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" METHODS FOR MAKI NG BACKGROUND G%ymm{mw The present invention

relates t ml sion _ polyneri for maki ng ?H%L&g%swbber
Icle

and pol yaayl ate rubber hybrids havi ng *@%0%l une average par Stze in the
range of about 400 nmto about 2 m crons, which include nononodal and

bi nodal size_d] I Qut.i ticular he t_invention
Fel'ates to oFMULSN IR PMRIZE SR SRR AR TE SRR M AC

pol yacryl at hiERE RO t ' t
nodi fiers ibaq[?]i??%%%l astic rggg&g‘tgﬁﬂgﬁ, ﬁmﬁgﬂ%?@%@gon
"silirnne rubber and pol yacryl ate rubber hybrid" nmeans an interpenetrating
conposite of silicone rubber and :~ol yacryl ate rubber, where the silicone 0
rubber andBA@KGROUBTROFTHE INMENEIDINNgl ed in an i nseparabl e fashi on at

the nolecular level. In Craig, U S. Patent 5,726,270, which is incorporated

herein by referepnce, a process is shown for naking npnonodal di spersions of
pol ysi | oxanes hANERFeseRINYBRIAR JELRERS (AR einulsigry polymenizatiom gaetbpdabout

50 15 run o t & f L g i on the use of
| ow shear gﬂ{aﬁggﬁlﬁ éH??I)rgf{ ﬁgﬁbﬁén?ﬁogn@gém?t%gmpo%ﬁgir)ﬁczig&ggﬁ‘%%rY&’ll‘t‘ﬁnSns. I t
woul d be dﬁéﬁaggl;ﬁrﬁa@rﬁe% fe fagaldfaboat 48O rirhits abeut 3hRRToRS, AGRIHT € Of
Craig to nake nonodal dispersions, of emulsion polynerized silicone
rubber par irichhdes nhenomgdal amd (imoslab sizgedistrilbudons. s Marei particalary, gheof
about 400 nmto about .2 20 mcrons. It alsqg would be desirable to nmake
mul ti SmodaPTsERF dREentidn FRlales b7 #ALP of Suct Sadsion, PAlIRERERD sUitMeone
rubber pari.i S . fh ) as a
Vol ume aver e sand IR Ga@y A HHLOF yBiids BT B e dET6ud S o8
impact modifiers in thermoplastic resins. As used hereinafter, the expression
“silicone rubber and polyacrylate rubber hybrid” means an interpenetrating
composite of silicone rubber and nolyacrylate rubber, where the silicone
10 rubber and polyacrylate rubber are entangled in an inseparable fashion at the

moiecular level.

In Craig, US. Patent 5,726,270, which is incorporated herein by
refereﬁce, a process is shown for making monomodal dispersions of
polysiloxanes having a volume average particle size in the range of about 50

15 nm to about 2 microns. The process of Craig is based on the use of low shear
and substantially non-homogenizing polymerization conditions. It would be
desirable therefor to be able to use this low shear procedure of Craig to make
monomodal dispersions, of emulsion polymerized silicone rubber particles
having a volume average particle size in the range of about 400 nm to about 2

20 microns. It also would be desirable to make multi-modal mixtures, such as
bimodal mixtures of such aqueous silicone rubber particles, where at least one
of the members of the mixture has a volume average particle size of at least
400 nm.
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4 June 2003 WD 00l 34346 PCl'/US99/ 27874 The sem -conti nuou% erruhg({ﬁ)n '
_pol yneri zation conditions for nmaking organopol ysil oxane ru wlpe ng a
predet erm ned vol une average particle size of at |east 400 nm for exanple,

can conbivggoggﬁpé/vi se addition of polynerizable nononers, vpcindsbhikr4
agitation, such as stirring, as contrasted 5 to the high shear

honogeni zati on conditions typically enployed in polysil oxane emul sion
production. Wile acrylate rubbers are widely used for inpact nodification
of thernopl ast | ¥heweatiionsingaus emidsione pphgnerzatiarogerditionsrfpadrakingengt h

Cuch ab © oreteoralyEane SRubEChATRR B TP PeReR ol SRR parRte

t her mopl astj@ msgreu;@éts‘wmi rsrngxﬂagrer, Q0 Binbirkd %ﬁtegwﬁ GQidfon of

pol ybut adi ene rub . Efforts to I nprove the performante of | npact

nodi fiers fpolyrtierzable themoraptsastitic niikd ygitation,esudh dsystireiny, as egntrasted ow

t enper ature advant ages of silicone rubber while maintaining good

weat hér abi t¢ t the tsheps t hemogenizstigh yjoaditionsy Hypicadlye remplayed Adnshown,
for exanple,.in U S patents 4,994 S22 and 5, 132, 359, enul sion pol yneri zed
si licone aﬁ’&lﬁgpﬁﬁ‘? Mséo?@ﬁ%%‘r'c rids as inmpact nodifiers in

t hernopl asti c pol yner bl ends, did not provide maxi num i npact strength,

because of parth'\ﬂe%ic%ﬁa{é Plbirs Ofte WISy Lé (SORAPhct MddiGicSidH Yfon

pol yneri zed silicone rubber. 20 It would be desirable therefor to provide
addi ti onal thethplastiomatetials gwhedshereathgrigg isradidricerrs inppadthstremgpdh adt i c
resins, which conbjned the.l t enper at ure adyant ages of silicone rubbers,
with the veSHIReABPPEY wosléwf thesmop agticnatesials Ajeps terapgraturesawsivas oF THE

ool ynEr i 2aliion of coanv B A IR R] LT hGSRUCHY IiBnobRES o,

be materials containing other organic blends, such as polybutadiene rubber.

Efforts to improve the performance of impact modifiers for use in
thermoplastic polymer blends by combining the low temperature advantages
of silicone rubber while maintaining good weatherability characteristics of

15 acrylate rubber often fail. As shown, for example, in U.S. patents 4,994,522
and 5,132,359, emulsion polymerized silicone and polyacrylate rubber hybrids
as impact modifiers in thermoplastic polymer blends, did not provide
maximum impact strength, because of particle size limitations (less than

300nm) in the emulsion polymerized silicone rubber.

20 It would be desirable therefor to provide additional methods for
making rubber impact modifiers for thermoplastic resins, which combined the
low temperature advantages of silicone rubbers, with the weatherability

benefits of acrylate rubbers.
BRIEF SUMMARY OF THE INVENTION

The present invention is based on the discovery that the
25 polymerization techniques as shown by Craig, in U.S. patent 5,726,270 can be

applied to improving the impact performance of thermoplastic compositions
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applied to inproving the inpact performance of thernoplastic conpositions 2
WO 00/ 34346 4 June 2003 PGTI US99122874 contai ni ng grafts of4dind 283e rubber
and pol yacryghabRsdabber hybrids by achieving inproxed parti elcansgeseont r ol
i n maki ng erul sion polynerized silicone rubber. It has been found that
enul si on polynerized silicone rubber and 5 pol yacryl ate rubber hybrids
produced w tARIRE] ’s of b Ofu Sand 2 ' rubibe i}%mﬁd;u ing a
vol ume averéggg‘e Si zeL@(;f‘a bet mggﬁbggout%éonm &f)mgbo %&l&g m cr%)n, are 3 ef ul
weat her abl eachigéing impiiolyedr partickensige adonérbl vint makingg ekradsibnnpolymearizedo f or m

a vinyl polyner shgll, and incorporated into a thernoplastic resin. In
addi tion, nt in inpact properties in thernoplastic conpositions
al so can ~be achieved witli~~ a . mxture of grafts of ernul sion polynerized

silicone rubber an | yvacgvi at g rubber -hybr | to.pr.aduce a, graft ,having
muf ti-nodal , suc ggfgﬁeﬁﬁd{ﬁ@aﬁﬁtc?%uﬁgé éf}lgﬁ"rep%gfli ﬂ'ﬁ.cmﬁ r}‘Bg‘E‘r Ok rred,

mor eovgr, t 15keFabbESK FdicedRith i 4Gtlebus MsfRirsio @l e size
distri %ut [ og?wgt&y;we}gst bone mﬁ Bmerrber of an ehul gison p(gfl;?tr}grf%?gg silicone
rubber and piibeaqrartieles havidkga Yolomelawragh sizesofibetweareaboetr 40nmaot i cl e

size of at |least 400 nm and js present . in the graft mxture in at_ |east a
maj or anmoundbait 2ergran, %é‘*‘%ﬁ‘i&%@%ﬁai’ Lppadh mapqisless Vé?ﬁ"i&@ﬁ@dn'ﬁfﬂber and

pol yacryl ate_ [ i nt.o ' o} erial has
been found %%ﬁl@%&'}r‘g}é s?t‘r'%%?ﬁiﬁ?@s%g%’ %@e‘%\%a s?rg%%j 'ﬁggabeen
found that AstRetresinnat ure of acryl ate-derived rubber prevents

enbattl enent of (he thernoplastic over tine. Such inpact nodified material s
are used in many applications requiring good weatherability and | ow

t enperi@t ur e i npabt additionytan enhahceiment &% impactnpropertieduin thermopdastic
constructn+~ appli.cations, and in artigles,of nanufacture . such as ,garden
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graft having multi-modal, such as bimodal particle size distribution. It is

preferred, moreover, to use in making such grafts having multi-modal
15 particle size distribution, at least one graft member of an emulsion
polymerized silicone rubber and polyacrylate rubber hybrid which has a
volume average particle size of at least 400 nm, and is present in the graft

mixture in at least a major amount by weight.

