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S| LI CONE- ACRYLATE RUBBER | MPACT MODI FI ERS, THERMOPLASTI C BLENDS, AND o,
METHODS FOR MAKI NG BACKGROUND OF THE | NVENTI ON The present invention my
relates to an emul sion, polynerization nethod for making silicone rubber “\.-
and pol yacrYP23#bber hybrids having a vol une average pRGWEI2274e in

the range of about 400 nmto about 2 mcrons, which include nononodal and

bi nodal size distrib s. Mre parti esent invention

r e: at es Ito gr aﬁMy]—ﬂgt i O_ LXMERIZE %&Fm[g?ﬁﬁrffg : BERBSPAGA
oty T ers 1 nMGBRIERS) PHERMOPEASTIC, BEENTS, AnBINTETHDS FORMARIRES o,

"silicone rubber and pol yacryl ate rubber hybrid" nmeans an interpenetrating
conposite of silicone rubber. and pol yacryl ate rubber, where the silicone 1
o rubber anoB-ﬁGKﬁ@W@FrHEB@W%M%@N angl ed in an inseparabl e fashion at
the nolecular level. In Craig, U S. Patent 5,726,270, which is incorporated
herein by refere , iy f.ar | |.._di sper,sions of
ol ysi | oxanes. han e e ineEorE seuitl oAl e BN pBRARRARDn 1 3REH" L Do
50 ~ 5 nm t dfoahwmking siticonernshbef and obyaesyatef rubbei Bybridbhsflg aivdlieuse of

| ow shear and substantj ally non-hono i zi ng_pol ynerization condjtions. It
woul d be des‘?"reéiﬁeepal’ﬂéiree?%%l eﬁén%‘bggg‘?%‘tdgg nmitq abeyy 2 pigiongrwhishur e of
Crai g to makg Hee GRBAGolAS R BirBdal Ge amﬂ}iﬁwwowdif@ya;gﬂuéﬂg' fane
rubber particles having a volunme average particle size i'n e rdnge of
about 460 nrpreserdbioventior? elatesr ton grafist ofilsach wmmilsiohepolymietizbd esiliconeak e

| ti-nodal mxt : h bi pod I, Xt h il
pber part iTbEEt e @Vacy e SHPBHC Ry, anfizien s e of i ErelP dohas o
vol ume aver aggaefriddifiérs sh Beerflopldstic 9asihs. 489 1REA hereindtfer (e 33 Afsion

PCTNS99/ 22874
“silicone rubber and polyacrylate rubber hybrid” means an interpenetrating

composite of silicone rubber and polyacrylate rubber, where the silicone
10 rubber and polyacrylate rubber are entangled in an inseparable fashion at the

molecular level.

In Craig, US. Patent 5,726,270, which is incorporated herein by

reference, a process is shown for making monomodal dispersions of

polysiloxanes having a volume average particle size in thé 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
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The sem -continuous enul sion polynerization conditions for naking,

or ganopol ysi | oxane rubber having a predeterm ned vol une average particle
size of at least 400 nm for exanple, can conbi ne dropw se addition of

pol ynmeri zablgo pipasyger s, wWith mld agitation, such as stirrpafusdnsie
contrasted 5 to the high shear honogeni zation conditions typically enpl oyed
i n polysiloxane emul sion production. Wile acrylate rubbers are w dely used

f i t difi j . ) | ast.i mat eri,al.s where. t heri i

D L b L S P R e e S

materials at onganopolpsiiadarie eabberUedvims a YredernBbQWokife %VQ&?ES}&@J]U o
r organi c

reduced, as cqnpared to thernoplastic materials containing o
bl ends, such #&€ r?él%’b’&?ﬁd’#@né@uﬂ%e&xﬁrr@@oﬁnsCtombinepdm;:evisé]&\d[dw&obfrance of

i npact nodifi ' i r I i.c..pol yner, bl ends by conbining the

| ow t enper at Lﬁ@@&%ﬁ’t’%éﬁ%ﬁb&%‘ &‘sgi i corﬁigél r"‘%ﬁg‘é‘?’{\ﬁﬁﬁ as ﬁgmﬁgaiaﬁicﬁ@t"@%%

weat her alsi | i tip cher highershei clsornbgeniZatRey ydoaaﬂidnubggﬁica%e&n Rlykd £ Shown,
for exanpl e, icg U S. gate?ts 4,994, 522 and 5,132, 359, erful sion”pol yneri zed
si li cone and PIVSieeaye erwlsionpeadusighi ds as i npact nodifiers in

t her nopl astic pol ynmer blends, did not provide maxi num i npact strength,

because of particlwhié 1ht81 $ibbleN t ' mul s} on

pol ymeri zed silicone (ﬁglt-)}}er: 20 It é\ngjivﬁ&%g "E%gi %gg?tggatckg?%cﬂgﬁa vy Bt ovi de

addi ti on% _methetaeplaghic mrlrnjs mMerweaﬂmt g g;oaiic?heem, frfﬁpacitlh;_hreﬂgﬂ{ aﬁ'{) ib c

resins, ic ow .t enper.at ure advant ages of silicone rubbers,

with the ma&‘g’?g@l ’F’lsp?/'t‘ggﬁ‘éﬁwttée’ Oplasti mpteria {3 5 terpperatures Jompras OF THE

| NVENTI @bl Thedo@; asrebélown\ues tsubbtaifialhpseduadd, t e céings&\ae Ity ?\Qé*\eé%%%g ®
. : , can

pol ynmeri zation techni ques as shown by Craig, in U pat en

be applied t JPREPASFPREFIRIAG othes Egarie bleodssnck avpolyhutadigrieasbber.
conpositions 2 WO 00/ 34346, PCTNS99/ 72874 containing grafts of silicone
rubber and pol yacayﬂoa{setorimpﬁ,g, Rr s, [V i aved.particle size
control in making emulsion pol deri ed %Yﬁn?«g?r{gi@éj%gggg&ﬁ rshégg HEe f ound
that enul si orthprangmiasticralymier bleode by wbhnbiniag dhélqv kemperahat advidagss hybri ds

produced w t Y di rsion .of silicone rubber particles having a
vol ume aver a&efaggf%gléé%%g%rt W %%?%ﬁﬂ?‘fé"e&géﬁi?b tyvichargpteristies efsef ul

weatherabl ¢ iatrylate rubbi oérd failCRs Ghahne forblabglt il WS phidTNPEE 0! O O M
a vinyl polyner, shell, and incorporated into a 't hernopl sh C r'esrn.” 10 In

addi tion, an 38fRaliedbamulsionpelymerizeshslicinesndrpalyenrylate mbbechyteizosi t i ons

