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[57] ABSTRACT

A melt processable pseudointerpenetrating network of
silicones in thermoplastic matrices and a method of
producing same is provided by vulcanizing the silicones
within the matrices. In a preferred embodiment a two
part silicone comprising silicon hydride groups and
silicon vinyl-containing groups are reacted in the pres-
ence of a platinum complex. Depending on certain pa-
rameters chain-extended (thermoplastic) or cross-linked
(thermosetting) compositions are produced.

29 Claims, No Drawings
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CURABLE SILICONE CONTAINING
COMPOSITIONS AND METHODS OF MAKING
SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.
~ 10
BACKGROUND OF THE INVENTION

This invention concerns compositions which can be
described as melt processable pseudointerpenetrating
networks of silicones in thermoplastic matrices. This
invention also relates to methods for the formation of 1°
these compositions.

Previous investigations have demonstrated that sili-
cones may be incorporated into thermoplastic resins at
low levels in order to enhance wear friction and release
properties. These silicones, however, are low molecular 20
welight resins which are readily extractable from the
matrix resins. Incorporation of silicone at levels above
2% and in some cases even between about 0.1% and 2%
can cause catastrophic reductions in mechanical proper-
ties and melt rheology. The present invention reveals 23
that judiciously selected silicone systems which are
vulcanized within a thermoplastic matrix to form pseu-
dointerpenetrating polymer networks will not ad-
versely affect polymer properties.

SUMMARY OF THE INVENTION

There have now been discovered new compositions
comprising a silicone component vulcanized within a
polymeric thermoplastic matrix to form a pseudointer-
penetrating polymer. 35

Thas invention is also directed to methods of produc-
ing pseudointerpenetrating silicone polymers by curing
or vulcanizing a silicone within a polymeric thermo-
plastic matrix at elevated temperatures.

Advantageous characteristics of the compositions of 40
this invention are surface and dielectric properties
which approach those of silicones and mechanical prop-
erties which approach those of the thermoplastic matri-
ces.

30

DETAILED DESCRIPTION OF THE 43

INVENTION

The compositions of this invention are formed by the
catalyzed curing or vulcanization of a silicone in a com-
patible polymeric thermoplastic matrix at elevated tem- 50
perature. A silicone 1s any of a large group of siloxane
polymers based on a structure comprising alternate
silicone and oxygen atoms with various organic radicals
attached to the silicon.

The amount of silicone in the resultant compositions 55
of the present invention can range from between about
1 weight percent and about 40 weight percent.

Vulcanization (curing) can be defined as any treat-
ment that decreases the flow of an elastomer, increases

its tensile strength and modulus, but preserves its exten- 60

sibility. These changes are generally brought about by
the cross-linking reactions between polymer molecules,
but for purposes of this invention vulcanization is used
In a broader sense to include chain extension as well as
cross-linking reactions. 65
The polymeric thermoplastic matrices of this inven-
tion are conventional thermoplastic resins including,
but not limited to polyamides, thermoplastic polyure-

2

thanes, bisphenol A polycarbonates, styrenics, polyace-
tals, etc.

In a particular embodiment of this invention a two
part vulcanizing silicone which, depending on molecu-
lar structure will undergo predominantly chain extend-
ing or cross-linking reactions, is vulcanized in a suitable
thermoplastic matrix. One polymeric silicone compo-
nent of the two part silicone contains silicone hydride
(Si—H) groups. The other polymeric component con-
tains unsaturated groups, preferably vinyl. Non-limiting
examples of other unsaturated groups that can be em-
ployed include allyl—-CH,CH—CH; and hex-
enyl—(CH3z)4CH—CH;. Alternatively, both the hy-
dride and unsaturated group can be part of one poly-
meric silicone. In the presence of a catalyst, generally a
platinum complex, silicon hydride adds to the unsatu-
rated group, e.g., a vinyl group, to create an ethylene
linkage as follows:

=Si~H + CH;=CH—Si= -1

= Si—CHCH»Si1=
The principles of this chemistry are well-known to
those skilled in the art.

