; e3e&a&”: 66RTBK3 ,, 7 June 2003 WD 00l 34359 EMULSI ON POLYMERI ZED SI LI CONE
RUBBER- BASED | MPACT MODI FI ERS, MET \ G AND BLENDS THitReEe03
BACKGROUND OF THE | NVENTI ON The pr&%ﬁ\m\\m on relates to silicone
rubber - basedywiggagisenodi fiers in t or m Qf polynerized al kepéf#‘/usw 2870
nmononer - cont ai ning grafts, such as styré‘sﬁe and acrylonitrile, of enulsion

pol yneri zed silicone rubber particles having an average particle size in
the range of 400 nmor nore. Mdore 5 particularly, the present invention

relates to the enpl oynent of such polynerized al kenyl containing inpact
modi i ers i n t hEMBRISION BOLOMERIZEDSTEICARE REFHRER-BASED BARAGT { | ons

Crai g 0.5 pat MOBTIERS, FPOR ROCRARBiG AR PiEvbb PHBRBO or & once,

aqueous di spersions of organopol ysil oxanes are provided in the form of
nononodal organopol ysil oxane particles having a pre-determ ned particle

size of up EACKUROUND OFTHERNVERMTONU. S. patent 5,726,270, current

manuf acturi ng practices for making organopol ysil oxane di spersions often
enul sify pre-existing organopol ysil oxane fluids or guns under high 15 shear
condi tions. Al t efTietpresentrinventiomr selates| toddidoae chbber-basedgnypdod reodifiers
precursors in t({ar in ft he pres,ené:eg_gf al surfactant. Additional erul sion
pol ymeri zat Pbrdﬁe Q5 sofa pelyraerFed ey la NIRRT -SQntinng gralise sucls s 920)
whi ch descrj u .a.ha S it J1.00j f t, and
J.P. 62141025%%“%%&2%3&)’\%%@?491 gF Sﬁﬁggi%dﬁ?l%&é%r‘?f PlioBik fuler PSS
prez2o emul Shﬁﬁk%;ﬁ*\ Qvétdg@@ﬁﬁdérﬁﬁélm@lﬁe ralpd 6f vari ap mneEES More
avai |l abl e for naki ng agueous pol ysil oxane enul si ons havi ng average particle

si zes 6f 10particddarlymthe hpeasedt sipaentionsrelatesnthathe leoapioysent i of enicho such
applications as perspnal 7 June 2003 WD 0Q/ 34359 PCT/ USQ99/ 22870 car e,
adhesi ves aﬂﬁﬁ’%‘g'i‘?‘%fgéﬂ?ﬂ%d £OBfAUNg URPAct) %‘Qgéée[ésm EROB1ASHf Jesins to
advant ages. : T : flok,; : e

di sper s?onsp%éwze&@rm%glngﬁp %%ﬁ)l}rr%?}l‘ §%§cin§f'$|k%é’hli§re&glgg?&géﬁn F(E:? gﬁeﬁg&e%gnd t he

utility of fmpspredusepthleysbilipxane emul sions to silicone enul sion rubbers
havi ng an average particle size of 400 nmor greater. It also would be

desirable to provide | ow tenperature i t ifiers in the form of

pol yrer i zed al keﬁy|sgmavﬁéﬁlrek&npa_$mﬁsgg_§'§%§9@fw HS IROFRPTRED BETAR | zed
silicope r [ . ok, . [ nrayi de
Cher mipl ast e dstiaick; fqifbus diaBESidns bt orghndBy I GBS et PRofARS 1R IR

ef fecti ve% frpuBf rRénémotaPagtarBylljikixane pditiclesravhga peé-deRriririred

al kenyl nononer - contai ning graft "of” an emul'si on pol ynerized silicone rubber

havi ng an aastiglpesiparof upl te si ze 2Mig@msn M ddisgnesedein USRpaterd Wf6R700F THE

I NVENTI ON 15 Th resent i.nvention is basgd on the discovery {that .silicone
rubber par BT ‘R’_ﬁx&‘f’ﬁift“é“v%|m&8“5“xﬁeﬁspég‘_é‘a§%& P’Eﬁa@o?f’bés_l 8 &’W%Pn@r eater
can be madefbh Bnillsigy ep%@ﬁﬁﬁﬁé%rgﬁﬁ&%b!}@ﬂb&aﬁ AGESS of Lhdet BRgch
enmul si on polynerization of siloxane precursors under |ow shear,
subst #t i alsheanaoncitioreni zAltgrativi procesiures 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 describes the use of a base catalyst with a cationic surfactant, and
J.P.62141029 A2 870624, which is directed to a continuous addition of a pre-

20 emulsion cyclo-siloxane precursor.

While various procedures are available for making aqueous
polysiloxane emulsions having average particle sizes of 10 to 300 nm,

these dispersions often have been restricted to such applications as personal

T —
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20 As used hereinafter, the expression "sem -continuous proceg; nﬁgﬁg t he
i ntroducti on under enuIS|on pol yneri zati on conditions of si | i cofte er '
si | oxane precursors, such as octanethyl cycl otetrasil oxane and

mer capt opr opyiot dolsdRbhoxysi | ane into a reactor over an extended-pRisb&shsdd
time, for exanple, 2 to 12 hours, and preferably, 4 to 25 8 hours. ('g June

z003 WD.00I 34359 PCT/ U899/ 22870 The expression sem -conti nuous process
al so includes the enpl oyrrent of mld and / or |ow shear non-honogeni zi ng

conditions duri ng[ifghe enul sj on pol yrreﬁ‘gzatl on of the sili co@g rubber
si | oxane pr &@ff-s8FSESIYRR r"é’é‘hé‘ﬁs 18 | Shall eartigles; siges heften provide

