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(57) ABSTRACT 

A silicone-acrylate impact modi?er composition, Wherein 
said impact modi?er composition comprises structural units 
derived from: 

at least one silicone rubber monomer, 

a branched acrylate rubber monomer having the for 

C 
II H2 
0 

Wherein R1 is selected from hydrogen and Cl-C8 linear and 
branched hydrocarbyl groups; and R2 is a branched C3-C16 
hydrocarbyl group; 

a ?rst graft link monomer, 

a polymeriZable alkenyl-containing organic material, 
and 

and a second graft link monomer. 

The silicone-acrylate impact modi?er compositions dis 
closed herein are useful for making molding compositions, 
Which are useful for producing various articles, especially 
for outdoor applications. 
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SILICONE-ACRYLATE IMPACT MODIFIER 

BACKGROUND 

[0001] The disclosure relates generally to silicone-acrylate 
rubber compositions and their use as impact modi?ers in 
resin molding compositions, particularly those comprising 
thermoplastic resins. Furthermore, the disclosure also relates 
to an emulsion polymeriZation method for making the 
silicone-acrylate impact modi?ers. As used hereinafter, the 
expressions “silicone-acrylate rubber” and “silicone-acry 
late rubber graft hybrid” mean an interpenetrating composite 
of silicone rubber and polyacrylate rubber, Where the sili 
cone rubber and polyacrylate rubber are entangled in an 
inseparable fashion at the molecular level. 

[0002] Butadiene-based impact modi?ers, such as acry 
lonitrile-butadiene-styrene (also called ABS) copolymers 
and methyl methacrylate-butadiene-styrene (also called 
MBS) copolymers have been previously used to improve the 
impact performance of thermoplastic materials. HoWever, 
due to the presence of unsaturation, these butadiene-based 
copolymers respond poorly to Weathering. Weathering is a 
phenomenon Where the combined effect of several natural 
elements, particularly oxygen in air and sunlight act upon 
the polymer thereby causing the material to degrade. Gen 
erally, this degradation is observable by a yelloWing and loss 
of surface gloss of the polymer material. Impact modi?ers 
based on acrylonitrile-styrene-acrylate (also called ASA) 
copolymers avoid the issues faced by the butadiene-based 
polymers, hoWever, these materials only have room tem 
perature ductility. Acrylate rubbers are Widely used for 
impact modi?cation of thermoplastic materials Where 
Weathering is a concern. HoWever, the impact strength of 
acrylate rubber-modi?ed thermoplastic materials at loW tem 
peratures, such as 0° C., or beloW are substantially reduced, 
as compared to thermoplastic materials containing other 
organic blends, such as the butadiene-based polymers. 
Efforts have been made to use silicone-based materials to 
improve loW temperature impact. For eXample, silicone 
polycarbonate copolymers shoW good ductility at —40° C., 
but they can be used only in polycarbonates and polycar 
bonate blends. Efforts to improve the loW temperature 
impact of thermoplastic polymer compositions by using 
silicone rubber-based impact modi?ers, such as Mitsubishi 
Rayon’s S 2001 are knoWn. HoWever, the loW temperature 
impact and ductility performance, as measured for eXample, 
by the ductile-to-brittle transition temperature (hereinafter 
referred to as “DBTT”) is in some cases not up to the desired 
mark. Therefore, there is a continued need for impact 
modi?ers that can afford superior impact properties, loWer 
ductile-to-brittle transition temperatures (hereinafter some 
times referred to as DBTT’s), and outstanding Weatherabil 
ity performance, that is, sloW doWn or prevent yelloWing and 
loss of surface gloss, in polymer compositions and articles 
comprising these polymer compositions. Such impact modi 
?ers, When incorporated into polymer resin systems are 
eXpected to ?nd a Wide variety of applications, especially 
outdoor applications. 

BRIEF DESCRIPTION 

[0003] Brie?y, one embodiment of the disclosure is a 
silicone-acrylate impact modi?er composition, Where the 
impact modi?er composition comprises structural units 
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derived from: at least one silicone rubber monomer, a 
branched acrylate rubber monomer having the formula: 

[0004] Where R1 is selected from hydrogen and Cl-C8 
linear and branched hydrocarbyl groups; and R2 is a 
branched C3-C16 hydrocarbyl group; a ?rst graft link mono 
mer, a polymeriZable alkenyl-containing organic material, 
and a second graft link monomer. 

[0005] Another embodiment of the disclosure is a silicone 
acrylate impact modi?er composition, Where the impact 
modi?er composition comprises structural units derived 
from: a silicone rubber monomer comprising octamethylcy 
clotetrasiloXane and tetraethoXysilane; a branched acrylate 
rubber monomer selected from the group consisting of 
iso-octyl acrylate, 6-methyloctyl, 7-methyloctyl, and com 
binations of the foregoing branched acrylate rubber mono 
mers; at least one ?rst graft link monomer selected from the 
group consisting of (gamma-methacryloXypropy 
l)(dimethoXy)methylsilane and (3-mercaptopropyl)tri 
methoXysilane; a polymeriZable alkenyl-containing organic 
material comprising at least one of styrene, alpha-methyl 
styrene, acrylonitrile, methacrylonitrile, methyl methacry 
late; and at least one second graft link monomer selected 
from the group consisting of allyl methacrylate, triallyl 
cyanurate, and triallyl is isocyanurate. 

[0006] Another embodiment of the disclosure is a molding 
composition comprising a polymer resin and a silicone 
acrylate impact modi?er composition, Wherein said impact 
modi?er composition comprises structural units derived 
from: at least one silicone rubber monomer, a branched 
acrylate rubber monomer having the formula: 

[0007] Wherein R1 is selected from hydrogen and Cl-C8 
linear and branched hydrocarbyl groups; and R2 is a 
branched C3-C16 hydrocarbyl group; a ?rst graft link mono 
mer, a polymeriZable alkenyl-containing organic material, 
and a second graft link monomer; Wherein said molding 
composition has a ductile-to-brittle transition temperature 
from about 0° C. to about —60° C. 

[0008] Another embodiment of the disclosure is a molding 
composition comprising a polymer resin and a silicone 
acrylate impact modi?er composition, Wherein the silicone 
acrylate impact modi?er composition comprises structural 
units derived from: a silicone rubber monomer comprising 
octamethylcyclotetrasiloXane and tetraethoXysilane; a 
branched acrylate rubber monomer selected from the group 
consisting of iso-octyl acrylate, 6-methyloctyl, 7-methyloc 
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tyl, and combinations of the foregoing branched acrylate 
rubber monomers; at least one ?rst graft link monomer 

selected from the group consisting of (gamma-methacrylox 
ypropyl)(dimethoxy)methylsilane and (3-mercaptopropyl)t 
rimethoxysilane; a polymeriZable alkenyl-containing 
organic material comprising at least one of styrene, alpha 
methylstyrene, acrylonitrile, methacrylonitrile, methyl 
methacrylate; and at least one second graft link monomer 
selected from the group consisting of allyl methacrylate and 
triallyl cyanurate; Wherein said molding composition has a 
ductile-to-brittle transition temperature of less than or equal 
to about —60° C. 

[0009] Another embodiment of the disclosure is a method 
for making a silicone-acrylate impact modi?er composition, 
Where the method comprises: emulsion polymeriZing at least 
one silicone rubber monomer and a ?rst graft link monomer 

at a temperature from about 30° C. to about 110° C. to form 

a silicone rubber latex; adding to said silicone rubber latex, 
at a pH of about 4 to about 9.5, and a temperature of about 
20° C. to about 90° C., at least one branched acrylate rubber 
monomer to provide a latex comprising an emulsion poly 
meriZed silicone-acrylate rubber hybrid; grafting said sili 
cone-acrylate rubber hybrid With a polymeriZable alkenyl 
containing organic material and a second graft link mono 
mer to form a graft silicone-acrylate rubber hybrid latex; and 
coagulating, Washing, and drying said graft silicone-acrylate 
rubber hybrid latex to provide said silicone rubber impact 
modi?er composition; Wherein said at least one branched 
acrylate rubber monomer has the formula: 

[0010] Wherein R1 is selected from H and Cl-C8 linear and 
branched hydrocarbyl groups; and R2 is a branched C3-C16 
hydrocarbyl group. 

