO),(RHSIO), SiR.H., 
0075 (c) a combination thereof. 

0076. In formula (a), e has an average value of 0 to 2000, 
and (p has an average value of 2 to 2000. Each R" is 
independently a monovalent organic group free of aliphatic 
unsaturation. Suitable monovalent organic groups free of 
aliphatic unsaturation include alkyl groupS. Such as methyl, 
ethyl, propyl, and butyl, aromatic groupS Such as phenyl, 
tolyl, and Xylyl; and cyano-functional groups exemplified by 
cyanoalkyl groupS Such as cyanoethyl and cyanopropyl. 

0077. In formula (b), Y has an average value of 0 to 2000, 
and m has an average value of 0 to 2000. Each R is 
independently a monovalent organic group free of aliphatic 
unsaturation. Suitable monovalent organic groups free of 
aliphatic unsaturation include alkyl groupS. Such as methyl, 
ethyl, propyl, and butyl, aromatic groupS Such as phenyl, 
tolyl, and Xylyl; and cyano-functional groups exemplified by 
cyanoalkyl groupS Such as cyanoethyl and cyanopropyl. 
0078 Component (II) is exemplified by 

0079) i) dimethylhydrogensiloxy-terminated polydim 
ethylsiloxane, 

0080) ii) dimethylhydrogensiloxy-terminated poly 
(dimethylsiloxane/methylhydrogensiloxane), 

0081) iii) dimethylhydrogensiloxy-terminated polym 
ethylhydrogensiloxane, 

0082) iv) trimethylsiloxy-terminated poly(dimethylsi 
loxane/methylhydrogensiloxane), 

0083 v) trimethylsiloxy-terminated polymethylhydro 
gensiloxane, 

0084 vi) a resin consisting essentially of 
H(CH),SiO, a units and SiO, a units, and 

0085 vii) combinations thereof. 



US 2005/0038188A1 

0.086 Component (II) can be a combination of two or 
more organohydrogenpolysiloxanes that differ in at least one 
of the following properties: Structure, average molecular 
weight, Viscosity, Siloxane units, and Sequence. 
0.087 Methods of preparing linear, branched, and cyclic 
organohydrogenpolysiloxanes Suitable for use as component 
(II), Such as hydrolysis and condensation of organohalosi 
lanes, are well known in the art. Methods of preparing 
organohydrogenpolysiloxane resins Suitable for use as com 
ponent (II) are also well known as exemplified in U.S. Pat. 
Nos. 5,310,843; 4,370,358; and 4,707,531. 
0088. The molar ratio of silicon-bonded hydrogen atoms 
in component (II) to aliphatically unsaturated groups in 
component (I) (SiH/ViA) is not critical. 

Component (III) Hydrosilylation Catalyst 
0089 Component (III) is a hydrosilylation catalyst. Com 
ponent (III) is added to the composition in an amount of 0.1 
to 1000 ppm of platinum group metal, alternatively 1 to 500 
ppm, alternatively 2 to 200, alternatively 5 to 150 ppm, 
based on the weight of the composition. Suitable hydrosi 
lylation catalysts are known in the art and commercially 
available. Component (III) may comprise a platinum group 
metal Selected from platinum, rhodium, ruthenium, palla 
dium, osmium or iridium metal or organometallic compound 
thereof, or a combination thereof. Component (III) is exem 
plified by compounds Such as chloroplatinic acid, chloro 
platinic acid hexahydrate, platinum dichloride, and com 
plexes of Said compounds with low molecular weight 
organopolysiloxanes or platinum compounds microencap 
Sulated in a matrix or coreshell type structure. Complexes of 
platinum with low molecular weight organopolysiloxanes 
include 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane com 
plexes with platinum. These complexes may be microen 
capsulated in a resin matrix. 
0090 Suitable hydrosilylation catalysts for component 
(III) are described in, for example, U.S. Pat. Nos. 3,159,601; 
3,220,972; 3,296,291; 3,419,593; 3,516,946; 3,814,730; 
3,989,668; 4,784.879; 5,036,117; and 5,175,325 and EPO 
347 895 B. Microencapsulated hydrosilylation catalysts and 
methods of preparing them are known in the art, as exem 
plified in U.S. Pat. No. 4,766,176 and the references cited 
therein; and U.S. Pat. No. 5,017,654. 

Component (IV) Fluoroorganosilicone 
0.091 Component (IV) is a fluoroorganosilicone having 
at least one functional group reactive with component (I), 
component (II), or both. When component (II) is not present 
in the composition, the component (IV) has an average of at 
least two Silicon-bonded hydrogen atoms per molecule. The 
Viscosity of component (IV) is not specifically restricted, 
however, component (IV) may have a viscosity of 0.0001 to 
500 Pas at 25° C. 

0092 Component (IV) may comprise a compound of the 
formula: 

(0093) (a) R,SiO(RSiO),(R'R''SiO)SiR, 
(094), (b) R'R''SiO(R'SiO), (R'R''SiO), SiR'R'', 

0.095 (c) F.C(CF) R' Si-O-Si(R') (R'), 
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0096] (d) a resinous or branched structure consisting 
essentially of R'R''. Sio 12 units, CF (CF).R'SiO, 
units, and optionally SiO, units, or 

0097 (e) a combination thereof. 
0098. In formula (a) has an average value of 0 to 2000, 
and (p has an average value of 1 to 500. Each R is 
independently a hydrogen atom or a monovalent organic 
group. Suitable monovalent organic groups include monova 
lent hydrocarbon groups that are free of aliphatic unsatura 
tion Such as alkyl groupS. Such as methyl, ethyl, propyl, and 
butyl, aromatic groupS. Such as phenyl, tolyl, and Xylyl; and 
cyano-functional groups exemplified by cyanoalkyl groups 
Such as cyanoethyl and cyanopropyl. Suitable monovalent 
organic groups also include unsaturated monovalent organic 
groups exemplified by acrylate functional groups, methacry 
late functional groups, alkenyl groupS. Such as vinyl, allyl, 
and butenyl; and alkynyl groups Such as ethynyl, propynyl, 
and butynyl. In formula (a) at least one R is a hydrogen 
atom or an unsaturated monovalent organic group. Each R' 
is independently a fluoro-functional organic group. Suitable 
fluoro-functional organic groups include, but are not limited 
to, fluorinated alkyl groupS. Such as 3,3,3-trifluoropropyl, 
44,4,3,3-pentafluorobutyl, 5.5,5,4,4,3,3-heptafluoropentyl, 
and 6,6,6,5,5,4,4,3,3-nonafluorohexyl. 

0099] In formula (b) K has an average value of 0 to 2000, 
and has an average value of 0 to 500. Each R' is 
independently a hydrogen atom or a monovalent organic 
group. Suitable monovalent organic groups include cyano 
functional groups exemplified by cyanoalkyl groups Such as 
cyanoethyl and cyanopropyl; and monovalent hydrocarbon 
groups free of aliphatic unsaturation, exemplified by alkyl 
groupS Such as methyl, ethyl, propyl, and butyl, and aro 
matic groupS. Such as phenyl, tolyl, and Xylyl. Suitable 
monovalent organic groups also include unsaturated 
monovalent organic groups exemplified by acrylate func 
tional groups, methacrylate functional groups, alkenyl 
groupS Such as Vinyl, allyl, and butenyl; and alkynyl groups 
Such as ethynyl, propynyl, and butynyl. In formula (b) at 
least one R'' is a hydrogen atom or an unsaturated monova 
lent organic group. Each R' is independently a fluoro 
functional organic group. Suitable fluoro-functional organic 
groups include fluorinated alkyl groups Such as 3,3,3-trif 
luoropropyl, 4.4.4,3,3-pentafluorobutyl, 5.5,5,4,4,3,3-hep 
tafluoropentyl, and 6,6,6,5,5,4,4,3,3-nonafluorohexyl. 

0100. In formulae (c) and (d), v is 0 to 10. Each R" is 
independently a divalent organic group Such as a divalent 
hydrocarbon group. Suitable divalent organic groups for R' 
may have at least 2 carbon atoms, alternatively, 2 to 20 
carbon atoms, alternatively 2 to 10 carbon atoms. Examples 
of suitable divalent hydrocarbon groups for R' include 
alkylene groupS Such as methylene, ethylene, propylene, and 
butylene. Each R" is independently a monovalent hydro 
carbon group free of aliphatic unsaturation. R'' is exempli 
fied by alkyl Such as methyl, ethyl, propyl, pentyl, octyl, 
undecyl, and octadecyl, cycloalkyl Such as cyclohexyl, and 
aryl Such as phenyl, tolyl, Xylyl, benzyl, and 2-phenylethyl. 
Each R" is independently a hydrogen atom or an aliphati 
cally unsaturated hydrocarbon group exemplified by alkenyl 
Such as Vinyl, allyl, butenyl, and hexenyl; and alkynyl Such 
as ethynyl, propynyl, and butynyl. If one R' is an aliphati 
cally unsaturated hydrocarbon group, then all R' in the 
molecule may be the same or different aliphatically unsat 
urated hydrocarbon group. If one R' in a molecule is a 
hydrogen atom, then all R' may be hydrogen atoms. 
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0101 Component (IV) is exemplified by 
0102) i) dimethylvinylsiloxy-terminated polymethyl3, 
3,3-trifluoropropyl Siloxane, 

0103) ii) dimethylvinylsiloxy-terminated poly(methyl 
hydrogensiloxane/methyl-6,6,6,5,5,4,4,3,3-nonafluo 
rohexylsiloxane), 

0104 iii) trimethylsiloxy-terminated poly(methylhy 
drogensiloxane/methyl-6,6,6,5,5,4,4,3,3-nonafluoro 
hexylsiloxane), 

0105 iv) trimethylsiloxy-terminated poly(methylhy 
drogensiloxane/methyl-6,6,6,5,5,4,4,3,3-nonafluoro 
hexylsiloxane), and 

0106 v) combinations thereof. 
0107 Component (IV) is added to the composition in an 
amount Sufficient to provide resistance to Bleed and chemi 
cal resistance to a cured Silicone prepare by curing the 
composition. Component (IV) may be added to the compo 
sition an amount of 0.01 to 100 parts by weight based on the 
weight of component (I). Without wishing to be bound by 
theory, it is thought that the halogenated portion of compo 
nent (IV) migrates to the Surface of the composition when 
cured. It is thought that Sufficient chemical resistance and 
resistance to Bleed for many applications can be obtained 
without adding a higher amount of component (IV), which 
would dramatically increase the cost of the composition. 