Vinyl containing polymers that can be employed in
the present invention have viscosity ranges of between
about 500 and about 100,000 ctsk, with polymers having
viscosities of between about 1000 and about 65,000 ctsk
preferred. Hydride containing polymers that can be
utilized in the present invention have viscosities of be-
tween about 35 and about 10,000 ctsk, with a preferred
viscosity range of between about 500 ctsk and about
1,000 ctsk. Molecular weights are correlated to viscos-
1ity. Thus a vinyl terminated polymer having a viscosity
of 1,000 ctsk has a molecular weight of 28,000.

In a preferred embodiment of this invention pellets
are formed of the compositions of this invention. These
pellets can be readily utilized for injection molding or
extrusion. The pellets may either contain silicones
which have been vulcanized or contain all the materials
necessary to form the vulcanizate during injection
molding or extrusion.

The silicones of this invention will generally undergo
one of two types of mechanisms, namely, chain-exten-
sion or cross-linking. The silicones which during vulca-
nization undergo primarily chain-extension yield ther-
moplastic components (plastics capable of being repeat-
edly softened by increases in temperature and har-
dended by decreases in temperature). Silicones which
undergo primarily cross-linking during vulcanization
yield compositions that have thermosetting properties
(resins which cure by chemical reaction when heated
and, when cured, cannot be resoftened by heating).

In the case of the predominantly chain-extended or
thermoplastic compositions of this invention, a thermo-
plastic resin is combined with silicone components in-
cluding a hydride-containing silicone and a vinyl sili-
cone. The vinyl silicone generally contains from about
two to about four vinyl groups, preferably with two
such groups in terminal positions. The hydride-contain-
ing silicone contains 1 to 2 times the equivalent of the
vinyl functionality. The two silicones are mixed in a
ratio so that the hydride groups to vinyl groups is be-
tween about 1.2:1 and about 6:1.

Theoretically only a 1:1 ratio is necessary, but it has

been found that a higher ratio as indicated above is
required. The silicone hydride polymers are not as sta-
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ble as the silicone vinyl polymers. In the presence of
amines or hydroxyls, the silicone hydrides can react and
liberate hydrogen thus yielding SiN== or Si—OR. Thus
the simplest practical solution to this problem is to
maintain hydride levels higher than stoichiometric re-
quirements.

The typical remaining substituents on the silicones
are methyl groups. However, in order to insure compat-
ability with the thermoplastic matrix resin other groups
such as phenyl, longer chain alkyl or cyanopropyl
groups may replace some of the methyl groups.

A platinum complex preferably derived from chloro-
platinic acid and a vinyl siloxane is added to the mixture
just prior to meltmixing so that the amount of platinum
is equal to 1-15 ppm. The vinyl siloxane forms an active
complex with the platinum which is soluble in the sili-
cones to be cross-linked. The mixture 1s meltmixed by a
process such as extrusion and is then pelletized.

A predominantly cross-linked structure in which the
resulting composition has thermosetting properties is
achieved by extruding the vinyl and hydride containing
silicones separately into two portions of the base poly-
mer. The vinyl-containing silicone contains from about
two to about thirty vinyl groups and the hydnde-con-
taining silicone contains from two to ten times the
equivalent of the vinyl functionality. In this case the
hydride functional silicone is the cross-linker since it
contains a relatively higher number of sites per chain
for cross-linking. The relationship of these two maten-
als can, however, be reversed. The ultimate ratio of the
silicones is adjusted in either case so that the ratio of the
hydride groups to the vinyl groups in the composition is
between about 1.2:1 and about 6:1.

Once the separate extrusions are prepared, a physical
blend of the pellets is made. A platinum complex is then
tumbled into the mixture. When the pellets are melted
together the silicones react. Most of the thermosetting
reaction takes place during injection molding or extru-
sion of the mixture and may be completed during a
post-cure. A number of permutations of the above are
evident to those skilled in the art. One component pellet
could contain for example predominantly vinyl silicone
with some of the hydride silicone. In some instances the
two polymers do not have to be isolated prior to melt
mixing. In fact, vinyl groups and hydride groups can be
on the same chain. Having the materials on separate
pellets reduces (or eliminates) surface cure of the pel-
lets. Another solution to this problem would be to use a
fugitive inhibitor of the platinum catalyst.