sem -conti n%%n%%gesm ng of the si I i cone rubber 5 siloxane precursors
substantial I'Y ‘'m nim zes the formation of silicone rubber particles having
an average particle size of below .400 nm The resulting silicone rubber

particles can thgg eﬁdmarbé)eeélﬁeﬂﬁ@@Iﬁér\éﬁimo@lﬁ@amaGto%me agaebwaid pefdlbfis

al kenyl nononer, such as a vinyl nononer, to forma pol yneri zed"al kenyl

pol ymer sheldf, emulsmm\palpmeaﬂzadtmhconepmbbemparfuclasstd expand athieentylityf of

t her nopl asti c pol yner.s, . such as‘B yesters, polycarbonates,

pol yestder ca@ﬂb‘ﬁﬂk‘%§’°l$6‘ﬂ%%ed§§‘ #eny don ilicane cemulsion saibpars deyingmarEVENT

CF THE | WENE%%%@P@I&&@BPV' deqloaﬁhoel,#gﬁgnt i nventi 025 ?1rr;9t hod for

maki ng an aqueo I'cone” rubber conpri ses,
sem -conti nuously addi ng non-enul sified silicone rubber siloxane precursors

concurrently witit alseanioudd béXdesigablét Proefdd dowt dteRipithtlfeC dpact
under agitation wherein the reaction m xture conprises water and an acid

cat al yst - suntedifiars lratheafqr@mérmlmermed tabicenvyd rmyenames@ontainingl gafts efd ( 2)

recovering a_silicone rubber e r|S|n iJicone rubber 20 particles
havi ng a vof ﬁ%b 9B &9 PE? ’glicg’ée ‘r\bt?qefgﬁrﬁﬁ]ﬁé of 400nmto 2 microns.

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

copol yger conpri g Ngddfdidn,efif eWdNE NRACHERRIN 0! SFBRI URR frﬂ'ro pided 0 95C
28 between (A) an aqueous silicone rubber latex having a pH of 3°to 3 7

June 2003 WOnPOsiBioBS oRPidilsg a/thefrplastic polymer and an effectivelamount of
an impact modifier in the form of a polymerized alkenyl monomer-containing
graft of an emulsion polymerized silicone 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 volume average particle size of 400 nm or greater can be
made by a single stage semi-continuous process involving the emulsion
polymerization of siloxane precursors under low shear, substantially non-

homogenizing conditions.

20 As used hereinafter, the expression “semi-continuous process” means
the introduction under emulsion polymerization conditions of silicone rubber
siloxane precursors, such as octamethylcyclotetrasiloxane and y-
mercaptopropyltrimethoxysilane into a reactor over an extended period of
time, for example, 2to 12 hours, and preferably, 4 to

25 8 hours.



9, and conprising silicone rubber particles having a vol une avejadeggs
particle size in the range of 400 nmto 2 microns, and (B) an aqueous

m xture conprising at | east one polynerizabl e al kenyl organi c nononer |,
where a suffiwoenb4zgy oportion of mxture (B) is utilized in thectramedsam to
5 provide from15 %to 75% by wei ght of al kenyl polynmer shell, based on the
total weight of graft copolyner, and (2) coagulating the resulting |atex
from (1), and (3) recovering, washing, and thereafter drying the resulting

solids. There is rther provided, a nethod for king a silicone
rubber - based 10 grateXRIEsHoRSEMiwAPHNYPHE Predess aisodaciusdes tha emplaymens

tenperature ; en. ueous .si | icone rubber | atex
having a pH §¥ n‘glqs’%%f/o %ﬁ%%gﬁ%%%%é%q%gpgﬂﬂgfﬁﬁﬂ Otﬁiﬁ’frm B&e SRR a
vol ume aver age%%aﬁéﬁzﬂi&m BfZhd BilicBRe 1AbBRr HilokRRe Pheb@rsbrd] Oﬁ%‘%e&g&d fB)
an aqueous 1 xture conprising, styrene and acrylonitrile 1n a |gﬁ
rati o of bet agitati@®bedtdusing Ihe semtieoatinmususfprocessing oo ploe silivonefrubbas ur e
(B) is utilized in the reaction, to provide from 15%to 75% by wei ght of

al kenyl 5 pol ySitoxaggdprecupsoys substanially gninimiges; Hie trmaticry of silisppewubbemnd

(2) coagulating.the resulting |latex from % nd 20 ( recovering,
washi ng, andp?lﬁl‘-fieéjﬁvé*:‘g&m‘%éa$$ga PUWZ? b§€W’ds. Tﬁ@r’émr s still further
provi ded by the present invention, a thernoplastic blend conmprising (O,

thernopl astic pol yR@redting &licondortiBba0PabPiclueicahttheRASRE w;%é;;%c%&?ht of

t hermopl asric blend, of a Silicone rubber graft copol ynmer havi 15% to 75l
by wei ght ofgraftednyithpopglpmerdzatdealkenyh miondmer suehrastzbeinypandnaines tha v.

ngavolu average, particle size in.,the ran of 400nmto. ~ ncrons,, a
7 June ZOOgEfPFIE’f &r gﬁba?‘eflﬁédtﬁlz‘feﬁﬁlplpgwrp%eaﬁeﬁo iProXiqe, yolyakle Brpagtyr ene
and acypy! oni Kl e i 1 e Cr, nitr) LS. N a
oot gnt 0 ot cnogiErd Mo Ak AricRP 66 thersRopBLHE PR gLl et huendre,

PCT/ US99/ 22p0ly Grbdhatesot pelyeatperbonateshe pphydaddes,i nsiptihenimhisled) raeded to
a nmethod for Prepari ng a thernoplastic blend, which conprises mxing ( C),

t her nopl ast P& r, and (D) 5 %to 50% by wei ght, based on'the wei ght of
t hernopl astic blend, of a silicone rubber graft copol yner having 15%to 5

75% by wei Q?TAqubﬁtmnmeWEﬁﬁ%N and silicone rubber particles

having a volune average particle size 1n the range of 400nmto . 2 mcrons.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON
There is provided by the present invention, a method for making an

aqueous silicone rubber latex, which comprises,

15 (1) semi-continuously adding non-emulsified silicone rubber siloxane precursors
concurrently with a reaction mixture into a reactor to provide contact under agitation
wherein the reaction mixture comprises water and an acid catalyst-surfactant at a

temperature in the range of . 30°C to. 110°C, and

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

2 microns.

