
EP 0433746 B1 Description Background of the Invention 5     The present
invention is directed to silicone macromers, which can be made by the
organolithiation of an organosilicon cyclic, the end capping of the
resulting lithiated organosilicon polymer with a silicon hydride followed
by the addition onto the silicon hydride of an aliphatically unsaturated
monohydric phenol. More particularly, the present invention relates to the
synthesis of thermoplastic flame retardant silicone- polyphenylene ether
graft copolymers by oxidatively coupling a monohydric phenol with the
aforementioned 10  monohydric phenol end capped silicone macromer . Prior
to the present invention, as shown by Bostik, U.S. Patent 3,522,326, graft
copolymers of polyphenylene ether were made by metallating a polyphenylene
ether with an organoalkali metal which was reacted with an anionically
polymerizable monomer. Organopolysiloxane-polyphenylene ether block
copolymers are shown by Kranz, U.S. Patent 3,668,273, involving the
reaction between hydroxy terminated 15  polyphenylene ether segments with
amine terminated polydiorganosiloxane segments. Another silicone-
polyarylene ether block copolymer is shown by Shea, et al, U.S. Patent
4,814,392, which can be made by effecting reaction between an amine
terminated polydiorganosiloxane and anhydride functionalized polyarylene
ether. Polyphenylene ether graft copolymers are shown by Chalk et al,
Journal of Polymer Science Vol.7, 20  2537-2545, p 7345-742 (1969). An
investigation of the viscoelastic properties of polyphenylene ethers, and
2-methyl-6-alkyl-substituted polymers is shown by Eisenberg et al
Macromolecules 5, p. 676-682 (1972). Polymerization of polydimethylsiloxane
macromers with small monomers to make graft copolymers Is shown by Cameron
et al, Polymer, 1985, Vol. 26, March, p. 437-442. In addition, certain
silicon containing graft copolymers, useful as gas-separation membranes are
shown by JP 61,252,214. 25     The present invention is based on the
discovery that a phenol-siloxane macromer having the formula, [err] 35 can
be oxidatively coupled with a 2,6-diorganophenol having the formula, [err]
to produce a silicone-polyphenylene ether graft copolymer, where R is
selected from a halogen radical, 45  [err] aryl and haloaryl radicals, R1
is a C2-20 polyalkylene or arylenealkylene radical, R2 is selected from
[err] alkyl radicals, C6 -13 aryl and haloaryl radicals, trifluoropropyl,
cyanoethyl and cyanopropyl radicals, R3 is a C1 -8 alkyl or [err] aryl
radical and n is an integer equal to 1 to 100 inclusive. It has been found
that the silicone-polyphenylene ether graft copolymer exhibits outstanding
flame retardance and can be employed as a high performance injection
moldable thermoplastic. 50  There is provided by the present invention, a
flame retardant silicone-polyphenylene ether graft copolymer obtainable by
the oxidative coupling reaction of 20 to 1000 mols of a 2,6-diorganophenol
of formula 2, per mol of a phenol-siloxane macromer of formula 1. Radicals
included within R of formulas 1 and 2 are, for example, halogen, such as
chloro or bromo, [err] alkyl radicals, such as, methyl, ethyl, propyl and
butyl; aryl radicals, such as, phenyl, tolyl, xylyl; 55  haloaryl radicals,
such as, chlorophenyl. Radicals included within R1 are, for example, [err]
polyalkylene, 



such as polymethylene, and arylenealkylene, such as phenylenemethylene.
Radicals included within R2, are the same or different radicals included
within R. In addition, R2 can be selected from trifluoropropyl, cyanoethyl
and cyanopropyl. Radicals included within R3 are, for example[err] alkyl
such as methyl ethyl, 3    EP 0 433 746 B1 propyl and butyl and [err] aryl,
such as phenyl, tolyl, and xylyl The phenol-siloxane macromer of formula 1,
can be made by effecting a hydrosilylation addition reaction between an
aliphatically unsaturated phenol having the formula, OH       4 [err] 10
and a hydride terminated polydiorganosiloxane having the formula, [err]
where R, R2, R3 and n are as previously defined and R4 is an aliphatically
unsaturated [err] organic radical. The addition between the aliphatically
unsaturated phenol of formula 3, and the silicone hydride of formula 4 can
be effected with an effective amount of a platinum group metal catalyst,
such as platinum. 25     The silicone hydride of formula 4 can be made by
initially lithiating a cyclic diorganosiloxane, such as
hexamethyltrisiloxane, with an organolithium compound, for example,
butyllithium or phenylithium. The silicone block length can vary depending
upon the moles of the cyclic hexaorganotrisiloxane, per mol of the
organolithium compound used. There has been found, for example, that
substantially equal molar amounts of the cyclic trisiloxane and the
organolithium compound will provide for a block length of from about 7 to
30  13, while a higher proportion of the cyclic trisiloxane will
proportionally increase the resulting polydior- ganosiloxane block length.