DETAILED DESCRIPTION 

[0011] The impact modi?ed compositions disclosed herein 
display many of the properties that makes them valuable 
materials for use in outdoor applications, especially in cold 
climates. The impact modi?er compositions display ductile 
to-brittle transition temperatures (hereinafter sometimes 
referred to as “DBTT”) loWer than or equal to about —40° C., 
outstanding loW temperature ductility and impact, and excel 
lent Weatherability performance, While retaining the other 
desirable properties, such as heat distortion temperature 
(hereinafter sometimes referred to as “HDT”), tensile and 
?exural modulus, and melt volume ratio (hereinafter some 
times referred to as “MVR”). 

[0012] Suitable branched acrylates useful for the silicone 
acrylate impact modi?er compositions of the disclosure are 
represented by formula (I): 
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[0013] Where R1 is selected from hydrogen and Cl-C8 
linear and branched hydrocarbyl groups; and R2 is a 
branched C3-C16 hydrocarbyl group. In an embodiment, the 
branched acrylate is one Where R1 is hydrogen and R2 is at 
least one branched hydrocarbyl radical selected from 4-me 
thylpentyl, 4-methylhexyl, and S-methylhexyl. In general 
the branched acrylates of formula (I) have structures in 
Which the R2 group is separated from the acrylate acyl 
oxygen (that is, the oxygen atom located next to the acrylate 
carbonyl group) by at least 2 CH2 groups. In a particular 
embodiment, the branched acrylate is 6-methylheptyl acry 
late. The branched acrylates can be prepared by methods 
knoWn in the art. For example, reaction of acryloyl chloride 
With the appropriate branched alcohol in the presence of a 
tertiary amine scavenger to trap the hydrogen chloride 
by-product furnishes the desired branched acrylate ester. 
Some of the branched acrylates, such as 6-methylheptyl 
acrylate are commercially available from vendors, such as 
Aldrich Chemical Company. In another embodiment, the 
silicone-acrylate impact modi?er composition further com 
prises structural units derived from at least one acrylate 
monomer selected from the group consisting of methyl 
acrylate, ethyl acrylate, n-propyl acrylate, n-butyl acrylate. 

[0014] The silicone-acrylate impact modi?er comprises 
structural units derived from silicone rubber monomers. A 
variety of silicone rubber monomers can be used. In general, 
the silicone rubber monomer comprises at least one of a 
cyclic siloxane, tetraalkoxysilane, trialkoxysilane, (acry 
loxy)alkoxysilane, (mercaptoalkyl)alkoxysilane, vinyla 
lkoxysilane, and allylalkoxysilane. 

[0015] The silicone rubber monomer comprises at least 
one of a cyclic siloxane of the formula (II): 

an 
R3 

[0016] Where R3 and R4 are independently selected from 
hydrogen and Cl-C1O alkyl and aryl radicals; and “n” is an 
integer having a value from about 3 to about 20. In some 
embodiments, R3 or R4, or both can be aryl groups. Suitable 
non-limiting examples of aryl radicals include phenyl, tolyl, 
xylyl, and the like. Phenyl radical is a preferred aryl radical 
since the phenyl-substituted silicone rubber monomers are 
relatively more readily available. Some of the preferred 
silicone rubber monomers include cyclic siloxanes, such as 
octamethylcyclotetrasiloxane, as shoWn for example in the 
Encyclopedia of Polymer Science and Engineering, volume 
15, 2nd Edition, pp. 205-308 (1989), John Wiley and Sons. 
Other examples of cyclic siloxanes include Without limita 
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tion, decamethylcyclopentasiloxane, dodecamethylcyclo 
hexasiloxane, trimethyltriphenylcyclotrisiloxane, tetrameth 
yltetraphenylcyclotetrasiloxane, 
tetramethyltetravinylcyclotetrasiloxane and octaphenylcy 
clotetrasiloxane. These or similar cyclic siloxanes may be 
used alone or in combination. 

[0017] The tetraalkoxysilane and trialkoxysilane type sili 
cone rubber monomers are represented by the general for 
mula (III): 

[0018] Where R5 independently comprises hydrogen and 
C1-C1O alkyl and aryl radicals; R6 independently comprises 
C1-C4 hydrocarbyl radicals, and “s” is an integer having a 
value from about 0 to about 1. One or more of the hydro 
carbyl radicals in the tetraalkoxysilane can also be aryl 
radicals. Suitable non-limiting examples of aryl radicals 
include phenyl, tolyl, xylyl, and the like. Phenyl radical is a 
preferred aryl radical since the phenyl-substituted silicone 
rubber monomers are relatively more readily available. In an 
embodiment, (hydrocarbyl)trialkoxysilanes can also be as 
suitable silicone rubber monomers. Examples of suitable 
tetraalkoxysilanes include, but are not intended to be limited 
to tetramethoxysilane, tetraethoxysilane, tetraisopropoxysi 
lane, and tetrabutyloxysilane, and the like. Examples of 
suitable (hydrocarbyl)trialkoxysilanes include, but are not 
intended to be limited to methyltrimethoxysilane, methyl 
triethoxysilane, phenyltrimethoxysilane, phenyltriethoxysi 
lane, and the like. In a particular embodiment, tetraethox 
ysilane or tetraethylorthosilicate (hereinafter sometimes also 
referred to as “TEOS”) can be conveniently used as a 
silicone rubber monomer. The tetraalkoxysilanes and tri 
alkoxysilanes can be used at from about 0.1% to about 30% 
by Weight of the overall monomer mixture used for prepar 
ing the silicone-acrylate impact modi?er composition. 

[0019] The ?rst graft link monomer used for preparing the 
silicone rubber impact modi?er composition comprises at 
least one of an (acryloxy)alkoxysilane, a (mercaptoalkyl)a 
lkoxysilane, a vinylalkoxysilane, and an allylalkoxysilane. 

[0020] Suitable (acryloxyalkyl)silanes that can be used as 
the ?rst graft link monomer are of the formula (IV): 

[0021] Where R7, R8, and R9 are independently selected 
from hydrogen and C1-C6 hydrocarbyl radicals; [A] is a 
C1-C12 alkylene radical; R10 is selected from hydrogen and 
CJL-C1O hydrocarbyl radicals; R11 is selected from CJL-C6 
hydrocarbyl radicals; and “m” is integer having a value from 
0 to about 1. In an embodiment, R7and R8 are hydrogen, R9 
is methyl, and [A] is a —CH2CH2CH2— radical. In another 
embodiment, (gamma-methacryloxypropyl)silanes, in 
which R10 is a methyl or a phenyl group; and R11 is a methyl, 
ethyl, or an isopropyl group can be used in the impact 
modi?er compositions disclosed herein. (Gamma-methacry 
loxypropyl)dimethoxymethylsilane and (Gamma-methacry 
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loxypropyl)trimethoxysilane are particularly convenient and 
versatile ?rst graft link monomers due to their ready avail 
ability. The (acryloxy)silanes can be used at from about 
0.1% to about 30% by Weight of the overall monomer 
mixture used for preparing the silicone-acrylate impact 
modi?er composition. 

[0022] Mercaptan-functionaliZed (hydrocarbyl)trialkox 
ysilanes are particularly valuable silicone rubber monomers. 
Examples of suitable mercaptan-functionaliZed (hydrocar 
byl)trialkoxysilanes include (3-mercaptopropyl)trimethox 
ysilane (hereinafter sometimes referred to as “MPTMS”), 
(4-mercaptobutyl)trimethoxysilane, (3-mercaptoethyl)tri 
methoxysilane, (3-mercaptopropyl)triethoxysilane, and the 
like. 