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

graft copolymer comprising,

(1) effecting reaction at a temperature of- 50°C to 95°C

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

3



In the practice of one formof the nethod of the invention, an grrulzéfgﬂ ‘
pol yneri zed silicone rubber latex is initially formed by sem'-z HeS sly
1 o adding to a reactor containing water, which is being agitated, such as

by stirring, ®lo@/dasgeperature in the range of 30C to 110C, and ppx@fR6350d7y
75C to 95C, a mi xture of silicone rubber npnoners. The sen -conti nuous

addition of nononers can be effected, stepwi se, and in a dropw se manner,
over a period of up to 24 hours. An effective anount 15 of a surfactant can
be used initially in the reactor as part of the agitated aqueous m xture,
or it can be 9.rarkbaeRwIisihg silicare §Pbg%roﬁéfﬂclﬂﬁdéav%ﬁoﬁ@lme Averagetpeticle
surfactants which ctgn l:[b?g,l us(gfd, dod Ibegzenesu foni c_acid ig . _preferred.
Surfactants WHFEAIRR BE8EYd in 1Y BFa&ice of THIONFwaNd i(Bhapnaqugpusang

catal yst- surf 2kt Somghisifya P I€ast Uil polyincEiable afleR] elicdhbkbinerand

al karyl -aryl s onic a m xtures of surface-act onrc acid

salts with stwheg & seffizieracprdporidni¢fi mieture UB) dsitiléfddd in the reaction to
catal ysts/surfactants are shown in U S. Patent 3,294,725, and Craig, US.
Pat ent 53 726, reviddifttiar e i ddotepdr at ed TSk diynwigjghteofoalkenyl polymenishell,

silicone rubher noper,s, gan .be, used.to formthe initial 25 emul sion
pol yneri zed gﬁSFgD(S’ﬁ‘eﬁ%JBEﬂirW?’&ﬁ% @éé‘o‘%??msf' tice of the invention.
Sonme of the preferred silicone rubber nononers include 5 7 June 2003 WO

00/ 34359 PCT/ US99/(3P838nukhe thd RSANGS 1atlchofS(1), and

oct anet hyl cycl ot etrasi |'oxane, as shown fox exanple in the Encycl opedi a of
Pol ymer Science and Engi neering, Volunme 15, 2nd Edition, pp. 205-308,
(1989), John W ey3phratoSering, Cashing) amd ilveyeaftéradmying rthleudsultingfsotidsi onal
such as trinethoxynethylsilane, and triethoxyphenyl 5 silane, and

tetrafunctional, for exampl.e tetraefhoxysilane. The crqss-1inking. silanes
can be used at frJ%%ifoﬁBh’%‘mmﬂaﬁéﬁdﬁﬁﬁﬁa@ﬁ@‘ ' 3@&dﬁcm’§h’e%ﬁﬁ£r
m xtur ey, Usef +ft‘é bﬁjﬂ&&gﬁl}mﬁﬁ zabl e silicone rubber nononers are f or
exanpl e cycl Gal ky['Si Foxanes, ™ such” as hexanet hyl cycl otri sil oxane, or

oct anet hyl cycl ot etrasi | oxane whi ch can be copol ynerized with fromO0.1%to
30% by wei ght of #l)ceffeding mkaatignageat tenfperafimeeofr oss- I50MRitog agend3eCar e

f le, tet il ane, such as, tetraeth i Lane, and_in furth
conbi nat | on’ BPGHESIH A 48 PSR SIGEITI AuHbs FRIe SRR PART ac i Fdst 1t od.
by v et h | oA : . ;

o/ cone rubber AeaaiEhEEIRBREFELRN PatRLEhaAnE A VORRRIS Ege Hirile

Tor kel son, E@i@thmdfa?\fgg%?ol yme40enence and 2Engérone) and. (BY @inugguddus 2nd

Edition, pp. 205-308, (1989), John WIley and Sons, which is incorporated
her ei n 1By r efréxiawe comprigingp astyrane: ard gcaflonirile ke acweightortioodfyhetveend

silicone rubber |atex, a suitahle | yer i zabl e al kenyl. nmoponer, al.ane, or
in conbination as&;gééom' xt ur@%gf' WBP lfS“’ﬂlPéﬂ?&%ﬂmm%%é@ ¥s
styrene, trigfli¥dd in the reaction, to provide from 15% to 75% by weight of

alkenyl polymer shell, based on the total weight of graft copolymer, and
(2) coagulating the resulting latex from (1), and
20 (3) recovering, washing, and thereatter drying the resulting solids.