The invention is further described by reference to the

following specific, non-limiting examples.

EXAMPLE 1
A homogeneous physical blend of the following ma-

terials was prepared:
nylon 6/6, Monsanto molding grade pellets 9000 g
polydimethylsiloxane, vinyldimethylsiloxy 400 g
terminated, 10,000 ctsk.
polydimethylsiloxane, hydrodimethylsiloxy 600 g

terminated, average of 1 hydromethylsiloxy
group per chain, 10,000 centistokes (ctsk)

Within one hour of extrusion, 1 g of a platinum com-
plex in methylvinylcyclosiloxane containing 3.5% Pt
was added to the mixture. The platinum complex uti-
lized throughout the examples were the methylvinyl
cyclic siloxane analogs of the Karstedt U.S. Pat. Nos.
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3,715,334 and 3,775,452. The mixture was extruded at
340°-355° C. and chopped into pellet form. The pellet-
ized composition was molded into standard ASTM
specimens. The ASTM testing protocol was used for
flexural strength, tensile strength and water absorption.
Properties of the resuitant composition are tabulated in

the Table hereinbelow.

EXAMPLE 2

Utilizing the same silicones as described in Example |
a moldable thermoplastic urethane/silicone composi-
tion was prepared.

polyester urethane, Mobay Texin 55D 9250 g
polydimethylsiloxane, vinyl terminated 300 g
polydimethylsiloxane, hydride containing 450 g

fumed silica, Cabot MS-7 5
platinum complex (added after extrusion) 1

Fumed silica served both as a reinforcing agent and a
process aid. In this example, feed problems were ob-
served and the fumed silica absorbed the silicone mak-
Ing it easier to process. The properties of specimens
prepared from the above described pelletized extruded
material are tabulated in the Table hereinbelow.

EXAMPLE 3

The following composition was extruded and
molded:

polyester urethane Mobay Texin 480A 9000 g
polydimethylsiloxane-3% diphenylsiloxane 400 g
copolymer, vinyldimethylsiloxy terminated

polydimethylsiloxane, hydride containing 600 g
platinum complex (added after extrusion) 1 g

Properties of the composition formed according to
Example 3 are given in the Table hereinbelow.

EXAMPLE 4

The following composition was extruded and
molded:

bisphenol A polycarbonate, Mobay M-50 9500 g
polydimethylsiloxane-109 phenylmethyl

sitloxane copolymer, vinyldimethylsiloxy 200 g
terminatecd

polydimethylsiloxane, hydride containing 300 g
platinum complex (added after extrusion) l g

Properties of the composition formed according to
Example 4 are given in the Table hereinbelow.

EXAMPLE 5
The following mixtures were extruded then pellet-
ized:
Part A
polyester urethane, Mobay Texin 480A 9000 g
polydimethylsiloxane-15% methylhydrosiloxane 500 g
copolymer, trimethylsiloxy terminated
10,000 ctsk
polydimethylsiloxane, vinyldimethylsiloxy 500 g
terminated 65,000 ctsk
amorphous silica, Minusil 0 g
Part B
polyester urethane, Mobay Texin 480A 8300 g
polydimethylsiloxane, vinyl terminated 1200 g
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-continued

65,000 ctsk

amorphous silica 25 g

Part A and Part B were extruded separately. A 1:1
(weight ratio) physical blend of two different extrusions
was made. 2.5 g of platinum complex and 5 g of 3-
methylbutynol, a fugitive inhibitor of hydrosilylation
(hydrosilylation is the process of adding Si-H across a
double bond) were tumbled into the mixture and prior
to hermetically sealing it in a can.

The mixture was molded under normal conditions
and post-cured an additional 1 hour at 80° C.