[0023] Another type of possible silicone rubber monomer 
is a substituted or an unsubstituted allylalkoxysilane of the 
formula (V): 

(V) 
R14 

[0024] Where R12, R13, and R14 are independently selected 
from hydrogen and C1-C4 hydrocarbyl radicals; R15 inde 
pendently comprises C1-C8 hydrocarbyl radicals, R16 inde 
pendently comprises C1-C4 hydrocarbyl radicals, and “t” is 
an integer having a value from 0 to about 1. Examples of 
suitable allylalkoxysilanes include, but are not intended to 
be limited to allyltrimethoxysilane, allyltriethoxysilane, cro 
tyltrimethoxysilane, crotyltriethoxysilane, (3-phenyl-2-pro 
penyl)trimethoxysilane, and the like. In a particular embodi 
ment allyltrimethoxysilane is a suitable silicone rubber 
monomer. In other embodiments, the silicone rubber mono 
mer can also comprise compounds that have 2 alkoxy groups 
and 2 allylic groups about the silicon atom. Furthermore, the 
2 alkoxy groups can be the same or different. LikeWise, the 
2 allylic groups can be the same or different. The allyla 
lkoxysilanes can be used at from about 0.1% to about 30% 
by Weight of the overall monomer mixture used for prepar 
ing the silicone-acrylate impact modi?er composition. 

[0025] Vinylalkoxysilanes can also be used as suitable ?rst 
graft link monomers. Suitable vinylalkoxysilanes have the 
formula (VI): 

(VI) 
R17 

R19 

[0026] Where R17, R18, and R19 are independently selected 
from hydrogen and CJL-C4 hydrocarbyl radicals; R2O inde 
pendently comprises C1-C8 hydrocarbyl radicals, R21 inde 
pendently comprises C1-C4 hydrocarbyl radicals, and “u” is 
an integer having a value from 0 to about 1. Suitable 
vinylalkoxysilanes include vinyltrimethoxysilane, vinyltri 
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ethoxysilane, (1-propenyl)trimethoxysilane, styryltri 
methoxysilane, divinyldimethoxysilane, divinyldiethoxysi 
lane, and the like. The vinylalkoxysilanes can be used at 
from about 0.1% to about 30% by Weight of the overall 
monomer mixture used for preparing the silicone-acrylate 
impact modi?er composition. 

[0027] In an embodiment, the ?rst graft link monomer is 
at least one selected from the group consisting of (gamma 
methacryloxypropyl)(dimethoxy)methylsilane, (3-mercap 
topropyl)trimethoxysilane, vinyltrimethoxysilane, and allyl 
trimethoxysilane. It Will be apparent to those skilled in the 
art that different combinations of the above-mentioned dif 
ferent types of ?rst graft link monomer can be used to form 
the silicone-acrylate impact modi?er composition. 

[0028] The second graft link monomer is at least one 
polyethylenically unsaturated compound having at least one 
allyl group. In one embodiment, the polyethylenically unsat 
urated compound is at least one selected from the group 
consisting of allyl methacrylate, triallyl cyanurate (herein 
after sometimes referred to as “TAC”), triallyl isocyanurate, 
and diallylmaleate. 

[0029] The polymeriZable alkenyl containing organic 
material comprises at least one vinyl aromatic monomer, 
ole?nic nitrile; and branched and unbranched acrylate 
monomers. Suitable alkenyl containing organic materials 
used for preparing the silicone rubber compositions includes 
Without limitation: styrene, divinylbenZene, alpha-methyl 
styrene, vinyl toluene, halogenated styrene, and the like; 
methacrylates, such as methyl methacrylate and 2-ethyl 
hexyl methacrylate; linear acrylates such as methyl acrylate, 
ethyl acrylate, n-propyl acrylate, n-butyl acrylate; n-pentyl 
acrylate, n-hexyl acrylate, n-heptyl acrylate, and n-octyl 
acrylate; ole?nic nitriles, such as acrylonitrile and methacry 
lonitrile; ole?ns such as ethylene, propylene, butadiene, 
isoprene, and chloroprene; chloroprene, and 5-vinyl-2-nor 
bornene, and other vinyl compounds such as acrylamides, 
N-(mono- or di-substituted alkyl)acrylamides, vinylimida 
Zole, vinyl acetate, vinyl alkyl ethers, vinyl chloride, vinyl 
furan, N-vinyl carbaZole, vinyl pyridine, vinyl pyrrolidines, 
vinyl acetate, vinyl chloride, vinyl alkyl ethers, allyl meth 
acrylate, triallyl cyanurate, triallyl isocyanurate, ethylene 
dimethacrylate, diallyl maleate, maleic anhydride; maleim 
ide compounds such as maleimide or N-phenyl (or alkyl) 
maleimide; and mixtures of these monomers. In an embodi 
ment, the polymeriZable alkenyl containing organic material 
is at least one selected from the group consisting of styrene, 
alpha-methylstyrene, acrylonitrile, methacrylonitrile, butyl 
acrylate, and (meth)acrylates, methyl methacrylate. 

[0030] The silicone-acrylate impact modi?er composi 
tions disclosed herein can be prepared by emulsion poly 
meriZation techniques. In the ?rst step of the technique, at 
least one silicone rubber monomer is reacted With at least 
one ?rst graft link monomer at a temperature from about 30° 
C. to about 110° C., and preferably from about 75° C. to 
about 95° C., to form a silicone rubber latex. An effective 
amount of a surfactant can be used initially in the reactor as 
part of the agitated aqueous mixture, or it can be introduced 
With the silicone rubber monomers. Surfactants that can be 
used include acid catalyst-surfactants, for example, sulfonic 
acids, such as alkyl-, and alkaryl-arylsulfonic acids and 
mixtures of surface-active sulfonic acid salts With strong 
mineral acids. DodecylbenZenesulfonic acid is a preferred 
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surfactant. In one embodiment of the method, the addition of 
monomers can be carried out batch Wise or semi-continu 

ously, and in a drop Wise manner, over a period of up to 24 
hours. The types of silicone rubber monomers and the ?rst 
graft link monomers that can be used have been described 
previously. In another embodiment of the method, cyclooc 
tamethyltetrasiloxane (hereinafter sometimes referred to as 
“D4”) and tetraethoxyorthosilicate (sometimes also referred 
to as a silicone cross linking monomer) are reacted With 
(gamma-methaacryloxypropyl)methyldimethoxysilane 
(hereinafter sometimes referred to as “MAPMDMS”) as a 
?rst graft link monomer to form silicone rubber particles. 
MAPDMMS facilitates chemical linking of acrylate chains 
onto the siloxane netWork. TEOS serves to form a Weak 
cross-link in the silicone rubber particles. The average siZe 
of the silicone rubber particle depends on the cross-linking 
density. A higher cross-linking density generally results in a 
loWered particle siZe of the silicone rubber particles. In one 
embodiment, the method affords silicone rubber having an 
average particle siZe from about 100 nanometers to about 2 
microns. 