al so can be hj ki 1. X rafts of .emul sign pol ynerijzed
silicone r ub%griﬁﬁgp%%%{%t Ee}%rglg‘ggfearsgﬁy%wﬁ‘gf @W%ﬁ‘o@@cg‘% RfP¥Ide havi ng
mul ti - modal , maimmasmipaco sréngthy beeduse SdfZzpadickt 5izBUlhARkods! (1bss Baff e r ed)
nor eover, tosuéfm}n tgfrgki ng ,such grafts having nmulti-nodal 15 particle size
di stribution, If0e egiilsigh pplymgriaed silipona fulthen si on pol yneri zed sili cone
rubber and pol yacryl ate rubber hybrid which has a vol une average particle
size of2mt |east HOWonkd bRNdedifabld QR&REor b tp‘i‘@viﬂéa%cldiﬁbﬁglu Saidls@lor! €ast a
maj or anmount by weight. . The incorporation of grafts of sili1cone Fubber
and pol yacr yI"é%‘é“& U-g’tb@%' imppadi yngdifiersifor theemoplastiorsans; whidhaoybiedthber i al
has been founpg,t i_npact strength,of suc terials. It has
been found t% %ﬁg&g%pﬁfaathg%‘tﬁg?sufi S?h??f‘ea’E}’rtSbFﬁté@' rthg eepthgrbilitgr event s
enbri t t | emenbentéfits bfadrilatewmibbasst i ¢ over tine. Such inpact nodified
materials a re used in many applications requiring good weat herability and
| ow t enper at i t includi ng 25 autonotive, building, and
constructi on%akﬁ%‘fﬁmﬁﬁﬁﬁwﬁﬁ@@g of manufacture such as garden
furniture, boats, signs, outdoor enclosures for electrical or

t el ecommuni cat i onShé npedstAIC EindeIiGEeS isS UBALedS cHMBiHe N@lUSVely | Thi' fRtE©

devi ces 5( SNI D?, and the |ike. 3
2 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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WO 00/ 34346 PCT/ US99/ 22874 There is provided by the present invention, a
met hod for “maki ng an inpact nodifier for enhancing the weather resistance
and | ow tenperature inpact strength of organic thernoplastic polyners,

whi ch net hodV@8¥iP#6ses, (1) effecting the pol ynerization oPC'S)FOJF”@éWé r ubber
nononers under 5 sem - continuous enul sion polynerization conditions at a

t enperat ure t bout 110C, 't rovide for the formation of a
silicone rubc(tg’ie"r Ia#egﬁv%ﬁgﬁém{}&rﬁkgefaﬁgﬁaggl%ﬁ%fqtﬁl%‘b 'ZJ‘YBH‘WHH range of
from about 4RRieving imphsued Barticlel S186 coht#dl B ehalend abfillb bfifed eSUl ting
silicone rubber | atex of (1?, while t o providi ngé)agi tatl?g,r?t]grtn a pH of
about 4 to Sbifenegubberang a' tenperature of about 20C to about 90C, a

m xture conprising polynerizable acrylate rubber nonomers to provide a

| at e cOMpr 1 51 NG r@ha Bleh! AAAOLAFRIAAS S bRl U LP Slnta et ©

rubber hybrid having a wei ght proportion o about 5

parts of si |paipaveylatedhibber hpbrids prodabediivith f0adiseold dispetdion bf Sficorw t s  of
pol yacryl at en%‘ﬁ,gbber , ‘cfm wher e ‘nge addi tion of the polynerizable acrylate
rubber monorf¥PReT RArticiashaving aqyplumg Ayerage sizs; of betyyesnhetiont 400nm to

concurrentl ' | Gy WedBel [ 2 ‘ ffect. acryl ate

rubber for n&bpg%h ’ﬁ%&b’%fg{&%ﬁ%ﬂ he 5%%?‘%&“%2’#9%&%’3“5@%%%"“

r ubber - acr ylas alkenytl iraongroet wo foran hatieyd prilyay shell, ahddncorbbiated itoamount  of

pol ymer i zablbtg al kqn | mononer to forma graft of the enulsion polynerized

silicone ru m%@%'ﬁ%e rubber hybrid latex, and, (4) coagul ating,

washi ng and drying the grafted emul sion polynerized latex of (3). 25 A
rthenoaspect ofn taddditiore S ienharv@fien® in | itngdict B9 14 ifiers
nprising nelt extrudabl e pol ynerized al kel%yl %n%%#gflg@ﬁoﬁﬁg an

emul si on polSPAPCsiions alse cancbe agdievedywithaer Jrixtuce of igrefts lofberhulsion WO 4
00/ 34346 P 2 1 S| f initial f i
pol ymer i zeg%hﬁcone rz%%éér §+at 5xai‘§g%c%lﬂ%rgmol , 93‘3’8&&&2*%5 “?F ?énsi ze in

the range ofgraftdavirkg multidodat) suchalio bim@ddli sartide sife didtiibutial 1@spect of
the present | nﬁt ion is directed to a noldahle 5 thernoplastic organic
pol ymeric ndVEfErier, MQTeRyer, 19 yie dn| Baking Bushy Eralts \haxinge mylignedalnce and

| mpact 161 1 efjgaifcle Ok | fstibyHonO" £13M6aSt {81 TRk Ailenfhel ObY Bl ' milBlog! 1 a1, and
an effectivé anmount of a silicone-acrylate™ npact noditier conpfrising the
pol yrer i zed polymenizedrsilicone rybbert and pelyaerylatei nibbpn hybridi whithshag aone

r ubber - pol y te rubber .hybrid arising fromthe 10 initjal use of an
emul si on poﬁ@%&f&ﬁrﬁelﬁqggﬂ § b‘?fg?t Ipast 400, is pesseRcinathergrgft particl e

size in themmmﬁtkmmmymggtw%@bout 2 mcron. Still another
aspect of the present invention.is ditTected to a nethod for preparing a

nol dabl e t hernoplastic organi c .polyneric material having inproved weat her
resi stance and | ‘t“é‘??ﬁ@?%l"ﬂf‘é’f i&'@fg%?f silicasyg uhbes 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 embrnittlement 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 applicatidns, and in articles‘ of
manufacture ‘s'uch. as garden furniture, boats, signs, outdoor enclosures for
electrical or telecom'municaﬁons intertace devices such as sinart network
interface devices (SNID), and the like. |