There is still further provided by the present invention, a thermoplastic blend
comprising (C), thermoplastic polymer and (D) 5 % to 50% by
weight, based on the weight of thermoplastic blend, of a silicone rubber graft
copolymer having .15% to 75°% by weight of alkenyl polymer
25 shell, and silicone rubber particles having a volume average particle size in

the range of 400nm to . 2 microns,,

4



cyanurate, acrylonitrile, and nethyl nethacryl ate, can be used }th92003
conbi nation with the rubber |atex. Wien a m xture of styrene and
acrylonitrile is used, then their weight ratio is between 90:10 to 50: 50.
The proportion of al kenyl nmonomer and enul sion pol ynmeri zed rubber 25 | atex
can vary widely by weight. For exanple, there can be used by weight, from
15% to ~ 75% al kenyl nononer, based on the total weight of graft copol yner.
6 7 June 2003 WO 001 34359 PCT/ US99/ 22870 In order that, those skilled in
the art will be better able to practice the invention, the follow ng
exanpl es are given by way of illustration, and not by way of limtation.
All parts are by weight unless otherw se indicated. Wight percent solids
of latgx sp [Gr i [ a@i, With a
CEM Labwavepégg%o %rtgsgﬁ%ﬁ%a%cﬂlmé%gicgg?fyg‘a%tqﬁgﬁﬁeé%%@td 'S 'rgﬁﬁﬂ'g ons
are obt ai naad wd1aig the ratinebstgrmeSomdrdooitrilpas i a wei@itzatio iof between0:10
appl yi ng au§§§%§ian anal ysis protocol. EXAMPLE 1 There are concurrently
added dropw Se“0over a seven hour period, two feed streans into a 2000 mil
reactor containing 450 g of water, which is being 10 agitated continuously
and is at a tenperature of 86C. One of the feed streans is a solution of
9.35 g of dodecyl benzenesulfonic acid in 300 g of water; the second feed
streamis 931 g of octanethylcyclotetrasiloxane. The resulting reaction

m xture is heated and agitated for an additional 7 hours. It is then cooled
to roomtenperature. i5 There is added batch-w se to the above reaction

m xture at roomtenperature, 28.3 g of y-nercaptopropyltrinmethoxysilane,
and the resulting mxture is reheated to 86C, and mai ntai ned at 86C for 12
hours. The reaction mxture is allowed to cool to roomtenperature and
characterized. There is obtained a silicone rubber |atex having 51.5 % by
wei ght solids and a 20 vol une average particle size of 700 nm A styrene
and acrylonitrile mxture is punped over a two hour period into a 5 liter
gl ass reactor which contains an agitated m xture at 80C of 1751 g of
distilled water, and 1693 g of the above silicone rubber |atex which has
been neutralized to a pH of 6.5 with 4 g sodi um bi carbonate di ssolved in 50
25 mM water. The styrene and acrylonitrile m xture consists of 573 g of
styrene, 286 g of acrylonitrile, 1.3 g of a 75% sodi um

di octyl sul fosucci nate in 50/ 50

4da



7 7 June 2003 WD 00/ 34359 PCT/ US99/ 22870 et hanol /water m xture, and 2.6 ¢
t - anyl peroxyoctoate. The resulting reaction mxture is heated ZtiuaséO%r an
ddditional two hours. The mixture is then allowed to cool to room

t enper at ure. Wbeos43ss obtai ned a silicone rubber graft copol yngirai@ls¥gs The
silicone rubber graft copolyner |atex has 40.4%total 5 solids by weight,
and the volune average particle size is 741 nm The above graft copol yner

| atex is coagulated in a 1.5% aqueous cal cium chloride sol ution maintained
at 85C, via slow %(t;liﬂition of 1 payt of the latex to two parts of calcium

chl ori de sol uti onStifanothen aspeigolihepreseridnvention és dirpectedde a metied fou t h
distilled water at arr%ent tlent?e}%lat Yr e and 10.dried. in Q vg}s:ﬁl{_um ven at
room t enper aPTTRATHY @ ZACHRQREASUG HERYAE Qroprises pixing G4 ) Higrmo is
obt ai ned a f| angel. (ohhe ab roceduypey, | t tive
silicone- basggpyéﬁaf't ?o(p’)%sl ymer g\/‘f%r%m com%ogatb?v‘g@%??'i ‘Z‘%ﬁgo?‘ﬂ%‘gg}*@? tex‘gs.
Wi | e subst athidradplastieblendpofs dilisemerubbes geait copelyuaachivingake t h6% to
conparative 15 silicone rubber |atexes , these conparative silicone rubber

| at exesSare not néfe Mhweightnef alkamylhpelyanerashell and sliconel awbbernpatticiase
practice of the_invention., For ex I 1.0 ad of i.ntrodycing the sil.oxane
reactants dr%%\’/ﬁn Yﬂf“ﬁ%gﬁ‘?{agsR??ﬁasggerﬂﬁhgfgngﬁgfsi I oxgﬁwetgct ants are
initially m xgseohgder 20 high shear conditions for 5 minutes at 8000 rpm
The m xture Is then passed tw ce through a honogeni zer for 2 passes under a
pressure of 7000 psi (4.8x10" Pa) to forma stable pre- emulsion. After

stirring forDETRJLED BESERIPTIONIGF IHEWSYENTODb! to room tenperature to
provi de a silicone rubber |atex having an average particle size of 240 nm

AT NP AT A SRR
silicone rulbat andfdi GARGHY TEbbeRiAR¥x K8 InitialhyO tornUfibyS ihfldoMinyGight - S
10 adding to a reactor containing water, which is being agifated, such as by
stirring, at a temperature in the range of 30°C to )1100C, and
preferably 75°C to 95°C, a mixture of silicone rubber monomers.
The semi-continuous addition of monomers can be effected, stepwise, and in a
dropwise manner, over a period of up to 24 hours. An effective amount
15 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.

Among the surfactants which can be used, dodecylbenzenesulfonic
acid is.preferred. Surfactants which can be used in the practice of the
invention include acid catalyst-surfactants, for example, sulfonic acids, such

20 as alkyl-, and alkaryl-arylsulfonic acids and mixtures of surface-active
sulfonic acid salts with strong mineral acids. Additional sulfonic acid
catalysts/surfactants are shown in U.S. Patent 3,294,725, and Craig, U.S.
Patent 5,726,270 which are incorporated herein by reference.