[0031] In the second step of the technique, at least one 
branched acrylate rubber monomer of the structure (I) is 
polymeriZed With the silicone rubber particles obtained in 
the ?rst step to provide a latex comprising an emulsion 
polymeriZed silicone-acrylate rubber hybrid. In one embodi 
ment, a branched acrylate rubber monomer of formula (I), 
such as isooctyl acrylate is polymeriZed With the silicone 
rubber particles in presence of a cross linking monomer, 
such as allylmethacrylate to get silicone-acrylate hybrid 
latex particles. Allylmethacrylate performs the dual function 
of cross linking the acrylate chains as Well as acting as a 
graft linker (via the allyl group) for the grafting reaction in 
the third stage as described later in the disclosure. In another 
embodiment, a mixture of acrylate rubber monomers com 
prising the branched acrylate rubber monomers of structure 
(I) and linear acrylate rubber monomers, such as butyl 
acrylate can also be employed. The addition of the acrylate 
monomers to the silicone rubber latex occurs before, or 
concurrently With addition of a polymeriZation catalyst. The 
polymeriZation catalyst can be any material knoWn in the art 
to initiate free radical polymeriZation, such as an alkali metal 
persulfate; or organic soluble radical initiators, such as 
aZobisisobutyronitrile, or an organic peroxide, such as ben 
Zoyl peroxide, dichlorobenZoyl peroxide cumene hydroper 
oxide, and tert-butyl perbenZoate, to polymeriZe the 
branched acrylate rubber monomer and effect silicone-acry 
late rubber hybrid formation. When an alkali metal persul 
fate catalyst is used, it is preferred that the persulfate be 
added over time to keep the vinyl polymeriZation running. 
This technique also minimiZes degradation of the persulfate 
under the acid conditions present during the polymeriZation 
of the silicone rubber monomers. The emulsion polymeriZed 
silicone-acrylate rubber hybrid comprises about 95 parts to 
about 5 parts by Weight of silicone rubber, and about 5 parts 
to about 95 parts by Weight of polyacrylate rubber, per 100 
parts by Weight of said silicone acrylate rubber hybrid. 
[0032] In the third step, the latex comprising the emulsion 
polymeriZed silicone-acrylate rubber hybrid produced in the 
second step is reacted With at least one polymeriZable 
alkenyl containing organic material and a second graft link 
monomer to form a graft silicone-acrylate rubber hybrid 
latex. In an embodiment, the polymeriZable alkenyl contain 
ing organic material is polymeriZable alkenyl containing 
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organic material is at least one selected from the group 
consisting of styrene, alpha-methylstyrene, acrylonitrile, 
methacrylonitrile, and methyl methacrylate. The proportion 
of alkenyl organic containing material and the silicone 
acrylate rubber hybrid latex can vary Widely, such as for 
example, from about 0.15 part to about 3.0 part by Weight of 
alkenyl organic containing material, per part of the silicone 
acrylate rubber hybrid latex to form the graft silicone 
acrylate rubber hybrid latex. When allyl methacrylate is 
used, in some situations, the residual allyl groups of allyl 
methacrylate resulting from the second step (described 
above) of the method itself acts as the second graft linker by 
facilitating the grafting of polymeriZable alkenyl containing 
organic materials, such as styrene and acrylonitrile mono 
mers onto the silicone-acrylate hybrid core. A variety of 
polymeriZable alkenyl containing organic materials, such as 
those disclosed previously can be employed. When a mix 
ture of styrene and acrylonitrile is used, then their Weight 
ratio, in one embodiment, is betWeen about 90:10 to about 
50:50. 

[0033] The latex particles, of the graft silicone-acrylate 
rubber hybrid are separated from the aqueous phase through 
coagulation (by treatment With a coagulant), and dried to a 
?ne poWder to produce the silicone-acrylate rubber impact 
modi?er composition. 

[0034] The method described hereinabove can be gener 
ally used for producing the silicone-acrylate impact modi?er 
having a particle siZe from about 100 nanometers to about 2 
microns. In an embodiment, the method described herein 
above can be carried out batch Wise or semi-continuously. In 
the batch Wise process, all of the silicone rubber monomers 
are charged into the polymeriZation reactor containing 
Water, and the polymeriZation reaction is then carried out. In 
the semi-continuous process, a portion of the mixture of the 
silicone rubber monomers are taken in Water in the poly 
meriZation reactor, and subsequently the remaining portion 
of the silicone rubber monomer mixture is added over a 
period of time to form the silicone rubber latex particles. The 
semi-continuous process also includes the employment of 
mild, and/or loW shear non-homogeniZing conditions during 
the emulsion polymeriZation of the silicone rubber mono 
mers. 

[0035] The silicone rubber latex can also be synthesiZed 
through an emulsion polymeriZation route by using an 
additional homogeniZation step. The homogeniZation step 
generates particles having an average siZe of less than 500 
nanometers With a substantially broad particle siZe distribu 
tion (hereinafter sometimes referred to as “PSD”). This 
creates performance issues in polymer resin blends com 
prising, since speci?c types of polymer resin systems require 
a certain type of average particle siZe and PSD for the 
silicone-acrylate rubber impact modi?er compositions. For 
example, it is preferable to use silicone-acrylate impact 
modi?er compositions having a relatively smaller average 
particle siZe and narroWer (that is, closer to a mono-modal) 
PSD for polycarbonates, but a relatively broader (that is, 
closer to a bimodal) PSD for styrene-acrylonitrile copoly 
mers. The method for forming the silicone-acrylate impact 
modi?er compositions disclosed herein includes in an 
embodiment, a semi-continuous emulsion polymeriZation 
process Without the homogeniZation step, Where the particle 
siZe can be controlled such that one can achieve an average 
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particle siZe of either less than or equal to about 500 
nanometers, or greater than or equal to about 500 nanom 
eters. 

[0036] The silicone-acrylate impact modi?er composi 
tions disclosed hereinabove are useful materials for prepar 
ing polymer molding compositions having improved prop 
erties, such as stiffness, loW temperature ductility, 
Weatherability, and chemical resistance. The impact modi?er 
compositions also confer unexpectedly, a higher melt vol 
ume rate to polymer and molding compositions during the 
processing step. A higher melt volume rate generally trans 
lates to easier processing of the polymer or molding com 
positions, Which can be a signi?cant bene?t commercially. 

[0037] The silicone-acrylate impact modi?er can comprise 
from about 1 part to about 50 parts by Weight, in one 
embodiment, and from about 5 parts to about 25 parts by 
Weight, in another embodiment, per 100 parts by Weight of 
the molding composition. More particularly, the silicone 
acrylate impact modi?er comprises from 7 parts to about 15 
parts by Weight, per 100 parts by Weight of the molding 
composition. 

[0038] The polymer comprising the polymer molding 
composition can be a thermoset polymer, a thermoplastic 
polymer, or combinations of both polymers. In an embodi 
ment, the thermoplastic polymer is selected from the group 
consisting of polycarbonates, polyesters, polyestercarbon 
ates, polyamides, polyethersulfones, polyetherimides, 
polyphenylene ethers, acrylate polymers, styrenic polymers, 
vinyl halide polymers, and blends of the foregoing poly 
mers. Furthermore, the polymers comprising the molding 
compositions can be prepared by all methods knoWn in the 
art. For example, suitable polycarbonates that can be used 
comprise those that are made by techniques, such as inter 
facial polymeriZation, melt polycondensation, bischlorofor 
mate polymeriZation With dihydric phenols and diols; and 
polymeriZation of dihydric phenols and diols With bissali 
cylate carbonates, such as bis(methylsalicylate)carbonate. 
More particularly, the thermoplastic polymer is selected 
from the group consisting of bisphenol A polycarbonate, 
1,3-bis(4-hydroxyphenyl)-1-methyl-4-isopropylcyclohex 
ane polycarbonate, polybutylene terephthalate, polyethylene 
terephthalate, acrylonitrile-styrene-acrylate core shell poly 
mers, acrylonitrile-styrene-alpha-methylstyrene-acrylate 
core shell polymers, styrene-acrylonitrile copolymer, sty 
rene-methacrylonitrile copolymer, acrylonitrile-butadiene 
styrene copolymer, acrylonitrile-alpha-methylstyrene-buta 
diene copolymer, copolymers comprising structural units 
derived from isophthalic acid, terephthalic acid, resorcinol, 
and bisphenol A (hereinafter sometimes referred to as 
“ITR”); and blends of the foregoing polymers. The ITR 
copolymers are a class of polymers that have carbonate and 
ester functionalities on the polymer backbone. They can be 
prepared by many generally knoWn polymeriZation tech 
niques knoWn in the art. More particularly, the ITR copoly 
mers are prepared by a stepWise interfacial polymeriZation 
process. A mixture of isophthaloyl chloride and terephtha 
loyl chloride is added to an excess of resorcinol in a 
tWo-phase system comprising aqueous alkali metal hydrox 
ide and a halogenated hydrocarbon solvent, such as dichlo 
romethane. The reaction is carried out in the presence of an 
acid scavenger, such as triethylamine to trap the hydrogen 
chloride generated during the reaction, While maintaining 
the pH of the system at about 7. The product of this reaction 
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is an oligomeric polycarbonate having hydroxy group at 
both ends of the oligomer chain. In the next step, the 
oligomeric hydroxy-terminated polycarbonate is combined 
With an aromatic bisphenol, such as bisphenol A, and reacted 
With phosgene in a tWo phase system comprising aqueous 
alkali metal hydroxide arid a halogenated hydrocarbon sol 
vent, such as dichloromethane. A suitable acid scavenger, 
such as triethylamine is used to trap the hydrogen chloride 
by-product. Asuitable amount of an appropriate monohydric 
phenol, such as phenol or para-cumylphenol is added as a 
chain stopper to cap the ends of the copolymer With phenyl 
or cumyl groups, respectively. 

