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.'EMULSION POLYMERIZED SIUCONE RUBBER-BASED IMPACT 
MODIFIERS, METiiOD FOR MAKING, AND BLENDS THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates to silicone rubbet-based impact modifiers 

in the fo~ of· polymerized alkenyl monomer-containing grafts, such as 
styrene and aaylonitrile, of emulsion polymerized silicone rubber particles 

. having an average particle size in the range of about 400 run or more. Mor~ 
5 particularly, the ·present invention relates to the employment of such 

polymerized alkenyl containing impact modifiers in thermoplastic resins to 
provide thermoplastic compositions having enhanced impact strength'. and 
improved weatherability. 

As shown by Craig, U.S. patent 5,726,270, which is incorporated herein .. 
10 . by reference, aqueous dispersions of organopolysiloxanes are provided· in the . 

form of monomodal organopolysiloxane particles having a pre-detennined 
particle size of up to about 2 microns. As discussed in U.S. patent 5,726,270, 

current manufacturing practices for making organopolysiloxane dispersions 

often emulsify pr~xisting organopolysiloxane fluids or gums under high 
15 shear conditions. Alternative procedures include batch stirring siloxane 

precursors in water in the presence of a surfactant. Additional emulsion 
polymerization methods are taught,. such as shown in U.S. patent 2,891,920, 
which desm"bes the use of a base catalyst with a cationic st1rfactant, and 
J.P.62141029 A2 870624, which is directed to a continuous addition of a pr~ 

20 emulsion cyclo-siloxane precursor. 

While various procedures are available for making aqueous 

polysiloxane emulsions having average particle sizes of about 10 to 300 nm, 

these dispersions often have been restricted to such applications as personal 
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care, adhesives and coatings where small particles sizes often provide 

advantages. 

.. .. 
It would be desirable ~efor to be able to inake aqueous dispersions 

of emulsion polymerized silicone nibber particles to expand the utility of 

5 aqueous polysiloxane emulsions to silicone emulsion rub~s having an 

• average particle size of ~bout 400 nm, or greater. 

It also would be ·desirable to provide low temperatUre impact 

modifiers in the form of polymerized alkenyl moriomer-containlltg grafts of 

·· such emulsion poiymerized silicone rubber particles. 

10 In addition, . it would · be ·desirable to provide thermoplastic 

compositions comprising a .thermopl~ polymer and an effective amount of . 

an impact modifier in the form of a polym.~ed alkeriyl monomer-containing 

.graft of an emulsion polymerized. sili~ne rubber having an average particle 

size of 400 nm, or greater. 

BRIEF SUMMARY OF THE INVENTION 

15 The present invention is based on· the discovery that silicone rubber · 
. . 

particles having a volilme average particle size of 400 run or greater. can be 

made by a single stage semi-continuous process involving t1ie ~ulsion 

polymerization of siloxarie precursors under low shear, substantially non­

homogenizing conditions. 

20 As used hereinafter, the expression "semi-continuous process" means 

the introduction under 'emulsion polyme~tion c0ndition8 of silicone rubber 

siloxane precursors, such as octamethylcyclotetrasiloxane and y­

mercaptopropyl~methoxysililne iJ:lto a reactor over an extended period of 

time, for example, about 2 to about 12 hours, and preferably, abOut 4 to about 

25 8 hours. 
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The expression semi-continuous process also includes the employment 

of mild, and/ or low shear non•homogenizing conditions during the emulsion 

polymerization of the silicone rubber siloxane precursors. The degree of 

· agitation used during the· semi-continuous processing of- the silicone rubber 

5 siloxane precursors substantially minimizeS the formation of silicone rubber· 

. particles having an average particle size of below about 400 nm. 

The resulting silicone rubber particles can· thereafter be respectively 

grafted with a polymerizable alkenyl monomer, such as a vinyl monomer, to 

form a polymerized alkenyl polymer shell, to provide valuable impact 

10 modifiers for a variety of thermoplastic polymers, such as polyesters, 

polycarbonates, polyestercarbonates; polyimides, polyetherimides, and 

polyamides. 