Various silicone rubber monomers can be used to form the initial
25 emulsion polymerized silicone rubber latex used in the practice of the

invention. Some of the preferred silicone rubber monomers include



7 June. 2003 EXAMPLE 2. Dry blends are prepared fromthe respegtlve
si I'i cone-based graft WO 00/ 34359 PCT/ US99/ 22870 An additional &HYR&GHS
rubber latex is prepared by constantly agitating a m xture of sil oxane

precursors fqr hours at 89C, followed by adding dropw se to
resul ting m&mb&g g\%er three hours, a pre-emulsion of addltlonPaFFT/g§"19f23%7ﬂe

rubber siloxane precursors. After post reacting for three 5 hours, there is
formed a silicone rubber |atex having an average particle size of 170 run.
The resulting silicone rubber graft copolyner |atex has 35% of total solids
by wei ght. cepdbyilexanebasedth asodtasietitylcydotetiasiioxend, ubBRowafopeRamipde/ iy an
average 10 particle size of 170 nm 240 nmand 700 nm There are used 54

p?r ts of thethks |Engyslopsdie ofyPeiymen Raienaer ; andnggmegrmg, aVGHBnZS 15y 2mad ght
75.20 . 107

st ?Fi i ﬁrere_.”ewgl%sﬁé{;ﬁosgoﬁ gl Witey St SARRL) ol inkine milanes

Dot Cenpor ot cudé sfiietididl 1h s B dbiin sty Rty 5“58 our§§5*{e“(ﬁ3zc)

throughput .  dilhd) @hldefetratuActionaclorde Iﬂ@ﬂteitﬂieﬂ\d §atlafie.e THEADssHEhREhga
Engel 30 ton injection nolder with 450 232C) barrel set tenperature and

145F (63C) neilahaseapdeasedsit fromd i mp&et% mBQ%sb)awelghtmfatbesﬂmbne irmbber
sanpl es, specinen width 0.125 2 1b endul um
Caphci 1Y, Ebmnﬁmw%ﬁwﬁéﬂ%eﬂmgwﬁ%éblwm o TR TR et
nodel #43- 02, at (4,0 the

t her nopl asti cx%ma({ e%%ﬁtl g@?%aéﬁg SII{BES?#Z %%ql{%smﬁ%xﬁé% %t?fgﬁéﬁ\%i/ r’ne(g-ns
styrene- acrybaameth)lvleydowasﬁﬂekan@varﬁkh%ﬂobeyrafepb rfiged tveith)frowl ght )

Silicone Ruht~~r Particle.Sizr ~; ~ RT lzod Inmpact (ft-lb/in) ( J /m
) 9 0 Jundd-2%o® WO o@O\%@gwg@M@fzmgross linking agent. Suitable cross-linking

agents are for example, tetraalkoxysilane, such as, tetraethoxysilane, and in
further combination with an alkylacryloxyalkyldialkoxyalkylsilane, as
illustrated by  y-methacryloxypropyldimethoxymethylsilane. A
comprehensive list of silicone rubber monomers can be found in “Silicones”,
15 Hardman and Torkelson, Encyclopedia of Polymer Science and Engineering,
volume 15, 2nd Edition, pp. 205-308, (1989), John Wiley and Sons, which is

incorporated herein by reference.

In preparing the graft of the emulsion polymerized silicone rubber

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

20 a mixture of two or more alkenyl monomers, such 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 90:10 to 50:50.

The proportion of alkenyl monomer and emulsion polymerized rubber

25 latex can vary widely by weight. For example, there can be used by weight,
from 15% to . 75% alkenyl monomer, based on the total weight of
graft copolymer.



54/ 46 54/46 1.0 (53) 1.0 (53) 170 .700 3.5 ( 18 ~ ) PCT/ US99lI 2;?70 T

above results show that silicone |latex nade in accordance with' tf¥ hod
of the present invention can provide inpact nodifiers which can be used to
make t hernopl asti c bl ends havi ng enhanced i npact strength and

weat her abi | i W.9084%8e | npact nodifiers of the present inventi¥AI"HFYE28UNn be
used to inpart inproved inpact strength and weatherability to other

t hermopl astic bl ends including those conprising at |east one pol yester,

pol ycar bonat e, pol yestercarbonate, polyanm de, polyim de, polyetherimde,

pol yphenyl ene et hti orged gt these skilleddnahpky WeN baf b&ter M€ tdviprhctice the
acrylonitrile, 10 nethacrylonitrile, esters of acrylic acid, thacrylic

aci d or copoinyention; the fsdlowisgexamplesarergiven bgavay ehillustrationsant not bgny
applications requiri .gooq ,weatherability and | ow t enper at.ure i npact
strength, i nWPM&%Aﬂan?‘gﬁogiI%a,”%ﬁfqa@f Wﬁ}gi‘éﬁ’d‘q%rfgi‘?%{sﬁ é‘?élﬁi)tﬁdi cati ons,
and in articles of manufacture such as garden furniture, boats, signs,

out door encl osur egyd; 5, ' r ' ' r]_J‘rS\,F{

devi ces such as s?rvaé;lgﬁtn ?I\%S[r%t&?incgée(?@gtceg sglg\f#l%%s (%&Ffﬁ angt%rhe |§gc.€a14
WO 001 38359 drifaritSweigitMafth & CEM UnibwiBR396U0T gHiGAMeA8 MictowAvardiad, for
maki ng an aqueous silicone rubber |atex, which conprises,