0108 Component (IV) can be a combination of two or 
more fluoroorganosilicones that differ in at least one of the 
following properties: Structure, average molecular weight, 
Viscosity, Siloxane units, and Sequence. 

0109 Fluoroorganosilicones suitable for use as compo 
nent (IV) are known in the art. Fluoroorganosilicones may 
be prepared by those methods disclosed above for compo 
nents (I) and (II), by varying appropriate starting materials. 
One skilled in the art would be able to manufacture Suitable 
fluoroorganosilicones for component (IV) without undue 
experimentation. 

(V) Adhesion Promoter 
0110 Component (V) is an adhesion promoter. Compo 
nent (V) is added to the composition in an amount Sufficient 
to impart adhesion to a cured Silicone prepared by curing the 
composition. Component (IV) and component (V) are added 
to the composition in combination in amounts Sufficient to 
provide resistance to Bleed to a cured Silicone prepared by 
curing the composition. Component (V) may be added to the 
composition in an amount of 0.01 to 50 weight parts based 
on the weight of the composition, alternatively 0.05 to 2 
weight parts, alternatively 0.5 to 1.5 weight parts. 

0111 Component (V) may comprise a transition metal 
chelate, an alkoxysilane, a combination of an alkoxysilane 
and a hydroxy-functional poly organosiloxane, or a combi 
nation thereof. 

0112 Component (V) can be an unsaturated or epoxy 
functional compound. Suitable epoxy-functional com 
pounds are known in the art and commercially available, See 
for example, U.S. Pat. Nos. 4,087.585; 5,194,649; 5,248, 
715; and 5,744.507 col. 4-5. Component (VI) may comprise 
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an unsaturated or epoxy-functional alkoxysilane. For 
example, the functional alkoxysilane can have the formula 
RSi(OR), where u is 1, 2, or 3, alternatively it is 1. 
0113) Each R is independently a monovalent organic 
group with the proviso that at least one R is an unsaturated 
organic group or an epoxy-functional organic group. Epoxy 
functional organic groups for R are exemplified by 3-gly 
cidoxypropyl and (epoxycyclohexyl)ethyl. Unsaturated 
organic groups for R are exemplified by 3-methacryloy 
loxypropyl, 3-acryloyloxypropyl, and unsaturated monova 
lent hydrocarbon groups Such as Vinyl, allyl, hexenyl, unde 
cylenyl. 

0114) Each R’ is independently an unsubstituted, satu 
rated hydrocarbon group of at least 1 carbon atom. R” may 
have up to 4 carbon atoms, alternatively up to 2 carbon 
atoms. R” is exemplified by methyl, ethyl, propyl, and 
butyl. 

0115 Examples of suitable epoxy-functional alkoxysi 
lanes include 3-glycidoxypropyltrimethoxysilane, 3-glyci 
doxypropyltriethoxysilane, (epoxycyclohexyl)eth 
yldimethoxysilane, (epoxycyclohexyl)ethyldiethoxysilane 
and combinations thereof. Examples of Suitable unsaturated 
alkoxysilanes include Vinyltrimethoxysilane, allyltri 
methoxysilane, allyltriethoxysilane, hexenyltrimethoxysi 
lane, undecylenyltrimethoxysilane, 3-methacryloyloxypro 
pyl trimethoxysilane, 3-methacryloyloxypropyl 
triethoxysilane, 3-acryloyloxypropyl trimethoxysilane, 
3-acryloyloxypropyl triethoxysilane, and combinations 
thereof. 

0116 Component (V) may comprise an epoxy-functional 
Siloxane Such as a reaction product of a hydroxy-terminated 
polyorganosiloxane with an epoxy-functional alkoxysilane, 
as described above, or a physical blend of the hydroxy 
terminated polyorganosiloxane with the epoxy-functional 
alkoxysilane. Component (V) may comprise a combination 
of an epoxy-functional alkoxysilane and an epoxy-func 
tional Siloxane. For example, component (V) is exemplified 
by a mixture of 3-glycidoxypropyltrimethoxysilane and a 
reaction product of hydroxy-terminated methylvinylsilox 
ane with 3-glycidoxypropyltrimethoxysilane, or a mixture of 
3-glycidoxypropyltrimethoxysilane and a hydroxy-termi 
nated methylvinylsiloxane, or a mixture of 3-glycidoxypro 
pyltrimethoxysilane and a hydroxy-terminated methyvinyl/ 
dimethylsiloxane copolymer. When used as a physical blend 
rather than as a reaction product, these components may be 
Stored Separately in multiple-part kits. 

0117 Suitable transition metal chelates include titanates, 
Zirconates Such as Zirconium acetylacetonate, aluminum 
chelates Such as aluminum acetylacetonate, and combina 
tions thereof. Transition metal chelates and methods for their 
preparation are known in the art, See for example, U.S. Pat. 
No. 5,248,715, EPO 493 791 A1, and EPO 497349 B1. 

Optional Components 

0118. An optional component may be added to the com 
position in addition to components (I)-(V). Suitable optional 
components include (VI) an unsaturated ester-functional 
compound, (VII) a void reducing agent, (VIII) a pigment, 
(IX) a filler, (X) a cure modifier, (XI) a rheology modifier, 
and combinations thereof. 
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(VI) Unsaturated Ester-Functional Compound 
0119) Component (VI) is an unsaturated ester-functional 
compound, i.e., an organic compound having at least one 
ester group per molecule and at least one unsaturated group 
per molecule capable of undergoing hydrosilylation. Com 
ponent (VI) may comprise: 

i) R16 

HC R17, 

ii) 

iii) 

(R21 o 

iv) 

0120 vi) a combination thereof. 
0121) Informulai), each R' is independently a hydrogen 
atom, a monovalent hydrocarbon group of 1 to 4 carbon 
atoms, or CF. Examples of monovalent hydrocarbon 
groups for R' include alkyl groups such as methyl, ethyl, 
propyl, and butyl. Each R'' is independently a hydrogen 
atom, a monovalent organic group, with the proviso that not 
all R'' are hydrogen atoms, or a metal ion. Examples of 
monovalent organic groups for R' include monovalent 
hydrocarbon groups, fluoroalkyl groups, epoxy functional 
groups, and polyether groups. Examples of monovalent 
hydrocarbon groups include, but are not limited to, alkyl 
Such as methyl, ethyl, propyl, pentyl, octyl, undecyl, dode 
cyl, and octadecyl, cycloalkyl Such as cyclohexyl, alkenyl 
Such as Vinyl, allyl, butenyl, and hexenyl; alkynyl Such as 
ethynyl, propynyl, and butynyl; and aryl Such as phenyl, 
tolyl, Xylyl, benzyl, and 2-phenylethyl. Examples of epoxy 
functional groups for R' include 3-glycidoxypropyl. 
Examples of fluoroalkyl groups for R' include but are not 
limited to -(CH2)(CF),CF, where X has an average value 
of 0 to 20 and y has an average value of 0 to 20, branched 
fluoroalkyl groupS. Such as perfluoro t-butyl, and cyclic 
fluoroalkyl groupS Such as perfluorocyclohexyl, and fluoro 
aryl groupS Such as perfluorophenyl. Examples of polyether 
groups for R7 include, but are not limited to, 
-(CH2CH2O). CHCH, 
-(CH(CH)CHO)CH(CH)CH, 
-(CH2CH2O)CH-CH=CH, 
-(CH(CH)CHO)CH-CH=CH, 
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-(CH2CH2CH2CH2O). CHCH, 
-(CH2CHCHCHO)CH=CH, 
-(CH2CH2O). CHCH-OH, 
-(CH(CH)CHO)CH(CH)CH-OH, 
-(CH2CH2O). CHCHOCH, and 
-(CH(CH)CHO)CH(CH4)CH-OCH, where Z has an 
average value of 1 to 20, and cyclic etherS Such as tetrahy 
drofurfuryl and 2-(caprolactone)ethyl. Examples of fluo 
ropolyether groups for R7 include, but are not limited to, 
-(CF-CF-O)H, —(CF(CF)CFO)H, 
-(CFCFO)CF, -(CF(CF)CFO)CF, where Z is as 
defined above, -(CH2)(CF(CF)) (O-CF(CF)-F 
where i has an average value of 0 to 10, j has an average 
value of 0 to 10 and k has an average value of 1 to 20. 
Examples of metal ions for R' include, but are not limited 
to, positive ions Such as Zn, Al, Ca, Na, Mg and K. 
0122) In formula ii), each R" is independently a hydro 
gen atom, a monovalent hydrocarbon group of 1 to 4 carbon 
atoms, or CF. Examples of monovalent hydrocarbon 
groups for R' include alkyl Such as methyl, ethyl, propyl, 
and butyl. Each R' is independently a divalent organic 
group of 1 to 20 carbon atoms. Examples of divalent organic 
groups for R' include, but are not limited to, alkylene Such 
as methylene, ethylene, propylene, pentylene, neo-penty 
lene, octylene, undecylene, and octadecylene, cycloalkylene 
Such as cylcohexylene; alkenylene Such as Vinylene, 
allylene, butenylene, and hexenylene, alkynylene Such as 
ethynylene, propynylene, and butynylene, arylene Such as 
phenylene, tolylene, xylylene, benzylene, and 2-phenyleth 
ylene; ether diol derivatives such as -(CH2CH2O)- 
CHCH-and-(CH(CH)CHO)-CH(CH)CH where 
z is as defined above for R'; alkylene/arylene combinations 
Such as 4,4'-isopropylidene diphenyl (also known as Bisphe 
nol “A”). Examples of divalent fluorinated organic groups 
for R' include, but are not limited to, 
-(CH2)(CH(F)),(CF) , -(CFCFO), 
-(CF(CF)CFO)- where x, y, and Z are as defined 
above, perfluorocyclohexyl-1,4-dimethyl, and 4,4'-hexaflu 
oroisopropylidene diphenyl (derived from hexafluoro 
Bisphenol “A”). Each R' is independently a hydrogen atom 
or a monovalent hydrocarbon group of 1 to 20 carbon atoms. 
Examples of monovalent hydrocarbon groups for R' 
include, but are not limited to, alkyl Such as methyl, ethyl, 
propyl, pentyl, octyl, undecyl, and octadecyl, cycloalkyl 
Such as cyclohexyl, alkenyl Such as Vinyl, allyl, butenyl, and 
hexenyl; alkynyl Such as ethynyl, propynyl, and butynyl, 
and aryl Such as phenyl, tolyl, Xylyl, benzyl, and 2-phenyl 
ethyl. 