[0039] The polymer molding composition of the disclo 
sure may also contain one or more antioxidants, heat stabi 

liZers, ultraviolet (hereinafter referred to as “UV”) stabiliZ 
ers, ?re retardants, and colorant compositions. The phenolic 
antioxidants useful in the instant compositions embrace a 
large family of compounds, examples of Which are given 
beloW. Non-limiting examples of antioxidants that can be 
used in the molding composition of the disclosure include 
tris(2,4-di-tert-butylphenyl) phosphite, 3,9-di(2,4-di-tert-bu 
tylphenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5]un 
decane, 3,9-di(2,4-dicumylphenoxy)-2,4,8,10-tetraoxa-3,9 
diphosphaspiro[5 .5 ]undecane, tris(p-nonylphenyl) 
phosphite, 2,2,2“-nitrilo[triethyl-tris[3,3‘,5,5‘-tetra-tertbu 
tyl-1,1‘-biphenyl-2‘-diyl]phosphite], 3,9-distearyloxy-2,4,8, 
10-tetraoxa-3,9-diphosphaspiro[5.5]undecane, dilauryl 
phosphite, 3,9-di[2,6-di-tert-butyl-4-methyl-phenoxy]-2,4, 
8,10-tetraoxa-3,9-diphosphaspiro[5.5]undecane and tet 
rakis(2,4-di-tert-butylphenyl) 4,4‘-bis(diphenylene)phos 
phonite, distearyl pentaerythritol diphosphite, diisodecyl 
pentaerythritol diphosphite, 2,4,6-tri-tert-butylphenyl-2-bu 
tyl-2-ethyl-1,3-propanediol phosphite, tristearyl sorbitol 
triphosphite, tetrakis(2,4-di-tert-butylphenyl)4,4‘-biphe 
nylene diphosphonite, (2,4,6-tri-tert-butylphenyl)-2-butyl 
2-ethyl-1,3-propanediolphosphite, tri-isodecylphosphite, 
octadecyl 3,5-di-(tert)-butyl-4-hydroxyhydrocinnamate, and 
mixtures of phosphites containing at least one of the fore 
going. Tris(2,4-di-tert-butylphenyl) phosphite, 2,4,6-tri-tert 
butylphenyl-2-butyl-2-ethyl-1,3-propanediol phosphite, 
bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, and 
bis(2,4-dicumylphenyl) pentaerythritol diphosphite are 
especially preferred, as Well as mixtures of phosphites 
containing at least one of the foregoing phosphites, and the 
like. 

[0040] Non-limiting examples of processing aids that can 
be used include Doverlube® FL-599 (available from Dover 
Chemical Corporation), Polyoxyter® (available from Poly 
chem Alloy Inc.), Glycolube P (available from LonZa 
Chemical Company), pentaerythritol tetrastearate, Metablen 
A-3000 (available from Mitsubishi Rayon), neopentyl gly 
col dibenZoate, and the like. 

[0041] The molding compositions of the present disclo 
sure are prepared by mechanically blending the components 
in conventional mixing equipment, e.g., a single or tWin 
screW extruder, Banbury mixer, or any other conventional 
melt compounding equipment. A vacuum may also be 
applied to the equipment during the compounding operation 
to further reduce odorous materials emanating from the 
composition. The order in Which the components of the 
composition are mixed is not generally critical and may be 
readily determined by one of skill in this art. 
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[0042] The molding compositions described above are 
valuable for producing a variety of useful articles. In an 
embodiment, the articles comprise outdoor enclosures for 
electrical and telecommunications interface devices, smart 
netWork interface devices, exterior and interior vehicle parts, 
external housings for garden equipment, and exterior and 
interior building and construction parts. Non-limiting 
examples of articles include those comprising exterior and 
interior automotive parts, WindoW frames, WindoW pro?les, 
gutters, doWnspouts, siding, automotive bumper, doorliner, 
tailgate, interior parts, and fender; external housing for 
garden equipment, and snoW scooter. 

[0043] The molding compositions comprising different 
polymer resins and the silicone-acrylate impact modi?er 
compositions disclosed herein posses superior properties, 
such as loW temperature impact and ductility, as compared 
to the polymer resin compositions Which comprises methyl 
methacrylate-butadiene-styrene block copolymer impact 
modi?er. 

[0044] The previously described embodiments of the 
present invention have many advantages, including the 
ability to prepare the silicone-acrylate impact modi?er com 
positions, and neW molding compositions having superior 
loW temperature impact, ductility, and good Weatherability. 

[0045] While only certain features of the invention have 
been illustrated and described herein, many modi?cations 
and changes Will occur to those skilled in the art. It is, 
therefore, to be understood that the appended claims are 
intended to cover all such modi?cations and changes as fall 
Within the true spirit of the invention. 

EXAMPLES 

[0046] Notched IZod impact (hereinafter referred to as 
“NII”) Was measured by ISO 180 method, and expressed in 
kilojoules per meter square (kJ/m2). Ductility at a chosen 
temperature Was measured using the impact energy as Well 
as stress Whitening on the fracture surface. Generally, When 
stress Whitening is observed, it indicates ductile failure 
mode. When stress Whitening is not observed, it indicates a 
brittle failure mode. Ductility Was measured by testing ten 
molded impact bars of a particular composition at a given 
temperature. The percent ductility is expressed as a percent 
age of impact bars that exhibited ductile failure mode. 

[0047] Tensile strength Was measured using ISO 527 
method, and expressed in megapascals (Mpa). MVR Was 
measured using ISO 1133 method (measured at 260° C. 
using a 2.16 kilogram force), and are expressed in cubic 
centimeres/10 minutes (cc/10 min). HDT Was measured 
using ISO 179 method, and are expressed in ° C. Flexural 
modulus (hereinafter designated as “FM”) Was measured 
using ISO 178 method, and is expressed in gigapascals 
(Gm) 
[0048] The Weatherability tests Were carried out by using 
an Atlas G 5000 accelerated Weatherometer and ISO method 
SAE J 1960. Test samples Were exposed for about 1000 
kilojoules to the xenon arc lamp in the Weatherometer in 
accordance With the test method mentioned previously. The 
yelloWness index (also called “YI”) values Were measured 
using a Gretag Mcbeth 7000A color spectrophotometer. The 
Weatherability results are reported as yelloWness index (also 
referred as “YI”) values. Gloss measurements Were carried 
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out using Micro-TRI-Gloss instrument (available from 
BYK-Gardner, Germany). The gloss values are reported as 
percent gloss retention (also referred to as “% GR”), Which 
indicates the percent of the original gloss retained after the 
Weatherability test. The NI data Was also measured at room 
temperature after the Weatherability tests to determine the 
percent retention of notched IZod impact at room tempera 
ture (also referred to as “% NIR”). A loWer YI, a higher % 
NIR retention, and a higher % GR retention Would indicate 
better Weatherabilihy performance. 