The present invention may be embodied in other
specific forms without departing from the spirit or.es-
sential attributes thereof and, accordingly, reference
should be made to the appended claims, rather than to
the foregoing specification, as indicating the scope of
the invention.
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said vinyl-containing silicone with the ratio of said hy-
dride groups to said vinyl groups being between about
1.2:1 and about 6:1.]}

[7. A composition according to claim § wherein the
vinyl-containing silicone has two vinyl groups in termi-
nal positions. ]}

[8. A composition according to claim § forming a
predominantly cross-linked structure wherein said vi-
nyl-containing silicone contains from about two to
about thirty vinyl groups and said hydnide-containing
silicone contains from two to ten times the equivalent of
said vinyl-containing silicone with the ratio of the hy-
dride groups to the vinyl groups being between about
1.2:1 and about 6:1.}

[9. A composition according to claim 4 wherein said
silicone component further comprises constituents se-
lected from the group consisting of methyl groups,
phenyl groups, longer chatn alkyl groups or cyanopro-
pyl groups.}

10. A method for producing a silicone pseudointer-

TABLE
Examples
Properties 1 2 3 4 3
Thermoplastic base Nylon 6/6 Urethane 55D  Urethane 80A  Polycarbonate Urethane 80A
Predominant Melt Thermoplastic = Thermoplastic = Thermoplastic = Thermoplastic Thermoset
Characternistics
% Silicone 10 1.5 10 10 11
Flexural Strength, 15,900 730 11,000
psi
Flexural modulus, 390,000 — 325,000
psi
Izod impact strength,
fi-lb/in
noiched - 0.8 >40 > 40
unnotched 21.3 >40 16
Water absorption % 1.2 .03 04 15 04
(24 hours)
Tear Strength (“C"), 750 450 500
ph
Tensile Strength, 9,600 6200 6.000
psi
I claim: 40

[1. A melt processable composition comprising a
silicone component which will be vulcanized by the
reaction of a hydride-containing silicone within a poly-
meric thermoplastic matrix to form a silicone pseudoin-

terpenetrating polymer network, said vulcanization of 45

said silicone component by reaction of said hydride-
containing silicone being initiated during thermoplastic
meltmixing of said component with said matrix.]}

[ 2. A composition according to claim 1 wherein said
silicone component ranges from between about |
weight percent and about 40 weight percent based on
the total weight of the composition.}

[3. A composition according to claim 1 wherein aid
thermoplastic matrix is selected from the group consist-
ing of polyamides, thermoplastic polyurethanes, blSphe-
nol A polycarbonates, and polyacetals. ]

[4. A composition according to claim 1 wherein said
silicone component comprises the reaction product of a
polymeric hydride group-containing silicone and poly-
meric silicone containing at least one unsaturated
group.}

[5. A composition according to claim 4 wherein said
unsaturated group comprises a vinyl group.]}

[6. A composition according to claim § forming a
predominantly chain-extended structure wherein said
vinyl-containing silicone contains from about two to
about four vinyl groups and wherein said hydride-con-
taining silicone contains 1 to 2 times the equivalent of

B
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penetrating polymer network comprising vulcanizing a
silicone component by the reaction of a hydride-con-
taining silicone within a polymeric thermoplastic matrix
at least partially during thermoplastic [meltmixing]
melt-processing of said silicone component Lwith} and

said matrix.
11. A method according to claim 10 wherein said

silicone component is the reaction product of a poly-
meric silicone containing hydride groups and a poly-
meric silicone containing at least one unsaturated
group, said reaction conducted in the presence of a
catalyst.

12. A method according to claim 11 wherein said
unsaturated group is a vinyl group.

13. A method according to claim 11 wherein said
catalyst comprises a platinum complex.

14. A method according to claim 10 wherein said
thermoplastic matrix is selected from the group consist-
ing of polyamides, thermoplastic polyurethanes, bisphe-
nol A polycarbonates, and polyacetais.

15. A method according to claim 10 wherein a pre-
dominantly chain-extended structure is formed by com-
bining a hydride-containing silicone and a vinyl-con-
taining silicone with the vinyl-containing silicone hav-
ing from about two to about four vinyl groups and the
hydride-containing silicone contains 1 to 2 times the
equivalent of the vinyl functionality with the ratio of
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the hydride groups to the vinyl groups being between
about 1.2:1 and 6:1, adding a catalyst and [melt-mix-
ing ] melt-processing the resultant mixture.