0123. In formula iii), n has an average value of 0 to 3 and 
m=4-n. Each R is independently a hydrogen atom, a 
monovalent hydrocarbon group of 1 to 20 carbon atoms, a 
hydroxyl group, or CF. Examples of monovalent hydrocar 
bon groups for R' include, but are not limited to, alkyl such 
as methyl, ethyl, propyl, pentyl, octyl, undecyl, and octade 
cyl, cycloalkyl Such as cyclohexyl, alkenyl Such as Vinyl, 
allyl, butenyl, and hexenyl; alkynyl Such as ethynyl, propy 
nyl, and butynyl; and aryl Such as phenyl, tolyl, Xylyl, 
benzyl, and 2-phenylethyl. 
0124). Each R’ is independently a hydrogen atom, a 
monovalent hydrocarbon group of 1 to 4 carbon atoms, or 
CF. Examples of monovalent hydrocarbon groups for Rf 
include, but are not limited to, alkyl Such as methyl, ethyl, 
propyl, pentyl, octyl, undecyl, and octadecyl, cycloalkyl 
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Such as cyclohexyl, alkenyl Such as Vinyl, allyl, butenyl, and 
hexenyl; alkynyl Such as ethynyl, propynyl, and butynyl, 
and aryl Such as phenyl, tolyl, Xylyl, benzyl, and 2-phenyl 
ethyl. 

0125 Each R is independently a hydrogen atom or a 
monovalent hydrocarbon group of 1 to 20 carbon atoms. 
Examples of monovalent hydrocarbon groups for R 
include, but are not limited to, alkyl Such as methyl, ethyl, 
propyl, pentyl, octyl, undecyl, and octadecyl, cycloalkyl 
Such as cyclohexyl, alkenyl Such as Vinyl, allyl, butenyl, and 
hexenyl; alkynyl Such as ethynyl, propynyl, and butynyl, 
and aryl Such as phenyl, tolyl, Xylyl, benzyl, and 2-phenyl 
ethyl. 

I0126) In formula iv), each R" and each Rare indepen 
dently a monovalent organic group or a hydrogen atom with 
the proviso that at least one of R' or R is unsaturated. 
Examples of monovalent organic groups for R' include 
monovalent hydrocarbon groups, fluoroalkyl groups, epoxy 
functional groups, and polyether groups, all exemplified by 
those listed for R'7. 

I0127 Examples of monovalent organic groups for R 
include monovalent hydrocarbon groups, fluoroalkyl 
groups, epoxy functional groups, and polyether groups, all 
exemplified, but not limited, by those listed for R''. Addi 
tional examples of monovalent organic groups for R 
include oxygen-bridged monovalent organic groupS. Such as 
-O-C(O)O-(CH2)CH=CH where o has an average 
value of 0 to 20 and carbon-bridged carbonyl groups such as 
-CH-C(O)-CH. 
0128) Informulav), each R is independently a monova 
lent organic group or a hydrogen atom, with the proviso that 
at least one R is an aliphatically unsaturated monovalent 
organic group or a hydrogen atom. Examples of monovalent 
organic groups for R' include monovalent hydrocarbon 
groups, fluoroalkyl groups, epoxy functional groups, and 
polyether groups, all exemplified by those listed for R'7. 
0129. Each R" is independently an oxygen atom or a 
divalent organic group. Examples of divalent organic groups 
for R7 include divalent hydrocarbon groups, fluoroalkylene 
groups, epoxy functional groups, and polyether functional 
groups, all exemplified, but not limited, by those listed for 
R19. 

0130 Component (VI) is exemplified by 2-ethylhexy 
lacrylate, 2-ethylhexylmethacrylate, methylacrylate, meth 
ylmethacrylate, neopentylglycol diacrylate, neopentylgly 
coldimethacrylate, glycidyl acrylate, glycidyl methacrylate, 
allyl acrylate, allyl methacrylate Strearyl acrylate, tetrahy 
drofurfuryl methacrylate, caprolactone acrylate perfluorobu 
tyl acrylate, perfluorobutyl methacrylate, tetrahydroperfluo 
roacrylate, phenoxyethyl acrylate, phenoxyethyl 
methacrylate, Bisphenol “A” acrylate, Bisphenol “A” 
dimethacrylate, ethoxylated Bisphenol “A” acrylate, ethoxy 
lated Bisphenol “A” methacrylate, hexafluoro Bisphenol 
“A” diacrylate, hexafluoro Bisphenol “A” dimethacrylate, 
diethyleneglycol diacrylate, diethyleneglycol dimethacry 
late, dipropyleneglycol diacrylate, dipropyleneglycol 
dimethacrylate, polyethyleneglycol diacrylate, polyethyl 
eneglycol dimethacrylate, polypropyleneglycol diacrylate, 
polypropyleneglycol dimethacrylate, trimethylolpropan 
etriacrylate, trimethylolpropanetrimethacrylate, ethoxylated 
trimethylolpropanetriacrylate, ethoxylated trimethylolpro 
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panetrimethacrylate), pentaerythritol triacrylate, pentaeryth 
ritol trimethacrylate), pentaerythritol tetraacrylate, pen 
taerythritol tetramethacrylate, methyl-3-butenoate, allyl 
methyl carbonate, diallyl pyrocarbonate, allyl acetoacetate, 
diallyl carbonate, diallyl phthalate, dimethyl itaconate, dial 
lyl carbonate, or a combination thereof. 

0131 Component (VI) is added to the composition in an 
amount of 0.01 to 50 weight parts based on the weight of the 
composition. Without wishing to be bound by theory, it is 
thought that component (VI) improves both chemical resis 
tance and the adhesive property of the cured product of the 
composition. 

0132 Unsaturated ester-functional compounds suitable 
for component (VI) are known in the art and commercially 
available from, for example, Sartomer Company and Aldrich 
Chemical Company. One skilled in the art would be able to 
obtain unsaturated ester-functional compounds without 
undue experimentation. 

Component (VII) Void Reducing Agent 

0133) Component (VII) is a void reducing agent. Com 
ponent (VII) is added to the composition in an amount 
Sufficient to reduce Voids. Suitable void reducing agents are 
known in the art and commercially available, See for 
example, EP 0850997 A2 and U.S. Pat. Nos. 4,273,902 and 
5,684,060. Suitable void reducing agents can comprise 
Zeolites, anhydrous aluminum Sulfate, molecular Sieves 
(preferably with a pore diameter of 10 A or less), kieselguhr, 
Silica gel, activated carbon, palladium compounds Such as 
palladium metal, palladium metal Supported on a Substrate 
exemplified by carbon or alumina, and organopalladium 
compounds. 

Component (VIII) Pigment 

0134) Component (VIII) is a pigment. The amount of 
component (VIII) added to the composition depends on the 
type of pigment Selected. Component (VIII) may be added 
to the composition in an amount of 0.001% to 30% based on 
the weight of the composition. Pigments are known in the art 
and commercially available. Suitable pigments include car 
bon blacks, Such as LB-1011C carbon black from Williams, 
chromium oxide pigments, such as Harcros G-6099, tita 
nium dioxides such as those available from DuPont, and 
UV-active dyes such as (thiophenediyl)bis(t-butylbenzox 
azole) which is commercially available under the name 
UVITEX OB from Ciba Specialty Chemicals. 

Component (IX) Filler 

0135 Component (IX) is a filler. The amount of compo 
nent (IX) added to the composition depends on the type of 
filler selected. Component (IX) may be added to the com 
position in an amount of 0.1% to 90% based on the weight 
of the compositions. Suitable fillers include reinforcing 
fillerS Such Silica, titania, and combinations thereof. Suitable 
reinforcing fillers are known in the art and commercially 
available, Such as a ground Silica Sold under the name 
MIN-U-SIL by U.S. Silica of Berkeley Springs, W. Va. or 
fumed silica sold under the name CAB-O-SIL by Cabot 
Corporation of Massachusetts. 
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0136 Conductive fillers (i.e., fillers that are thermally 
conductive, electrically conductive, or both) may also be 
used as component (IX). Suitable conductive fillers include 
metal particles, metal oxide particles, and a combination 
thereof. Suitable thermally conductive fillers are exemplified 
by aluminum nitride, aluminum oxide, barium titinate; 
beryllium oxide; boron nitride; diamond; graphite; magne 
sium oxide; metal particulate Such as copper, gold, nickel, or 
Silver, Silicon carbide, tungsten carbide, Zinc oxide, and a 
combination thereof. 