15 

STATEMENT OF THE INVENTION 

There is provided by the present invention, a method for making an . 

aqueous silicone rubber latex, which comprises, 

(1) semi-continuously adding silicone rubber siloxane precursors into a ·. 

reactor to provide contact under agitation with a reaction mixtUre 

comprising water, and an add catalyst-surfactant at a temperature in the 

range of about 3CJoC to about llOOC, and 

(2) recovering a silicone rubber latex comprising silicone rubber · 

20 particles_haviitg a volume average particle size in the range of about 400nm to 

about 2 microns. 

There is also provided, a method for making a silicone rubber-based 

graft copolymer comprising, 

(1) effecting reaction at a temperature of about SQoC to about 95oc 

25 between (A) an aqueous silicone rubber latex having a pH of about 3 to about 
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9, and comprising ~~ne rubber particles having a volume average particle 

· size in •the range of about. 400 .nm to about -2 ·microns, and (B) an aqueous 

mixtUre comprising at least one polymerizable alkenyl organic monomer , 

where a suffi~ent proportion of mixture (B) is utilized iri the reaction to 

5 provide from about 15 % to about 75% by weight of alkenyl polymer shell, 

based on the total weight of graft copolymer, and.· 

·· · (2) coagulafuig the resulting latex from (1), and 

{3) recovering, washing, and thereafter drying the resulting solids. · · 

.· There is further provided, a method for making a silicone rubber-based 

1 o ·graft copolymer comprising, 

15 

20 

(1) effecting reaction at a temperature of about 5QoC to about 95oC 

between (A) an aqueous silicone :rubber latex having a pH of about 3 to about 

. 9, and 4;0µiprising silicone rubber particles ha\Ting a volume average particle 
.. , · . 

size in ··the range of about 400 "ion to about 2 micronS, and (B) an aqueous ' 

mixture comprising, styrene and acrylonitrile in.a weight ratio of between 

· apout::9.~:10 to about: 50:50 ~- where· a. sufficient pr~pQl'tion 9f mixture (B) is 

utilized in the reaction, to provide from about 15% to about 75% by weight of 

alkenyl polymer shell, based on the total weight of graft copolymer, and 

(2) coagulating the resulting latex from (1), and · 

(3) recovering, washing, and tht'rt•.i llt'r drying the resulting solids. 

There is still further provided by the prt.·'4.·nt invention, a thermoplastic blend 

comprising (C), thermoplastic poJynwr .. 1 nd ( D) about 5 % to about 50% by 

weight, based on the weipt of therm,•pl.1 .. uc ttlend, .of a silicone rubber graft 

copolymer haVing about 15% to abt1u1 -::; ·. by weight of alkenyl polymer 

25 shell, and silicone rub~ particles h.1 ·• · ~· ..: .1 ' 111 ume average particle size m· 
the range of about 400nm to about 2 m1. :. ·n .. 
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Still another aspect of the present invention is directed to a method for 

preparing a thermoplastic blend, which comprises mixing ( C ), thermoplastic 

polymer, and (D) about 5 o/o to about 50% by weight, based on the weight of 

thermoplastic blend; of a silicone rubber graft copolymer having about 15% to 

5 about 75% by·weight·of alkenyl·polym:er shell, and' silicone rubber particles 

having a volume average particle size in ·the range of about 400mn to about 2 

miaon&. 

DETAILED DESCRIPTION OF THE INVENTON 

In the practice of one form of the method of the invention, an emulsion 

polymeriZed silicone rubber latex is initially formed by· semi-continuously 

10 adding to a reactor containing water, which is being agitated, such as by 

stirring, at a temperature in the range of _about 300C to about. 1100C, and. 

preferably about 75'C to about 95°C, a mixture of silicone rubber monomers. · 

The semi-continuous addition of monomers can be ~fected, stepwise, and in a · 

dropwise manner, over a period of up to about 24 hours. An effective amount . · 

15 of a surfactant can be used initially iri. the reactor as part of the agitated ·· 

aqueous mixture, or it can be introduced with the silicone rubber monomers. 