The incorporation of grafts of silicone rubber and polyacrylate rubber

20 hybrids into a thermoplastic polymer material has been found to enhance the

impact strength of such materials. It has been found that the saturated nature

of acrylate-derived rubber prevents embnittlement of the thermoplastic over

time. Such impact modified materials are used in many applications requiring

good weatherability and low temperature impact strength, including

25 automotive, building, and construction applications, and in articles of

manufacture such as garden fumniture, boats. signs, outdoor enclosures for

electrical or telecommunications intertace devices such as smart network
interface devices (SNID), and the like. -
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There is provided by the present invention, a nmethod .for gﬁki ng n i nmpact
“nodi.fier for enhancing the weather resistance and | ow t enpér#t% npact -
strength of organic thernoplastic polyners, which nmethod cﬁ%%ri ses, (1)
ef f ect i MJOLPRIMG| yreri zati on of silicone rubber nmonomers PO -
conti nuous enul sion polynerization conditions at a tenperature of about 30C
to about 110C, to provide for the formation of a silicone rubber |atex
having a vol uhesy ¢f paisviBRAHE kife praent int&RidB N0 Mmethod IBMNARGKE égo nmto
about 2 mcrons, (2) adding batchwi se to the resulting silicone rubber

| at ex of ifnppst mndifier far emlanding ghegve¢atheo mesistancenphid diova lsenmperatiiee =about
-9.5, and a terrpergz%éure of ,,. _ . a\bout 20C to aBE) t 90°C, a m xture

conpri si AGPI6! SHEENEth b PEgaRiE JhermaoplasiiePolyERersew gRMprisgs.ex
conprising an enul sion polynerized silicone rubber-polyacrylate rubber

hybrid havi ng | ] LT : parts
of silicone rd@b\érﬁb&g{rﬁj%gg}@gﬁgﬁf 2 O%aﬁéﬁ?@mf 58 gg%ﬁgﬁ @@5&?@“@?15

pvl yacr ylsghe- cohiiRiiousethuibionepblyemadgitidoonditidie aohyt@npaabie aeryl ate
rubber nonomers into the silicone rubber |atex occurs before, ~ pr

concur r erboyt 301G te abburt 1 OPC, po| prowide; fari the foamatipstoft o sdidbeetrubbery | at e

rubber fqrmation, (3 rafting the .enul.sion.polynerized silicone:
Ubber - adarduis BERID akstake pATEESich 0t 91 ralige pf frasmbout 408 nahount of
pol ymer i nononer to forma graft of the enul sion pol ynerized
sili coneztrggggg?%o %&‘P&I ate rubber hybrid | atex, and, (4) coagul ating,

washi ng and drying the grafted ~ enul sion polynerized latex of (3). 2s A
further aspect2pidding hateseise torthe resudtingssilitoreatubbet daterudl), whitd i ers for
enhanci ng the weat her resistance and | ow tenperature inpact strength for

t hetthopl Fovidipg|agiation atha il rof Houtipieraban 9 cand entrmperaguseep
extrudabl e 4 ne,2 ynerized al Kenyl. nononer qraft of emul si on
pol yner i f@&“gi%qgggﬁ% %be%g?(%ﬁy%ém%ﬂ % CP&%%-?“ﬁyB&iYE‘% le rﬁq@&hybri dis
produced py OTRErsZ@PbFoviEeYd HiEx cdhRSFisiFRNATRARISION PBIAMIAP
pol ymer i ZrYngngi- F‘i&%:one rsubbgr | at ex ha')\</i ng au\-'/lggurre aver ageﬁgl rtic ecpsi ze in
t he rangsilidone Ribber-pblgharplate rabbet h¥brid haningnvaeweightt peoporpiaat ofrodi fi ers
are made by the nethod descri bed above. An additional aspect of the present

i nvent i orfrom alpoud 85 parts so abput 8 parts of sicane rabber, apdfremcabaut prart

ctr Bhot h ol PR B SArACTREF HhbEe BB Ehels Ine aSGARCH, LTV

anmount  of &Yﬁk}&ﬁm?ﬁcﬁﬁhb@ Albber TRGRSMBRintd ehe YI668é PubBYR 19EAdtchrs
t hernopl astic material” conprises a styrene and acrylonitrife copol yner and

a pol ynertefers, airk eonpdurnexitly i withgsufficientier polymdrizagroal ratabyssr tes effeat nel t
extrudabl e sytre and acrylonitrile graft of an emul sion pol ynerized
silicone msﬁﬂ%ygxmf&%b rubber hybrid wherein the hybrid is produced
wi th polynerizable acryl ate rubber nononers and an enul si on pol yneri zed

silicone rubb [ . . | S ' range
Trom about 400 hERAGRg B ufliotl pUTMEELT IR Flbb&-Serdfark hubli |
senpg CoNnthybd!daterast i(2)) Cwivi i Sifficicrti hinoune! dre polRetizale hlkenpl esent
invention’s directed to a nethod for preparing a nol dabl e thernopl astic
or gani ¢ pubnomer ctombonm i al griaftv ofi thie npmodsidn vpalyimarizeds isdicane erubleert ow

tenperature inpact strength, erein the nmethod conprises m xing an organic
t her nopl al%‘ﬁ)’%“ﬁ t%%bb@aqu&'@rm%aﬁar an effective anount of a
siliconeacryl ate inpact nodifier) wherein the inpact nod~er conprises a

pol yrmeri zed al/ken i al {1, O ”:ﬁﬁ;ﬂ io ol Bze it lcone

r ubber - pol yacr(éfa%%ag{gﬁgﬁ ! h‘f/%%%%vm%‘rcgi n ghygplgd é‘gﬁ%pod%‘ééjék%{:t h

pol ymer i Z[i!hirﬂ\ea&éwlﬂbﬁoﬂﬁ)ber nononers and an emnul si on pol ynerized silicone

r ubber | atex having a volunme average particle size in the range ~ from

about 400 nmto about 2 mcrons wherein the inpact nodifier is made by the ...

met Bod descri ﬁ]qqdﬁgpy@ec'@ of tife PrésenfiN0antiTil difEdtaERCRIFATt Modiiers fpr
| NVENTI ON I n e practice of one form of the nethod oftsirg%g{hr%?nti on, an

emul si onenhancing the weather resistance and low temperature impac
thermoplastic polymers, wherein the impact modifiescomprise  a melt extr_udable
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pol ynmeri zed silicone rubber latex is initially formed by sem -continuously
adding to a reactor containing water, which is being agitat4duns2@13 as
stirring, at a tenperature in the range of about 30C to about 110C, and
preferably 25 about 75C to about 95C) a mixture of silicone rubber

o PBlymerized S lﬁ%norﬁ%@éﬁoﬁ%ﬁé&ﬁ@sﬁ?fﬁﬂ@ﬁ@nfg éffﬂé@ﬁé bt CO”“ nuous

addi NONOMEr s can and dropw s
nmannpolyacudateaubleer ydbridfwheretrothehyiboidris praduiceif with po&nmrmabte a(trymte

surfactant can be used i.ni |aII in the reactor rt,.of the itated
aqueaegb%ra@mers&n i Eian PhbERiZeg Silans kBos RER naving & i
monogy ﬁag efe”e %uﬁ%ﬁé?&ﬁ ﬁam%&nmrhmoﬁssdtzmemlm U' fonic

acid is However , ditional surfactants which can be used if
desi erUaGtsnedlﬁmammdﬁ* by the metired descriher@yVE) which is i ncor por at ed
herein by reference. Various silicone rubber nononers can be used to form
the initial t o enulsion polynerized silicone rubber |atex used in the

practice @ Adthtidrial a5peatidf i preseht iMvenRoR iLdifssled td aGrOIGabdber nmonomer s
i ncl ude cycl osi | oxanes, such as octanet hyl cydot etrasi |l oxane, as shown for

exanthermaplastie amsagie Pebeapric BRteRl panadmpedvad lowterparatuise WaBhGo! U 35,
" Fotree aPfmpger Sizovd Fhithuorah i ARimpRERIe Hiabfal il 0y "

tri ebffeawmmmum d)faanemccarr@lacmmaﬁmpactl modiresv\/mraa thé orgamianpl e,
tetraet si ] ane, and in_further conbination
al ke HHRX# ',wa?t&na PrisA™A styfene éPQ%N‘?WHP'ﬁ&OBF"Vﬁ}%@@% be used at

fro
i ot EOYMErized alkeyl bl ok Whaflindhb opaft bbffpfises SHiE CROGRELITIIRERE | o,
| at exant\doryldnitride ghaft ohaieebwlsmm polynmrngedasﬂmmmbbelf-pollyacwm mebberabl e

s int,o a r r cont t he |Iicone r ubber

bb
ot LT meESh (6% BB & pRd oS Pom Rl deiats Tebet iSBBReke, | onbl ¢
acr ylanﬁﬂ%ﬁéi’ﬁb%iorfmmﬁeﬁied tsmeoﬁé hitsset fatek PRRIng RUEKINeS avsabe pAlicle

neutralized to a f about 25 6 to about 9, with a basic solution, such

as s6&tredmtihg ;nge de‘rora@bpat 400 anvtoebaw @ micrans wheegiathe latex issmede 20C to
rubb UPaREsemBro RO eadEr R 0t STk 2 an i Kalt persuitate. 6 4
June 2003 WO 00l 34346 5
Still another aspect of the present invention is directed to a method for preparing

a moldable thermoplastic organic polymeric material having improved weather

resistance and low temperature impact strength, wherein the method comprises mixing

an organic thermoplastic polymeric material and an effective amount of a silicone-

acrylate impact modifier, wherein the impact modifier comprises a polymerized alkenyl

material graft of an emulsion polymerized silicone rubber-polyacrylate rubber hybrid

wherein the hybrid is produced with polymerizable acrylate‘ rubber monomers and an

emulsion polymerized silicone rubber latex having a volume average patrticle size in the

range from about 400 nm to about 2 microns wherein the impact modifier is made by

the method described above.