0.137 Conductive fillers are known in the art and com 
mercially available, see for example, U.S. Pat. No. 6,169, 
142 (col. 4, lines 7-33). For example, CB-A20S and Al-43 
Me are aluminum oxide fillers of differing particle sizes 
commercially available from Showa-Denko, and AA-04, 
AA-2, and AA18 are aluminum oxide fillers commercially 
available from Sumitomo Chemical Company. Silver filler is 
commercially available from Metalor Technologies U.S.A. 
Corp. of Attleboro, Mass., U.S.A. Boron nitride filler is 
commercially available from Advanced Ceramics Corpora 
tion, Cleveland, Ohio, U.S.A. 
0.138. The shape of the conductive filler particles is not 
Specifically restricted, however, rounded or spherical par 
ticles may prevent Viscosity increase to an undesirable level 
upon high loading of the thermally conductive filler in the 
composition. 

0.139. A combination of thermally conductive fillers hav 
ing differing particle sizes and different particle size distri 
butions may be used. For example, it may be desirable to 
combine a first conductive filler having a larger average 
particle size with a Second conductive filler having a Smaller 
average particle Size in a proportion meeting the closest 
packing theory distribution curve. This improves packing 
efficiency and may reduce Viscosity and enhance heat trans 
fer. 

0140. The thermally conductive filler may optionally be 
Surface treated with a treating agent. Treating agents and 
treating methods are known in the art, See for example, U.S. 
Pat. No. 6,169,142 (col. 4, line 42 to col. 5, line 2). The 
thermally conductive filler may be treated with the treating 
agent prior to combining the thermally conductive filler with 
the other components of the composition, or the thermally 
conductive filler may be treated in situ. 
0.141. The treating agent can be an alkoxysilane having 
the formula: RSi(OR), where p is 1, 2, or 3; 
alternatively p is 3. R' is a substituted or unsubstituted 
monovalent hydrocarbon group of at least 1 carbon atom, 
alternatively at least 8 carbon atoms. R has up to 50 carbon 
atoms, alternatively up to 30 carbon atoms, alternatively up 
to 18 carbon atoms. R is exemplified by alkyl groups such 
as hexyl, octyl, dodecyl, tetradecyl, hexadecyl, and octade 
cyl; and aromatic groupS Such as benzyl, phenyl and phe 
nylethyl. R' can be saturated or unsaturated, branched or 
unbranched, and unsubstituted. R' can be saturated, 
unbranched, and unsubstituted. 

0142 R is an unsubstituted, saturated hydrocarbon 
group of at least 1 carbon atom. R may have up to 4 carbon 
atoms, alternatively up to 2 carbon atoms. The treating agent 
is exemplified by hexyltrimethoxysilane, octyltriethoxysi 
lane, decyltrimethoxysilane, dodecyltrimethyoxysilane, tet 
radecyltrimethoxysilane, phenyltrimethoxysilane, phenyl 
ethyltrimethoxysilane, octadecyltrimethoxysilane, 
octadecyltriethoxysilane, and a combination thereof. 
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0.143 Alkoxy-functional oligosiloxanes can also be used 
as treatment agents. Alkoxy-functional oligosiloxanes and 
methods for their preparation are known in the art, See for 
example, EP 1101 167 A2. For example, suitable alkoxy 
functional oligosiloxanes include those of the formula 
(R-O).Si(OSiRR"). In this formula, d is 1, 2, or 3, 
alternatively d is 3. Each R can be an alkyl group. Each 
R can be independently Selected from Saturated and unsat 
urated monovalent hydrocarbon groups of 1 to 10 carbon 
atoms. Each R' can be a Saturated or unsaturated monova 
lent hydrocarbon group having at least 11 carbon atoms. 

014.4 Metal fillers can be treated with alkylthiols such as 
octadecyl mercaptain and others, and fatty acids Such as oleic 
acid, Stearic acid, titanates, titanate coupling agents, Zircon 
ate coupling agents, and a combination thereof. 

0145 Treatment agents for alumina or passivated alumi 
num nitride could include alkoxysilyl functional alkylm 
ethyl polysiloxanes (e.g., partial hydrolysis condensate of 
Rs.R. Si(OR7) or cohydrolysis condensates or mix 
tures), Similar materials where the hydrolyzable group 
would be SilaZane, acyloxy or oximo. In all of these, a group 
tethered to Si, such as R in the formula above, is a long 
chain unsaturated monovalent hydrocarbon or monovalent 
aromatic-functional hydrocarbon. R is a monovalent 
hydrocarbon group, and R is a monovalent hydrocarbon 
group of 1 to 4 carbon atoms. In the formula above, b is 1, 
2, or 3 and c is 0, 1, or 2, with the proviso that b+c is 1, 2, 
or 3. One skilled in the art could optimize a specific 
treatment to aid dispersion of the filler without undue 
experimentation. 

Component (X) Cure Modifier 

0146 Component (X) is a cure modifier. Component (X) 
can be added to extend the Shelf life or working time, or 
both, of the composition of this invention. Component (X) 
can be added to raise the curing temperature of the compo 
Sition. Suitable cure modifiers are known in the art and are 
commercially available. Component (X) is exemplified by 
acetylenic alcohols Such as methylbutynol, ethynyl cyclo 
hexanol, dimethyl hexynol, and combinations thereof; 
cycloalkenylsiloxanes Such as methylvinylcycloSiloxanes 
exemplified by 1,3,5,7-tetramethyl-1,3,5,7-tetravinylcy 
clotetrasiloxane, 1,3,5,7-tetramethyl-1,3,5,7-tetrahexenyl 
cyclotetrasiloxane, and combinations thereof; ene-yne com 
pounds Such as 3-methyl-3-penten-1-yne, 3,5-dimethyl-3- 
hexen-1-yne; triazoles Such as benzotriazole, phosphines, 
mercaptains, hydrazines, amines Such as tetramethyl ethyl 
enediamine, dialkyl fumarates, dialkenyl fumarates, 
dialkoxyalkyl fumarates, maleates, and combinations 
thereof. 

0147 Suitable cure modifiers are disclosed by, for 
example, U.S. Pat. Nos. 3,445,420; 3,989,667; 4.584,361; 
and 5,036,117. 

0148 The amount of component (X) added to the com 
position will depend on the particular cure modifier used, the 
nature and amount of component (III), and the composition 
of component (II). However, the amount of component (X) 
may be 0.001% to 10% based on the weight of the compo 
Sition. 
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Component (XI) Rheology Modifier 
0149 Component (XI) is a rheology modifier. Rheology 
modifiers can be added to change the thixotropic properties 
of the composition. Component (XI) is exemplified by flow 
control additives, reactive diluents, anti-Settling agents, 
alpha-olefins, hydroxyl-terminated Silicone-organic copoly 
mers, including but not limited to hydroxyl-terminated 
polypropyleneoxide-dimethylsiloxane copolymers, and 
combinations thereof. 

Component (XII) Spacer 
0150 Component (XII) is a spacer. Spacers can comprise 
organic particles, inorganic particles, or a combination 
thereof. Spacers can be thermally conductive, electrically 
conductive, or both. Spacers can have a particle size of 25 
micrometers to 250 micrometers. Spacers can comprise 
monodisperse beads. The amount of component (XII) 
depends on various factors including the distribution of 
particles, pressure to be applied during placement of the 
composition, temperature of placement, and others. The 
composition can contain up to 15%, alternatively up to 5% 
of component (XII) added in addition to, or instead of, a 
portion of component (IX). 

Other Optional Components 
0151. Other optional components may be added in addi 
tion to, or instead of, all or a portion of those described 
above, provided the optional component does not prevent 
the composition from curing to form a Silicone product 
having improved chemical resistance, as described above. 
Examples of other optional components include, but are not 
limited to, acid acceptors, anti-oxidants, StabilizerS Such as 
magnesium oxide, calcium hydroxide, metal Salt additives 
Such as those disclosed in EP 0950 685 A1, heat stabilizers, 
and ultra-violet (UV) stabilizers; flame retardants; silylating 
agents, such as 4-(trimethylsilyloxy)-3-penten-2-one and 
N-(t-butyl dimethylsilyl)-N-methyltrifluoroacetamide; des 
iccants, such as Zeolites, anhydrous aluminum Sulfate, 
molecular sieves (preferably with a pore diameter of 10 A or 
less), kieselguhr, Silica gel, and activated carbon; and blow 
ing agents, Such as water, methanol, ethanol, iso-propyl 
alcohol, benzyl alcohol,1,4 butanediol, 1.5 pentanediol, 1.7 
heptanediol, and Silanols. 

Overall SiH:Vi Ratio 

0152 The components in the composition may be 
Selected Such that the molar ratio of the total amount of 
Silicon-bonded hydrogen atoms to aliphatically unsaturated 
groups in the composition (SiH/Vi) is at least 0.3, 
alternatively at least 0.5, alternatively at least 0.9, and 
alternatively at least 1.0. SiH/Vi may be up to 5.0, 
alternatively up to 3.0, and alternatively up to 2.0. Without 
wishing to be bound by theory, it is thought that if SiH/ 
Vi is too low, then the composition may not cure or may 
not adhere to Some Substrates. 