~ 5 conprises mxing an organic thernoplastic polynmeric material and an
effective anount of a silicone-acrylate inpact nodifier, corrprr Si ng t he
pol ymeri zed al kenyl nmaterial graft of an enul sion polynerized silicone

r ubber - pol yaoo g0t rubber hybrid arising fromthe initial poreswbsan
enul si on polynerized silicone rubber |atex having a vol une average particle
size in 20 the range of from about 400 run to about 2 m cron. DETAILED
DESCRI PTI ON OF THEhdrdVEMTSWHEd Byt 0 nmet hod of
the invention, an emul srb?)-n pol yr)retlrﬂrgzF;e}(%I&glrTt In?‘geg(rerlfem’rg gt%ﬁ]af?; Qgﬂq%“s Atially
formed by se’rﬁ‘PQFérﬂ“P@ééﬁiqueMm the \aeathactesrstmatamldrﬂongt @hturdhi ch is

bei ng agit at er at ur |nt er neof about
30C 190 gbout a(fg%ghr%ﬁﬁ?é g%mé\gp Btb‘iﬁ’ m’% °'Tngrﬁeﬁ’t ure of
silicone rubber nononers. The sem 5 WO 00/ 34346 PCTN899/ 22874 conti nuous

addi ti on of nonorfd} sffeamgaéxeepbweck,ansnmmm@nembéﬁn@ordrn%}wlﬁﬂefmnner
over a period af u to 24 ho effective anount of a surfactant can be
PO, Ay

used i nPti al 19T FOPHRBUQUS, & TperiFationccongiitiense at aqf@a'qmsatnre(bﬂr e, or
t be ing . A
[t can be | nétcedsoad twbbut 1196, @ bicherel NORAIBNONEY S wdong the

surfactants which can be used, do ecy enzenesu PG

However , addlrathdrmngswolammesamamdemeba this gefofm Asshitado akpwn by
Craig, U.S. Pa%gﬂ 726 270 which is incorporated herein by reference.
Various silico F BB ononers can be used to formthe initial emulsion
pol ymeri zed silicone rubber | atex used in the practice of the i nventi on.

Sone of the pref2yradting b'amhmserwhh@rredﬂpﬁﬁg'ﬁl S.oﬂe“ﬁlbﬂb@? such
as oct ﬁgt hyl Cé}ﬁJéOt et rasi | oxane,. as shown or1 exanpl e }aqné()fhpm églgly

clopedra
of Pol RE 2gH2E0R ah @cpHrRf, akauit dnto 11531“29151 &l fi tempeprture266- 308 @

1989): joh S n 5 incl de trjfunctional
gr I anZas ) sutr:hr?\aggezﬁré%t %@n@ﬁ%’r ir'*dg% {ﬁﬂgyﬁémﬁ’ﬁn@ry

t et r af unct i dkbersriomosers o prexidend atext edm Fﬁ‘r‘sxlﬁ SXat lehritilon H¥hyrherifdd t her
ko ysr anes. The cross-11nking silanes

ggnrrbrbgabrsgg S\g%con? r%ﬁﬁﬁ%g@yg%y%gtr& HollY fgb%awa/\eu‘gmghbfprpp@rt@nl efcone
r ubber nonorfﬁfmﬁb&ﬁt@?par@toﬂ%u?%ﬁﬁh Esﬂ@&r%%é g{\a 'ﬁl l‘j‘gf‘ﬁ tr }?ﬁt}g{ ure of

- pol yacryl at e rubber latex hybrid can
~the pol§ner it2Ahout 25 preis of polyatrplaterwulee; and mvhem firasdditioROK &ieni Ng the

silicone ru itrogen stream Prior to the addition of the
pol yneri zabl‘e acra%a?tfeyr te ?ub% °3Wé‘?e§s “Fﬂéh%?’[lf: bex latrx-oqcuisex i s

preferably rbefdre,abrzmdcﬁneﬂtl Hvidh AlFREENt? SpblynieRizalBN  caal asi ¢
sol ution, such 8d| m hy roxi de, agitat edyg{nd heat ecT?a gwa&?ee?r%ge{r ature of

about 20C t&c’% OFBRiBwed by the addition of an effective amount of
an acryl ate rubber nononmer pol yneri zation catal yst such as an al kal i

persul fate. (3) grafting the emulsion polymerized silicone rubber-acrylate rubber
20 hybrid latex of (2), with a sufficient amount of polymerizable alkenyl .

monomer to form a graft of the emulsion polymerized silicone rubber-
polyacrylate rubber hybrid latex, and,

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

25 A further aspect of the present invention is directed to impact
modifiers comprising melt extrudable polymerized alkenyl monomer grafts

of an emulsion polymerized silicone rubber-polyacrylate rubber hybrid

4



S WO 001 34346 PCTI US99/ 22874 Anong the pol yneri zabl e acryl ate rubber
mononer s whi ch can be enployed in conbination with the silicone rubber
| atex to formthe emul sion polynerized silicone rubber-acrylate rubber
| at ex hybri shodol3esse are included C y-iz) al kyl acxyl ates; spefugmrsgihyl
acrylate, ethyl acrylate, n-propyl 5 acrylate, n-butyl acrylate, and
cross-linking acrylates, such as allyl nethacrylate. Preferably, C(4-9)

acryl ates cag. preparihng the graft. of the emul sion pol ynerized
silicone rub égrig%'rﬁ? atﬂéé ?Bg%lerseél (%ft ?mBIrsgo‘} PPlymerjzed silicong rybberdaiex al kenyl

mononer, suchavisga volagle aVRPGHEpartitle sBIUNS raflE N,
acrylonitril eb or, m xture thereof 10 can be urge Pﬁ@gﬁ%ﬁg&@r‘r\%@h t he
rubber | at ex®PW 2dRETQd, al kyl nethacryl ates, such as methyl nethacryl ate
can be used. The proportion of al kenyl nmononer and enul sion pol yneri zed

rubber Iat ex. can ARGMGHE tepRl Y8 Bk Pl BHARR i hER 5, S30 35, uoed by

wei ght, from about 0.15 part "to abou par i",’leper part

of rubb8r 15theomoplastic hrgagicapolytreriexmateriabhaking ifigrovdtD RSy %&h%ét?g.]:}en the
art will be ‘gggé_‘;r%?fke to practice the present invention, th ol N'ow ng
n

exanpl es are WG a0E IMRAGE firength comprising an ioygamig thermaplastiat i on.