The initial polymerization of the cyclic trisiloxane is conducted under
anhydrous conditions and under a nitrogen atmosphere. After the
polydiorganosiloxane has been formed having a terminal lithium ion and an
organo radical, a diorganohalosilane can be added to produce the silicone
hydride of formula 4. 35    in addition to hexaorganocyclotrisiloxane
"trimer", octamethylcyclotetrasiloxane, or "tetramer" can be used to make
the silicone macromer. Tetramer can be equilibrated in the presence of an
acid catalyst with a hydride chain-stopper, such as a tetraorganodisiloxane
or a pentaorganodisiloxane to produce polydior- ganosiloxane having from 1
to 100 condensed diorganosiloxy units. If the chain-stopper is a tetraor-
ganodisiloxane, a polydiorganosiloxane will be formed having terminal
diorganohydridesiloxy units. How- ever, if the pentaorganodisiloxane is
used, a polydiorganosiloxane mixture can be formed consisting of
polydiorganosiloxane having terminal diorganohydridesiloxy units,
polydiorganosiloxane terminated with a diorganohydridesiloxy unit and a
triorganosiloxy unit and polydiorganosiloxane having terminal trior-
ganosiloxy units. Hydrosilylation with the aliphatically unsaturated phenol
of formula (3), can produce a phenolsiloxane macromer similiar to formula
(1), if the polydiorganosiloxane is terminated with only one 45
diorganohydridesiloxy unit. However, in instances where the
polydiorganosiloxane has terminal dior- 



ganohydridesiloxy units, a phenol-siloxane macromer having the formula
[err] 55 can be formed, where R, R1, R2 and n are as previously defined. 4
EP 0 433 748 B1 It has been found that phenol terminated
polydiorganosiloxane of formula (5), where n is 10 to 100 can be
oxidatively coupled with 2,6-diorganophenol of formula (2) to produce flame
retardant thermoplastic injection moldable graft copolymers, if there is
used from 0.1 mole to 1 mole of the phenol terminated polydiorganosiloxane,
per 100 moles of the 2,6-diorganophenol. 5     It is preferred however to
use a macromer of formula (5) having n equal to 10 to 30 and from 0.1 to
0.5 mol of macromer, per 100 moles of 2,6-diorganophenol for optimum
results. In instances where the oxidative coupling is effected with
macromer outside of the aforementioned ranges, excessive cross-linking
leading to gellation of the graft copolymer can occur. Monohydric phenols,
which are included within formula 2 are, for example, 2,6-dimethylphenol,
2,6- 10  methylphenylphenol, 2,6-diphenylphenol, and 2,6-di-t-butylphenol,
and 2,6-dibromophenol Aliphatically unsaturated monohydric phenols, which
are included within formula 3, are, for example, 2- methyl-6-allylphenol,
2-phenyl-6-allylphenol, 2-bromo-6-allylphenol, 2-t-butoxy-6-allylphenol,
2-phenyl-6- ethenylphenol, and 2-methyl-6-propargylphenol. The preferred
silicone-polyphenylene ether graft copolymer, hereinafter referred to as
the "graft 15 copolymer" can be made by oxidatively coupling the
2,6-diorganophenol of formula 2, with the silicone macromer of formula 1.
In instances where tetramer is used to form the graft copolymer, it is
necessary to operate within the aforementioned limits to avoid excess
cross-linking. The preferred oxidative coupling catalyst which can be used
is an amine-basic cupric salt complex is shown by Hay, U.S. Patent
3,306,874, in column 4, lines 38-81, and incorporated herein by reference.
20 Effective oxidative coupling results also can be achieved with manganese
and cobalt catalysts in addition to copper salts. Cuprous fluoride or
cuprous bromide are the preferred copper salts. Typical of the primary and
secondary amines which can be used in making the catalyst is shown in
column 4, lines 62-75, and column 5, lines 1-55, of U.S. Patent 3,306,874,
which are incorporated herein by reference. However, dimethylbutylamine,
dibutylamine and dibutylethylenediamine are examples of the preferred
amines which 26 can be used in forming the catalyst. The graft copolymers
of the present invention can be used as flame retardant high performance
thermoplastics. It also has been found that the graft copolymers of the
present invention can exhibit identical melt viscosities with Noryl resin
which is a blend of polyphenylene ether and polystyrene. In addition, the
graft copolymer of the present invention can satisfy UL94 VO requirements
when tested at 1.59 30 mm (1/16"), depending upon the mol % of the silicone
macromer in the graft as compared to the mols of condensed arylene oxide
resulting from the oxidative coupling of the monohydric phenol of formula
2. 