t0 15 PCT/ US99/ 22874 Anmpong the poiynerizable acryiate rubbgr nnggg;rs whi ch
.can-be ," enployed in corrthination with the silicone rubb&UNg to form
t he emul si on pol ynerized silicone rubber-acrylate rubber |atex hybrid,
there are included Ci.12) alkylacrylates, such as nmethyl acrylate, ethyl
acrylate, n-propyl acrylate, n-butyl acrylate, and cross-1linking acryl ates,
such as allyl nethacrylate. Preferably, C~~ acrylates can be used. In
preparing the graft of the enul sion polynerized silicone rubberacryl ate
rubber |atex, or "rubber |atex", a suitable al kenyl nononer, such as a

vi nyl nononer, or mxture, such as styrene, acrylonitrile, or mxture

t her eof i i } A ubber latex. If desired,

al kyl mmm@wggﬁwmm ~e can b~ used. The
proportion of al kenyl nonomer and enul sion pol ynerized rubber |atex can
vary widely byn\ké PhicticE@f oR¥FSRhDF thd ehéth6a1dfIRe USRGHHIA, WRIeBllsion” OM about
0.15 part to about 3.0 part of al kenyl nononer, per part of rubber to form
t he gr af tpdlpnerized rsilicoher rubiter lateosés ghitiblly formethby aemivddnitineublyt t er abl e
to practicg, the present invention, the follow ng exanpl es, are given by way

of i1 ustadding o a ZLAFIALEOTHPINIRE Water. Wiich i bangagitated isichas sEETng ghi

unl ess ingic rw se. i t i f _lat S es are
determ nrehg aawrgwgnlg t?‘% rgf\ gg\ré\gtagjr%)tht\;@? gh %%g%ﬁ‘ﬁa‘ggvévge\fe 000

gr aygs met rdboul7§4Q@ YR NBowl 99C, aRAaIKtiFd 6f §iliéénd rSbbdritnbhefersl Thekemined using
a Niconp 370 Subm cron Particle Sizer instrument applying a Gaussian

anal ysis protocol. . EXAMPLE 1. A mxture of 7.6 parts of

oct anmet hyl cycl otetrasi |l oxane, 0.16 part of 25 tetraethoxysilane, and 0.24 .
part of y-nmethacryl oxypropyl 7 WO 001 34346 4 June 2003 PCTI US99122874

di met hoxynet hyl silane is added to a stirring mxture in a reactor
rnnsisting of 43.2 parts -~. of distilled water containing 0.044 part of
dodecyl benzenesul fonic acid. The resulting m xture is agitated and

mai ntai ned at 90C for 2.5 hours. 5 A pre-enul sion of siloxane precursors is
t hen added dropwi se to the above m xture over a 3.5 hour period. The
pre-enmul sion is prepared by mldly stirring a m xture consisting of 30.4
parts of octanethylcyclotetrasil oxane, 0.64 part of tetraethoxysilane, 0.96
part of ynethacryl oxypropyl di net hoxynet hyl silane, 0.32 part of t O

dodecyl benzenesul fonic acid, and 16.4 parts distilled water. The resulting
reaction mxture is stirred for an additiona),..,2 hours at 90C, then
allowed to cool to roomtenperature. The reaction conversion is found to be
88.9% and the volune average particle size of the enul sion polynerized
silicone rubber latex is 400 nm t5 There is mxed 18.9 parts of distilled
water with 68.4 parts of the above silirnne rubber |atex neutralized to a
pH 7-8 with 2% sodi um hydroxi de solutior<. The m xture is transferred to a
reactor and the contents stirred and heated to 75C under a nitrogen

at nosphere. A solution of 2.9 parts of distilled water containing 0.024
part of 20 sodium persul fate, and 0.024 part of sodium bicarbonate is added
to the reactor containing the above m xture, followed by the batch addition
of a mxture of 9.6 parts of butyl acrylate and 0.20 part ~of allyl

met hacryl ate. The reaction mxture is maintained for 4 hours at 75C, then
is allowed to cool to roomtenperature. There is obtained a w ~cone
rubber - pol yacryl ate rubber 25 hybrid | atex having 32. 1% solids and a tw une
average particle size of 440 nm

5a



a 4 June 2003 WD 00/ 34346 PCTI US99/ 22874 A graft of the above silicone

. rubber-polyarrylate rubber hybrid latex is made by the fol fdung 20Qp
procedure: A mxture of 1.4 part of styrene and 0.47 part of acrylorutrile
i s addedwiomeassssact or contai ning an agitated mi xture of 5BCTUSEYI2870f t he
above silicone 5 rubber-polyacrylate rubber hybrid latex and 9.9 parts of
distilled water at a tenperature of 75C. Then 20% of a m xture of 0.047

part of seghtiudes dddigbr. of. BbéRofiré @n Brdiederds atbeRMes, artidinl 26 part
of distilled water is ddded. The resulting reaction mxture is heated for

an addit i dnepwi® mannerover aperipB@f ufhter 24 heutshen added dropwi se over~a 5
hour period, a pre-enulsion of 12.6 parts of styrene, 4.2 parts of
acrylonitrile, 0.084 part of ogi um dodecyl benzenesul f.onate,, and 11.5 parts
of distilled \A&%F&e&"ﬁcﬁ‘?‘%ﬁf Py a s CF?gj“tCHBP‘BE %’tﬁﬁf“ﬂ?%@ﬂ@‘%&%%fon
period, ther.e iSCchar s i f [ equal

I ncr enent Isagcﬁdr% E)ef @%nﬁ%@% %DCBI’EP?CE)% E{%emtzl%&snoﬁgﬁpgtﬁqﬁé%.vggg g%rt of

sodi yn pekgidohat AubtRrdm@ndfiterpar tAmbng otelButfacanoatiieh éah bebuBad) of
distilled water. The reaction is maintained for 2 hours at 75C after the

pr e- enul sidodegylentzenesulfanic agd| isd preferredmHewpeeratadditiomesurfagtantst ai ned a
graft copolyner | atex i, N 7.5l b I.ght I ds. 2. .20. There is
made a bi %‘g‘gﬁcﬁ?gﬁ'{”‘g%@ a%m%gﬁgaﬁ'iﬁgi%eﬂmﬁym B graft
of a sili #ﬁg (7 )bg,clr rubber hybrid | atex having a vol une

aver age pg'(r? | ngglazhgp%i#l ggyé\r%]hgeaind 50.5 parts of a graft of a silicone

rubber - pol yacryl ate rubber hybrid | atex having a vol une average particle
size of 720 nmVd&ious silicone rubber monomers can be used to form the initial

10 emulsion polymerized silicone rubber latex used in the practice of the
invention. Some of ;he preferred silicone rubber monomers include
cyclosiloxanes, such as octamethylcyclotetrasiloxane, as shown for example in
the Encyclopedia of Polymer Science and Engineering, volume 15, 2nd
Edition, pp. 205-308 (1985), John Wiley and Sons. Cross-linking silanes

15 include trifunctional silanes, such as trimethoxymethylsilane,  and
triethoxyphenylsikne; and tetrafunctional silanes, for example,
tetraethoxysilane, and in further combination with alkenylacryloxydi-
alkoxysilanes. The cross-linking silanes can be used at from about 0.1% to

about 30% by weight of the silicone rubber monomer mixture.