Kits 

0153. The composition may be a one-part composition or 
a multiple-part composition Such as a two-part composition. 
In a multiple-part composition, components (II) and (III) are 
Stored in Separate parts. Any of components (I) and (IV)- 
(XII) can be added to either or both parts. One skilled in the 
art would know how to Select components for each part 
without undue experimentation. 
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0154 When a multiple part composition is prepared, it 
may be marketed as a kit. The kit may further comprise 
information or instructions or both as how to use the kit, how 
to combine the parts, or how to cure the resulting combi 
nation, or combinations thereof. For example, a kit com 
prising Part A and Part B can be prepared as follows. 
0155 Part A comprises: 

0156 (I) a polyorganosiloxane having an average of 
at least two unsaturated organic groups per molecule, 
with the proviso that component (I) is free of fluorine 
atOmS, 

0157 (III) a hydrosilylation catalyst, 
0158 optionally (IV) a fluoroorganosilicone, with 
the provisoS that 

0159) i) component (IV) has at least one func 
tional group reactive with component (I), compo 
nent (II), or both, and 

0160 ii) when component (II) is not present in the 
kit, then component (IV) has an average of at least 
two Silicon-bonded hydrogen atoms per molecule, 

0161 optionally (V) an adhesion promoter, 
0162 optionally (VI) an unsaturated ester-func 
tional compound, 

0163) 
0164) 
0165) 
0166) 
0167) 
0168) 

0169 Part B comprises 

optionally (VII) a void reducing agent, 
optionally (VIII) a pigment, 
optionally (IX) a filler, 
optionally (X) an cure modifier, 
optionally (XI) a rheology modifier, and 
optionally (XII) a spacer; and 

0170 optionally(I) a polyorganosiloxane having at 
least two terminally-unsaturated organic groups per 
molecule, 

0171 optionally (II) an organohydrogenpolysilox 
ane having an average of at least two Silicon-bonded 
hydrogen atoms per molecule, where component (II) 
is free of fluorine atoms, 

0172 optionally (IV) a fluoroorganosilicone, with 
the proviso that component (IV) has at least one 
functional group reactive with component (I), com 
ponent (II), or both, 

0173 optionally (V) an adhesion promoter, 
0174 optionally (VI) an unsaturated ester-func 
tional compound, 

0175) 
0176) 
0177) 
0178) 
0179 
0180) 

optionally (VII) a void reducing agent, 
optionally (VIII) a pigment, 
optionally (IX) a filler, 
optionally (X) an cure modifier, 
optionally (XI) a rheology modifier, and 
optionally (XII) a spacer, 
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0181 with the provisos that 

0182 (1) at least one of Part A and Part B contains 
component (IV), 

0183 (2) at least one of Part A and Part B contains 
component (V), and 

0184 (3) Part B contains at least one of components 
(II), (IV), (V), (VI), (VII), (VIII), (IX), (X), (XI), and 
(XII). 

0185. Part A and Part B can be mixed together in a ratio 
of Part A:Part B (A:B) of 0.05:1 to 20:1, alternatively 0.1:1 
to 10:1, alternatively 1:1 to 5:1. 

Method of Making the Composition 

0186 The compositions described above can be prepared 
by mixing the components by any convenient means. For 
example, the composition can be prepared by mixing all 
components at ambient temperature. When component (X) 
is present, component (X) may be added before component 
(III). 
0187. The mixer used is not specifically restricted and 
will be determined by the viscosity of the components and 
the composition. Suitable mixers include but are not limited 
to paddle type mixers, kneader type mixers, non-intrusive 
mixerS Such as those reliant on centrifugal motion, and two 
and three-roll rubber mills. One skilled in the art would be 
able to prepare the composition without undue experimen 
tation by the methods disclosed above and in the examples 
set forth below. 

Method of Use 

0188 The composition of this invention is useful for a 
range of applications where modified Surface or interface 
properties, or both, are desired. For example, the composi 
tions described above cure to form a part that can be used as 
an adhesive; protective coating for electronic circuitry, pla 
nar Surfaces, fibers or Small particles, or gasketing materials. 
Exposed Surfaces of the fully cured or partially cured 
products of this composition may also be useful as Substrates 
for bonding by another adhesive or for Secondary bonding to 
another Substrate (as exemplified by a dry film adhesive). 
0189 The composition of this invention cures to form a 
cured Silicone that can be used as an adhesive, Such as a die 
attach adhesive for use in electronicS applications. The 
composition can be cured at ambient or elevated tempera 
ture. The composition may be applied to a Substrate before 
or during curing. Exposed Surfaces of the fully cured or 
partially cured products of this invention may also be useful 
as a Substrate for bonding by another adhesive. 
0190. Cured products prepared using the compositions of 
this invention can vary in properties from rigid resins to 
elastomers to gels, depending upon the types and concen 
trations of components (I) and (II) and any optional com 
ponents that are added to the composition. Cured products 
prepared using the compositions are useful in a variety of 
end-use applications, for example, as coatings or as molded 
or extruded articles. The compositions can be applied to 
Substrates by Spraying, dipping, pouring, Screen printing, 
extrusion or by the use of a brush, roller or coating bar. The 
Selection of a particular application method will be deter 
mined at least in part by the Viscosity of the curable 
composition. 
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0191 Suitable substrates to which the composition, or 
cured product thereof, may be applied and which are useful 
in electronics applications include epoxies, polycarbonates, 
poly(butylene terephthalate) resins, polyamide resins and 
blends thereof, such as blends of polyamide resins with 
Syndiotactic polystyrene Such as those commercially avail 
able from the Dow Chemical Company, of Midland, Mich., 
U.S.A., acrylonitrile-butadiene-styrenes, Styrene-modified 
poly(phenylene oxides), poly(phenylene Sulfides), vinyl 
esters, polyphthalamides, polyimides, Silicon, aluminum, 
Stainless Steel alloys, titanium, copper, nickel, Silver, gold, 
and combinations thereof. 

0.192 The composition of this invention can be used, for 
adhering two Surfaces, Such as in lid Seal applications. For 
example, the composition can be used for gluing a plastic lid 
onto a plastic housing for electronic circuitry in an assembly 
process by a method comprising: 

0193 (1) applying the composition described above 
onto the plastic housing, 

0194 (2) placing the lid over the housing such that 
the edges of the lid are in contact with the compo 
Sition, and 

0195 (3) curing the assembly to form a sealed 
housing. 

0196. Alternatively, the composition can be used, for 
example, to coat an electronic circuit board, by method 
comprising: 

0197) (1) applying the composition described above 
over the electronic circuit board, and 

0198 (2) curing the composition to produce a sealed 
circuit board. 

0199 Alternatively, the composition can be used, for 
example, for die attach applications, in a method compris 
ing: 

0200 (1) applying the composition described above 
on an electronic Substrate, 

0201 (2) attaching a semiconductor die to the com 
position, 

0202 (3) curing the composition to produce a 
bonded composite. 

0203 The method may further comprise one or more 
optional steps Such as (4) repeating steps (1) to (3) to attach 
one or more additional Semiconductor dice to the Semicon 
ductor die, (5) wire bonding the Semiconductor die or 
Semiconductor dice, (6) cleaning, for example by exposure 
to plasma, (7) overmolding the Semiconductor die or semi 
conductor dice with a molding compound, and (8) attaching 
Solder balls to form a finished package. In step (1), the 
electronic Substrate may be, for example, a circuit board, a 
TAB tape, or other substrate known in the art, or the 
electronic Substrate may be a Semiconductor die. 
0204 FIG. 1 shows an example of a package 100 pre 
pared according to this method. The package 100 includes a 
semiconductor die 101 bonded to a Substrate 102 shown as 
a polyimide TAB tape flexible circuit through a die attach 
adhesive 103 prepared from the composition of this inven 
tion. The semiconductor die 101 is electrically connected to 
the substrate 102 through lead bonds 104. The shapes of the 
lead bonds 104 are dependent on the height of the semicon 
ductor die 101 from the substrate 102. Encapsulant 105 is 
used to protect the lead bonds 104. FIG. 1 also shows the 
solder balls 106, which provide the connection mechanism 
to the substrate (not shown) on which the package 100 will 
be mounted. 
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0205 The composition of this invention may be printed 
or dispensed on the substrate 402. The semiconductor die 
401 may then be placed with pressure and heat onto the 
composition to prepare the die attach adhesive 403. 
0206 FIG. 2 shows an example of a package 200 pre 
pared according to this method. The package includes a first 
Semiconductor die 201 Stacked on top of a Second Semicon 
ductor die 202 and attached through a first die attach 
adhesive 203. The second semiconductor die 202 is mounted 
to a substrate 204 shown in FIG.2 as a circuit board through 
a second die attach adhesive 205. The first die attach 
adhesive 203 and the second die attach adhesive 205 are 
prepared by curing the composition of this invention. The 
first die attach adhesive 203 and the second die attach 
adhesive 205 may be the same or different. 
0207. The package 200 may be assembled, for example, 
by applying a composition according to this invention to the 
substrate 204. The second semiconductor die 202 may be 
heated and placed onto the composition with enough pres 
Sure to Spread the composition uniformly under the Second 
semiconductor die 202. The heat of the die may partially or 
fully cure the composition to form the Second die attach 
adhesive 205. A composition according to this invention 
may then be applied to the top of the Second Semiconductor 
die 202 and the first semiconductor die 201 may be applied 
hot to the composition with Sufficient pressure, as described 
above. The composition partially or fully cures to form the 
first die attach adhesive 203. 

0208. The first semiconductor die 201 is electrically 
connected to the substrate through bonding wires 206 and 
the Second Semiconductor die 202 is electrically connected 
to the substrate through bonding wires 207. An overmolding 
208 may then be applied to protect the semiconductor dice 
201, 202 and the bonding wires 206, 207. Solder balls 209 
may then be added to the substrate 204. 

EXAMPLES 

0209 These examples illustrate the invention to one of 
ordinary skill in the art and are not intended to limit the 
scope of the invention set forth in the claims. The following 
components are used in the examples: 

0210 Filler 1 is fumed silica treated with hexamethyld 
isilaZane. 

0211 Filler 2 is spherical fused silica. 
0212 Catalyst 1 is a combination of 55% dimethylvinyl 
Siloxy terminated polydimethyl siloxane having a Viscosity 
of 2200 centiStokes (cSt), 45% encapsulated platinum cata 
lyst, and 5% fumed silica treated with hexamethyldisilazane. 
0213 Catalyst 2 is polycarbonate encapsulated platinum 
catalyst. 

0214) Cure Modifier is phenylbutynol. 
0215 Pigment is Shawnigan Black. 

0216) Polymer 1 is a combination of 69% dimethylvinyl 
Siloxy terminated polydimethyl siloxane having a degree of 
polymerization of 300 and 31% of an MQ resin containing 
Vinyl groups. 

0217 Polymer 2 is dimethylvinylsiloxy terminated poly 
dimethyl siloxane having a viscosity of 2200 centiStokes 
(cSt). 
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0218 Spacer is styrenedivinylbenzene crosslinked 
spherical particles having 90% of their diameters being 38 to 
45 micrometers. 