Additional considerations include the silicone block length of the macromer
which can contribute to an overall weight % value of silicone in the
silicone macromer as well as in the graft copolymer. Optimum flame
retardant properties with respect to a V0 rating, for example, can be
achieved with the graft 35 copolymer when there is employed a proportion of
about 20 to 1000 mols of monohydric phenol, per mol of the silicone
macromer during oxidative coupling in addition to exhibiting a V0 value, in
accordance with the UL94 test, the graft copolymer of the present invention
also can provide about a 30% by weight of residue upon termination of
burning. This residue is sometimes referred to as "char yield". Char yield
can be measured by burning a 38.1 x 12.7 x 1.6 mm (1.5 x 0.5 x 1/16 inch)
molded sample of polymer placed 2" 40  from a radiant heat panel having 3.5
Watts/cm2 heat flux. In addition to "char yield", the char itself can be
dense or "puffy' which can further enhance the value of the precursor as a
flame retardant thermoplastic in particular applications. In addition,
there can be added to the graft copolymer, various materials, such as,
plasticizers, pigments and flame retardant additives. The silicone macromer
of formula 1 also can be used as a surfactant to facilitate the blending of
organic 45 and silicone materials under aqueous conditions. The silicone
macromer also can be employed as a compatiblizer, or plasticizer for blends
of silicone with other aromatic organic thermoplastic polymers. Example 1
so     A solution of 32.3 grams (145 m mol) of sublimed
hexamethylcyclotrisiloxane (D3) and 45 ml of freshly distilled cyclohexane
was stirred under substantially anhydrous conditions. After solvation of
the D3 was completed, there was injected into the mixture, 27.6 ml of
sec-butyllithium (1.35M in cyclohexane, 37.3 mmol). After one hour, 25 ml
of THF was added. The resulting cloudy solution was left to stir for about
24 hours. There was then added, 4.28 ml (39.3 mmol) of dimethylchlorosilane
and the resulting white slurry 55  was stirred for an additional hour.
Excess dimethylchlorosilane was neutralized by adding 50 mg of dry sodium
bicarbonate in 1 ml of absolute ethanol. The resulting slurry was then
stirred for an additional 1/2 hour. An additional 50 ml of dry cyclohexane
was added to fully precipitate lithium chloride which was thereafter
removed by filtration. Solvent was removed by a rotary evaporator resulting
in the production of 5    EP 0 433 746 B1 35 grams of a clear viscous
product (96% mass conversion). Based on method of preparation, GC analysis
and NMR analysis, the product was a-hydro-w-sec-butyl-polydimethylsiloxane
having an average of about 13 condensed dimethylsiloxy units. There was
added, 5 ul (50 ug/ul, 40 ppm) of a platinum catalyst shown in Karstedt,
U.S. patent 5  3,775,452 to a stirred mixture of 1.6 grams (10.8mmol) of
2-allyl-6-methylphenol and 9.40 grams (9.4 mmol) of
a-hydro-w-sec-butyl-polydimethylsiloxane. The hydrosilation was nearly
complete within 1 hour as shown by GC and the mixture was warmed gently to
40[err] After stirring the mixture under nitrogen at 40[err] for an
additional 4 hours, the volatile components were removed from the mixture
by heating to 110[err] at 1.5 torr. Based on method of preparation and
1H-NMR, there was obtained 10.5 g of methylphenolsilicone macromer to
having polydimethylsiloxane blocks with an average of about 13 condensed
dimethylsiloxy units. 



Example 2 The procedure of example 1 was repeated, except that 20 micro
liters (26 ppm) of the platinum catalyst 15 was added to 10 grams (68 mmol)
of 2-allyl-6-methylphenol which was being stirred at 40[err] There was then
added slowly, 10.5 grams (71 mmol) of pentamethyidisiloxane. GC indicated
that the reaction was nearly complete after 10 minutes. The mixture was
vacuum distilled and there was recovered, 15.8 grams (78%) of product.
Based on method of preparation and 1H-NMR, the product was a silicone
macromer in the form of a 2-allyl-6-methylphenol pentamethyldisiloxane.