[0049] The thermoplastic resins used Were polycarbonate, 
styrene-acrylonitrile copolymer, and blends of PC and SAN, 
PC/PBT blends (available commercially as “Xenoy®” from 
GE Plastics), and ITR-PC (available commercially from GE 
Plastics as Sollx®). Table 1 shoWs the loading of the various 
ingredients in parts by Weight for preparing the molding 
compositions. The impact modi?ers used for forming the 
polymer molding compositions are: MBS (methyl methacry 
late-butadiene-styrene copolymer, commercially available 
from Rohm and Haas), S2001 (an impact modi?er commer 
cially available from Mitsubishi Rayon), and silicone-acry 
late impact modi?er compositions IM-1, IM-2, IM-3, IM-4, 
and IM-5, prepared using the general procedure described 
above. Comparative examples of molding compositions 
comprising IM-2, IM-5, MBS, and S2001 (a silicone acry 
late impact modi?er commercially available from Mitsub 
ishi Rayon Company) Were also prepared. “PETS” stands 
for pentaerythritol tetrastearate. MZP stands for monoZinc 
phosphate. 

Example 1 

[0050] This Example describes the general procedure for 
preparing IM-4 silicone-acrylate impact modi?er composi 
tions by a semi-continuous emulsion polymeriZation process 
Without a homogeniZation step. 

[0051] A pre-emulsion mixture Was prepared by combin 
ing D4 (95.5 grams), tetraethylorthosilicate (2 grams), 
MPTMS (2.5 grams), dodecylbenZenesulfonic acid (0.5 
grams), sodium dodecylbenZenesulfonate (1 gram), and 
deioniZed Water (250 grams). About 20 percent by Weight of 
the pre-emulsion mixture Was charged together With deion 
iZed Water (75 grams) into a ?ve-necked reactor equipped 
With a condenser, nitrogen inlet, and a stirrer, and the 
resulting mixture Was stirred for about 3 hours While main 
taining the internal temperature at about 89° C. The remain 
der of the pre-emulsion mixture Was then fed continuously 
over a 3-hour period With continued stirring. After being 
stirred for about 2 hours at 89° C., the resulting latex Was 
cooled doWn to room temperature. The pH of the silicone 
rubber latex Was neutraliZed to about 7-8 using 2-Weight 
percent aqueous sodium hydroxide solution. The ?nal sili 
cone rubber latex thus obtained had about 40 percent total 
solids, and corresponds to a silicone rubber monomer con 
version of about 89-91 percent. 
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[0052] The neutraliZed silicone rubber latex obtained 
above (70 grams) Was mixed With deioniZed Water (285 
grams) and transferred to a four-necked round-bottomed 
?ask equipped With a condenser, nitrogen inlet, and a 
mechanical stirring assembly. The contents of the reactor 
Was heated to about, 75° C. under a stream of nitrogen, 
folloWed by addition of a solution of deioniZed Water 
containing potassium persulfate (0.33 grains Weight percent 
relative to combined Weights of isooctyl acrylate and triallyl 
cyanurate) and sodium bicarbonate (0.33 grams Weight 
percent relative to combined Weights of isooctyl acrylate and 
triallyl cyanurate). Then the internal temperature Was 
alloWed to reach 75° C. To this mixture Was added over a 
period of about 2 hours, a mixture made up of isooctyl 
acrylate (29.4 grams) and triallyl cyanurate (0.6 grams). The 
polymeriZation reaction Was alloWed to continue for another 
2 hours at 75° C. to furnish the silicone-acrylate rubber latex 
hybrid. The monomer conversion is found to be about 96 
percent. 

[0053] The silicone-acrylate rubber latex hybrid obtained 
from the previous step (75 grams) Was introduced into a 
jacketed reaction ?ask With constant agitation, and heated to 
an internal temperature of about 70° C. To this Was added a 
solution made up of potassium persulfate (0.74 Weight 
percent relative to combined Weights of styrene and methyl 
methacrylate), sodium bicarbonate (0.74 Weight percent 
relative to combined Weights of styrene and methyl meth 
acrylate), and Water (220 grams). Then a pre-emulsion 
mixture of styrene (3.75 grams), methyl methacrylate (21.25 
grams), sodium dodecylbenZenesulfonate (0.5 grams), and 
Water (60 grams) Was added to the reaction mixture, drop 
Wise over a 3-hour period, While maintaining the reactor 
internal temperature at about 70° C. After the drop Wise 
addition, the temperature of the reaction Was maintained for 
another 2 hours at 70° C., and then cooled to room tem 
perature. The monomer conversion in the resulting graft 
silicone-acrylate rubber hybrid latex is around 97-98%. 

[0054] The above graft silicone-acrylate rubber hybrid 
latex Was coagulated by ?rst sloWly adding one part by 
Weight of the latex to 1.6 parts by Weight of an aqueous 
0.5-0.75 Weight percent calcium chloride solution main 
tained at 70° C. With mechanical agitation, then continuing 
the stirring for about 30 minutes, and then quenching the 
mixture by adding about 2 kilograms of Water. The coagu 
lated polymer product Was ?ltered using a Buckner funnel, 
Washed thoroughly With deioniZed Water at ambient tem 
perature, and dried in air oven maintained at 70° C. for at 
least 24 hours. 

[0055] The above-described method Was used for prepar 
ing various silicone-acrylate modi?ers, identi?ed as TM-1, 
IM -2, IM -3, and IM-5. The monomers used for preparing 
each of the impact modi?ers is shoWn in Table 1. “MMA” 
stands for methyl methacrylate. 

TABLE 1 

Silicone First graft Branched Second graft Polymerizable 
Impact rubber link acrylate link alkenyl containing 
Modi?er monomers monomer monomer(s) monomer organic material 

IM-1 D4, TEOS MAPDMMS Isooctyl Allyl Styrene/acrylonitrile 
acrylate methacrylate 

IM-2 D4, TEOS MAPDMMS n-butyl Allyl Styrene/acrylonitrile 
acrylate methacrylate 
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TABLE l-continued 
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Silicone First graft Branched Second graft Polymerizable 
Impact rubber link acrylate link alkenyl containing 
Modi?er monomers monomer monomer(s) monomer organic material 

IM-3 D4, TEOS, MPTMS Isooctyl Allyl Styrene/acrylonitrile 
acrylate methacrylate 

IM-4 D4, TEOS, MPTMS Isooctyl TAC MMA/styrene 
acrylate 

IM-5 D4, TEOS, MPTMS 2-ethylhexyl TAC MMA/styrene 
acrylate 

Examples 2-5 and Comparative Examples 1-7 

[0056] These examples describe molding composition for 
mulations prepared using various combinations of the ther 
moplastic resins and the silicone-acrylate impact modi?ers 
described previously. The formulations prepared are shoWn 
in Table 1. In the table “NU” means the particular ingredient 
Was not used for making the formulation. These formula 
tions Were then used for preparing molding compositions as 
folloWs. 

[0057] The formulations described above Were extruded 
into pellets using a W&P ZSK25 tWin-screW extruder and 
the conditions shoWn beloW. 

Zone Temperature (Deg C.) 

Feed Hopper (Zone 1) 100 
Zone 2 200 
Zone 3 230 
Zone 4 240 

Zone 5 (Nozzle) 250 
Zone 6 260 
Die 260 

[0058] The pellets Were injection molded into test speci 
mens using an Engel 30-ton injection molder and the con 
ditions shoWn beloW. 

Zone Temperature (Deg C.) 

Feed Hopper (Zone 1) 70 
Zone 2 230 
Zone 3 245 
Zone 4 265 

Zone 5 (Nozzle) 255 
Mold 40-50 

[0059] The properties Were measured on the test speci 
mens. Results are shoWn in Table 2. “NA” means data is not 
available. 