0219. Organohydrogenpolysiloxane 1 is a trimethylsi 
loxy-terminated poly(dimethylsiloxane/methylhydrogensi 
loxane) having a degree of polymerization of 12, and a ratio 
of dimethylsiloxane units/methyl hydrogensiloxane units of 
O6. 

0220 Fluoroorganosilicone 1 is trimethylsiloxy-termi 
nated poly(methylhydrogensiloxane/methyl-6,6,6,5,5,4,43, 
3-nonafluorohexylsiloxane) having an average of 28 meth 
ylhydrogensiloxane units and 12 methyl-6,6,6,5,5,4,4,3,3- 
nonafluorohexyl Siloxane units per molecule. 
0221) Adhesion Promoter is a reaction product of 
hydroxy-terminated poly(dimethylsiloxane/methy Vinlysi 
loxane) with (glycidoxypropyl)trimethoxysilane. 
0222 Phenylsiloxane 1 is phenylmethylvinylsiloxy ter 
minated polydimethylsiloxane. 
0223 Phenylsiloxane 2 is Ph.Si(O(CH)H), where Ph 
represents a phenyl group. 

Reference Example 1 

0224 Sample Preparation and Analysis 
0225. A base is prepared by milling the following com 
ponents in a 1 quart ROSS mixer: Filler 1, Filler 2, Pigment, 
and the Polymer or Polymers selected for each example. 
0226. Ablend is prepared by blending Cure Modifier and 
Organohydrogenpolysiloxane or Fluoroorganosilicone, or 
both, and heating for at least 30 minutes at 70 C. 
0227. The base, the blend, and any additional Polymer or 
Polymers are combined in a 20 gram dental mixer cup and 
are mixed at 3,500 revolutions per minute for 30 seconds. 
The resulting mixture is allowed to cool and Catalyst is 
added and is hand mixed for 10 seconds. The resulting 
mixture is again mixed at 3,500 revolutions per minute for 
10 seconds with the dental mixer. 

0228 Rate of Bleed is measured as follows. A sample is 
allowed to equilibrate to room temperature. A9 mm (length) 
piece of Continuous Au/Cu PI TAB tape purchased from 
Hitachi Cable is cut and taped to the middle section of a 
Stainless Steel print frame that fits in a vacuum plate on the 
printer. The two edges of this plate will have holes exposed 
that need to be covered with PI cut to the same geometry as 
the Hitachi TAB tape. This will effectively seal the SS frame 
So that the vacuum plate can hold the frame and tape in 
place. This frame is then loaded into the vacuum plate 
attached to the printer. 
0229. The sample is screen-printed using the “bleed 
Study’ Stencil. AS Soon as the print is made and the carriage 
is unloaded from the printer, the tab edge of the Hitachi TAB 
tape is taped to the SS frame. This will prevent any flow of 
material from being affected by the tape's tendency to curl 
at the edges. 
0230. A time of print is noted on the frame, and if an 
initial photograph is needed, the frame is transferred directly 
to the TEFLON stage used with the SPOT Microscope. 
0231. A tilt of 25-35 degrees will enhance the halo of the 
bleeding layer on the image captured. The microscope Zoom 
is adjusted from 1 to 4.9X, with the latter giving the best 
optical reference to measure or quantify the bleed from a 
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nubbin. Once focused on a nubbin at the correct Zoom, a 
picture is taken and the image Saved to a file. This proceSS 
is then repeated after 24 hours. 
0232 Quantification of the bleeding layer takes place 
using Sigma Pro Software. If nubbin slump is an issue, the 
nubbin diameter may photographed and measured at time=0 
then again time=24 hours. The change in diameter of the 
nubbin can be subtracted from the actual % increase of the 
bleeding layer. 
0233. If the nubbin does not undergo any significant 
slump then the photo at the end of the time interval is 
measured alone. If this is the case, the nubbin diameter is 
measured followed by the diameter of the halo of bleeding 
material and a percent increase from initial nubbin diameter 
is calculated. 

Examples 1 to 5 and Comparative Examples 1 to 7 
0234 Compositions Without Component (II) 
0235 Samples are prepared according to the method of 
Reference Example 1. The ingredients and amounts for 
examples 1-5 are in Table 1. The ingredients and amounts 
for comparative examples 1-7 are in Table 2. Extent of Bleed 
is measured as % change after 24 hours. The results are in 
Tables 1 and 2. 

TABLE 1. 

Example Ingredients in Weight 76 of the Composition 

Example # 

0237 Comparative example 1 shows that Bleed occurs in 
a composition that contains no fluoroorganosilicone and no 
adhesion promoter. Comparative example 1 and compara 
tive examples 2-6 Show that as the amount of adhesion 
promoter in the composition increases, Bleed also increases, 
even though the ratio of Silicon-bonded hydrogen to ali 
phatically unsaturated organic groups is constant. Compara 
tive examples 1-7 show that when a fluoroorganosilicone is 
added to the composition of comparative example 1, Bleed 
decreases. Example 1 and comparative examples 1-7 Show 
that even though adhesion promoter is present, Bleed does 
not increase when both fluoroorganosilicone and adhesion 
promoter are present. Examples 1-6 and comparative 
examples 1-6 Show that when both fluoroorganosilicone and 
adhesion promoter are present, Bleed is reduced as com 
pared to when both fluoroorganosilicone and adhesion pro 
moter are absent and when fluoroorganosilicone is absent 
and adhesion promoter is present the composition. 

Examples 6-8 

0238 Compositions Containing Component (II) 

0239 Samples are prepared according to the method of 
Reference Example 1. The components and amounts for 
examples 6-8 are in Table 3. Extent of Bleed is measured as 
% change after 24 hours. The results are in Table 3. 

TABLE 3 

Example # 

6 7 8 

1. 2 3 4 5 
Polymer 1 33.26 32.96 32.83 

Polymer 1 33.31. 32.68 32.05 3174 31.43 Adhesion Promoter O.8 O.8 O.8 
Adhesion Promoter O4O O.80 120 140 1.60 Pigment 0.4 0.4 0.4 
Pigment O40 0.4O O.40 0.40 O40 Filler 1 1. 1. 1. 
Filler 1 1.OO 100 1.OO 100 1.OO Filler 2 60 60 60 
Filler 2 6O.OO 6O.OO 6O.OO 6O.OO 6O.OO Organohydrogenpolysiloxane O.8 0.4 O.2 
Fluoroorganosilicone 3.57 3.80 4.03 4.14 4.25 1. 
1. Fluoroorganosilicone 1 2.42 3.12. 3.45 
Cure Modifier O.O5 O.O5 O.O5 O.OS O.05 Cure Modifier O.OS O.05 O.OS 
Catalyst 1 1.27 1.27 1.27 1.27 1.27 Catalyst 1 1.27 1.27 1.27 
Extent of Bleed O.O% 0.0% 15.9%. 32.0%. 19.1% Extent of Bleed 13.2% 17.8% 16.6% 

SiH?Vi 1.50 1.50 1.50 

0236 

TABLE 2 

Comparative Example Ingredients in Weight 76 of the Composition 

Com. Exit 

1. 2 3 4 5 6 7 

Polymer 1 35.35 34.82 34.29 33.76 33.49 33.23. 33.93 
Adhesion Promoter O.OO O.40 O.8O 1.2O 140 1.60 O.OO 
Pigment O.40 O.40 O40 O.40 O40 O.40 O.40 
Filler 1 1.OO 1.OO 1.OO 1.OO 1.OO 1.OO 1.OO 
Filler 2 6O.OO 60.00 6O.OO 60.00 6O.OO 6O.OO 6O.OO 
Organohydrogenpolysiloxane 1.93 2.06 2.19 2.32 2.39 2.45 O.OO 
1. 
Fluoro-organosilicone 1 O.OO O.OO O.OO O.OO O.OO O.OO 3.35 
Cure Modifier O.OS O.OS O.05 O.OS O.05 O.OS O.OS 
Catalyst 1 1.27 1.27 1.27 1.27 1.27 1.27 1.27 
Extent of Bleed 77.4%. 100.7%. 133.1%, 2O7.2%. 248.0%. 284.0% O.O% 
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0240 AS shown in the examples and comparative 
examples above, compositions containing adhesion promot 
erS but no fluoroorganosilicones exhibit greater Bleed than 
the compositions that contain neither adhesion promoters 
nor fluoroorganosilicones and the compositions that contain 
fluoroorganosilicones but no adhesion promoters. However, 
it was Surprisingly found that the compositions containing 
both adhesion promoters and fluoroorganosilicones exhibit 
leSS Bleed than the compositions containing fluoroorgano 
Silicones and no adhesion promoters. 

Reference Example 2 
0241 Sample Preparation and Analysis 
0242 Samples are prepared by combining Polymer 2, 
Pigment, Spacer, filler 2, Crosslinker 1, Adhesion Promoter, 
Catalyst 2, Adhesion Promoter, and any Phenylsiloxanes and 
Crosslinkers. 

0243 Bleed is measured as the percent increase in diam 
eter of a dot of Sample placed on an electronic circuit tape. 
The circuit tape is Hitachi polyimide TAB Tape LC-TAB 
tiBGA220A14, which consists of gold plated copper circuit 
traces with Tomoegawa X epoxy laminate adhesive between 
the traces. Dots of Sample with diameters ranging from 
0.914 mm to 1.953 mm are placed on to the epoxy surface 
on this circuit tape. Immediately after the dots are applied to 
the epoxy Surface, pictures of the dots are taken and the time 
of placement is recorded along with the picture. 
0244 AS time passes, Subsequent pictures of the dots are 
taken using identical magnifications. All pictures are taken 
with a Nikon SMZ-10A microscope, a Diagnostic Instru 
ments, Inc. Spot Jr Model 1.5.0 digital camera, and Diag 
nostic Instruments, Inc. Spot 32 Software. 
0245 Using CorelDraw 7 Version 7.373 software and a 
Standard length recorded with each picture, the diameter of 
the dots are recorded over time. AS time passes, each dot 
grew due to Bleed of Silicone species from the dot on the 
epoxy Surface. There is no change in the size of the original 
dots. The material bleeding from the edge of the dot is due 
to Bleed of silicone species, not flow of the bulk of the dot. 
0246 Therefore, the growth in the size of the diameter in 
relation to the diameter of the original dot is an indication of 
the relative amount of Bleed for a given formulation. 