Example 3 A mixture of 2.5 gram (20.5 mmol) of 2,6-xylenol, 60 ml of
toluene, 1.23 ml of dimethylbutylamine, 0.25 ml of Adogen 464, a
methyltrialkylammonium chloride surfactant of the Aldrich Chemical Co.,
Milwaulkee, 25  Wis. (10% in toluene), 0.32 ml of dibutylamine, and 8 drops
of dibutylethylenediamine was rapidly stirred, while at least 0.5 mol per
hour of oxygen was bubbled through the solution. There was then added, 0.14
ml of a cuprous bromide solution (48% aqueous hydrogen bromide) and the
temperature of the resulting mixture was kept below 40[err] using external
cooling. When the temperature reached 35[err] a solution of 21.3 grams (175
mmol) of 2,6-xylenol, 10.2 grams (8.9 mmol) of the siloxane macromer of
Example 1, and 30   70 ml of toluene was added to the reaction mixture over
a 20 minute period. The temperature of the mixture was maintained at
38-40[err] with external cooling. After the addition was complete, the
temperature was maintained at 38-40[err] The mixture was continuously
agitated for another 90 minutes until a thick viscosity was attained. The
mixture was then cooled to 30[err] There was added 5 ml of glacial acetic
acid to deactivate the catalyst and the resulting solution was mixed
another 5 minutes before being diluted with 100 35 ml of toluene. There was
then added, 300 ml of methanol to the resulting solution while it was
stirred. A product precipitated which was collected in a Buchner funnel.
The product was then reprecipitated from a toluene/methanol mixture. There
was obtained 30.0 grams of a product representing an 88% mass conversion.
Based on method of preparation and GPC, the product was an injection
moldable poly- phenylene ethersiloxane graft copolymer having an Mw of
69,700, Mn of 22,900, and a D = 3.0; its Tg as 10  measured by DSC was
145[err] 1H-NMR showed a 3.9% incorporation the silicone macromer resulting
in a product having of 24% by weight of polydimethylsiloxane and a 96.1
mol% of the oxidatively coupled 2,6- xylenol. The same oxidative coupling
procedure was repeated with the pentamethyldisiloxane allyl phenol macromer
utilizing 5.93 grams (20 mml) of the silicone macromer and 22 grams (180
mmol) of the xylenol. The product was a polyphenylene ether silicone graft
copolymer, Mw = 109,200, Mn = 23,400, and D = 4.66. 45 Its intrinsic
viscosity was 0.42 and its Tg was 169[err] Example 4 1.59 mm (1/16th inch)
compression molded test bars of the graft copolymers of Example 3 were 50
molded at 250 C for 1.5 minutes under 19.9 x [err] (2 tons) of pressure.
The test bars were tested In accordance with the procedure of the UL-94
test. A 1 gram molded sample, roughly 38.1 x 12.7 x 1.6 mm (1.5 x 0.5 x
1/16 inch), was placed 2 inches from a radiant heat panel. The following
results were obtained where PPO resin is a polyphenylene ether resin
manufactured by GE, "graft (2)" is the graft copolymer within the scope of
formula 1 where n is equal to one, "graft (13)" is the graft copolymer
within the scope of 56 formula 1 where n is equal to twelve, "Noryl resin
A" is a blend of PPO resin and high impact polystyrene, and "Noryl resin B"
is a blend of about 50% by weight of polyphenylene ether and crystalline
polystyrene, 



"IV" is intrinsic viscosity, "01" is oxygen index, "FO" indicates average
flame-out time in seconds, "Char Y" indicates weight % of residue after
burning based on the original weight of polymer, and "Char V"    EP 0 433
746 B1 shows the physical structure of the char. Mn    Mw       IV    OI
FO*   Char Y    Char V  MV**    To 5 PPO  Resin   20000   50000   0.46  30
8-10  29         small    ***       215 Graft (2)    23400   109200   0.42
-   5.3      27.2   small     0.61    169 Graft (13)  22900   69700  0.43
35.7      1.4   28.6   puffy   0.53           145 10  Noryl Resin A  -
-       -      -            small         0.50          110 Noryl Resin B
20    -  -  20  burns  17     small  1. 10  145 15    1.59mm (1/16[err]bars
compression molded at 250[err] for 1.5 min at 2 tons pressure:flame-out
time in seconds. 20   melt viscosity [err] poise)measured at 250[err] at 1
rad/sec on a rotating dynamic spectrometer. *** Cannot be measured at this
temperature 25 The above results show that a significant improvement in
flame-out time is achieved with the graft copolymer of the present
invention having a higher proportion of chemically combined
polydimethylsilox- ane. In addition, the structure of the char changed from
a relatively dense material to a puffy material. 30 Example 5 A mixture of