one T ul | ) . 1)
seni - cont i nukdarticle sige istributions| are jobtrined i using aubliermpi éﬂ)(aﬁté)rpicemmrsors
5 concurrent MWth a reaction mxture into.a reactor to provide contact
under agi taté%ﬂ%?@i Wsﬁ'ﬁlém?'ga?é’tﬂ)imgrﬁ Qf‘ﬁ?séa‘b VF@&OMBL and an acid
catal yst-surfactant at a tenperature in the range of 30C to 110C, and (2)
recovering gE@AMPORe rubber |atex conprising silicone rubber particles
havi ng a vol unme average particle size in the range of 400 nm1 o to 2

mcrons. 2. A nethod in accordance with cl ai m 1, where the sil oxane
precursors are addwtetage corcursently addeddrapyidsd overed sevanchelr period,.twib 3. A

e GRS oSO R ol L EEARL b

m Xt ur e of

gammangy captent 'cbﬁgﬁgzanglgyéﬁaa@eat é_mngggggi@gdoé BeRECBHaHY FpL! 2l m

1, where the“aci d-cat st surfactant is benzenesulfonic acid. 11

7 June 2003 strearhsnist diaohition wiikd.3% gaof dgdecyibenidriesalfonicuididrinl 300, ofrhi ch
conpri ses,
w water; the second feed stream is 931 g of octamethylcyclotetrasiloxane. The
resulting reaction mixture is heated and agitated for an additional 7 hours. It

is then cooled to room temperature.

15 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 86°C, and maintained at 86°C 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 acrylonitrile mixture is pumped over a two hour period

into a 5 liter glass reactor which contains an agitated mixture at 80°C 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 with 4 g sodium bicarbonate dissolved in 50

25 ml water. The styrene and acrylonitrile mixture consists of 573 g of styrene,
286 g of acrylonitrile, 1.3 g of a 75% sodium dioctylsulfosuccinate in 50/50

7



(1) sem -continuously adding non-enul sified silicone rubber SQ}?xan§b03
precursors into a reactor to provide contact under agitation

reaction m xture conprising water and an acid catal yst-surfactant at a
tenperature i nge of 30C to 110C wherein the siloxane precursor. is a
m xture of oe?ahgﬁky?cyclotetrasionane and Pé%@swnzmo
ganmma- nmer capt opr opyl tri net hoxysi |l ane, and (2) recavering a silicone rubber

| at ex conprising silicone rubber particles having a volume average particle
size in the range of 400 nmto 2 mcrons. 6. The nmethod in accordance with
claim5, wheetbanok/ vo@teamh;mecmd 3tbeg t-amylpmfg'oatmdte The resultmg reaction

922“5?3?95;?% e Y hoalES, o B3ELIGroin Safifral i Boumnc he mbdur °ehfsze
g mor captisnrEh B FootieRBRS e ieraRiA Thithe fP bRl TalBAF PR rafier s o
of several hayofymer 128, MPhGicbfic @asséxdggﬁ@ OpblyrRbidtg haghDl Pt

aci d-catal yst "surfactant is dodecyl benzen acid. 9. Aneth

maki ng gan agotids bysweightyend theeolubret gseragédpattidesipe isB4], ninl)
sem -conti nuousl y addi ng non-enul sifi ed silicone rubber siloxane precursors

tl 1 1 1 1 t t
or et ai on' i aPAvE HEAfe sopemer méi%%gﬁiage@ frout. E(ﬁ&%%e%ﬁs
dodecyl benzepesul f bfid@Yofufibn IndifIRAERLYE8E Ny iNGohA u%f 8 gadt 5#0C

wherein the Si1Toxane precursor is a mxture of oct arret cyc (0] ra5| oxane

and gama- NEhe dpteR oopyd tpariebh exlyiinh ahdori e Goltéon. muft%ultii\g (p%)ymer
recovering a silicone rubber |atex conprising silicone rubber particles
having a vobolids avefiligeed avashedewithzdistibed N@tﬁaﬁgmemmpﬁramsmm ons.

10. A neth K | i bber - ft ol ,
(3 et HuteRladeYahaR o elatiat bRt ) ikt BRI AR
agueous s 'lé‘an‘@4ﬁHQl%erTﬂé}E‘?§<o$ﬁmé%9a fine ”?o%dé},to 9, and conpri sing

silicone rubber particles having a volu average particle size in the
range of 400 nmto 2 mcrons, and (B) an 11b 7 June 2003 .. WD 00/ 34359
PCT/ US99/ 22870 afbeal®vei Imtqsreéummprep@atagi o fbeasttompvapwleysrhcombased

BT yed SBRE RGeS | She Duier it 1 alibre Febbel Bieta of WHSRny !
pol ynmer s h%ﬁﬁstﬁﬁ?ﬁf}i e éd?ﬁe %96%.%'09%\&; asé aktd @&&QAWe ¢ mgaétﬁv%)

coagul ating the resdlting latex from (1), d (3) recovering, shing, and
t heret§ t er siligomeg rubber &stakes nghese comparatlve silicone rubber latexes are not
made in a semi-continuous manner in accordance with the practice of the

invention.

For example, instead of introducing the siloxane reactants dropwise in
a semi-continuous manner, the siloxane reactants are initially mixed under
20 high shear conditions for 5 minutes at 8000 rpm. The mixture is then passed
twice through a homogenizer for 2 passes under a pressure of 7000 psi (4.8x10’ Pa) to
form a stable pre- emulsion. After stirring for 6 hours at 80°C, it is allowed to
cool to room temperature to provide a silicone rubber latex having an average
particle size of 240 nm. This silicone rubber latex is grafted with a styrene and
25 acrylonitrile following substantiaily the same procedure as shown above. The
resulting silicone rubber graft copolymer latex has 37% of total solids by
weight.