All parts arpolpmeriei lteridl| 55 ahNelt. rw Se...20 Vi gh er cent

solids of | a?egf"fsanpl es.rar e deter mér\?gggépt%elrnﬁd&y?nsgﬂ“fo@&aa%ﬂﬁéet gﬂ?“\’\ei ght

gsi ng g CEM agifiey sompoiging thei prdymerized alkemplva gﬁgﬁn@f‘ gratbf Eﬁ'eﬁ}tﬁiiéﬁ
istributio . inned usi,ng a Nico 7 ubm cron Particle Sizer

i nst runent %&’?’g’/‘?ﬁgp&aas&é“ﬁg‘Si%}?bgﬁaP%F’sY F otunost hybrifrrising franmitRe ur e of
6 panos ofinitial asedhah extll9bs bbBmhdreansl f

6t raet hoxysil-ane, and 0. 24 a?)tli%c1 %/ met hcgglﬁ]fﬁgggx{ol%e%ytfa%?ng 9\&50557‘%4346

PCT/ US99/ 22@&’%@%&9@%&@@%9 fremeatdeti 40@nm totabbut D enitdion Ure in a

reactor consisting of 43.2 parts of distilled water containing 0.044 part

o Sodecy’ bene sl hags s o b SSUhOISh Bl B habEd AT .

mai nt ai ned at 90C for 2.5 hour pre-enu
then added drepaing: a onoldebleb thvernuplistic eopetic Pobyrheh® Wnaftehal Athvirhe

re-emul sion_j repared by nldl tirring a mxture consistin 30.4
Barts of oc?@ﬁé‘t"%ﬂeg’faﬁp& §f§7af‘8‘§<éﬁ§,1°ﬁ’. Mgmﬁturefimmct a@eﬂtgfhysglﬁdne, 0.96
art ofis yneteh ko i i 2 rt ,of 0

i PR o o s I e g R T SR S U

dodecyl benzenesul foni ¢ add, and 16.4 pa .
reaction mi SHEFEVE amountr el af silicame-actylate drglace rhodiffer,acodPhsingh ek al | oved

to cool to SRE —hR€_reactign conversion is found to be 88.9%
and the vol tr?%%/er agéﬁ%g&f imgterial gra fo(%tﬂé eIRIsioNG Rolyaneriaed; silidons | i cone
rubber | at exublser4yaveylatelmbbeeh§brid aflshgdrdf- e RRGLELGY oflrSihl]led Wat er

with 68.4 paris of the ‘above_si Ilﬂg:one rubber Ia?%gﬁhzﬁt&r%l |nz‘<£a S8 pH 7-8
with 2% sodPaIFRSFReg gileneotulbeD fatexTHhaving a woduing avesagef partield size @ I eact or

a.nd t hey CO”Wg@Bf frﬁﬁpal?dﬁqllb@ﬁﬁ\et% atb%uZEICI:\igr%%.er a nitrogen atnosphere.

DETAILED DESCRIPTION OF THE INVENTION

In the practice of one form of the method of the invention, an emulsion
polymerized silicone rubber latex is initially formed by semi-continuously
adding to a reactor containing water, which is being agitated, such as stirring,
at a temperature in the range of about 30°C to about 110°C, and preferably

25 about 75°C to about 95°C, a mixture of silicone rubber monomers. The semi- |



A solution of 2.9 parts of distilled water containing 0.024 part of 20

sodi um persul fate, and 0.024 part of sodium bicarbonate is added to the
react or containing the above m xture, foll owed by the batch addition of a
m xture of wodopedss of butyl acrylate and 0.20 part of aldoriusswtdsacryl ate.
The reaction mxture is maintained for 4 hours at 75C, then is allowed to
cool to roomtenperature. There is obtained a silicone rubber-polyacryl ate
rubber 25 hybontihosseadditionngf JRoddmenl tals RNAffAcA) WEBPWAYET 24E MaLti cl e
size of 440 nm_a. WD 00/ 34346 PCJ/ US99122874 A graft "of the above
silicone rubg’é?R“ﬁ‘B?mT'&VS’?B%‘éﬁi ohypte 4 heutsx i s nade by the fol | owing

procedure: A mxture of 1.4 part of styrene and 0.47 part of acrylonitrile

i's added to a reaAhcaffee@mﬁhahﬁgopdls@%&ﬁ{t‘r%dﬂfﬂe&kga‘im%xﬁgﬂc}%p%r s of the

above silicone 5 rubber-pol yacryl ate rubber hybrid |atex Arts of
di stilled wat®Pagt ofathecagitated aquears mEQure hamit 2@86 b iretrodudedr withfthe. 047

t sogi um Q. 047 f sqdi um bicarbopate, and 1.6 part of
ot 1S et o AR bRkl Ariong ™ e, SeRR (VDI Fan heasit or an
additi onal 3Bodaoyliienserdsultbnic Xeid T girétebred! PRVARICHIANBRY SGR0iGHs2 5 NOUT

parts o

period, a pre-enulsion of 12.6 parts of styrene, 4.
acryl oni t ri | which capbeised ifsfesired as shatenl by {raignbeh Patent 5,726,270 whéthld. 5 part s

of distilled; ' uring the 5 hour dropw se addition
ey B B5htncd

peri od; ar ge e end the 1, 2, 3, and 4 hour feeding, equal
increnents of the remaining portion of the t 5 solution of 0.047 part of
sodi um per sul f at éVarigus glicare pablier ahosatiersiedri dardedats fornd the Gnitaft Of

distill,gd wa . The reactiaon j.s maintained for 2 hours at 75C after the
pre- em}I%si onéxgéléﬂ-ﬁ gﬁ?yr{t% - Stlicare tr8f’€%‘o ®ehsed aiuthe praetice pb thert ai ned 9

graft copol yimeentiét.ex Shme g he- %%@ﬁe&ekﬂiﬁ%% hibHlgr dﬁéﬁ%ﬁ%&g Zu&:l& L, There i s

made a bi nodal graft copol ynmer mixture by ing 4 par graft of
a silicone reYsiastoxanessue)iascetametindeydintetrasiloxane as showndoexsphplath aver age

article si o} 5 rts of raft of a silicone
Iroubber - pol yﬁfy#gﬁ%ﬁ&g&e?ﬁﬁ?%%“ﬁr F%fe&?e h"’ﬂff gé"‘?%‘l“ﬁné’?’i‘&’é‘f*ab% Hdticle
size of 720 Editiod, pp\\20583084398) POl $0idy2 28d 45aize @rb&s‘zﬂﬂﬁng silanes

r ubber - Qol yacryl.ate rubber hybrid | atex having a volune averdge particle

15200 AAUAe  Srifynctional r ianes, sisuck ome titisthoxymetiylsidarieng aancb! ume

si ze of

average par tiretioxybRenyilanél NfAg W i as follgws: A mxture of

7.7 parts of oct azgt hﬁlclycl ot eﬁ%si Feg%(}gﬁr?ac,h%g.g% Peres of e example,

t et r aet hoxydetraetboxysildne. Bddpant furfther- neeibasation0Xy ik OBMenylacryloxydi-
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 pH 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 polymérization catalyst
such as an alkali persulfate.