Among the surfactants which can be used, dodecylbenzenesulfonic 

add is . preferred. Surfactants which can be used in the practice of the 

invention include add catalyst-surfactants, for example, sulfonic adds, such 

20 as alkyl-, and alkaryl-arylsulfonic adds and mixtUres of surface-active 

sulfonic add salts with strong mineral adds. Additional sulfonic add 

catalysts/surfactants are shown in U.S. Patent 3,294,725, and Craig, U.S. 

Patent 5,726,270 which are incorporated hiarein by reference. 

Various silicone rubber monomers can be used to form the initial 

25 ~mulsion polymerized silicone rubber latex used in the practice of the 

invention. Some of the preferred silicone rubber monomers include 
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cyclosiloxanes, such·as octaQlethylcyc1otetrasiloxane1 as shown for example in 

the Encyclopedia of Polymer Science and: Engineering, . Volume 15, 2nd 

Edi~On, pp. 205-308, (1989), John Wiley and Sons. Cross-lblking silanes 

.include trifunctional such as trimethoxymethylsilane, and triethoxyphenyl-

5 silane, and. tetrafunctional, for eXample,. tetraethoxysilane. The cross-linking 

10 

silanes can be used at from about 0.1 % to 30% by weight qf the silicone rubber 

monomer mixture. Useful emulsion polymerizable Silicone rubber monomers 

are for example cycloalky1siloxanes, such as hexamethylcyclotrisiloxane, or 

~ctamethylcyclotetrasiloxane which ~'be copolyin~ed with from about 

0.1 % to about 30% by weight of a cros&-linking agent. Suitable cros&-linking 

agents are for exainple, tetraalk9xysilane, such as, tetTaethOxysilane, and in 

further .··· combination. with. an alkylacryl~xyalkfldialkoJ!<Yalkylsilane1 as 

illu8trated by y-methacryloxypropyldimetho~ylsilane. · ... A 

. comprehensive list ofsilicone ru~ber mo11omeJ;s can be found in ''Silicones", 

1!:i Hardman and TorJ(els9n, EncyclQpedia Qf ·~Qlymer, Science and.En~, 

, . . :YOI~ .15, 2nd. Ed~tion, pp. 2,05-:SOB, (1989), John Wiley and Sons, \Vhich is 

· .. iIJ.corporated herein .by reference. : : .. ·.· 

. ,··. ·.:··-·:· . ~: ·: In prei)aring ·.the ~afi: 'of' 'th~··' e~Utsion . polPnerlzed Silicone' rubber 
·: ·' .: . ' . 

latex, a: suitable polymerizable'alkenyl monomer, alone, or in combination as 

20 · a mixture of two or more. alkenyl monomers, Su~ as styrene, triallyl 

cyanurate, acrylonitrile, and' methylmethacrylate, can be used in combination 

With the rubber latex. When a mixture of styrene and acrylonitrile is used; 

then their weight ratio is between about 90:10 to about 50:50. 

The proportion of alkenyl monomer and emulsion polymerized rubber 

25 latex can vary widely by weight. For example, there can be u8ed by weight, 

from about 15% to about 75% alkenyl monomer, based on the total weight of 

graft copolymer. 
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Jn. order that those skilled· in the art will be better able to' practice the 
invention, ,the following examples are given by way of illustration, and not by 
way of limitation. All parts are by weight unless otherwise indicated• 

Weight percent solids oflatex samples are determined after drying to a 
s c0nstant weight with a CEM Labwave 9000 gravimetric; microwave drier. 

Particle size distributions are obtained using a Nicomp 370 Submicron 
Particle Sizer instrument applying a Gaussian analysis protocol. 

EXAMPLEl 

There are concurrently added ·d.ropwise over a seven hour period, two 
feed streams into a 2000 ml reactor containing 450 g of water, which is being 

1 o agitated continuously and is at a temperature of 86oC. One of the' feed . , 
streams is a solution of 9.35 g of dodecylbenzenesulfonic acid in 300· g of 
water; the s~ond feed stream is 931 g of octamethylcyclotetrasiloxane. The , 
resulting reaction mixture is heated and agitated for an additional 7 hours~ It 

15 

is t}len cooled to room temperature. 