20 " The emulsion polymerized silicone rubber -polyacrylate rubber latex
hybrid can be made by introducing a mixture of the polymerizable acrylate
rubber monomers into a reactor containing the silicone rubber latex under a
nitrogen stream. Prior to the addition of the polymerizable acrylate rubber
monomers, the silicone rubber latex is preferably neutralized to a ;')H of about

25 6 to about 9, with a basic solution, such as sodium hydroxide, agitated and
heated to a temperature of about 20°C to about 90°C, followed by the addition
of an effective amount of an acrylate rubber monomer polymerization catalyst
such as an alkali persulfate. '



4 June 2003 WO 001 34346 PCTI US991 22874 The silicor), g rubber- EOl gﬁfnr yl ate
.rubber hybrid | atex having a volume average particle size drluveg IS
prepared froma silicone rubber |atex having a vol une aver Lcle size
of 270 nnVOMB3EI6i s shown as follows: A mixture of 7.7 par?g"'e/(%’?@‘;rb'gJPJ

oct anet hyl cydot etrasi | oxane, 0.16 part of 5 tetraethoxysilane, and 0.16
part of 'y-nethacryl oxypropyl di nethoxynethylsilane is added to a stirring
mxture in a reaﬁéﬁ@ﬂgcéﬁspg ymerizableg acoylate rubkar monomers whighe care dit ai ni ng

0.040 part __ qf cyl.benzene fqni ¢;.aci.d 4 rt of sodium
dodecyl benf@?@gxg‘?gﬁggg&’%%o? z}s{{h _ |ensglll§t§<e_t ﬁ@g’%.‘gatgég?ﬁsga tﬁ‘ﬁgf"ﬁg‘ls'ﬁnai ned
at 89C 10 gfalw%eméa%iu&n@rmwh&ﬂﬂe%bw Patax yBHEC YheR srel ichidfed added
dropwi se tJ the above m xture over “a 3 hour period. The pre-enulsion is

prepar ed byC ni.lgll alkglaicrylatey, ssuchxasirmetiylsaatylatg, ethyd0 adrylatel sn-propyl
oct anet hyl cydot etrasj | oxane, 0.64 part of tetraethoxysilane, . 0.64 part of
y ~ 5 Sret hasrylatexy priowpyl diasetatex y e hyresstliddng o aceylates . sugh as  allyl

dodecyl benzenegsul f,oni g, agi 0~16 part . of sqdi dodecyl benzenesul f onat e,
and 15. 4 péf‘?@‘aay&’tft ﬁ?‘Féeag%Xt‘éﬁf” %%ltatteéscﬂf‘t% ng reaction mxture is stirred
for an additional 2.5 hours at 89C, then allowed to cool to room

tenperature. Thanlgrpakidn ﬂ@ﬁﬁfﬁio@rthbsetﬁﬁlsi&l polyifierifed ¥ilicdhd rubBerol ume
e

average particle size 20 of t enul si on pol ymerized silicone rubber [atex
is 270 nm atndate iubber Jatex.iar. “rupber latex”, disyitablesdkenyil anonpmier, s0ich asar t s of

the ab ili bber |. tralized t H.7-8 with 2l di
hydr oxi de. SANHE TSROMtcoR e, P PEslrFene, alrflgRirfe, ar ipiiuretiefeo!
t t] a1t : ' t | ut i
S nallba o B, 35 "BE By, WNTINE Altkerdier "I BUSIEd, AER Lol

persul f at e raathalryd2fes piich @fmetgl ui@th&@?ralﬁ@aﬂiﬁé ub&d.| owed by a batch
addition of a mxture 9.8 parts of butyl acryiate and 0.20 part of allyl

met hacryl ate. The polynerization is conducted for 3 hours at 80C, then
cool ed to room tlhepiapartien of atkenyl snanpmenarnyd, anubsion patymwerizad sgbber

Pc-rrus~nas74 obtained a,silicone,rullber-polyacgrvl ate yubber .hybri | at ex
navi ng a ¢ der BBYAT Wik T SRk TAF eximplE TSl e A Ryl Eishe
particle S'Eﬁ-noibo%?@,l arf t8'aBbhit 20 JabEoPARYRYISIbhERIE, p&DPSt o PlibB&! Y! at e
rubber hybrid latex is prepared as follows: 5 A mxture of 1.4 part of

styrem®, arnd formi8hegraftddterarylonitrile, is added to a reactor containing a
m xture at 75C of 57.7 parts of the above silicone rubber-pol yacryl ate

rubber hybrid | atex,, and 6.7 pa of distill, ter. There is then added
Lo the mxture Sbjrder dha thash skifedoinfhs aaswﬁg?e %ﬁr@ﬁsépwm%s €0. 048
part of sod] i t e [ tar. L he
eactor oSt FEERASR; fre Rlfoving BAMteP erflelidr b wiF G MuSRININ"
dropwi se t Garid@woti by U8y Cofetinditdtivre eAtlo irtﬂ@rbol?r weighe - @iless indicafedl 3. 0
parts of styrene, 4.3 parts acrylonitrile, 0.086 part of sodium

dodecyl benzsheswistonate, and 7.1 parts of distilled water. Equal quarterly
increments of the earlier sodiumpersulfate solution are added concurrently

at 15 _the end of,,fhe first, secgon nd third hours of the,pre-enul.sion
Fecd. 2ner ot s Wethrperib SSRASOF 1ABY sapled e defertint d 368 A BURa on | s
mai nt ai ned it I R IcPGW e X

havi ng 38. 4%%9@)#‘%; go;! a ggaaf thgo iﬁg‘{ Z’?c%%oghgfjaﬁlgg??g%ﬁacry?gﬁe r ubber
hybri d haviPgtielev slzendistvibutions paret bbtainel asing £Micomp 370 Submicron

Particle Sizer instrument applying a Gaussian analysis protocol.
EXAMPLE 1.

A mixture of 7.6 parts of octamethylcyclotetrasiloxane, 0.16 part of
25 tetraethoxysilane, and 024 . part of  y-methacryloxypropyl-



20 The graft of a silicone rubber-pol yacryl ate rubber hybrid having a
‘'vol ume average particle size of 720 nmis based on the init4dnex08arati on

of a sili pber latex with a mean particle size of 66@cpRIso¥AYgFH 1S
shown as ?@?@gfg&A pre-enul sified m xture of 300 parts of water, 9.6 parts

of 25 dodecyl benzenesul fonic acid) and , 930 parts of

oct amet hy Hir{ehe /ISR ad oS SR iBdull isfihg "9
m xture at 86C inh a reeagtor caont al ni ng 4é une 2013553%37559532@%%&%
PCT/ | | S99602284312 4Spaptar ¢ of of disitidled! | adatent econfhitingead.04n npadtur ofi S
heated foi. an additional 6 hours after the addition and then allowed to

cool to rdede nig, aeidehwilde gesmltingn mixture: isi agitated sandde
consi sting of, 18. of - met hacryl oxypr opyl di met hoxynet hyl si | ane, and
18.6 part%ﬁ"@‘f@?%&?@#ﬂfé@ The mixture is reheated to 86C,

mai ntai ned at that tenperature for 5 hours, and then allowed to cool to

anbi gnt tewperﬁgf@emamﬁ@orgu @ %&m&glgmaaaéa%ogyigeg@mng a

vol une average particle size of rubber 660 run. A sanple parts of
t he aboveaboveé mixiare atérca 3.5dioex panioch The prre-@rmesiondl prephred ty piildly8 ~ with
2% sodi um hydroxi de solution is mxed wwth 26.5 parts of distill edywater

and t r ansS@TIE) ar Mixture consisting f 3@4cpants of pdamethyleydetetrastloxanter a

ni t rogen sphere and _hpeated tq,75C. A sol utj i s added of /5.0 parts of

distill eda\tg?er Bﬁﬁt ai n?ﬂg Oiﬁgagtgﬁof‘yﬂa“fodi un(}'gér sulf%te anﬁf 0. 03 part of

sodi um bi ditio a 15 g xture .8 parts
Migﬁ 5615 1QHREtHBXy et} 1Silard] . PR bt

of butyl .24 partof allyl nmethacrylate. T pol ynmeri zati on

i s aonductededylberizenesulforit adid;, aridhd6.4cpaite distilled ovater M@ kesidtinghere i s
obtai ned a silicone rubber-polyacrylate rubber hybrid |atex having a total

sol i ds coFfacHORIMixsuress stigregbforan addisionab2 haurs gé 99%c+ thenaallowed 66 720 nm

cool to room temperature. The reaction conversion is found to be 88.9%, and
the volume average particle size of the emulsion polymerized silicone rubber
latex is 400 nm.

15 There is mixed 18.9 parts of distilled water with 68.4 parts of the above
silicone rubber latex neutralized to a pH 7-8 with 2% sodium hydroxide
solution. The mixture is transferred to a reactor and the contents stirred and

heated to 75°C under a nitrogen atmosphere.

A solution of 2.9 parts of distilled water containing 0.024 part of

20 sodium persulfate, and 0.024 part of sodium bicarbonate is added to the
reactor containing the above mixture, followed by the batch addition of a
mixture of 9.6 parts of butyl acrylate and 0.20 part of allyl methacrylate. The
reaction mixture is maintained for 4 hours at 75°C, then is allowed to cool to

room temperature. There is obtained a <ilicone rubber-polyacrylate rubber

25 hybrid latex having 32.1% solids and a volume average particle size of 440

nm.