di met hoxynet hyl silane is added to a stirring mxture in a reactor

consi sting ‘of 39.2 parts of distilled water containing 0.040 part of

dodecyl benzenesul foni ¢ acid and 0. 040 part of sodium

dodecyl benzeoaspiionat e: The resulting m xture is agitat edpciidbosBrit ai ned
at 89C 10 for 3 hours. A pre-enulsion of siloxane precursors is then added
dropwi se to the above m xture over a 3 hour period. The pre-enulsion is

prepared by nil dl Ansing thegolyneridableca@9hsé Shbbér & f
oct anet hyl cycl ot et rasi | oxane, 0.64 ar_tﬁ?of tetraet t%)%&lselz? gﬂggﬁiﬁﬁ.%ﬁ part
of ynet hacr yFBSPMp‘Ql W@%Wﬁeﬁgﬁwl@n@n@bb@ latex pa farm e emulsion ,
dodecyl benzepgRihdradCsiR&dnd: 5 sodi um dodecyl benzenesul f onat e,
and 15.4 par Eg% Stlil%rll elg&v{gtrgr ?%@%agesg‘; qeﬁgatfgg'é’gflgnﬁ'fﬁ'%la{ﬁ tncludeg [ r g
for an addit Conab alkyldroylatesatsud9@s hid lahbgwﬁé, teh g0 r Q¢

i &S | 5 %Ia?eénﬁwlvol ume

t enper atur e. Th [JLeaction con ersion is found to be 88

aver age “par t PEYEE; FEOUY! ofTyiAte ANds| SRssplinking iagrdates,| isudmeas ublbglr | at ex
is 270 nm  Thekackylats, Feefetably, .St water with 73.3 parts of
t he above sili coneﬁr ubber Iat%x@(%;é&t atleézjée t%'Jo&sggioH 7-8 with 2% sodi um
hydr oxi de solution. The mxture is transferred to a reactor and the
contents stirred lnBrepagngdthe grafiofuthécemalsitirt polyeerletnsiitRieerubbeso! Ut i on

i s added of WSt | wat er . cont ai ni ng 0. 025 part of sodium
persul fate a%%?%?%é%%ﬁﬁ%t?%}p gswbﬁﬁ? F%a?ﬁ&ﬁé&é,’fke&l}'l Bweemsy, suchas eh
addi tion of winyl tomoene?, 8r fraxtuse, Blch aYiy¥bne eaand. 0. rt of allyl
met hacryl at e. ‘i!’:lhe olynmerization is éon%c?%g%(l)@gﬂﬁ’o%r%u%prggée"?hen
at)l ed Yo r o tbéngé‘?‘gtlﬂr gombinatien withy the \sobbey Jatess RETdERE4 2 2844

ai ned a Sjhbi r I bber, hybrid | atex having a total
solids concentb%l{aatgﬁg%{e%%g?é:ag%egﬁg%ét%ﬁ{?ge%‘el?ea Clparti cle size of 290 nm

A graft of the above sili (_:'one rubber - pol yacryl ate rubber hybrid latex is
prepared as fol | ks Proportiorkef alkeryfl mMonbmarandoémalsisrepymanded rdisbepar t  of

acrylonitril i . reactor containjng a mxture at 75C of 57.7
parts of thelgg Océ:eﬁ&gf ?%@%lé'at%ﬁ’ﬁééh-pgﬂlﬁﬁwplﬂg‘ﬁ"ﬁlﬁb‘ébewm‘bﬁ weight:, and
6.7 parts offreinsibout .45\waketo. abbles o dast & 1EKe qiﬁ(g, ! IXLpLe 25% of a
m xture_of 0.048 part oyﬁs’odi um pers‘?&l fate, l@%4 pa?rfp%ﬁ%garﬂ%ber

bi car bdfat e, todprm shegradtlatexor distilled water, 1 o and the reactor contents
mai ntai ned for 0.5 hour at 75C. There is then added dropwi se to the m xture

over a three hou i |.]i f D rts ,of styrene) 4.3
parts acrylonitr F?%,?a%eg‘géﬁb%%%kggas%otﬁgr%?tdvgfl]lgeﬁbggﬁ&éﬂﬁsfﬁlpf" éeand 7.1
parts of di resenédnvention, the)fellovingréxaniples a1 @VBNLY Why WFSIEM ! SOdi UM
persul fate sag‘ldu}‘i pn.are adﬂz.d .foncur rlgntlgl at 1 s the end of the tirst,
second and thdd™RHGYs W& P ‘riypation: S Rawtss akey by Tweight | unlesseindicidet! 4. 1
parts of di sithérmdge.water and the reaction is maintained for two additional
hours at 75C. There is obtained a |atex having 38.4% solids, of a graft of

ili éne rubbe%ok acryl ate rubber hybrid having a vol unme average
ﬁti cFR size of "2YENhPETCE splids gf latex semplessireideterminebbter dryingaeray | at e
r.ubber hybri i Ohi Fh ViQs arthel e si.ze of 720 nmi s based on
the initial “g?*e‘?é‘r gm'{:QiI %‘rf ‘8“1’ s?Fﬁ:%ﬁ%‘” h%%@@d BERVeRettiG Fucrowaya Cf;bﬁrti cle
size of 660 Famiclewsizh distributions aaefdﬂtéiﬁwiuﬁngrf'ﬁwh? 376 dSuBnticte of 300
parts of watgr. 9.6 parts of 25 dodecyl| benzenesul foni ¢ acid, an 0 parts
of octaneth |a5%?§{zg€ [sEumeps ARPLYING abgussiasvanalgdoprdtocdles to a stirring
m xture at 86C in a reactor containing 11

EXAMPLE 1.