There is added batch-wise to the above reaction mixture at room 
temperature, 28.3 g of y-mercaptopropyltrimethoxysilane, and the resulting 
mixture is reheated to 86oC, and maintained at 86oC for 12 ;hours. The 
reaction mixture is allowed to cool·. to room temperature. and characterized. 
There is obtained a silicone rubber latex having 51.5 % by weight solids and a 

20 volume average particle size of 700 nm. 

A styrene and apylonitrile mixture is pumped over a two hour period 
into a 5 liter glass reactor which contains an agitated mixture at BOOC of 1751 g 
of distilled water, and 1693 g of the above silicone rubber latex which has 
been neutraliZed to a pH of 6.5 ~th 4 g sodium bicarbonate dissolved in 50 

25 ml water. The styrene and ltlaylonitrile mixture consists of 573 g of styrene, 
286 g of acrylonitrile, 1.3 g of a 75% sodium dioctylsulfosuccinate in 50/50 
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. ethanol/water mixture, and 2.6 g t-amylperoxyocto8:te. The resulting reaction 

mixture is heated al: 85~ for an additional two holirs. · The mixture is then. 
. .· .. :·· .. . ; ,. . . . . . :: . . 

allowed to cool tq roo~· temperature. :'I'he!e is o~ed a silicone rubber graft 

copolymer latex. 'J:'h~ silicone rubber graft copol~ latex has 40.4% total 
.· . ·. . . . . 

! '· 

solids by weight, and :the volUJI)e iJ,verage particles~ is 741 nm. 
...... 

The above graft copolymer latex is coagulated :in a 1.5o/o aqueous . . ; ·' 

. calcium chloride solpijon maintained at ~i ·via slow addition of 1 part of 

the latex to two parts of calcium chlori4e solutioi;i. The resulting polymer 

·· solids are filtered, Washed with distilled water at ambient temperatures, and 

10 dried in a vacuum .qy~ at room ~per,ature for 24 hours, then at 700C for at 

: .least 24 hours. J:'her~.i,~ obtai~ a fine powder . 

. The abOve procedure is ':repeated to form comparative silicone-based 

. graft copolymers . from comparative silicone tubber latexes. While 
. . . 

substantially .the same' siloxane monomers are used to lriake the comparative 

15 ' sili~ riibber. latex~s ·,;.these cqihparati~e ·silicone rubber latexes are. riot 

made in a semi-c0ntinuous ~ in accordan~ ·with the practice of -the. 

. invention .. 

For example, fustead of intrdd.uong the siloxane reactants ·dropwise in 

. a semi-continuous ~, the 'silo~ane reactants are initially mixed Wuter 

20 high shear conditions :for 5 miilutes at 8000 rpm. The mixture is then passed 
. . 

twice through· a homogenizer for· 2 passes under ·a: pressure of 7000 psi to 
: ': 

form a· stable pre- emulsion. After stirring for 6 h~urs' at 8()oC, it is allowed to 

cool to room temper~ture to providE! a silicone rubber latex having an average 

particle size of 240 run.. This silicone rubber latex is grafted with a styrene and 

25 acrylonitrile followin$ substantially the same proced,ure as shown above. The 

resulting silicone rµbper graft copolymer latex has 37% of total solids by 

weight. 
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An additio~ ~lleone rubber latex is prepared:6y constantly agitating 

a mixture of siloxane precursors for three hours at 89oC, follow~d by adding. 

dropwise to the resulting mixture over three hours, a pre-emulsion~ of 

additional silicone rubber siloxane precursors. After post reading· for three 

s hours, there is formed a silicone rubber latex having an average particle size 
of 170 nm~ The resulting silicone rubber graft copolymer latex has 35% of 

total solids by weight. 

EXAMPLE2. 