[0060] Examination of the data shoWn in Example 2 of 
Table 2 indicates that the impact modi?er prepared using 
isooctyl acrylate exhibits much better percent ductility at 
temperatures equal to or loWer than —20° C., as compared 
With the corresponding molded part comprising MBS as the 
impact modi?er (Comparative Example 3), S2001 impact 
modi?er (Comparative Example 2); and n-butyl acrylate 

impact modi?er (Comparative Example 1). Furthermore, the 
MVR value for the PC-SAN based molding composition 
comprising isooctyl acrylate is much higher than that com 
prising MBS (Comparative Example 3), indicating that 
impact modi?ers prepared using isooctyl acrylate confer 
better processibility When they are incorporated in molding 
compositions. A higher MVR is desirable for better proces 
sibility. Moreover, PC-SAN based molding compositions 
retain the mechanical properties on par With those shoWn by 
molding compositions comprising MBS. 

[0061] PC-PBT based molding composition of Example 3, 
comprising the impact modi?er prepared using isooctyl 
acrylate as the branched acrylate monomer shoWs better 
ductility at sub-zero temperatures While retaining mechani 
cal properties as compared to the composition of Compara 
tive Example 4 (Which comprises the impact modi?er pre 
pared using 2-ethylhexyl acrylate) and Comparative 
Example 5 (using S2001 impact modi?er), but similar to that 
of Comparative Example 6 (using MBS). Furthermore, the 
molding composition of Example 3 shoWs a signi?cantly 
better MVR of 9.9 as compared to a value of 6.3 shoWn by 
the composition of Comparative Example 6. The molding 
composition of Example 3 also displays superior Weather 
ability, as shoWn by the signi?cantly loWer YI and % GR, 
and % NIR values, as compared to the molding composition 
of Comparative Example 6, Which contains MBS impact 
modi?er. 

[0062] The molding composition of Example 5 (compris 
ing the isooctyl acrylate-based impact modi?er) shoWs supe 
rior ductility at or beloW about —20° C. beloW While retain 
ing the mechanical properties, as compared to the 
composition of Comparative Example 7 Which shoWs duc 
tility only up to about —20° C. 

[0063] While the disclosure has been illustrated and 
described in typical embodiments, it is not intended to be 
limited to the details shoWn, since various modi?cations and 
substitutions can be made Without departing in any Way 
from the spirit of the present disclosure. As such, further 
modi?cations and equivalents of the disclosure herein dis 
closed may occur to persons skilled in the art using no more 
than routine experimentation, and all such modi?cations and 
equivalents are believed to be Within the spirit and scope of 
the disclosure as de?ned by the following claims. All patents 
cited herein are incorporated herein by reference. 
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Parts by Weight in each formulation E amnle 

Ingredients used 2 1* 2* 3* 3 4 4* 5* 6* 7* 5 

SAN 576 21.8 21.8 26.8 24.8 NU NU NU NU NU NU NU 
Phosphite 0.1 0.1 0.1 0.1 0.4 0.4 0.4 0.4 0.4 
stabilizer-1 
PETS 0.3 0.3 0.3 0.3 NU NU NU NU NU NU NU 
Phosphite 0.1 0.1 0.1 0.1 NU NU NU NU NU NU NU 
stabilizer-2 
MZP NU NU NU NU 0.1 0.1 0.1 0.1 0.1 NU NU 
Phosphite NU NU NU NU NU NU NU NU NU 0.03 0.03 
stabilizer-3 
PC-105 40.4 40.4 44.4 44.4 46.4 46.4 46.4 46.4 46.4 NU NU 
PC-175 17 17 17 17 NU NU NU NU NU NU NU 
PBT-315 NU NU NU NU 12.9 9.4 12.9 13.9 12.9 NU NU 
PBT-195 NU NU NU NU 26.7 23.2 26.7 27.9 26.7 NU NU 
PET NU NU NU NU 0.3 0.3 0.3 0.3 0.3 NU NU 
SoliX ® NU NU NU NU NU NU NU NU NU 86.7 80 
IM-1 20 NU NU NU NU 20 NU NU NU NU NU 
IM-2 NU 20 NU NU NU NU NU NU NU NU NU 
IM-4 NU NU NU NU 13.3 NU NU NU NU NU NU 
IM-5 NU NU NU NU NU NU 13.3 NU NU NU NU 
IM-3 NU NU NU NU NU NU NU NU NU NU 20 
S2001 NU NU 11.1 NU NU NU NU 11.11 NU NU NU 
ASA NU NU NU NU NU NU NU NU NU NU NU 
MBS NU NU NU 13.3 NU NU NU NU 13.3 13.3 NU 

[0064] 

TABLE 2 

Formu- NII (% ductility) 
lation at various temperatures 

Example Ambient 00 C. —200 C. —300 C. —400 C. Tensile FleXural % 

2 54 (100) 52 51 45 44 43.5 8.4 98 2.24 NA NA NA 
3 59 (100) 46 43 32 29 43.6 9.9 68 2.1 32.7 84 79 
4 53 (100) 26 16 (0) NA 13 (0) 43.8 8.9 69.4 2.12 NA NA NA 
5 65 (100) 57 51(100) 50 48 57 8.5 NA 2.19 NA NA NA 
1* 47(100) 41 38 29 (0) 28 (0) 44.6 6 99.7 2.18 NA NA NA 
2* 52 (100) 47 20 (0) 15 (0) 9 (0) 50.4 6.7 101 2.22 NA NA NA 
3* 61 (100) 61 54 (60) 52 41 (0) 45.7 1.9 103 2.24 NA NA NA 
4* 55 (100) 50 35 (40) 21 (0) 16 (0) 44.3 9.2 NA 2.2 NA NA NA 
5* 56 (100) 47 21 (0) 21 (0) 16.5 36.9 16.6 73 1.88 NA NA NA 
6** 53 (100) 50 50 46 42 41.7 6.3 71 2 41.1 69 72 
7* 36 (100) 34 30 26 22 (0) 57.6 3 NA 2.22 NA NA NA 

1. A silicone-acrylate impact modi?er composition, 
Wherein said impact modi?er composition comprises struc 
tural units derived from: 

at least one silicone rubber monomer, 

a branched acrylate rubber monomer having the formula: 

R1 
I H2 

Wherein R1 is selected from hydrogen and Cl-C8 linear 
and branched hydrocarbyl groups; and R2 is a branched 
C3-C16 hydrocarbyl group; 

a ?rst graft link monomer, 

a polymeriZable alkenyl-containing organic material, and 
and a second graft link monomer. 
2. The impact modi?er composition of claim 1, Wherein 

R1 is hydrogen and R2 is at least one branched hydrocarbyl 
radical selected from 4-methylpentyl, 4-methylhexyl, and 
S-methylhexyl. 

3. The impact modi?er composition of claim 1, Wherein 
said silicone rubber monomer comprises: 

at least one cyclic siloXane silicone rubber monomer of 
the formula: 
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wherein R3 and R4 are independently selected from hydro 
gen and C1-C1O alkyl and aryl radicals; and n is an 
integer having a value from about 3 to about 20; and 

at least one member selected from a trialkoXysilane and 
tetraalkoXysilane of the general formula: 

Wherein R5 independently comprises hydrogen and 
C1-C1O alkyl and aryl radicals; R6 independently com 
prises C1-C4 hydrocarbyl radicals; and “s” is an integer 
having a value from about 0 to about 1. 

4. The impact modi?er composition of claim 1, Wherein 
said silicone rubber monomer comprises: 

at least one member selected from octamethylcyclotet 
rasiloXane, decamethylcyclopentasiloXane, and heXam 
ethylcyclotrisiloXane; and 

tetraethoXysilane. 
5. The impact modi?er composition of claim 1, Wherein 

said polymeriZable alkenyl containing organic material 
comprises at least one aromatic vinyl monomer, ole?nic 
nitrile; and branched and unbranched (meth)acrylate mono 
mer. 

6. The impact modi?er composition of claim 1, Wherein 
said polymeriZable alkenyl containing organic material is at 
least one selected from the group consisting of styrene, 
alpha-methylstyrene, acrylonitrile, methacrylonitrile, butyl 
acrylate, and methyl methacrylate. 