Comparative Examples 8-15 

0247 Samples are prepared according to the method of 
Reference Example 2. The ingredients and amounts (in 
weight%) are shown in Table 4. Extent of Bleed is measured 
% change 5 times over 35 to 38 minutes. The results are in 
Table 5. 

TABLE 4 

Comparative Example # 

8 9 1O 11 12 13 14 15 

Polymer 2 44.32 44.33 44.35 44.38 44.37 44.40 43.26 39.29 
Phenylsiloxane O O O O O O 1.04 5.01 
1. 
Pigment O3O O.30 O.30 O3O O.30 O.30 O.30 O.30 
Spacer 3.OO 3.OO 3.02 3.02 3.OO 3.OO 3.OO 3.03 
Filler 2 SO.OO SO.OO SO.OO 49.98 49.99 49.99 49.94 49.97 
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TABLE 4-continued 

Comparative Example # 

8 9 1O 11 12 13 14 15 

Phenylsiloxane O O.1O O.30 O.S1 O.62 O.77 O O 
2 
Crosslinker 1 O.84 O.74 OS1 O.28 O.18 O O.93 O.86 
Adhesion O.97 O.96 O.97 O.97 O.98 O.98 O.96 O.97 
Promoter 
Catalyst 2 0.57 0.56 0.56 0.56 0.57 0.57 0.58 0.57 
SiHo?Vict 1.2O 1.2O 1.2O 1.2O 1.2O 1.2O 1.2O 1.2O 

0248 

TABLE 5 

Comparative Example # 

8 9 10 11 12 13 14 15 

Time of Test 1 (min) O O O O O O O O 
Extent of Bleed of Test 1 (%) O 0 0 O O O O O 
Time of Test 2 (min) 9 9 7 9 9 9 9 9 
Extent of Bleed of Test 2 (%) 24 23 36 39 39 40 34 36 
Time of Test 3 (min) 18 18 15 18, 18 18 18, 18 
Extent of Bleed of Test 3 (%) 36 43 56 61 55 62 53 57 
Time of Test 4 (min) 27 29 24 29 27 28 27 27 
Extent of Bleed of Test 4 (%) 46 63 74 Not 71 75 66 71 

CaS 

ured 
Time of Test 5 (min) 36 38 35 36 36 36 36 36 
Extent of Bleed of Test 5 (%). 54 77 92 93 86 89 75 83 

0249 Comparative examples 8-15 show that when a 
phenylsiloxane is used instead of a fluoroorganosilicone, 
Bleed increases. 

DRAWINGS 

0250 FIG. 1 shows an example of a package in which 
the composition of this invention is used as a die attach 
adhesive. 

0251 FIG. 2 shows an example of a package in which 
the composition of this invention is used as a die attach 
adhesive. 

0252) Reference Numerals 
0253) 100 package 

0254) 101 semiconductor die 
0255 102 substrate 
0256 103 die attach adhesive 
0257) 104 lead bonds 
0258 105 encapsulant 

0259 106 solder balls 
0260 200 package 

0261) 201 first semiconductor die 
0262 202 second semiconductor die 
0263. 203 first die attach adhesive 
0264. 204 substrate 
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0265. 205 second die attach adhesive 
0266 206 bonding wires 
0267 207 bonding wires 
0268 208 overmolding 
0269) 209 solder balls 

1. A composition prepared by mixing components com 
prising: 

(I) a polyorganosiloxane having an average of at least two 
unsaturated organic groups per molecule, 
with the proviso that component (I) is free of fluorine 

atoms, 

optionally (II) an organohydrogenpolysiloxane having an 
average of at least two Silicon-bonded hydrogen atoms 
per molecule, 
with the proviso that component (II) is free of fluorine 

atoms, 

(III) a hydrosilylation catalyst; 
(IV) a fluoroorganosilicone, 

with the provisos that 
(1) component (IV) has at least one functional group 

reactive with component (I), component (II), or both, 
(2) when component (II) is not present, then component 

(IV) has an average of at least two silicon-bonded 
hydrogen atoms per molecule, and 

(3) component (IV) is added to the composition in an 
amount Sufficient to provide chemical resistance to a 
cured product of the composition; and (V) an adhe 
Sion promoter, 

with the proviso that component (IV) and component 
(V) are added to the composition in amounts Suffi 
cient to provide resistance to Bleed to the composi 
tion. 

2. The composition of claim 1, where component (I) 
comprises a poly organosiloxane of the formula: 

(a) R'SiO(RSiO) (R'R'SiO)SiR's, 
(b) R.R'SiO(R.S.O) (R'R''SiO)SiR.R", or 
(c) a combination thereof, where 

C. has an average value of 0 to 2000, 
B has an average value of 2 to 2000, 
each R" is independently a monovalent organic group, 
each R is independently an unsaturated monovalent 

organic group, 

X has an average value of 0 to 2000, 
ö has an average value of 0 to 2000, 
each R is independently a monovalent organic group, 

and 

each R" is independently an unsaturated monovalent 
organic group. 
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3. The composition of claim 1, where component (I) 
comprises: 

i) dimethylvinylsiloxy-terminated polydimethylsiloxane, 

ii) dimethylvinylsiloxy-terminated poly(dimethylsilox 
ane/methylvinylsiloxane), 

iii) dimethylvinylsiloxy-terminated polymethylvinylsi 
loxane, 

iv) trimethylsiloxy-terminated poly(dimethylsiloxane/ 
methylvinylsiloxane), 

V) trimethylsiloxy-terminated polymethylvinylsiloxane, 

vi) dimethylvinylsiloxy-terminated poly(dimethylsilox 
ane/methylphenylsiloxane), 

vii) dimethylvinylsiloxy-terminated poly(dimethylsilox 
ane/diphenylsiloxane), 

viii) phenyl, methyl,vinyl-Siloxy-terminated polydimeth 
ylsiloxane, 

iX) dimethyl-acryloyloxypropyl-Siloxy-terminated poly 
dimethylsiloxane, 

X) dimethyl-methacryloyloxypropyl-siloxy-terminated 
polydimethylsiloxane, 

xi) dimethylhexenylsiloxy-terminated polydimethylsilox 
ane, 

xii) dimethylhexenylsiloxy-terminated poly(dimethylsi 
loxane/methylhexenylsiloxane), 

xiii) dimethylhexenylsiloxy-terminated polymethylhex 
enylsiloxane, 

xiv) trimethylsiloxy-terminated poly(dimethylsiloxane/ 
methylhexenylsiloxane), 

XV) dimethylvinylsiloxy-terminated poly(dimethylsilox 
ane/methylcyanopropylsiloxane), or 

xvi) combinations thereof. 
4. The composition of claim 1, where component (I) 

comprises an MQ resin consisting essentially of RSiO, 
units and SiO2 units, a TD resin consisting essentially of 
RsSiOs units and R2SiO22 units, an MT resin consisting 
essentially of RSiO, units and RSiO units, an MTD 
resin consisting essentially of RSiO2 units, RSiO-2 
units, and R-SiO2 units, or a combination thereof, where 

each R is a monovalent organic group of 1 to 20 carbon 
atoms, and 

the resin contains an average of 3 to 30 mole percent of 
unsaturated organic groups. 

5. The composition of claim 1, where component (II) is 
present and component (II) comprises siloxane units 
selected from HRSiO2, RSiO2, HR'SiO2, 
RSiO2, RSiO, SiO2, or combinations thereof; where 
each R is independently selected from monovalent organic 
groups free of aliphatic unsaturation. 
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6. The composition of claim 1, where component (II) is 
present and component (II) comprises a compound of the 
formula: 

(a) R'SiO(R'SiO) (RHSiO)SiR", or 
(b) R.HSiO(RSiO),(RHSIO). SiR.H., 
(c) a combination thereof, where 

e has an average value of 0 to 2000, 
(p has an average value of 2 to 2000, 
each R" is independently a monovalent organic group 

free of aliphatic unsaturation, 
Y has an average value of 0 to 2000, 
m has an average value of 0 to 2000, and 
each R is independently a monovalent organic group 

free of aliphatic unsaturation. 
7. The composition of claim 1, where component (II) is 

present and component (II) comprises: 
i) dimethylhydrogensiloxy-terminated polydimethylsi 

loxane, 
ii) dimethylhydrogensiloxy-terminated poly(dimethylsi 

loxane/methylhydrogensiloxane), 
iii) dimethylhydrogensiloxy-terminated polymethylhy 

drogensiloxane, 
iv) trimethylsiloxy-terminated poly(dimethylsiloxane/ 

methylhydrogensiloxane), 
V) trimethylsiloxy-terminated polymethylhydrogensilox 

ane, 

vi) a resin consisting essentially of H(CH3)2SiO2 units 
and SiO, units, and 

vii) combinations thereof. 
8. The composition of claim 1, where component (III) 

comprises a platinum metal, a rhodium metal, or an orga 
nometallic compound. 