20 A silicone-acrylate hybrid based graft-copolyner-is rra%eJuLéag&t he above
hybrid latex as follows: A mxture of 1.4 part of styrene, "an .47 part of
acrylonitrile, is added to a reactor containing an agit atgeygiosllga at 75C
of 47.7 ¥AM3YF tnhe above silicone rubber-polyacrylate rubber hybrid

| atex, and 28 parts of distilled 25 water. There is then added to the

m xture) one fifth of a "persutfate m xture" of 0.047 part of sodium
persul fate, 0.@4graftof thefaboyeisilinomecabberrpolyaceyiatesrubbet hybriddaBa1is434b 4
June 2003 %@Qagzﬁﬁﬁgrts ofd distilled water and the reactor contents is
mai nt ai neBad§o¥0the IoljgWing pregedures oo conpletion of the heating period,
there is added dropwi se to the m xture over a four-hour period, a

pre-enul si on ofy &%fﬂu%rftlﬁ ﬁ%‘ﬁ{ﬁiﬁ?‘ﬁﬁ&@ Eﬁ# &f A& ri% 8ded

Concurrently, equal 1 ncrene ) of “the above persulfate m xture

i s added g atrbectondonfainiagran dgitated Inixtuk &f 58.1 pastswfaneubsiesilicead. There
is then added, 0.057 part of sodium dodecyl benzenesul fonate, and 2.1 parts
of disstil rvebbqvap@lyacryﬁaée rehben bybrid lataxnand Adtpars of Whistilied waterant Aour s at

75C, beyond the conpl.eti f the, e-enul si on I41on, There.is

obt ai ned ?WB‘F%\%%#@S.@%’E% )858 )i "&’xbfrgf of g(?&j Jatt chnéogmm
rgbber - po (RodMbhRof 5 Buéﬁiﬁid?%h&\%,é’nd"il%t ¥ fialfe DR LGke size
of 720 nnkgﬁ?élrtr% al |‘atex rsnoxture I's prepared b g’ng{lﬁgﬁa 9.§Eé5;lrgts of
t he | at exadflelthe graft of a silicone rubber-polyacrylate rubber hybrid
havi ng a vol une 15 average particle size of 290 nm and 50.5 parts of the

| atex of the graft of a silicone, rubber-polyacrylate rubber hybrid having a
vol ume aver age Tpgresdipg ILIQHQEy mixipire i h@}@{,&m@xg@d&honal 30 minutes at

10 75°C. There is then added dropwise over a 5 hour period, a pre-emulsion of
12.6 parts of styrene,‘4.2 parts of acrylonitrile, 0.084 part of sodium
dodecylbenzenesulfonate, and 11.5 parts of distilled water. Concurrently,
during the 5 hour dropwise addition period, there is charged at the end the 1,
2, 3, and 4 hour feeding, equal increments of the remaining portion of the

15 solution of 0.047 part of sodium persulfate, and 0.047 part of sodium

bicarbonate, in 1.6 part of distilled water.

The reaction is maintained for 2 hours at 75°C after the pre-emulsion
addition, then cooled to room temperature. There is obtained a graft

copolymer latex having 37.5% by weight solids.
EXAMPLE 2.

20 There is made a bimodal graft copolymer mixture by blending 49.5
parts of a graft of a silicone rubber-polyacrylate rubber hybrid latex having a
volume average particle size of 290 nm, and 50.5 parts of a graft of a silicone
rubber-polyacrylate rubber hybrid latex having a volume average particle size
of 720 nm.



Several additional styrene- acrylonitrile graft copolyners Sf sﬂfdgbcone

. rubber - pol yacryl ate rubber are prepared in accordance wi t i PYNg hod of. 20
the present invention having particle sizes in the range of 310 nmto 660
nnz, andweitfédhe rubber - pol yacryl ate rubber hybrids havi R§THSYMBie
average particle size in the range of about 330 nmto 700 nm The
respective inpact nodifiers are based on the initial preparation and use of

silicone rubbeTheai rdbie owciy'(lateenﬂis’@amybﬁd Ritex aﬁl&in%ta wlmdm to 660
nm and silicone 25 rubber-polyacryl ate rubber hybrids hawnK a vol une

aver age paverage @astide size af290mumgepripased frorg aGilenegubber latex hading 4 June
2003 WO 00/ 3434b PCTI U899I.21287.4 ?t sili c&rg, nrbber-F‘ﬁBac_ryl ate rubber
| at exes aRdOLREAVErARF RaTtigle size phedfnme which is 3ok 8% fAoWSi ut ~on

mai nt ai ned at 85C by slowly adding one part of the latex to one part of the

aqueous cal ci ug %&ﬂ.ﬁlﬂede 99 Fbltagig”of E%d&ﬁgm il%Ghe 5016952 6

filtered, washed wth -disti wat er at tenperatures, and dried

| N asvacugefrsutRoxysilaheom hadper aligr e pat 24ohour s, yinfethacipléxjprapypownder .
This powder is suitable as an inpact nodifier for a thernoplastic”polyner.
For conpadimethoxymeathyisilanelis gddedii toabbrring minbiredn\d maactori cansigtiagt

copol yner of I 1icone rubber.-pol yacrylate rubber hybrid having a volunme 1
o aver ageogar §?§I e RartSe icﬁbt Hi‘s&g?%e %t%fbmﬁ""é@@“?ﬂn V\é@ig| s®aE alQfat ed.
Thi s mat ety al . S2 , hchn i rr?gat~ . shi n Co.
Ltd. The ﬁg?gﬁ‘(@%h%@%%ﬂi{ggcl [ g%#e %ﬁ%bg(r)b?cr’rp cttrmt% %%%%n %‘f%ygpar ed in

accor danc genkériestilfenaset Mide eésubing hixeiredds, agitated pad anhiritaibied, AFCA seri es
of dry blends are prepared by respectively mxing 46 parts of SAN (a ~ 5 ~

75: 2® by et heursopol yner of styrene and acrylonitrile)) 54 parts of a .
particular graft copolymer of exanple 1-3; and’1l part of Irganox 1076) a

Vel gl ng” Engr nedh Bregiog epsliariitesuBals Isheauad] Sxdimieiting e °
e ot o BRaRirAE 3 Rold gL ek i U by ta el
in. (3.2 »tibitg M nuixdire ¢arssistingeof 85 pattisl of boansethidwgelot@fadilorane) ecti on
ol der _ part of tetraethoxysilane, ~ 0.64 part of Y-
15 methacryloxypropyldimethoxymethylsilane, 0.16 part. of dodecyl-
benzenesulfonic acid, 0.16 part of sodium dodecylbenzenesulfonate, and 15.4
parts ‘distilled water. The resulting reaction mixture is stirred for an
additional 2.5 hours at 89°C, then allowed to cool to room temperature. The
reaction conversion is found to be 88.1%, and the volume average particle size

20 of the emulsion polymerized silicone rubber latex is 270 nm.

There is mixed 11.1 parts of distilled water with 73.3 parts of the above
silicone rubber latex neutralized to a pH 7-8 with 2% sodium hydroxide
solution. The mixture is transferred to a reactor and the contents stirred and
heated to 80°C under a nitrogen atmosphere. A solution is added of 5.6 parts

25 of distilled water containing 0.025 part of sodium persulfate and 0.025 part of
sodium bicarbonate, followed by a batch addition of a mixture 9.8 parts of
butyl acrylate and 0.20 part of allyl methacrylate. The polymerization is

conducted for 3 hours at 80°C, then cooled to room temperature. There is

10



with a 450F (232C) barrel set tenperature and 145F (63C) nol d tenperature.
. The-follow ng Table, shows the |zod inpact results deri ved%’i‘"&ﬁﬁqra%e
respective thernoplastic SAN silicone rubber polyacryl ate ft
bl ends. WRWSPYod i npact results are the average val ue Ogﬁﬁ%@%{l%{z’@r oom
tenperature fromfive test sanples. A 2~ Testing Machi ne fnc.

Moni torlinpact instrunent nodel 43-02 is used which has a 2 Ib {0.9 kQ)
pendul um ocatpaigiedya siliconedrubbee-pR0@R rWate Gublce byBaid 14560 128y Leveabr ci al |y
a~l ~i | abi e Met abl en S-2001 avail able from M tsubishi) is shown as a

conpar at | \AOlER SARFENTALANRE33\A% aBd aYolume aYRIAES PRREYE size) of 299 ranaf t

Copol ynmer Silicone Acrylate RT Izod Inpact SAN(parts by wei ght) Latex

Lot al  r ubber | 2dberaft & e abae Sifbong ribP S BeladtiEld BhE iitna fadi i 1 27
4.4( 2 3 SpochAtetbdMMloWNs: 262 ) 541467003, 7( 19 8 )54/ 46290/ 7205. 4( 289 ) The

above results show that the blending of an effective anount of the 5
silicone rubber-polyacrylate rubber graft hybrids, or inpact nodifiers of

the pSesent i nvanmixéure of k4 partedstymeneatng 048 parkbf acuyhenitwle, ssaddedbr gani ¢
ol ymer, such ~ as SAN,.can provide r I ic ., C osi tions havin
!Orrp?/oved itr%%l('f?acg‘?rr 8‘?1'%"““%& aEwa%att [}S{ﬁﬁ %Qeftsrﬂfg ] eo?‘ﬁF‘Pl‘ée pr igor
art. ioT )) a%?ﬁ t V. | t L f or
t her nopl agﬁbggggﬁirrer shlcezﬁ %mngggwgyﬂg%’f’y%e(?ﬁ gdﬂagb)?{gl %@ﬂ?ﬁbﬁé?erf orm ng

nononer s i Thérbds pictsadded ¢ tie miktuze256% obbenixtatecsf 0048 partoldditin aver age
particle size of about 400 nmto 2 maons to forma silicone

r ubber pol ypersyifatee0048 part of sndium hicagbonate ande 5§ pants af distilledcwater: ex wit h
LS YT A e A MR R R incB R o nu RS e B ACIAL ' ©
dropwise to the mixture over a three hour period, a pre-emulsion of 13.0 parts
of styrene, 43 parts acrylonitrile, 0086 part of sodium
dodecylbenzenesulfonate, and 7.1 parts of distilled water. Equal quarterly
increments of the earlier sodium persulfate solution are added concurrently at
15 the end of the first, second and third hours of the pre-emulsion feed. There is
then added 4.1 parts of distilled water and the reaction is maintained for two
additional hours at 75°C. There is obtained a latex having 38.4% solids, of a
graft of a silicone rubber-polyacrylate rubber hybrid having a volume average

particle size of 290 nm.