solids. 11. A nethod for making a silicone rubber-based graft ggol%@%r
conprising, (1) effecting reaction at a tenperature of - 50qC i3

bet ween (A) an aqueous silicone rubber latex having a pHof 3 to 9, and
conprising siji rubber particles having a vol une average [ | ze
in the rangewé&’%qgs%oo nmto 2 mcrons, and (B) an aqueous m!?’g&h'}’%wm%
conprising, styrene and acrylonitrile in a weight ratio of ~ 5 between .
90:10 to . 50:50 , where a sufficient proportion of mxture (B) is utilized
in the reaction, to provide from15%to 75% by wei ght of al kenyl pol yner
shel |, based on tAr ddditibnaledilituneofuldreniister éppropured bynebristantboagishtig ng
the resulting latex from (1), and 20 (3) recoverin%,8 washi ng, and

: ! g9 .
t hereafter drmiixigre o stloxane preruseprsdor three honraat $9eC f fiollomgd y addéng i cone
rubber - based, graf.t copgl yner Ji.n accordance with claimU where the silicone
Ubber | at exUPBwizkidoh e readitieg TRk GRepdhips fouts, " pre-emulsion of

oct anet hyl cyglat H : ap i Vigl.sane.
12 7 Sine e S SRR RETP £ o tRe ST AR Rkt a R R ee
graft gopol Wakks, theee isnforgedrdsilieenavriibber!1aiem having drraverdgeipartcRize
rubber - based graft copol yner nmade in accordance with claimli. , s 1, . A
t her nopl ast iof 160 enm. c%hprmsmlﬁgg(simcqne rukherggriafiscopolpoiey letex hasd38%) 06% t o
50% by wei ght, bas on the wei ght of thernoplastic blend, of a silicone
rubber gr af fOtéb’Eng Wigthg 15 to 75% by wei ght of al kenyl pol yner shell,
and silicone rubber particles having a volune average particle size in the
range of 40gxaWippE>.i O microns. 16. A thernoplastic blend in accordance
with claim~5.~ where the thernoplastic polyner is at |east one pol yester,
pol ycar bonat e, pol yestercarbonate, polyam de, polyetherimde, polyphenyl ene
et her, polystyreBey blenalsceripraparest feomr tee respdetiver silioone-basesi graft

met hacrylonitrile, 15 esters of acrylic acid, nethacrylic . acid or

copol yners §IRALEBYers %a,ge_ ) f??@ﬁﬁgﬁfgééﬁ?@ebf%r ilﬁ?%g(}?ad’é%%é“\/\ﬂ’ﬁraﬁeai m
— dere LAk AdSLInH 5ol D8 YR lanldS76h ARPOTKER ardf u Sl 5P PAr@Ut the
acrylonitrife. ~8. t hernmopl astic blend i n accordance wit laim ~- ~~
wher e the rsilitonesbasddy geate copobyanet, di6i paitt ef ias 7525 bynveveight phtai styoéne-

bet <veen 90: 10 to 20 50:50. 19. An article of r’r;muf %(_:t_ure de fromthe

t her mopl asta@ylgniise gopolymer, and 1 part Irganox 1076 stabilizer. e respective

dry blends are mixed and extruded to obtain pellets using a Welding
Engineers 20 mm twin-screw extruder at 450°F (232°C) set temperature, 400
46 rpm, and 15-17 Ibs/hour (6.8 — 7.7 kg/hour) throughput. The pellets are injected
molded into test specimens using an Engel 30 ton injection molder with 450 °F
(232°C) barrel set temperature and 145°F (63°C) mold temperature.

Izod impact values are averages of six samples, specimen width 0.125 in (3.2 x
10 m), 2 Ib (0.9 kg) pendulum capacity, obtained using a Testing Machines Inc.
20  Monitor/Impact instrument model #43-02 at room temperature.

The Izod impact data generated bv the thermoplastic materials are

shown in the following Table where SAN means styrene-acrylonitrile

copolymer:

Graft Silicone Rubbyr RT Izod Impact
Copolymer/SAN Particle Size (0m (ft-lb/in) (J/m)
(parts by weight)



claim16. 20. An article according to claim19 conprising an o tdoo&

encl osure for an electrical or telecommunications interface dev JHB %3 7 -
June 2003 WD 00/ 34359 PCT/ US99/ 22870 21. A nethod for preparing a

t her nopl ast i whi ch conprises mxing (C, thernoplastic and
(D 5 %to SSW bgﬂg\/\z/g?ght based on the wei ght of thernoplasti cpggg‘?/?g%%ﬁ
silicone rubber graft copolyner having 15%to 75% by wei ght of al kenyl

pol ymer 5 shell, and silicone rubber particles having a volune average
particle size in the range of ~ 400nmto 2 microns. 22. A method of claim
21 in which B#&46 hernopl astic pddner conprises al.0l a8t one pol yester,

pol ycar bonat 54/ | yest er car bon pol yam de, pol %pm Sc_g’ pol yetherim de

pol yphenyl eng*ether, polystyrent,” or a copol yner r)ene W th
acrylorutrilgg/qethacrylonitrilmg esters of acryl3e aesd,) nethacrylic acid
or copolymers thereof. 14

. A% A3. A5?. A. ABh. A Al. A A3. . AAl.AAAQY.AY(.Al.AP MY ~Ts C

8{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca]
c<a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 8. JVvq8CDhv! [

L s bl e
al ca cal cal Al o LT CEICE s pnsame g

by TS us%ﬂ/ il RSl therrno lastic blends having enhanced impact strength and

3V333@1E4{ qu gb] X] caLca] caj caI:]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca]

caU] cal] ca] c&® i) ca] ca] ca] ca] ca] ca] ca! E4Q4] 41 4555556 7W 7788888299/ :
]