9. The composition of claim 1, where component (III) 
comprises a microencapsulated hydrosilylation catalyst. 

10. The composition of claim 1, where component (IV) 
comprises a compound of the formula: 

(a) RSiO(RSiO),(R'R''SiO)SiR, 
(b) R'R''SiO(RSiO) (R'R'2SiO), SiR'R'', 
(c) FC(CF) R-Si-O-Si(R')(R'), 
(d) a resinous or branched structure consisting essentially 

of R'R''SiO, units, CF (CF) R'SiO2 units, and 
optionally SiO, units, or 

(e) a combination thereof, where 
has an average value of 0 to 2000, 

0 has an average value of 1 to 500, 
each R is independently a hydrogen atom or a 

monovalent organic group, with the proviso that at 
least one R is a hydrogen atom or an unsaturated 
monoValent organic group; 

each R" is independently a fluoro-functional organic 
grOup, 
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K has an average value of 0 to 2000; 
has an average value of 0 to 500; 

each R'' is independently a hydrogen atom or a 
monovalent organic group, with the proviso that at 
least one R' is a hydrogen atom or an unsaturated 
monoValent organic group; 

each R' is independently a fluoro-functional organic 
grOup, 

each R" is independently a divalent organic group; 
each R'' is independently a monovalent hydrocarbon 

group free of aliphatic unsaturation; 

v is 0 to 10; and 
each R" is independently a hydrogen atom or an 

unsaturated monovalent organic group. 
11. The composition of claim 1, where component (IV) 

comprises 

i) dimethylvinylsiloxy-terminated polymethyl3,3,3-trif 
luoropropyl Siloxane, 

ii) dimethylvinylsiloxy-terminated poly(methylhydrogen 
Siloxane/methyl-6,6,6,5,5,4,4,3,3-nonafluorohexylsi 
loxane), 

iii) trimethylsiloxy-terminated poly(methylhydrogensi 
loxane/methyl-6,6,6,5,5,4,4,3,3-nonafluorohexylsilox 
ane), 

iv) trimethylsiloxy-terminated poly(methylhydrogensi 
loxane/methyl-6,6,6,5,5,4,4,3,3-nonafluorohexylsilox 
ane), or 

v) combinations thereof. 
12. The composition of claim 1, where component (V) 

comprises a transition metal chelate, an alkoxysilane, a 
combination of an alkoxysilane and a hydroxy-functional 
polyorganosiloxane, or a combination thereof. 

13. The composition of claim 1, where component (V) 
comprises an unsaturated alkoxysilane, an epoxy-functional 
alkoxysilane, an epoxy-functional Siloxane, or a combina 
tion thereof. 

14. The composition of claim 1, where component (V) 
comprises an alkoxysilane of the formula RSi(OR”), 
where 

At is 1, 2, or 3, 
each R is independently a monovalent organic group, 

with the proviso that at least one R is an unsaturated 
organic group or an epoxy-functional group, and 

each R’ is independently an unsubstituted, saturated 
hydrocarbon group of at least 1 carbon atom. 

15. The composition of claim 1, where component (V) 
comprises 3-glycidoxypropyltrimethoxysilane, 3-glycidox 
ypropyltriethoxysilane, (epoxycyclohexyl)eth 
yldimethoxysilane, (epoxycyclohexyl)ethyldiethoxysilane, 
Vinyltrimethoxysilane, allyltrimethoxysilane, allyltriethoX 
ySilane, hexenyltrimethoxysilane, undecylenyltrimethoxysi 
lane, 3-methacryloyloxypropyl trimethoxysilane, 3-meth 
acryloyloxypropyl triethoxysilane, 3-acryloyloxypropyl 
trimethoxysilane, 3-acryloyloxypropyl triethoxysilane, or 
combinations thereof. 
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16. The composition of claim 1, where component (V) 
comprises a reaction product of a hydroxy-terminated poly 
organosiloxane with an epoxy-functional alkoxysilane or an 
unsaturated alkoxysilane, or a physical blend of a hydroxy 
terminated polyorganosiloxane with an epoxy-functional 
alkoxysilane or an unsaturated alkoxysilane. 

17. The composition of claim 1, further comprising (VI) 
an unsaturated ester-functional compound, (VII) a void 
reducing agent, (VIII) a pigment, (IX) a filler, (X) a cure 
modifier, (XI) a rheology modifier, (XII) a spacer, or a 
combination thereof. 

18. The composition of claim 1, further comprising an 
acid acceptor, an anti-oxidant, a Stabilizer, a flame retardant, 
a flow control additive, a reactive diluent, an anti-Settling 
agent, a Sillylating agent, a desiccant, a blowing agent, or 
combinations thereof. 

19. A kit comprising Part A and Part B, where Part A 
comprises 

(I) a polyorganosiloxane having an average of at least two 
unsaturated organic groups per molecule, with the 
proviso that component (I) is free of fluorine atoms, 

(III) a hydrosilylation catalyst, 
optionally (IV) a fluoroorganosilicone, 

with the provisos that 

(1) component (IV) has at least one functional group 
reactive with component (I), component (II), or both, 

(2) when component (II) is not present in the kit, then 
component (IV) has an average of at least two 
Silicon-bonded hydrogen atoms per molecule, and 

(3) component (IV) is added to the composition in an 
amount Sufficient to provide chemical resistance to a 
cured product of the composition; 

optionally (V) an adhesion promoter, 

with the proviso that components (IV) and (V) are 
added in amounts Sufficient to provide resistance to 
Bleed to a composition prepared by combining Part 
A and Part B, 

optionally (VI) an unsaturated ester-functional com 
pound, 

optionally (VII) a void reducing agent, 
optionally (VIII) a pigment, 

optionally (IX) a filler, 

optionally (X) an cure modifier, 
optionally (XI) a rheology modifier, and 
optionally (XII) a spacer; and 
Part B comprises 

optionally(I) a polyorganosiloxane having at least two 
terminally-unsaturated organic groups per molecule, 

optionally (II) an organohydrogenpolysiloxane having at 
least two Silicon-bonded hydrogen atoms per molecule, 
where component (II) is free of fluorine atoms, 
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optionally (IV) a fluoroorganosilicone 
with the provisos that 

(1) component (IV) has at least one functional group 
reactive with component (I), component (II), or both, 

(2) when component (II) is not present in the kit, then 
component (IV) has an average of at least two 
Silicon-bonded hydrogen atoms per molecule, and 

(3) component (IV) is added to the composition in an 
amount Sufficient to provide chemical resistance to a 
cured product of the composition; optionally (V) an 
adhesion promoter, 

with the proviso that components (IV) and (V) are 
added in amounts Sufficient to provide resistance to 
Bleed to a composition prepared by combining Part 
A and Part B, 

optionally (VI) an unsaturated ester-functional com 
pound, 

optionally (VII) a void reducing agent, 
optionally (VIII) a pigment, 
optionally (IX) a filler, 
optionally (X) an cure modifier, 
optionally (XI) a rheology modifier, and 
optionally (XII) a spacer; 
with the provisos that 

at least one of Part A and Part B contains component (IV), 
at least one of Part A and Part B contains component (V), 

and 

Part B contains at least one of components (II), (IV), (V), 
(VI), (VII), (VIII), (IX), (X), (XI), and (XII). 

20. The kit of claim 19, further comprising information or 
instructions or both as how to use the kit, how to combine 
Part A and Part B, or how to cure the resulting combination, 
or combinations thereof. 

21. A method comprising: 

1) adding a fluoroorganosilicone and an adhesion pro 
moter to a composition, where the composition com 
prises 

(I) a polyorganosiloxane having an average of at least 
two unsaturated organic groups per molecule, 

with the proviso that component (I) is free of fluorine 
atoms, 

optionally (II) an organohydrogenpolysiloxane having 
an average of at least two Silicon-bonded hydrogen 
atoms per molecule, and 
with the proviso that component (II) is free of 

fluorine atoms, 

(III) a hydrosilylation catalyst; and 
the fluoroorganoSilicone has at least one functional group 

reactive with component (I), component (II), or both, 
and 
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the fluoroorganosilicone is added in an amount Sufficient 
to provide chemical resistance to a cured product of the 
composition; and 

the fluoroorganosilicone and the adhesion promoter are 
added in amounts Sufficient to provide resistance to 
Bleed to the composition; and 

the fluoroorganosilicone has at least one functional group 
reactive with component (I), component (II), or both; 
and 

when component (II) is not present in the composition, 
then the fluoroorganosilicone has an average of at least 
two Silicon-bonded hydrogen atoms per molecule; and 

the fluoroorganosilicone is added to the composition in an 
amount Sufficient to provide chemical resistance to a 
cured product of the composition. 

22. A method comprising: 

(1) applying the composition of claim 1 to a Substrate, and 
(2) curing the composition. 
23. The method of claim 22, where the Substrate com 

prises an epoxy, a polycarbonate, a poly(butylene tereph 
thalate) resin, a polyamide resin, a blend of polyamide resin 
with Syndiotactic polystyrene, an acrylonitrile-butadiene 
styrene, a styrene-modified poly(phenylene oxide), a 
poly(phenylene Sulfide), a vinyl ester, a polyphthalamide, a 
polyimide, Silicon, aluminum, a stainleSS Steel alloy, tita 
nium, copper, nickel, Silver, gold, or combinations thereof. 

24. A method comprising 

(1) applying the composition of claim 1 to a first Substrate, 
(2) applying a second Substrate to the composition, and 
(3) curing the composition; 
where one of the first Substrate and the second Substrate 

is a Semiconductor die. 
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25. A method comprising: 
(a) applying the composition of claim 1 to one or more 

Substrates, and 
(b) curing the composition. 
26. A method comprising: 
(1) applying the composition of claim 1 onto a housing, 
(2) placing a lid over the housing Such that the edges of 

the lid are in contact with the composition to form an 
assembly, and 

(3) curing the composition to form a Sealed housing. 
27. A method comprising: 
(1) applying the composition of claim 1 over an electronic 

circuit board, and 
(2) curing the composition to produce a sealed circuit 

board. 
28. A method comprising: 
(1) applying the composition of claim 1 on an electronic 

Substrate, 
(2) attaching a semiconductor die to the composition, 
(3) curing the composition to produce a bonded compos 

ite. 

optionally (4) repeating steps (1) to (3) to attach one or 
more additional Semiconductor dice to the Semiconduc 
tor die, 

optionally (5) wire bonding the semiconductor die or 
Semiconductor dice, 

optionally (6) cleaning, 
optionally (7) overmolding the Semiconductor die or 

Semiconductor dice with a molding compound, and 
optionally (8) attaching solder balls to form a finished 

package. 