20 The graft of a silicone rubber-polyacrylate rubber hybrid having a
volume average particle size of 720 nm is based on the initial preparation of a
silicone rubber latex with a mean particle size of 660 nm, which is shown as

follows:

A pre-emulsified mixture of 300 parts of water, 9.6 parts of
25 dodecylbenzenesulfonic acid, and 930 parts of octamethylcyclotetrasiloxane,

is added over 330 minutes to a stirring mixture at 86°C in a reactor containing

1



WD 001 34346 PCTI US99I 22814 Further, inpact nodifiers of the present
_invention also care be nade from nufti-nodal, such as bi noHd¥ed%¥dds of
substantially nononodal Latex grafts of silicone rubber-polyacrylate )
rubber, wbeos3aé | east one of the substantially nononodal PERUER2¥4ft s of
silicone rubber-polyacrylate rubber is 5 made froma silicone rubber | atex
havi ng a vol une average particle size of at |l east 400 run to 2 mcrons, and
is prefer 1l L Qs Nt I he | npact
nodi fi er sﬁg‘}yatr%eggggguelggﬁt\?g iéorné%gl soqé'lan Ee@&%i&wr%{pﬁé&gﬁ%%ved

i mpact  sthcurgtabten tile additiory atd thdnyallowed ketoditbdabhetemperhfisieopl astic
organi c polyner materials including those conprising at | east one

pol yester, pol ycarbonate, polyestercarhonate, polyan de, polyin de,

pol yet heri m deA hasthywise adidétien dotthe migbirgds ongistingad38l6ypant obf st yrene
with acrylonitrile, nmethagrylonitrile; esters of .acrylic acid, nethacrylic
acid or c-mhwﬂ%mepxﬁﬁﬂ%ﬁoxmewm%os Vol 34866 WRArt S ELAI MED
|S: PC T/ ﬁ?ch' o] | ap, | t Lfiar fo nhanci ng
t he geat htleérﬁgr%ey %ﬁ%%eé gthbg\gvﬂFérr%era %J#gdi %pac ét?‘g}%‘glf’wegf a&r%‘a“ﬁi o

t her nopl agimgerRirknfol $ hobis; AndetHeadalisw@d it &®ol (4 )anfbibRE témPetaire.

pol yneri zation of silicone rubber nononers 5 under sem - conti nuous

emul si on Poergriepbtainéda slisane rubher latexchavingarvalume avferagmpart®dcsive about
11Q-C, t\?%fr X’i dgééor the formation of a silicone rubber |atex having a

vol unme a %’3’ CpaPYMle size in the range of from about 400 nmto about 2
m crons, (2) adding batchwise to the resulting silicone rubber |atex of

(1), t O whileap Ll ' <0, licRU : and a
tenperature oanﬁagﬁ mZgg??obgﬁ%u?f g%eog)gg'e(rgll)l(t ur e}%%ﬂag?ﬁg&%%‘aﬁeri zabl e
acrybat e neutralized to a pH 7-8 with 2% sodium hydroxide solution is mixed with

26.5 parts of distilled water and transferred to a reactor. The reactor contents
are stirred under a nitrogen atmosphere and heated to 75°C. A solution is
added of 5.0 parts of distilled water containing 0.03 part of sodium persulfate
and 0.03 part of sodium bicarbonate, followed by a batch addition of a
15 mixture 11.8 parts of butyl acrylate and 0.24 part of allyl methacrylate. The
polymerization is conducted for 4 hours at 75°C, then cooled to room
temperature. There is obtained a silicone rubber-polyacrylate rubber hybrid
latex having a total solids concentration of 39.7% and a volume average

particle size of 720 nm.

20 A silicone-acrylate hybrid based graft-copolymer-is made from the

above hybrid latex as follows:

A mixture of 1.4 part of styrene, and 0.47 part of acrylonitrile, is added
to a reactor containing an agitated mixture at 75°C of 47.7 parts of the above
silicone rubber-polyacrylate rubber hybrid latex, and 28 parts of distilled

25 water. There is then added to the mixture, one fifth of a “persulfate mixture”

of 0.047 part of sodium persulfate, 0.047 part of sodium bicarbonate, and 3.3

12



rubber nononmers to provide a | atex conprising an enul sion pol ynerized
‘silicone rubber-acrylate rubber hybrid having a wei ght propgolng@d0df from
about 95 paiigsiflgabout S parts of silicone rubber, and fr goTadsNesss parts
~to ~ s about 85 parts of polyacrylate rubber, and where the addition of

t he pol yneri zabl e acryl ate rubber nononers into the silicone rubber | atex
occurs before, or, cgncurrentl ith sufficient polynerizatiogn catalyst to
ef f ect ac'r?F%t?QP j“’éf"rﬁ’vﬂ'{%me r(egytog,cgpfq%lstm%péiftgﬁ%h%¢ zed
silicone rz@{er-acryl at.e 20 rubber hybrid latex of (2), 'with a sufficient
anount of pol yneri zabl e al kenyl containing organic material to forma
graft of the enul sion polynerized silicone rubber-acrylate rubber hybrid
latex, and, (4) Uﬁ)@ﬁ&dﬂ%leﬂgn OfARE hagkiny Peflod] therd Badded ddpuasa! et

pol yneri zed | atex of (3). 4 June 2003 2. A nethod in accOrdance with
claim 1, wmixeurelovesalfouoheur pevied, mpreramulsimeof 12.7 parts of styrene, 4.2

oct anet hyl cyci ot et rasi | oxghe, tetraethoxysilane, gnd

met hadr yl oR$HP AETYIA %oi%wpglm sAual Mcremerits {ome it Cofotheakavei t h
claim1, i.Z§ | atse r [ e bu

acryl ate \Qﬁgfs%%euﬁg acr yﬁt. €. aﬁ?ﬁ%eﬁ@t%{)l&wl n %Qor,%%éawf’l%e H%I m 1,
where the pRlulsiBhi Zfeede al MRyd GoNtREAI NIdded)ard.o57 Akt alof Us@didsm f or m ng

the graft is a mxture of styrene and acrylonitrile. 5. An inpact nodifier
f or enhancidode¢yibenzeneselfonate; and ikt pants obHdistilled ewatenr cThepeadtiont isengt h

for thernoplastic | ymers,. wherein the i ci nodjfier copmprises . a nelt
ext r udabl eﬁ'ﬂél‘?*mqog%é%? ddytional hawrs aﬁrﬁ& é?yoé\% %?%‘F‘BE%&&I zed
silicg@ne r - .af e I ! rigq;i.s pr.oduced
i th {501 y PP EoXAiiEh° THATS BEnkd +IREehving s B R dlidel ok 7 e
silicone rgedferofl ahesiliboive rgbbenmpolyaerydater-a@iberahybrid chaving a Nvdllifhe” ange
from about 400 nmto about 2 microns wherein the 1npact nodifier is nade by

a nmet hod waverage papiicle size of 720 natf ecti ng t he pol yneri zation of silicone
rubber nononmers under sem continuous enul sion polynerization conditions at
a tenperature in.ara bet ween about 30 d abo 00.0) .10 ovi de for
the formation o?‘ l?lﬁéocgqqﬁ?t%ﬁ%xx %Pr?%ﬂrﬁﬁy@f“%gﬁhgsl B%&t%h@ﬁgeelg{e& t he
resul ting gf the&grfft bE BMlicondirembbet- Gﬂya);rsylm bBf RybAl Havads b¥dl@meat a pH
in a range between about 4 and abolt 9.5, and a tefrperature”in a range

bet wetsn abaverage antideadizeiof 280 Gm.aand 50.5rpartsoofthe datey gfothergraftzafblae

acryl ate rupber npnoners to provide | at, conprising an emnul sign

pol yneri ze8ilicpne rabberrpelyach ngwahﬁm&%womm AyeErgRdparkicle
proporti ons' 8?@ bet ween about 95 parts and about 5 parts of silicone
18 4 Jun@F005°7 er, and in a range between about 5 parts and about 95
parts of polyacrylate rubber, and where the addition of the polynerizable
acryfate r EXiaNVPRE®Ners into the silicone rubber |atex occurs before, or
concurrently with sufficient polynerization catalyst to effect acryl ate

rubber formation,
. Several additional styrene- acrylonitrile graft copolymers of silicone

rubber-polyacrylate rubber are prepared in accordance with the method of

20 the present invention having particle sizes in the range of 310 nm to 660 nm,
and silicone rubber-polyacrylate rubber hybrids having a volume average
particle size in the range of about 330 nm to 700 nm. The respective impact
modifiers are based on the initial preparation and use of silicone rubber
latexes having particle sizes in the range of 310 nm to 660 nm, and silicone