75 grams of octamethylcyclotetrasiloxane (D4), 9.4 grams of
pentamethyldisiloxane, and 0.85 grams of Filtrol 20, an acid clay, made by
Filtrol Clay Products of Cleveland, Ohio, was heated with 35  stirring at
80 [err] for 3 1/2 hours under nitrogen. The mixture was allowed to cool to
room temperature and diluted with 100 ml of hexane. The Filtrol 20 was then
removed by filtration. Hexane was removed by a rotary evaporator to give
82.3 grams of a polydimethylsiloxane mixture consisting of
dimethylhydridesiloxy terminated polydimethylsiloxane, polydimethylsiloxane
having dimethylhydridesiloxy and trimethylsiloxy termination,
trimethylsiloxy terminated polydimethylsiloxane and
cyclopolydimethylsiloxane. 40     There was added 9.4 grams of
2-allyl-6-methylphenol to the above polydimethylsiloxane mixture along with
130 mg of platinum on activated carbon. The resulting mixture was heated to
50 C with stirring for 1.25 hours. 1H-NMR indicated that hydrosilylation
was completed. The mixture was allowed to cool to room temperature and
diluted with 50 ml of hexane. The mixture was then filtered and hexane was
removed using a rotary evaporator. Vacuum distillation at 0.75 torr
resulted in 79.6 grams of a silicone macromer mixture 45  having an average
dimethylsiloxane chain length of about 18.3. The procedure of Example 3 was
repeated utilizing 4.5 grams of the above macromer mixture and 54.62 grams
of the 2,6-xylenol. There was obtained an injection moldable graft
copolymer having an Mn of 



57,500, and Mw of 710,260 and D of 12.4. The graft copolymer had a
flame-out time of 1.3 seconds when tested in accordance with UL94. 50
Although the above examples are directed to only a few of the very many
variables which can be used in the practice of the present invention, it
should be understood that the present invention is directed to a much
broader variety of silicone macromers, graft copolymers and method for
making such materials as set forth in the description preceding these
examples. 55  Claims 1. A thermoplastic silicone-polyphenylene ether graft
copolymer obtainable by the oxidative coupling reaction of 20 to 1000 mols
of a 2,6-diorganophenol of the formula, 7    EP 0 433 746 B1
[err] shows the physical structure of the char. Mn     Mw      IV   OI
FO*   Char V  MV**    To 5 PPO Resin    2000   50000    0.46       30
8-10   29   small    ***       215 Craft (2)    23400   109200   0. 42    -
5.3   27.2    sma11    0.61         169 Graft (13)   22900   69700   0 .43
35.7    1 4   28.6   puffy     0.53         145 10  Noryl Resin A  -      -
-      -    5       -      small    0.50      110 Noryl  Resin B      -
-              20  burns   17    small    1.10        145 15    1.59mm
(1/16")bars compression molded at 250[err] for 1.5 min at 2 tons pressure;
flame-out time  in seconds. 20    Melt viscosity [err] poise) measured at
250[err] at 1 rad/sec on a rotating dynamic spectrometer. ***   Cannot be
measured at this temperature 25 The above results show that a significant
improvement in flame-out time is achieved with the graft copolymer of the
present invention having a higher proportion of chemically combined
polydimethylsilox- ane. In addition, the structure of the char changed from
a relatively dense material to a puffy material. 30 Example 5 A mixture of
75 grams of octamethylcyclotetrasiloxane (D4), 9.4 grams of
pentamethyldisiloxane, and 0.85 grams of Filtrol 20, an acid clay, made by
Filtrol Clay Products of Cleveland, Ohio, was heated with 35  stirring at
80[err] for 3 1/2 hours under nitrogen. The mixture was allowed to cool to
room temperature and diluted with 100 ml of hexane. The Filtrol 20 was then
removed by filtration. Hexane was removed by a rotary evaporator to give
82.3 grams of a polydimethylsiloxane mixture consisting of
dimethylhydridesiloxy terminated polydimethylsiloxane, polydimethylsiloxane
having dimethylhydridesiloxy and trimethylsiloxy termination,
trimethylsiloxy terminated polydimethylsiloxane and
cyclopolydimethylsiloxane. 



40     There was added 9.4 grams of 2-allyl-6-methylphenol to the above
polydimethylsiloxane mixture along with 130 mg of platinum on activated
carbon. The resulting mixture was heated to 50 C with stirring for 1.25
hours. 1H-NMR indicated that hydrosilylation was completed. The mixture was
allowed to cool to room temperature and diluted with 50 ml of hexane. The
mixture was then filtered and hexane was removed using a rotary evaporator.