Dry blends are prepared from the respective silicone-based graft 

copolymers based on respective silicone rubber latexes having an average 
10 particle size of 170 ~ 240 nm and 700 nm. There are used 54 parts of the 

silicone-based graft copolymer, 46 . parts of a 75:25 by weight of a styrene­

aaylonitrile copolymer, and 1 part Irganox 1076 stabilizer. The respective: 

dry blends are mixe~ and extruded to obtain pellets using a Welding· 
Engineers 20 mm twin-screw extruder at 4500F set temperature, 400 rpm, and. 

15 15-17 lbs/hour throughput. The pellets are ~jected molded into tesf 
specimens using an Engel 30 ton injection molder with 45QoF barrel set 
temperature and 14SoF mold temperature. 

Izod impact values are averages of six samples, specimen width 0.125 

in, 2 lb pendulum capacity, obtained using a Testing Machines Inc. 

20 Monitor/Impact instrument model# 43-<)2 at room temperature. 

The Izod impact data generatt . ..J by the thermoplastic materials are 

shown in the. following Table wht·rl• SAN means styrene-acrylonitrile 

copolymer: 

Graft 
Copolymer/SAN 

(parts by weight) 

. 
Silicone Rubl'it·r 

Particle Siz~ 1 :- m 1 

9 

~T Izod Impact 

(ft-lb/in) 
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54/46 
54/46 

54/46 

240 

170 

700 

1.0_: .. 

1.0:: · .. 

3.5~ '. 

.: :· 

. ' 
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The above results show th~t sill~ latex made in accordance with the 

method of the present invention can provide impact modifiers which can be. · 

used to make thermoplastic blends having enhanced impact strength and 

weathenlbility. 

5 The impact modifiers of the present invention a1s0··cari be used to 

'··impart improved unpact "strength and weatherability to o~er thermoplastic 

blends including those comprismg at . least one polye8ter, polycarbonate, . 

·polyestercarbonate, polyamide, poiyimide, polyetherurude, polyphenylene 

. ..···ether, . polyEityrene, . or a· copbtyuier ' . of . . styrene . with ·. acryionitrile, 

10 methaayfonitrile, esters ~faaylic" acid; ':ntethaaylic add or oopol~ 

· .·.· thereof. Such hnpact modified bl~ds are l~sed in mmy applications' requiring 

good weatherability 'and fow teinpera~e impact strength, including 
. . 

· automotive, · building, and constrUction · applications, . and· i?f articles of 

.·manufacture such as garden furniture, boats, signs, outdoor enclosures for 

15 electrics) or telecommunications ipterface devices such as smart network 

interface devices (SNID), and the like. 
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WHAT IS CLAIMED IS: .. ·; 

1. A method for making an aqueous silioone rubber latex, which 
comprises, 

(1) semi-continuously adding silicone rubber siloxane 
5 precursors· into a reactor to provide contact under agitation with a reaction 

mixture comprising. water and an acid catalyst-surfactant at a temperature in 
the range of about 300C to about llQoC, and· 

(2) recovering a silicone rubber latex comprising silicone rubber 
particles having a volume average particle size in the range of about 400 nm 

10 to about 2 microns. 

2. A method in accordance with claim 1, where the siloxane 
precursors are added to.the reactor over a period of several hours. 

3. A method in accordance with claim 1, where s,iloxane precursor 
is added concµrrently into the reactor with water and acid catalyst-surfactant. 

15 4. A method in acoordance with claim 1, where the siloxane 

20 

precursor is a mixture of octamethylcyclotetrasiloxane and gamnia­
mercaptopropyltrimethoxysilane. 

5. A method in accordance with claim 1, where the acid-catalyst 
5urfactant is dodecylbenzenesulfonic acid. 

6. A method for making a silicone rubber-based graft copolymer 
comprisin~ 

(1) effecting reaction ~ta temperature of about SOoC to about 
95oC between (A) an aqueous silicone rubber latex having a pH of about 3 to 
about 9, and comprising silicone rubber particles having a volume average 

25 particle size in the range of about 400 nm to about 2 microns, and (B) an 
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aqueous mixture co:mprising at least one polymerizable alkenyl organic 

monomer , where: ·a sufficient proportion of mixture (B) is utilized in the 
I !• .. ' ~ • • • 

reaction to provide from about 15 o/o ·to about 75o/o by weight of alkenyl 

polymer shell, based 911 the total weight of graft copolymer, and 

(2) coagulating the resulting latex from (i), and 
. f' 

(3) recovering, washing, and thereafter drying the resulting 

solids. 