25 rubber-polyacrylate rubber hybrids having a volume average particle size in
the range of about 330 nm to 700 nm.
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(3) grafting the enul sion polynerized silicone rubber-acryl ate rubber
‘hybrid latex of (2), with a sufficient anount of a pol yner dziabé @003 kenyl
containing organic material to forma graft of the enmul sion polynerized.
silicon M,ggg{-acryl ate rubber hybrid latex, and, (4) ceagHisb,

was hi ng,ewgn dr6yi ng the grafted enul sion polynerized | atex of (,%%”1;.94. 6. An
i npact nodifier in accordance with claim5, which is a mxture of nmelt

extrudabl e po ri.zed al kenyl nomer grafts of enul sion polynerized
silicone rubb@ggo? %}er‘g?w’rﬁiﬂgﬁr)’ rHRRer la{exes ate ceagulateskima t he nel t
ext r udabh o, L&id ] Al 4 ' ft,0of, an,emul sion

pol yneri ggc{pgéll‘%(l conéa%ri‘l}ﬁ)g‘ra-e %lgle ;g%crf/ a elﬁ}g%eedr gh@%ﬁ%’ﬁk’o‘ﬁ‘fc@ Wéth a

si | i coneonephttof thediteRay NE part/éf HeRIGAEEHABARER Ehﬁirraéécnﬁﬁ%t HiHa the
range of from about 400 nmto about 2 mcrons. 7. A noldable thernoplastic
or gani ¢ pesiultimg polymeesolids mzvfitterednprashed withidistilledesiasémae 2mbieht! ow

tenperature inpact strength conprising an organi c thernoplastic materi al
and®an ef‘?‘BB?‘ia\V'éreénﬁ%‘iimsf’ij 18 35YIGUBROVER af raem temperatuyg ot 24 howiner ei n t he

organic I SR ert K . t ne_and, acrylonitrile
copol yrrewgé\rgy% g’g ?T’)EI’I z'ea:h'g]L %gg@éa&ggg%@gfe ég(‘({a dmpast Fodifice for ar ¢
conpri se&\@n{qﬂaswpdﬂyﬂ@bj e styrene and acrylonitrile graft of an enul sion
pol ymeri zed silicone rubber-polyacrylate rubber hybrid wherein the hybrid

is produced with polynerizable acrylate rubber nononers and an enul sion
pol ymer i zed sFpr comparifgpen remaerslilynayailable shrenc-eceonijtrile igraft size in
the range fr.om abogut 400 nm about 2.ni crons rein the latex i s nade
under 19%°PYY meo%ﬁé'cgaﬁir- é@?ﬁ'?ﬂﬁ'@ﬁgl?t&fé&?’%w&gﬁa {‘]?‘Gﬁ&a golymay) gapl e
t hggnopl ggdd JoCsi [ ' ' | .7, where
haCsi | Boviabs HARGIGIROLY R HngBbEaba 200 RE WAGRE elbldhydd P
pol yrer i Memlkwanymblwﬁ—mnfwmdhfis&ﬁiﬂibb?%l@@hbﬁhf Ra§ansCh! Lane
rubberpol}_éacr | ate rubber hybrids, where at [east one of "the enul sion

q

pol ymer i etablem S-2¢Hp silicpne yzbbyt ampact) mredifiey mandbe i prepacetided with an
| si | ' i1 bber. | at ex. havi ticl
Se i o MRrEw TR the mhetBRd of S3R6 skl B Suileres Bt o™ A ol e ¢

t hernopl astic organic polyneric naterial in accordance with claim8, where
the silicongefe lefga P%Bélbié QISR & ] xture of
pol ymeri ze %aelﬁkg)rg;‘;lawrr%’r?ggrre%}% af td;f gf yerrr%‘}%si on&po'lxyr?teﬁ gae g?lé?lyo e

r ube7 525 byaweighticepolymiee of stykeriedand acrylonitnitsl) ded parts o€ ampaplicidad graftr gani c

| i ial i ith clajms . Dol i zed
PP kerprpdhuREhEl efimp £57ahaq Tl fdriaxlaed = Saflen s BRI o lober
hybr i dofifothtich. T HECH ReRYS hRoS AR (dify 8iVKEldinYy EAgineara®0 Aim (002 mpout 400

nmto about 2 mcron is present in the mxture of polynerized al kenél
nono ningeegw §thﬁd%ftatl"éi££F (3384) et feroperaturen 404 rpmi ghd 15117 Ibsthaurd®-d e of

of " clrarinh GmEBH ttd bl o SR Beflot ThEBRIAS i SR BoRdilibfiyde. o' &
encl 08126 ih (3. 2R 10-%an) nidthltestrspeeintsmsatilizirepan Engel 30 wif injctidavhelder 13. A

met“fod_f or eparing a nol dabl e thernopl asti.c or%{lic pol ynmeric materi al

r t
havi nith AT EA2a2 K rearelset rapR@tUR AN I L EBa e TPl terRsEatite. angt h,
wherein the method conprises m xing an organi c thernoplastic polyneric
material and an effective anobunt of a silicone-acrylate inpact nodifier, 20
4 June 200Bheetowving Tabld, shaws the tidd impact rgsults derised froymthe esgeetiveeny |

tenj al ft. of i | si I ized, sili b - pql | at
AT N TG B P
r ubbefediRE GRE e 2tags valld ShtaheBUtYBEM téﬁﬂ)e?éthféﬁaﬁl ﬂdgg@@f sampf$. Aavi ng a

. vol une average parti g?e size In the range from about nmto about 2
m Q§oﬁesﬁdgaMabhin’eHacj Mpaitor/impeict instrumentiniedab ¢ 3 D2nigtused whick bas@dib ses: (1
) ertf §|kn thg Bola/arrerlzati on of silicone rubber nononmers under sem

FOC. gPpen ullim capacity.
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conti nuous emnul sion pol ynerization conditions at a tenperature in a range

. bet ween about 30 C and about 100 C) to provide for the forfdune003f the

- silicone rubber latex, (2) adding batchwise to the resulting silicane
rubber | Me00843461 ) while providing agitation at a pHirf 'V%"r?@émget ween
about 4 and about 9.5, and a tenperature in a range between about 20 C and
about 90 C, a m xture conprising polynerizable acryl ate rubber nononers to
provide a p&marg {i [ OhyAT4H IN(tSQBERT § -acryl ate
r ubber hyb&r:?,gqﬁgvi ng a@mdépé‘%yegg%%ﬁrsgngg ?nﬁga{urlgﬁlgéﬁlyﬂet V\Benhg#(;%t&;%@ parts
and about &s paompasdtiad éxanople. r ubber) and in a range between about 5 parts
and about 95 parts of polyacryl ate rubber, and where the addition of the
pol ymeri zabl e acryl ate r nonqmers_j nt.o the silicone rubber |atex
occurs bef m?cé\’alé‘ﬁﬁE@‘g&iﬁmlﬁﬁswlﬁpﬁlﬁent pol ymeri zation catal yst to
effect acrylate rubber formation, (3) grafting the enul sion polynerized
silicone r I e rubber h i.d.! f (&Fr1, WM ufficient
anount of Sﬂ}ggl%d}g{lﬁgtl e al kenyl g@#ﬁﬂﬁiﬁ%@rgaﬁ?k%?@?ﬁg to forma
graft of tBaN(partsibyrweightyreri zed Latdxi Particle Sideer ¢ fadbyimt @ mupber hybri d

| atex, and, (4) coagul ating, washim@) and drying the grafted enul sion

pol yneri zed | at ex of é@) .21 4 June 2003 14. The nethod of claim 13,
wher ei n t hE MetgalendS-20H blspdedtoc pol yneric material is at |east one

pol yest er, aglikeye 27%dntal eublper] yest gggar bonate, pol y?m' {JI./e5 pol yet heri mi de,

pol yphenyl ene et her, polystyrene, "or a copol ymer of s réne W th

acryl oni trpigqe methacrylonitrile, 388ters of acryl2g act4t) nmethacrylic acid
or copol ymer7 hereof. 22 . A(. A N,A A A .A[2.Aa.§£ AL AT.AA

L. A A . A ﬁ."é.A. AL, % AY@6 AF9. A369, A 05 un” C tB37  (198)
~ytoje [V] ]cal ca]ca] ca]ca]c ajJ ca] ca]-calc a]

aJ ca] ca] ca %’gﬁ:?:] ca] c*a] ca] ca] ca] ?2%] ca] calca] ci%?cafg%g.s: -{ P

5D: Y, 1=I X99p4{4H e [ V] ca] ca] ca] ca] c4@al] ca] cal] ca]42] ca2€a) ca] ca] ca] ca] ca] ca
] ca] ca] ca] %g\;] caj ca] ca] ca] ca] cak?@] call cal ca! 40pH (19g)

P " (f(() mhc”~Y] c] ca] ca]ca]c a]J ca] ca] ca] caj'€ta] ca] ca] ca]ca]ca] ca]ca]c
a] ca] ca] capgpdgal] ca] ca] ca] ca] ca] gapgAiocal cal ca! Kgy)) 289 y+. HIMLYlelglj 1n|
13E4} 4950626t 77888 8/ 89;

} xsmhb] Xmhe”Y] ] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal) ca] ca] ca
U] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca

P <>>>>>k?7@ . 2 FCE Q] cal ca cal ca] ca
U] ca] ca] ca] ca] CEF‘W8§§§%@?§%§%&%§£§ gg}%lg]\(]cog P(:aU] cajc
a] ca] &a] cakittbhd/M I dt& rubber graft hybrids, or impact modifiers of the

SW5' SSSATMI'YTi TUUUVgVZ x8ni d_ZU] caJ ca] ca] ca] ca] ca] ca] calU] cal] ca] ca] ca] ca