Vacuum distillation at 0.75 torr resulted in 79.6 grams of a silicone
macromer mixture 45  having an average dimethylsiloxane chain length of
about 18.3. The procedure of Example 3 was repeated utilizing 4.5 grams of
the above macromer mixture and 54.62 grams of the 2,6-xylenol. There was
obtained an injection moldable graft copolymer having an Mn of 57,500, and
MW of 710,260 and D of 12.4. The graft copolymer had a flame-out time of
1.3 seconds when tested in accordance with UL94. 50     Although the above
examples are directed to only a few of the very many variables which can be
used in the practice of the present invention, it should be understood that
the present invention is directed to a much broader variety of silicone
macromers, graft copolymers and method for making such materials as set
forth in the description preceding these examples. 55  Claims 1. A
thermoplastic silicone-polyphenylene ether graft copolymer obtainable by
the oxidative coupling reaction of 20 to 1000 mols of a 2,6-diorganophenol
of the formula, 7    OH [err] per mol of a phenol-siloxane macromer of the
formula [err] where R is selected from a halogen radical, [err] alkyl,
[err] aryl and haloaryl radicals, R1 is a C2-20 polyalkylene or
arylenealkylene radical, R2 is selected from C1-8 alkyl radicals, [err]
aryl and haloaryl radicals, trifluoropropyl, cyanoethyl and cyanopropyl
radicals, R3 is a C1-8 alkyl or [err] aryl radical and n is an integer
equal to 1 to 100 inclusive. 2. A silicone-polyphenylene ether graft
copolymer in accordance with Claim 1, where the diorganophenol 25     is,
2,6-xylenol. 3. A silicone-polyphenylene ether graft copolymer in
accordance with Claim 1, where the silicone is a polydimethylsiloxane. 30
4. A phenol-siloxane macromer having the formula, [err] where R is selected
from a halogen radical, [err] alkyl, [err] aryl and haloaryl radicals,
[err] is a C2-20 polyalkylene or arylenealkylene radical, R2 is selected
from [err] alkyl radicals, [err] aryl and haloaryl radicals,
trifluoropropyl, cyanoethyl and cyanopropyl radicals, [err]is a [err] alkyl
or C6-13 aryl radical 45     and n is an integer equal to 1 to 100
inclusive. 5. A phenol-siloxane macromer in accordance with Claim 4, where
R and R2 are methyl R1 is trimethylene 



and n has a value of 10 to 30. 50  6. A thermoplastic
silicone-polyphenylene ether graft copolymer, obtainable by the oxidative
coupling reaction of a phenol-siloxane macromer of the formula, 55 8
[err] n 10     and a 2,6-diorganophenol of the formula, [err] where R is
selected from a halogen radical, [err] alkyl, [err] aryl and haloaryl
radicals, R1 is a [err] 20     polyalkylene or arylenealkylene radical, R2
is selected from [err] alkyl radicals, [err] aryl and haloaryl radicals,
trifluoropropyl, cyanoethyl and cyanopropyl radicals, R3 is a [err] alkyl
or [err] aryl radical and n is an integer equal to 1 to 100 inclusive. 7. A
thermoplastic silicone-polyphenylene ether graft copolymer in accordance
with Claim 6, where the 25     phenol-siloxane macromer has the formula, 35
[err] n has a value of 10 to 30 and 2,6-diorganophenol is 2,6-xylenol. 8. A
method for making a thermoplastic silicone-polyphenylene ether graft
copolymer comprising ox- 40     idatively coupling a 2,6-diorganophenol of
the formula, 45                                                 [err] with
a phenol siloxane macromer selected from, 50 55 9    EP 0 433 746 B1 [err]
where R is selected from a halogen radical, C1 -8 alkyl, C6-13 aryl and
haloaryl radicals, R1 is a C2-20 polyalkylene or arylenealkylene radical,
R2 is selected from C1-8 alkyl radicals, C6 -13  aryl and haloaryl 20
radicals, trifluoropropyl, cyanoethyl and cyanopropyl radicals, R3 is a
C1-s alkyl or C6 -13 aryl radical and n is an integer equal to 1 to 100
inclusive. PatentansprUche 26 1. Thermoplastisches
Silicon-Polyphenylenether-Pfropfcopolymer, erhaltlich durch die oxidative
Kupp- lungsreaktion von 20 bis 1.000 Molen elnes 2,6-Dlorganophenols der
Formel 30                                         R    Hf 



30~~ 35 pro Mol eines Phenol-Siloxan-Macromers der Formel R. j O-    i--R3
2 45 worin R ausgewahit ist aus elnem Halogenrest, C1 -s-Alkyl-, Cr-i
3-Aryl- und -Halogenarylresten, R' emn C2-20-Polyalkylen- oder
-Arylenalkylenrest ist, R2 ausgewghlt ist aus Ci -e-Alkylresten, Cr6-1
s-Aryl- und -Halogenarylresten, Trifluorpropyl-, Cyanethyl- und
Cyanpropylresten, R3 ein C1 --Alkyl- oder CE-1i- Arylrest !st und n eine
ganze Zahl von 1 bis einschliefllich 100 ist. 50 2.