A mixture of 7.6 parts of octamethylcyclotetrasiloxane, 0.16 part of

25 tetraethoxysilane, and 024  part of y-methacryloxypropyl-



WO 001 34346 PCTNS99122574 450 parts of distilled water. The reaction

m xture is heated for an additional 6 hours after the addition and then
allowed to cool to roomtenperature. A batchw se addition tg E?& jxture is
made consi stWYR§Y3#4618. 6 part of y - methacryl oxypropyl di met R %‘7’ FWsi | ane,
and 18.6 part of 5 tetraethoxysilane. The mixture is reheated to 86C,

mai ntai ned el 5l 1§ alifibd Jo |} Wiising HAnE B Ve AP foldbaer@0! 1O
anbi ent tenperaturée. There I's obtained a si?icone rubber Tatex having a

vol une aver agfe @alti paetssi o€ odistilétberwé@® noontdiniegpl @04f Sgarb pefrts of

t he above siligo rubber. _latex whiclh is neytrali,zed to a pH 7 8 with 2%
sodi um hydrcAH‘ff&)’r}sﬁqﬂ‘Fﬂ'ﬂf‘?’ge n?‘il‘i\'lg ¢, regulgng  mixtuse {5 agitatedy %g!t er and

transferred &%‘n@aiﬁ@cﬁ%%f&hﬁ5h€%§or contents are stirred under a nitrogen
at nosphere an eated to 75C. A solution is added of 5.0 parts of distilled

wat er containing 0:03 part of sodiumpersulfate and 0.03 part of sodium
bi car bofiat e, f ol lAopeetemulsionhaf siloxadeipreawsass isthensadded: dropwise ® fher t s of

contuct e 1 GPoYe R ayBaes Ronfherton The HPEeu i s mepRea by il o s °

obtai ned a sitirfifig e miliuRe 'coRSIbHTE 0F |304epartd BE octirkethfcydbRtralifokaRe, a t ot al
solids concentration of 39.7% and a volune average particle size of 720 nm
20 A silicor®bcrypatte hyofid ketraethayyasilanegopolO@fer i partade dfr om -he above

hybrid | at ex N LXL.ur 1.4 part styrene, and Q.47 part
of acryl oni t?%%%%d%%dﬁﬁ%o’%@%ﬂ;ﬂ%em ai ni Rgaan agiptaé ed mXture at
75C of 147. 7 dutecylbenzenlesulfdroy acid) bhd eet pard distillell westey. R fedhing hybrid

| atex, and 28 parts of djistilled 25 water. There is then added to the
m xture, ondepstonmisture igstizred:for an dditipnal 2 hours BP0 Gathenmllowsd; tom o

pers ulfate, 096571&?1{ eny ferﬁﬁﬁkg?\%{agégrg E%R\t%ﬁﬂaﬂ % é\lﬁdttg be 8\89%) %54346’

PCTNS99/ 22874 "parts o st | e reactor contents 1s -

mai nt ai ned fthe volilnéieverage patiicle dipoof the eptidsion pobyimériwedhsilidone gubledri od,
there is added. .d Wi se to the m xture over a four hour period, a
pre-emnul sio atex 18 40 arts of styrene, 4.2 5 parts acrylonitrile.
Concurrently, equal increnents (one fifth) of the above persulfate m xture

is added at the ahdreil nhiked18.9.padts of dishilled 4vatér WhR 684 |c¥itReaby@d. There
is then added, 0.057 part of sodjum dodecyl benzenesul fonate, and 2.1 parts

of distill efiieengrrubber latex nepiralized fanpHi r8awithr 2% aedimi hydrexidenour s at

75 C, beyon off K f fééljeﬂ r.e: j .1 . ( is

obt ai ned a Idsg}lg%lﬁaw_ngﬁ%%G@A)%%{gl IS, tgfa gﬁ%ﬁéﬁ&%@%%@@%&ﬁ%

r ubber - pol y cheaddatos5pQ mbder anitragen latmospheee.vol ume aver age particle size of
720 nm . A binodal latex mxture is prepared by blending 49.5 parts of the

Larex of the orafd Bluefdn®bt 2% Pard I dkaRS YAILY BiGirkng Yihad YRk 6t M2V N 2
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 silicone rubber-polyacrylate rubber
25  hybrid latex having 32.1% solids and a volume average particle size of 440

nm.



t 5 average particle size of 290 nm and 50.5 parts of the |latex of the
graft of a silicone rubber-polyacryl ate rubber hybrid having a vol une
average particle size of 720 nm EXAVMPLE 3. Several additional styrene-
acrylonitriweoys#tds copol ynmers of silicone rubber-pol yacr ydscatgsosadsher are
prepared in accordance with the nethod of . 20 the present invention having
particle sizes in the range of 310 nmto 660 nm and silicone

rubber - pol yacr y| aA graftbbeie dBoveisdioRavi F}QJ ' cle size in
t he range of aa gt %;3 nmto 700 nm T‘Pqi%rr sY %e .Y‘%S‘gﬁy% Atelss are
based on t he™PAf Véhe&l ingprenedarad use of silicone rubber |atexes having
particle sizes in the range Kr o f 310 nmto 660 nm and silicone 25

rubber - pol yacryl a4 enik |l une average particle size in
the range of about Bnggﬁftﬂ(?@%g?l?nm%%n&‘%}%@Fi%f m&@/3228¢4 Graft

sili cone rubteey rqgoﬂoyatcngaimng anuagitated i@ ASoO581 g@ﬁgBk %fﬁb\ﬂv’é i d%n?%
agueousg cal n maj nt ai ned at I'ng one

||
part of thecqugpg&p?%aﬁrﬁ’ tﬁé}‘gb Yorid ldgrcend 99pasitsiaf dtshﬁedd/%teﬂhuil on. The
bt o DosipeiataR dls7mCe ik 205 Vﬁamﬁersv { ot been 6 ﬁémufé for

anbi ent terrper atures, and dried 1n a vacul

24 hours, tdereifate, G04Teparbofisadiuifibicarbonate) arid1 8'Pak B SN &s&ﬁe&%aimg
nodi fier far adlle her mopl asti ¢ pol ynmer.. For conpari son, a comrerci al

avai l abl e styrene acrylonitrile graft copolynmer of a silicone
rubber - pol yacryl ate rubber hybrid having a volume 1 o average particle size

in the range of Thewesulifg Faachbs nak&Le AMAAHAL B ka]%. b hal was, Metabl en
2001 ?éd; gl?b M tsubl shi RayonaCo Ltag-E %? Biantegat g,
e

il i co?]% ru addleq d Wﬁ%omreméﬂwutlpnnadpspﬁ&@ﬁﬁlmﬁ bf t he

nmet hod of ng@k , es of dry blends are

prepared by respgﬁctgl % ﬁ’l X %62 i;éhﬁap @QN (?éé‘l?EPaZB nys‘?%iéught

copol ymer ofdosiﬁsl}flmeaaﬂdm;d, (mdt 11.5 tparlé‘bﬂoéfshﬁe&fwﬁepar(‘f'érﬁéﬁ#z%ﬁtl ra]: t Gb
izet’ o a

copol yner of 1- and part of anox 1076, a

Gei gy Cor por 5‘? :H?. $ﬁ‘é’%r"§°ﬁ)‘i"§ﬁ&§3‘aﬂ%‘ l%%ttchme ms¢hagged wethdiend thegj neers 20
nm tw n- screy\rg,emd Ydedure . 400 . and 15-17 Ibs/ hour
t hr ough t 0 obtain ;%egleleéélgz é’ﬁéel %%zg é# gheszrp PBTHaroPhithe

pr oduc sajufign Q\ﬁ @47t patt eh@odtivemspersilkta; aﬁda@oﬁngﬁ t 3 {ffui ect| on
nol der W|th g:f.b%q\ i? set djéet? rature and 145F nol d tenperature. The
follow ng Ta f OWs ™" I?é'tlcﬁf qﬁ%&@? tef.esul ts derived fromthe respective
t hernopl astic SAN silicone rubber-pol yacryl ate rubber graft
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.