16. A method according to claim 15 wherein said
L meltmixing ] melt-processing comprises extrusion.

17. A method according to claim 15 wherein said
[ meltmixing] melt-processing is followed by pelletiz-
ing.

18. A method according to claim 11 further comprnis-
ing conducting the reaction 1n the presence of fumed
silica.

19. A method according to claim 13 further compris-
ing conducting the reaction in the presence of vinyl
siloxane.

20. A method according to claim 12 wherein predom-
inantly cross-linked structure is formed by separately
extruding the vinyl- and hydride-containing silicones
into separate portions of said thermoplastic matrix, mix-
ing the portions, adding a catalyst and [melting the
portions together] melt-processing the mixture so as to
react the vinyl- and hydride-containing silicones.

21. A method according to claim 12 wherein predom-
inantly cross-linked structure is formed by extruding
together the vinyl- and hydride-containing silicones
into said thermoplastic matrix in the presence of a plati-
num catalyst and a fugitive inhibitor and [melt-mix-
ing} melt-processing the resultant mixture.

22. A method according to [claims] claim 20 [or
21] wherein the vinyl-containing silicone contains
from about two to about thirty vinyl groups and the
hydride-containing silicone contains from two to ten
times the equivalent of the vinyl functionality with the
ratio of the hydride groups to the vinyl groups being
between about 1.2:1 and about 6:1.

23. A method according to claim 21 wherein the viny!-
containing silicone contains from about two to about 30
vinpl groups and the hydride-containing silicone contains
from two to ten times the equivalent of the vinyl functional-
ity with the ratio of the hydride groups to the vinyl groups
being between about 1.2:1 and about 6:1.

24. A process according to claim 10 wherein said melt-
processing comprises melt-mixing said silicone component
and said matrix.

23. A process according to claim 15 wherein said melt-
processing comprises melt-mixing.

20. A process according to claim 20 wherein said melt-

5

27. A process according to claim 21 wherein said melt-
processing comprises melt-mixing.

28. A melt processing composition comprising a poly-
meric thermoplastic matrix, a hydride group-containing
silicone, and a component which will react with said hy-
dride group-containing silicone, said silicone and said com-
ponent being selected and present in sufficient amounts to
react with each other by vulcanization within said poly-
meric thermoplastic matrix to form a silicone pseudo-inter-

10 penetrating polymer network, said vulcanization of said

15

20

25

silicone and said component being initiated during thermo-
plastic melt-processing of said composition.

29. A composition according to claim 28 wherein said
silicone network comprises about 1 to about 40 weight
percent of the composition.

30. A composition according to claim 28 wherein said
thermaoplastic matrix is selected from the group consisting
of polyamides, thermoplastic polyurethanes, bisphenol A
polycarbonates, and polyacetals.

31. A composition according to claim 28 wherein said
component which will react with said hydride group-con-
taining silicone comprises a polymeric silicone containing
at least one unsaturated group.

32. A composition according to claim 31 wherein said
unsaturated group comprises a vinyl group.

33. A composttion according to claim 32 forming a pre-
dominantly chain-extended structure wherein said viny!-
containing silicone contains from about 2 to about 4 vinyl!
groups and wherein said hydride group-containing silicone

30 contains I to 2 times the equivalent of said vinyl-containing

35

silicone with the ratio of said hydride groups to said vinyl
groups being between about 1.2:1 and about 6:1.

34. A composition according to claim 32 wherein the
vinyl-containing silicone has two vinyl groups in terminal
positions.

35. A composition according to claim 32 forming a pre-
dominantly cross-linked structure wherein said vinyl-con-
taining silicone contains from about 2 to about 30 vinyl
groups and said hydride group-containing silicone contains

40 from 2 to 10 times the equivalent of said vinyl-containing

silicone with the ratio of the hydride groups to the vinyl
groups being between about 1.2:1 and about 6:1.

36. A composition according to claim 31 wherein said
silicone network further comprises constituents selected

45 from the group consisting of methyl groups, phenyl! groups,

longer chain alkyl groups or cyanopropyl groups.

37. A composition according to claim 28 wherein said
melt-processing comprises melt-mixing.

38. A composition according to claim 28 further com-

processing comprises melting said portions of the mixture 50 prising a catalyst to initiate said vulcanization.

together.

335

65

» % %X X =»



	Front Page
	Specification
	Claims