Silicon-Polyphenylenether-Pfropfcopolymer nach Anspruch 1, worin das
Diorganophenol 2,6-Xylenol ist. 3 Silicon-Polyphenylenether-Pfropfcopolymer
nach Anspruch 1, worin das Silicon ein Polydimethylsiloxan ist. 55 10    EP
0433746 Bl1 c                                     ti   sl 4.
Phenol-Siloxan-Macromer der Formel jO i-R3 10 worin R ausgewAhlt ist aus
einrem Halogenrest, C1 -9-Alkyl-, C6-1 s-Aryl- und -Halogenarylresten, RI
ein C2-zo-Polyalkylen- oder -Arylenalkylenrest Ist, R2 ausgewdhlt ist aus
C, -e-Alkylresten, Cr-i 3-Aryl- und -Halogenarylresten, Trifluorpropyl-,
Cyanethyl- und Cyanpropylresten, R3 ein Ci-e-Alkyl- oder C6-1ia- 15
Arylrest ist und n eine ganze Zahl von 1 bis einschfleBlich 100 ist. 5.
Phenol-Siloxan-Macromer nach Anspruch 4, wofin R und R2 Methyl sind, R1
Trimethylen ist und n einen Wert von 10 bis 30 hat. 20  6.
Thermoplastisches Silicon-Polyphenylenether-Pfropfcopolymer, erhaltlich
durch die oxidative Kupp- lungsreaktion eines Phenol-Siloxan-Macromers der
Formel OH        R2  R2            Q 25                             R    C1
R2   -  FR 30     und eines 2,6-Diorganophenols der Formel R        H 35
0     f worin R ausgewghlt ist aus einem Halogenrest, Ci -g-Alkyl-, CS-i
3-Aryl- und -Halogenarylresten, RI ein 40     C2-20-Polyalkylen- oder
-Arylenalkylenrest ist, R2 ausgewahlt ist aus Ci -e-Alkylresten, Cs-1
3-Aryl- und -Halogenarylresten, Trifluorpropyl-, Cyanethyl- und
Cyanpropylresten, R3 ein C1-s-Alkyl- oder C6-i13- 



Arylrest ist und n eine ganze ZahN von 1 bis einschliel3lich 100 ist. 7.
Thermoplastisches Silicon-Polyphenylenether-Pfropfcopolymer nach Anspruch
6, worin das Phenol- 45     Siloxan-Macromer die Formel hat OH
Or~       gHO    OH CHt--CH2~~KCH2 _S;tA~iH3 50 n 55     worm n einen Wert
von 10 bis 30 hat und 2,6-Diorganophenol 2,6-Xylenol ist. 8. Verfahren zum
Herstellen elnes thermoplastischen
Silicon-Polyphenylenether-Pfropfcopolymers, umfas- send das oxidative
Kuppein eines 2.6-Diorganophenols der Formel 1.1    EP 0 433 746 B1  Iii
iil ii ii ll * C   L   M   S  R    H mit einem Phenol-Siloxan-Macromer,
ausgew~hlt aus 10                                                  OH
R2    R2 42 15 und ?O 25
R t2 worin R ausgewihit ist aus elnem Halogenrest, C1-8 -Alkyl-, C6-1
3-Aryl- und -Halogenarylresten, RI ein C2-20-Polyalkylen- oder
-Arylenalkylenrest ist, R2 ausgewahit ist aus C1 -s-Alkylresten,
C6-1s-Aryl- und 30     -Halogenarylresten, Trifluorpropyl-, Cyanethyl- und
Cyanpropylresten, R3 ein Ci-a-Alkyl- oder Cs-iv- Arylrest ist und n elne
ganze Zahl von 1 bis einschliefflich 100 ist. Revendicatlons 35 1.