7. A method for making a silicone rubber-based graft copolymer 

comprising, · ' 

(1) eff~g reaction at a temperature of about SOoC to about 
. .·· . ·. . . . . . 

95oC between (A) an•:aqueous ~cp~ ~~b~.~tex ~ving a pH of about 3 to 

'about 9, and compris.ing Silicone rubber particles having a volume average 

'parttcle size in the·r;ge of about 400 IUI\'t~ 'about 2 miaoiis, and (B) an 

''aqueous mixture co~rising, ' ~tPen~ ancl aaylonitrile in a weight' ratio of 

betwe~ about 90:1o·to about 50:50, where a suffid~nt proportion of mixture 

·. (B) is ·utilized in th~ reaction, to provide from about 15% to about 75% by 

weight of alkenyl polymer shell, based on the total weight of graft copolymer, 

·ai\d 

(2) coagulating th~ resulting latexfrom.(1), and 

(3) recovering, washing, and thereafter drying the resulting 

solids. 

8. A method for making a silicone rubber-based graft copolymer in 

accordance with cl~ ::6, where the silicone rubber latex is made by effecting 

reaction between . . octa~thylcyclotetrasiloxane and gamma-

25 mercaptopropyl~thoxysilane. 

12 
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9. A silicofU!· rubber-based. graft copoly$efmade in accordance 
with claim. 6 • 

. 10. A. silicone rubber-based ·.graft copolymer made in accordance 
with claim 7. 

11. A thermoplastic blend comprising ( C }, thermoplastic polymer, 
and (D} ·. about 5% to about 50% by weight, based on the weight: of 
thermoplastic blend, of a silicone rubber graft copolymer having about 15 % 
to ~bout 75% by weight of alkenyl polymer shell, and silicone rubber particles 
having a volume average particle size in the range of about 400 nm to about 2 

10 miaons. 

12. A thermoplastic blend in accordance with claim ll, where the .. 
thermoplastic polymer is at least one polyester, polycarbonate, 
polyestercarbonate, polyamide, polyetherimide, polyphenylene ether, 
polystyrene, or a copolymer of styrene with aaylonitrile, methaaylonitrile, 

15 esters of acrylic acid, methacrylic add or copolymers thereof. 

13. A thermoplastic blend in accordance with claim 11, where the · 
thermoplastic polymer is a copolymer of styrene and aaylonitrile. 

14. A thermoplastic blend in accordance with claim 13, where the 
ratio of styrene to acrylonitrile is in a weight ratio of between about 90:10 to 

20 about 50:50. 

15. An article of manufacture made from the thermoplastic blend of 
claim12 

16. An article according to claim 15 comprising an outdoor 
enclosure for an electrical or telecommunications interface device. 

13 
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17. A ipe~~ for preparing a thermoplastic blend, which comprises 

mixing (C), thermoplastic polymer, and (D) about 5 % to about 50% by 

weight, based on the weight of thermoplastic. blend, of a ~ilicone rubber graft 

copolymer having abotit 15o/o to about 75o/o by· weight of alkenyl polymer 

5 shell, and silicone rubber particles having a volume average particle size in 

tile range of about 400mn to abput 2 microns. 

18. A method of claim 17 m which the thermoplastic polymer 

comprises · at least one polyester, polycarbonate, polyestei'carbonate, 

polyamide, polyimide, polyetherhnide, polyphenylene ether, polystyrene, or 

· 10 · acopolymer ofstyrene with.aaylonitrile, methaaylonitrile, esters of acrylic 

acid, methacrylic acid or copolymers thereof . 

. . ·· 
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