21 Q;
o g <=<}pXsn alcalc
a) ca] cal ca] cza](ca] cae] ']ané% ca ca}ugsa}) ]‘8 r%?% cal @"%ﬂé&ﬁg@péﬁé %%]BBB]BB
BBBBBCOCCCPER{@art improved impact strength and weatherability to other_thermoplastic
F vql gb] X] ca@jclsaa] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cay] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca inclpdinig: 4hose calnpaising at least one polyester, polycarbonate,

Joa] cal cal cEFBHF Lo AT na PP b PN BHREARY S O @aﬂﬂaﬁxﬁﬁeﬁéﬁ%ﬁi} ca

cajca]jcalB =S BETYI XTI TS VW\Y/\W Sniiflecal ca
I:a] I:a] I:aU] cai ca c?%@g?ca] ca] ca](ca] ca% ck] cal ca] ca]ca] ca] ca] caJc lsll?\1/] cal éagu] ca]
cal] cdpca] ca]ﬂh]m]mahﬁllbﬂﬁi\@ \ajchyjlic6 actd;" a'd'yhc#@cadXB&SYd: oje [V

opolj e
Lo e SRl sl
L0ve O SIS A LAMIIS L) R0 SHOE) (LebEAS! YANE ()

10%& ()- 1Oadfdmotive, building, and construction apphcahons, and in articles of
manufacture such as garden furniture, boats, signs, outdoor enclosures for
15 electrical or telecommunications interface devices such as smart network

interface devices (SNID), and the like.
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° - ° 1. A method for making an aqueous silicone rubber latex, which

comprises,
(1) semi-continuously adding non-emulsified silicone rubber siloxane precursors

5 concurrently with a reaction mixture into a reactor to provide contact under agitation

wherein the reaction mixture comprises water and an acid catalyst-surfactant at a

temperature in the range of 30°C to 110°C, and

(2) recovering a silicone rubber latex comprising silicone rubber

particles having a volume average particle size in the range of 400 nm
10 to 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.

15 3. A method in accordance with claim 1, where the siloxane

precursor is a mixture of octamethylcyclotetrasiloxane and gamma-

mercaptopropyltrimethoxysilane.

4. A method in accordance with claim 1, where the acid-catalyst

surfactant is dodecylbenzenesulfonic acid.

11
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5. A method for making an aqueous silicone rubber latex, which comprises,

(1) semi-continuously adding non-emulsified silicone rubber siloxane 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 30°C to 110°C
wherein the siloxane precursor is a mixture of octamethylcyclotetrasiloxane and

gamma-mercaptopropyitrimethoxysilane, and

(2) recovering a silicone rubber latex comprising silicone rubber particles having

a volume average patrticle size in the range of 400 nm to 2 microns.

6. The method in accordance with claim 5, where the octamethylcyclotetrasiloxane
and gamma-mercaptopropyltrimethoxysilane are added concurrently into the reactor

with water and acid catalyst-surfactant.

7. The method in accordance with claim 5, where the octamethylcyclotetrasiloxane
and gamma-mercaptopropyltrimethoxysilane are added to the reactor over a period of

several hours.

8. The method in accordance with claim 5, where the acid-catalyst surfactant is

dodecylbenzenesulfonic acid.
9. A method for making an aqueous silicone rubber latex, which comprises,

(1) semi-continuously adding non-emulsified silicone rubber siloxane precursors
concurrently with a reaction mixture into a reactor to provide contact under agitation
wherein the reaction mixture comprises water and dodecylbenzenesulfonic acid at a
temperature in the range of 30°C to 110°C wherein the siloxane precursor is a mixture

of octamethylcyclotetrasiloxane and gamma-mercaptopropyltrimethoxysilane, and

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

comprising,

(1) effecting reaction at a temperature of- 500C to
950C between (A) an aqueous silicone rubber latex having a pH of 3to
9, and comprising silicone rubber particles having a volume average

particle size in the range of 400 nm to 2 microns, and (B) an

11b
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polymer shell, based on the total weight of graft copolymer, and

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

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

solids.

11l. A method for making a silicone rubber-based graft copolymer

comprising,

10 (1) effecting reaction at a temperature of 500C to
950C between (A) an aqueous silicone rubber latex having a pH of 3to
9, and comprising silicone rubber particles having a volume average
particle size in the range of . - 400 nm to 2 microns, and (B) an
aqueous mixture comprising, styrene and acrylonitrile in a weight ratio of
15 between . 90:10 to . 50:50 , where a sufficient proportion of mixture
(B) is utilized in the reaction, to provide from 15% to 75% by
weight of alkenyl polymer shell, based on the total weight of graft copolymer,

and

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

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

solids.

12. A method for making a silicone rubber-based graft copolymer in
accordance with claim10,where the silicone rubber latex is made by effecting

reaction between octamethylcyclotetrasiloxane and gamma-

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

10 microns.

16. A thermoplastic blend in accordance with claim 15,')where the
thermoplastic polymer is at least one polyester, polycarbonate,
polyestercarbonate, polyamide, polyetherimide, polyphenylene ether,
polystyrene, or a copolymer of styrene with acrylonitrile, methacrylonitrile,

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

17. A thermoplastic blend in accordance with claim 1%, where the

thermoplastic polymer is a copolymer of styrene and acrylonitrile.

18. A thermoplastic blend in accordance with claim 17, where the
ratio of styrene to acrylonitrile is in a weight ratio of between 90:10 to
20 50:50.

19.  An article of manufacture made from the thermoplastic blend of

claim 16.

20. An article according to claim 19 comprising an outdoor

enclosure for an electrical or telecommunications interface device.
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22. A method of claim2l in which the thermoplastic polymer
comprises at least one polyester, polycarbonate, polyestercarbonate,
polyamide, polyimide, polyetherimide, polyphenylene ether, polystyrene, or
10 a copolymer of styrene with acrylonitrile, methacrylonitrile, esters of acrylic

acid, methacrylic acid or copolymers thereof.
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