Copolymbre greff6 silicone-poly(ph~nylbne ether) thermoplastique,
accessible par reaction 'de couplage oxydant de 20 & 1000 moles d'un
2,6-diorganoph6nol de formule k~~~~~~~~o~~R
r  R sur 1 mole d'un macrombre siloxane-ph6nol de formule 45 9       R1  t
si   t   SR1-Rk OH 50+ 55     formules dans lesquelles R represente un
substituant choisl parmi les atomes d'halogene et les groupes alkyle en
C1-s, aryle en Cs-is et halog~noaryle, R1 represente un groupe polyalkylene
en C2-20 ou un groupe arylbne-alkylane, R2 represente un groupe choisi
parmi les groupes alkyle en 



Ci-s, aryle en Cs-13, halog6noaryle, trifluoropropyle, cyano6thyle et
cyanopropyle, R3 repr6sente un 12    EP 0 433 746 B1                  *
c   LIM   S   * groupe alkyle en Ci -a ou aryle en CS -13, et n represente
un nombre entier valant de 1 a 100, bornes incluses. 2. Copolymere greffe
silicone-poly(ph6nylbne ether) conforme A la revendication 1, dans lequel
le 5      diorganophenol est du 2,6-xyldnol. 3. Copolymere greff6
silicone-poly(ph6nylene 6ther) conforme a la revendication 1, dans lequel
la silicone est un polydim6thylsiloxane. tO  4. Macrombre siloxane-ph6nol
de formule OH 16              RI:            R~~      Sio +-  S.R3 20 dans
laquelle R represente un substituant choisi parmi les atomes d'halogene et
ies groupes alkyle en Ci-8. aryle en CS-13 et halogdnoaryle, RI represente
un groupe polyalkylene on C2-20 ou un groupe arylene-alkylene, R2
represente un groupe choisi parmi les groupes alkyle en C,-s, aryle en
Cs-13, halogenoaryle, trifluoropropyle, cyanoethyle et cyanopropyle, R3
represente un groupe alkyle on Ci-a 25     ou aryle en C0-13, et n
represente un nombre entier valant de 1 a 100, bornes incluses. 5.
Macromere siloxane-ph~nol conforme A la revendication 4, dans loquel R et
R2 representent des groupes m6thyle, R' repr6sente un groupe trim6thylbne,
et n vaut de 10 A 30. 30  6. Copolymere greffW silicone-poly(phdnylarne
6ther) thermoplastique, accessible par reaction de couplage oxydant d'un
macrombre siloxane-ph6nol de formule 35                            0H
oH Ft'-4 SiO  -    S R ~J40                                         LR
et d'un 2,6-diorganoph6nol de formule 46
~~~~~~~OH 45                            tR~~~~~~~~ 50     forrnules dans
lesquelles R repr6sente un substituant choisi parmi les atomes d'halogene
et les groupses alkyle en Ci-8, aryle en CS-13 et halogenoaryle, R1
represente un groupe polyalkylene en C2-20 ou un groupe arylbne-alkylbne,
R2 repr~sente un groupe choisi parmi les groupes alkyle en C1-8, aryle en
C6-13, halog6noaryle, trifluoropropyle, cyanodthyle et cyanopropyle, R3
represente un groupe alkyle en Ci -e ou aryle en C0-13, et n repr6sente un
nombre entier valant de 1 a 100, bomes 55    incluses. 7. Copolymbre greff6
silicone-poly(phenylene ether) thermoplastique, conforme A la revendication
6, dans lequel le macrombre siloxane-ph6nol correspond A la formule 13 



EP 0 433 746 Bi                                  c   L   M   S 1 OH   ~
~~H,                  CH3 C: r   O:>i   CP.3       l 3
0:v1~~~~~CF. CH2) 3    -       -SiO     Sir- (CH2) L  CH3 J  CH3 10     n
vaut de 10 h 30, et le 2,6-diorganoph6nol est du 2,6-xyl~nol. 8. Proc6de de
pr6paration d'un copolymbre greff6 silicone-poly(ph6nylbne 6ther)
thermoplastique, com- portant la reaction de couplage oxydant d'un
2,6-diorganoph6nol de formule t5
OH RR ?O avec un macrombre siloxane-ph6nol choisi parmi 25
I R2   1    R o            ~~~~sio       ;-. n 30                   et OF.
w   R 0    O  f 5-R    R A,-~ o  formules dans lesquelles R repr6sente un
substituant choisi parmi les atomes d'halogene et les groupes alkyle en
Ci-8, aryle en CS-13 et halog6noaryle, RI represente un groupe polyalkylbne
en C2-20 oU un groupe arylene-alkylene, R2 repr~sente un groupe choisi
parmi les groupes alkyle en C1-8, aryle en C6-13, halogdnoaryle,
trifluoropropyle, cyano6thyle et cyanopropyle, R3 repr6sente un groupe
alkyle en C1 -8 ou aryle en C-1 3, et n represente un nombre entier valant
de 1 a 100, bornes 45     Incluses. 50 55 14    