7. The impact modi?er composition of claim 1, Wherein 
said ?rst graft link monomer comprises at least one of an 
(acryloXy)alkoXysilane, a (mercaptoalkyl)alkoXysilane, a 
vinylalkoXysilane, and an allylalkoXysilane. 

8. The impact modi?er composition of claim 1, Wherein 
said ?rst graft link monomer comprises at least one of 
(gamma-methacryloXypropyl)(dimethoXy)methylsilane, 
(3-mercaptopropyl)alkoXysilane, vinyltrimethoXysilane, and 
allyltrimethoXysilane. 

9. The impact modi?er composition of claim 1, Wherein 
said second graft link monomer is at least one polyethyl 
enically, unsaturated compound having at least one allyl 
group. 

10. The impact modi?er composition of claim 1, Wherein 
said second graft link monomer is at least one selected from 
the group consisting of allyl methacrylate, triallyl cyanurate, 
triallyl isocyanurate, and diallylmaleate. 

11. A silicone-acrylate impact modi?er composition, 
Wherein said composition comprises structural units derived 
from: 

a silicone rubber monomer comprising octamethylcy 
clotetrasiloXane and tetraethoXysilane; 

a branched acrylate rubber monomer selected from the 
group consisting of iso-octyl acrylate, 6-methyloctyl 
acrylate, 7-methyloctyl acrylate, and combinations of 
the foregoing branched acrylate rubber monomers; 

at least one ?rst graft link monomer selected from the 
group consisting of (gamma-methacryloXypropy 
l)(dimethoXy)methylsilane and (3-mercaptopropyl)tri 
methoXysilane; 

a polymeriZable alkenyl-containing organic material com 
prising at least one of styrene, alpha-methylstyrene, 
acrylonitrile, methacrylonitrile, methyl methacrylate; 
and 
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at least one second graft link monomer selected from the 
group consisting of all methacrylate, triallyl cyanurate, 
and triallyl isocyanurate. 

12. The impact modi?er composition of claim 11, Wherein 
said impact modi?er composition further comprises struc 
tural units derived from at least one acrylate monomer 
selected from the group consisting of linear alkyl acrylates. 

13. A molding composition comprising a polymer resin 
and a silicone-acrylate impact modi?er composition, 
Wherein said impact modi?er composition comprises struc 
tural units derived from: 

at least one silicone rubber monomer, 

a branched acrylate rubber monomer having the formula: 

Wherein R1 is selected from hydrogen and Cpl-C8 linear 
and branched hydrocarbyl groups; and R2 is a branched 
C3-C16 hydrocarbyl group; 

a ?rst graft link monomer, 

a polymeriZable alkenyl containing organic material, and 

and a second graft link monomer; 

Wherein said molding composition has ductile-to-brittle 
transition temperature from about 0° C. to about —60° 
C. 

14. The molding composition of claim 13, Wherein said 
polymer is selected from thermoplastic and thermoset poly 
mers. 

15. The molding composition of claim 14, Wherein said 
thermoplastic polymer is selected from the group consisting 
of polycarbonates, polyesters, polyole?ns, polyestercarbon 
ates, polyamides, polyethersulfones, polyetherimides, 
polyphenylenes ether, acrylate polymers, styrenic polymers, 
vinyl halide polymers, and blends of the foregoing poly 
mers. 

16. The molding composition of claim 14, Wherein said 
thermoplastic polymer is bisphenol A polycarbonate, 1,3 
bis(4-hydroXyphenyl)-1-methyl-4-isopropylcycloheXane 
polycarbonate, polybutylene terephthalate, polyethylene 
terephthalate, acrylonitrile-styrene-acrylate core shell poly 
mers, acrylonitrile-styrene-alpha-methylstyrene-acrylate 
core shell polymers, styrene-acrylonitrile copolymer, sty 
rene-methacrylonitrile copolymer, acrylonitrile-butadiene 
styrene copolymer, acrylonitrile-alpha-methylstyrene-buta 
diene copolymer, copolymers comprising structural units 
derived from isophthalic acid, terephthalic acid, resorcinol, 
and bisphenol A; and blends of the foregoing polymers. 

17. The molding composition of claim 13, Wherein said 
impact modi?er composition further comprises structural 
units derived from at least one acrylate monomer selected 
from the group consisting of linear alkyl acrylates. 

18. An article of manufacture comprising the impact 
modi?er composition of claim 1. 

19. The article of claim 18, Wherein said article comprises 
outdoor enclosures for electrical and telecommunications 
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interface devices, smart network interface devices, exterior 
and interior vehicle parts, external housings for garden 
equipment, and exterior and interior building and construc 
tion parts. 

20. The article of claim 18, Wherein said article comprises 
exterior and interior automotive parts, WindoW frames, Win 
doW pro?les, gutters, doWnspouts, siding, automotive 
bumper, doorliner, tailgate, interior parts, and fender; exter 
nal housing for garden equipment, and snoW scooter. 

21. A molding composition comprising a polymer resin 
and a silicone-acrylate impact modi?er composition, 
Wherein impact modi?er composition comprises structural 
units derived from: 

a silicone rubber monomer comprising octamethylcy 
clotetrasiloxane and tetraethoxysilane; 

a branched acrylate rubber monomer selected from the 
group consisting of iso-octyl acrylate, 6-methyloctyl, 
7-methyloctyl, and combinations of the foregoing 
branched acrylate rubber monomers; 

at least one ?rst graft link monomer selected from the 
group consisting of (gamma-methacryloxypropy 
l)(dimethoxy)methylsilane and (3-mercaptopropyl)tri 
methoxysilane; 

a polymeriZable alkenyl-containing organic material com 
prising at least one of styrene, alpha-methylstyrene, 
acrylonitrile, methacrylonitrile, methyl methacrylate; 
and 

at least one second graft link monomer selected from the 
group consisting of allyl methacrylate and triallylcya 
nurate; 

Wherein said molding composition has ductile-to-brittle 
transition temperature from about 0° C. to about —60° 
C. 

22. The molding composition of claim 21, Wherein said 
impact modi?er composition further comprises structural 
units derived from at least one acrylate monomer selected 
from the group consisting of linear alkyl acrylates. 

23. Amethod for making a silicone-acrylate impact modi 
?er composition, said method comprising: 

emulsion polymeriZing at least one silicone rubber mono 
mer and a ?rst graft link monomer at a temperature 
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from about 30° C. to about 110° C. to form a silicone 
rubber latex; 

adding to said silicone rubber latex, at a pH of about 4 to 
about 9.5, and a temperature of about 20° C. to about 
90° C., at least one branched acrylate rubber monomer 
and a second graft link monomer to provide a latex 
comprising an emulsion polymeriZed silicone-acrylate 
rubber hybrid; 

grafting said silicone-acrylate rubber hybrid With a poly 
meriZable alkenyl containing organic material to form 
a graft silicone-acrylate rubber hybrid latex; and, 

coagulating, Washing, and drying said graft silicone 
acrylate rubber hybrid latex to provide said silicone 
acrylate rubber impact modi?er composition; 

Wherein said at least one branched acrylate rubber mono 
mer has the formula: 

Wherein R1 is selected from hydrogen and Cl-C8 linear 
and branched hydrocarbyl groups; R2 is a branched 
C3-C16 hydrocarbyl group. 

24. The method of claim 23, Wherein said method further 
comprises adding to said silicone rubber latex, at least one 
acrylate monomer selected from the group consisting of 
linear alkyl acrylates. 

25. The method of claim 23, Wherein said silicone rubber 
latex has a volume average particle siZe from about 100 
nanometers to about 2 microns. 

26. The method of claim 23, Wherein said polymeriZable 
alkenyl containing organic material is at least one selected 
from the group consisting of styrene, alpha-methylstyrene, 
acrylonitrile, methacrylonitrile, and methyl methacrylate. 