25 bl ends. These |zod inpact results are the average val ue obtained at room
tenperature fromfive test sanples. A Testing Machine Inc. Monitor/I|npact

i nstrument nodel 43-02 is used which has a 2 | b pendul um capacity. 14 WO
00/ 34346 PCWasmBG%3482874 Commerci al ly avail abl e Met abl en S-BOQUSY9/82824 | abl e
fromM tsubishi, is shown as a conparative exanple. |npact Val ues of SAN
Thernopl astic Blends G aft Copol ynerSilicone Acrylate RT |zod

I npact SAN(parts b¥hewilight¢ tuliter-podydcrylh 1Sbber hybirid 10é% Riling\Ptalahén S- 2001
bl ended toachi eve 27%t ot.al ber] 280 ~1.454/ 4633054/ 46360 3, 754/ 46360

_ b
4. 454/ 46440 AVEREE P8 %.Zefeitf%m@? preparedsfrom asilispmerubbenlatexhawingnat t he
bl endi f ' . i | L CE | | at bb
ending o a%ﬁixh@ﬁ%fége ﬁg&g}&ﬁ si2d oé{%m:&l{i@g@ %sl{owg{ tl'o@ﬁr%a“ ylate rubber

graft hybrids, or inpac ers o I nven Wt ha

comrerci al l'y avail abl e thernopl astic organi cpol yner, such ~ as SAN, can

provi de t her nopl aét mixtswenebsi-t iperts dfavitamiethylayeindetragilagane 0. ENgaft 6fs
conpared. to e i.pact nodifiers the prior,~ art. 10 The above results

al so sho thgﬁ Vﬁ‘%ﬁ{lg‘q'np nmo ﬁ?l er%a? or f her nopRethacylesypiepyt can be
made by pol y@hkthoRgmagiisiRhe if A&l th Q' dHrAfs MRANEYS a ce of a
silicone rubber Iatgg?ahay?/i ng a vol une averag% partié gfg?éttg?g%g%%gt 400 nm
to 2 micronsofo 32 m paws | i ebonddistillgser peatencr gdrdaining btBO40hy parel | aft ex, and

the grafting I i sh_15 pol ri,zabl e al kenyl., nmononers, such as
a styrene an&ggec y %‘rffeﬁrl 8%&1 x?‘ﬂae.a’%mao’% o846 So9Pgesylr 4
Further, inpbefzemesiilfirates The rhalpiEaeMuré RVAALIQD 2178 SRaikBdEBeAe from
mul ti-npdal, ,such as bi nbdal bl ends of substantially nononodal |atex grafts

of silitbne WHol yacryl ate rubber, where at |east one of the
substantially nononodal |atex grafts of silicone rubber-polyacrylate rubbev.

is 5 made froma gb&ﬂe@ﬂgsﬁqugrﬂokgﬁ@isg : gopgis?%%glaﬁbraﬁdaa&gégg%t t%i ticle

size of at least 400 nmto 2 mcrons, IS p erably pr €at | east
a nmaj or anpuAboYsymixsshever Bhd hpuppertiodrithef preresnulfion ie ppepased by inuiydipt i on

al so can be to inpart inproved Lgpact strength and weatherability to

ot her ol dab#fz&%@ £ I 8°§frgpsct,m§r %fah ‘€ BASIsy PCtgﬁleétPﬂ%)f‘%mFﬁéﬂ?d% t hose

conpri sing ap.eheastpfte pafyest RiraethokyfRRLONAL §,64PO! y@éiefcac{fbon €,

pol yam de, polyim de, polyetherimde, Ppolyphenylene ether, polystyrene, or
a copol Arer Gwﬁacyyleh@mldza@ﬂwxmemlsiwenet 046 r ylpant t rof e, deddcgks of

acrylic aci dpefpehBafforid £i@%0.f Bhrt G2ROGNIE ﬁgdgc@%e%czn;ﬁesulf%gate, 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 converéion 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



WO 001 34346 WHAT | S CLAIMED | S: PCT/ US99/ 22874 1. A nethod for naking an

i npact nodifier for enhancing the weat her resistance and | ow tenperature

i npact strength of organic thernoplastic polynmers, which nmethod conpri ses,
(1) effectiwgot/msagol ynmeri zation of silicone rubber nonomarcrnisovrisdes semni -
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

havi ng a vol phRinddes aflfcoRd! fubbkLpSivi& v .of, fram about 400 nmto
about 2 microns 2) addi ng bat%h\lxli ?gla?%trpﬁgéﬁggﬁ??ilﬁ%"?’i‘?‘?’%ﬁet"ftﬁlbber

S; .
latex of (1)solidsiconcestrationiof @338 arat a volumhe averhgopartioltizéof00abput 9. 5,
and a . tenperature of about 200C to about 900C, a m xture conprising

pol ynmeri zabl e acryl oners .o provide a | atex conprising an

enul si on pol yneri’z @PF P%g%{eov?ggﬁg?g 5‘&‘?%3’[0&4@5@"%5‘? hﬁbﬁhfﬁg% wei ght
proportion oprepared asfollow8s parts to about 5 parts of silicone rubber, and
fromabout 5 parts' to 15 about 95 parts of pol yacryl ate rubber, and where

t he addi.ti on of the pol izabl e_acryl ate rubber nononmers into the
sili cond rubber |“£r"é‘§&8é5§ﬁé Rzt of dyrepe, ansh@-48 partrafyacuylonitxiles fsiadidedt

pol ymeri zat i (oha satcedr). ,-g,-,@‘ ry| oryatign, ( rafting

t he emul si on pol ymerri c?é\éési I lig’ﬁé“ﬁgﬁgg%g&&ngéar%)ogﬁ%&wﬁfgl%qogq atex of