]~§§] ﬁa] cal pa?tica} clg\]/t/f%l/%ﬂ;naml} ca] %]Iqu:ia/\}'ca}' itdbje afherninoplasticc argeixYgYYY/ Z
o0 TS o b s ion g1
call cal] ca) SEPRATES bt NHerieth o6l conthatelt 8 chE B Ind b BE MRt 0L )

cal] ca] ca! ggo0o006pppgoqgzgLsRs”sj s~ssst <tt uxuWvx0x=yyyy*zSz~ytoje [V]]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caU] caU] ca] ca] ca] ca! Szz{q{{} ~kq} ReCZl } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cafoca] ca] ca] Thecabeeq capelsd clie show dhpt afaluable] impec] cnpdi fon] ca] ca]
o o P il Sabates i) 53] RS ety sk e ool oo
: forming monomers in the presence of a silicone rubber latex having a volume
;verage particle size of about 400 nm to 2 microns to form a silicone rubber-
polyacrylate rubber hybrid latex, and the grafting of such latex with

15 polymerizable alkenyl monomers, such as a styrene and acrylonitrile mixture.
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S 10%ufther, itppact modifiers of the present invention also can be made
from multi-modal, such as bimodal blends of substantially monomodal latex
grafts of silicone rubber-polyacrylate rubber, where at least one of the
substantially monomodal latex grafts of silicone rubber-polyacrylate rubber is
made from a silicone rubber latex having a volume average particle size of at
least 400 nm to 2 microns, and is preferably present in at least a major amount

by weight.

The impact modifiers of the present invention aiso can be used to
impart improved impact strength and weatherability to other moldable
thermoplastic organic polymer materials mcludmg those comprising at least
one polyester, polycarbonate, polyestercarbonate, polyamide, polyimide,
polyetherimide, polyphenylene ether, polystyrene, or a copolymer of styrene
with acrylonitrile, methacrylonitrile, esters of acrylic acid, methacrylic acid or

copolymers thereof.

16

10 10
y



P 5aBuV4ly !#10%& ()- f 109%& ()- °S 10%& ()- | 10%& ()- !>l L#10%& ()-f
.10%&' ()- 5D YdEuV4!ly 93@O0% ' ()-0gl0% ()- .g 10%& ()- -S 4dwe 3003

Y+#10%& ()- #f 109&' ()-:Y,./01=X~ @"10% & ()-10% U& ()- 10 10 10;

S109%&' () -w8n03Y& ()- ! 5#109%&' ()- X9ya?~ @' - #10% U U&' () - PCFUSIRIE™ ) - @ 10%
U& ()-:S@10% U& ()- sgl0% U& ()- 9f 10% U& ()- mMiCdE~_@!5- 10%

WHAT IS CLAIMED IS:

1. A method for making an impact modifier for enhancing the
weather resistance and low temperature impact strength of organic

thermoplastic polymers, which method comprises,

(1) effecting the polymerization of silicone rubber monomers

5 under semi- continuous emulsion polymerization conditions at a temperature
of about 30°C to about 110°C, to provide for the formation of a silicone rubber

latex having a volume average particle size in the range of from about 400

nm to about 2 microns,

(2) adding batchwise to the resulting silicone rubber latex of (1),

10 while providing agitation at a pH of about 4 to about 9.5, and a temperature
of about 200C to about 900C, a mixture comprising polymerizable acrylate
rubber monomers to provide a latex comprising an emulsion polymerized
silicone rubber-acrylate rubber hybrid having a weight proportion of from

about 95 parts to about 5 parts of silicone rubber, and from about 5 parts to

15 about 95 parts of polyacrylate rubber, and where the addition of the
polymerizable acrylate rubber monomers into the silicone rubber latex occurs
before, or concurrently with sufficient polymerization catalyst to effect

acrylate rubber formation,

(3) grafting the emulsion polymerized silicone rubber-acrylate
20 rubber hybrid latex of (2), with a sufficient amount of a polymerizable
alkenyl containing organic material to form a graft of the emulsion

polymerized silicone rubber-acrylate rubber hybrid latex, and,

(4) coagulating, washing and drying the grafted emulsion
polymerized latex of (3).

17
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2. A method in accordance with claim 1, where the silicone rubber

monomers are octamethylcyclotetrasiloxane, tetraethoxysilane, and gamma-

methacryloxypropyldimethoxymethylsilane.

3. A method in accordance with claim 1, where the polymerizable acrylate
rubber monomers are butyl acrylate and allyl methactrylate.

4. A method in accordance with claim 1, where the polymerizable alkenyl
containing organic material used in forming the graft is a mixture of styrene and
acrylonitrile.

5. An impact modifier for enhancing the weather resistance and low
temperature impact strength for thermoplastic polymers, wherein the impact
modifier comprises a melt extrudable polymerized alkenyl monomer graft of an
emulsion polymerized silicone rubber-polyacrylate rubber hybrid wherein the
hybrid is produced with polymerizable acrylate rubber monomers and an
emulsion polymerized silicone rubber latex having a volume average patrticle size
in the range from about 400 nm to about 2 microns wherein the impact modifier is

made by a method which comprises:

(1) effecting the polymerization of silicone rubber monomers under semi-
continuous emulsion polymerization conditions at a temperature in a range
between about 30 °C and about 100 °C, to provide for the formation of the
silicone rubber latex,

(2) adding batchwise to the resulting silicone rubber latex of (1), while providing
agitation at a pH in a range between about 4 and about 9.5, and a temperature in
a range between about 20°C and about 90 °C, a mixture comprising
polymerizable acrylate rubber monomers to provide a latex comprising an
emulsion polymerized silicone rubber-acrylate rubber hybrid having a weight

proportion in a range between about 95 parts and about 5 parts of silicone
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(3) grafting the emuision polymerized silicone rubber-acrylate rubber hybrid latex
of (2), with a sufficient amount of a polymerizable alkeny! containing organic
material to form a graft of the emulsion polymerized silicone rubber-acrylate

rubber hybrid latex, and,

(4) coagulating, washing, and drying the grafted emulsion polymerized latex of

A).

6. An impact modifier in accordance with claim 5, which is a mixture of melt
extrudable polymerized alkenyl monomer grafts of emulsion polymerized silicone
rubber-polyacrylate rubber hybrids, where at least one of the melt extrudable
polymerized alkenyl monomer grafts is a graft of an emulsion polymerized
silicone rubber-polyacrylate rubber hybrid produced with a silicone rubber latex
having a volume average particle size within the range of from about 400 nm to

about 2 microns.

7. A moldable thermoplastic organic polymeric material having improved
weather resistance and low temperature impact strength comprising an organic
thermoplastic material and an effective amount of a silicone-acrylate impact
modifier wherein the organic thermoplastic material comprises a styrene and
acrylonitrile copolymer and a polymerized alkenyl material graft wherein the graft
comprises a melt extrudable styrene and acrylonitrile graft of an emulsion
polymerized silicone rubber-polyacrylate rubber hybrid wherein the hybrid is
produced with polymerizable acrylate rubber monomers and an emulsion
polymerized silicone rubber latex having a volume average particle size in the

range from about 400 nm to about 2 microns wherein the latex is made under
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claim 7, where the silicone-acrylate impact modifier is produced with a mixture of
polymerized alkenyl monomer grafts of emulsion polymerized silicone rubber-
polyacrylate rubber hybrids, where at least one of the emulsion polymerized
silicone rubber-polyacrylate rubber hybrids is produced with an emulsion .
polymerized silicone rubber latex having a volume average patrticle size in the
range of from about 400 nm to about 2 micron.

9. A moldable thermoplastic organic polymeric material in accordance with
claim 8, where the silicone-acrylate impact modifier is produced with a bimodal
mixture of polymerized alkenyl monomer grafts of emulsion polymerized silicone
rubber-polyacrylate rubber hybrids.

10. A moldable thermoplastic organic polymeric material in accordance with
claim 8, where the polymerized alkenyl monomer graft arising from a silicone
rubber-polyacrylate rubber hybrid having a volume average particle size in the
range of from about 400 nm to about 2 micron is present in the mixture of

polymerized alkenyl monomer grafts in at least a major proportion by weight.

11.  An article of manufacture made from the moldable thermoplastic organic
polymeric material of claim 7.

12.  An article according to claim 11 comprising an outdoor enclosure for an

electrical or telecommunications interface device.

13. A method for preparing a moildable thermoplastic organic polymeric
material having improved weather resistance and low temperature impact
strength, wherein the method comprises mixing an organic thermoplastic

polymeric material and an effective amount of a silicone-acrylate impact modifier,
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polymerizable acrylate rubber monomers to provide a latex comprising an
emulsion polymerized silicone rubber-acrylate rubber hybrid having a weight
proportion in a range between about 95 parts and about 5 parts of silicone
rubber, and in a range betwéen about 5 parts and about 95 parts of polyacrylate
rubber, and where the addition of the polymerizable acrylate rubber monomers
into the silicone rubber latex occurs before, or concurrently with sufficient
polymerization catalyst to effect acrylate rubber formation,

(3) grafting the emulsion polymerized silicone rubber-acrylate rubber hybrid latex
of (2), with a sufficient amount of a polymerizable alkenyl containing organic
material to form a graft of the emulsion polymerized silicone rubber-acrylate
rubber hybrid latex, and,

(4) coagulating, washing, and drying the grafted emulsion polymerized latex of

3).
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