(2), yvi]th a %\!Pbﬁrpplé'ncrfym;mbben‘ rgblpd,! lptmccialmibbﬁ_ phiglgmf: diaNéRiweg Or gani ¢

material to X [ the enul si ol ynerized silicone _

r ubber - acryl ??%Enrlsﬁ lé‘?aqt%fgrt?cfﬁf Jugture &g% &(545’“@6‘53 of 80sB partefsodignand

dryi ng the getbiilédte OMIESHAD o SbAIWRL bi f 001.34346. ,

Engglzzs% > Aot hod acc%gﬁgfei’#maﬁ%?ﬁaﬁ‘dnﬁ%ﬁm\‘R/F.‘e’%ég‘lf%é" Fi'i cone
ber "RonorAfidsthgreacser contenty majnteinetrfas 0.5 dhomnat 75, rHairb axaiehladdey and

ganmanet hacr L hyl.si | ane, A nmethod in accordance with

claimi, mec%ijgﬁ ﬁ%rtgg}%%%?%gg?én%&éémgﬁéﬂ B&re; of 13.8 patfsy|

acryl at e andfal Isyyrenet hat:3y| phass 4 actylortriled i@owc% ncqifvvi tsg (dn{i\i m 1,
where the p | kenyl cont ai ning organic teria useg1 I'n formng

0 r.izabl e
the graft i s‘lgggeﬁ?(li??ﬁ?“é‘eﬁﬁf%%'éﬁ@ &hcpastsr 9f distilled |veate5s. E4ual gpagérlyrodi fi er
conpri si ng . | 10 al kenyl npnmer graft of an
enul si on polqnén%ﬁe? gsg&fg}{g?%lél%lé9%!%&#%@?@’58?\71“8?&? a@%%fcwmeaﬂx@r si ng
from the i nithe and of theofirst iseeomd aridothigdohouTs bf BROpfeldrh G feb®DPhered] €X

havi ng a volune e e rtigle size in the range of from about O nmto
about 92 i ¢ rtﬁ?ﬂ aélgec{ 29 pagg of d?lsﬁled water and the reacgon 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 haviﬁg 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

11



6. An inpact nodifier in accordance with claim5, which is a ~ 5 m xture of
nmelt extrudabl e pol yneri zed al kenyl nononer grafts of enul sion polynerized
silicone rubber-polyacryl ate rubber hybrids, where at | east one of the nelt
extrudabl e p9ode¥46zed al kenyl nononer grafts is a graft ofCewsIeRasl4i on

pol ymeri zed silicone rubber-polyacryl ate rubber hybrid arising fromthe
use of a silicone rubber |atex having a volune average particle size 20

within the radbgpans of distilled dsterd PRe PelctiOn MARHLre Fs ﬂga%cpfba"aJa MigRd gab! e
t her nopl ast i gpg{sgae}m C pgé%msrl c material having I nproved weather resistance

and | ow tenp terithgaddition aad dhen albowed toi aogl toroonytmyseratuee.nopl ast i c
poleric material and an effective amobunt of a silicone-acrylate inpact

modi fier, conpri sjl SRRl enyl .material graft ~ of an
enul swn pol yneri zed%él | ggg%a‘r@?é béﬁggﬁgéﬁéfsﬁ%d?m@mﬁfgﬁﬂP&F*i%fiYng from
the initial uwethatrydoxypropypldimethorgmethsDafl)/ 3438 PChEES99/ 4 of _
pol ymerlgszed §| | i m)ne ubber. | atex havi n%Ea vol ume average pdarticle size in

the randge of ‘FFASHAFSANes obhe, FixBirgy sy releatad: ton86°C, mainthided| & that

ther nopl ast i eerRp&aRire 85 MBRtrs, CarlP iRk [ ccordance Wth claim7, where
t he organic trﬁé@plrasti c pol §/rrer| c %aétﬁé’r‘*egl %gqoéqgta et?éﬁgtt p35"1‘5?,51'?}81""3/est er,
pol ycar bonat &hereds gbwinedsusilicometrabberdhteahiading Peolusieierdgeduriaesigpheny! ene

et her, polys e a copol yner of. styrene with acrylonitrile,
met hacryl oni {’?r/‘h%@e“ ésq § of acrylic acid, nethacrylic acid or copol yners

thereof. 9. A nol dable thernoplastic organic polyneric material in

accordance with cAasample ofo3e ipartsCofathet élﬁcﬁz@esiﬂ%eaﬁmﬂeprl?%ii&ﬁicﬁqgm ymer
and a nglt extrudable styrene and acrylonitrile graft ' of —an emul'sion .
pol yneriozed BeYtF Bed to apH 718owithcd% Isadisim dnydeoxide solutlioaris Shixgd furiehn t he

initial use sf b ' i Licone rubber |atex having a
vol une aver a%;ée5 ggrrttglgghghsﬁ?% %t%r”ﬁdj?@ﬁ% 9‘50 ot F‘Eﬂ‘#’&b EgonAnteRtAbout 2

mcron. t 5 418, stifredblndér = nithegargirassbhereCirgRRédted 1b VBRI A GBiBbRAL 11
ITrer aril ses

accordance w lai m 7 re.the silicone-acrylate inpact no

fromthe ini ?‘i‘quc?f?eénB?ftﬁ\gﬂ&?f‘u?‘g“@FerpFQF‘W@F‘E park efsddiworpareulfage af t s of
emul si on pol yEeni03edaii bf S84 v 5 )/ tye, r.ubber hybr.ids,. where at
| east one of the emgjl si on polﬁg{nggagéeo g’l@@%ﬁé&%ﬁe%‘ﬁ%l%ﬁ%ﬁ@rubber

20 hybr'Sds afwdute 118 parthof butyliasrylateearaf 0.24 perfof<illyd nidthydrplate ehei | i cone

rubber |ate ' vQl une .average rticle size in the range of from

about 400 nﬁg{lg%ﬂg ShE D 1%1%’?8?1’.“‘391. réﬁb‘?‘ﬂébﬁe%@r%ﬁl%ﬂﬁ: torxpem c

pol yrer i ¢ meteaieniture) Tharerislabhind 4 biikebid Rbr-pHiREA1AAG UL SRR 20TV ate
a binodal mxtu

i mpact nodifier arises 25 fromthe initial use xture of
pol yrer i zed 1ateReRNINgoh &pkal solids rencentration <if G39.736| ardeni veldned hverage

" ubber - pol y4ribigk e o PP hnd)Y Y i dS. 19

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



WO DO/ 34346 PCTNS99/ 22874 12. A nol dabl e thernopl astic organic polyneric
material inh accordance with claim 10, where the polynerized al kenyl nononer
graft arising froma silicone rubber-polyacrylate rubber hybrid having a
vol une aver ag P4 cle size in the range of from about 408CRHS¥228Hout 2
mcron is 5 present in the mxture of polynerized al kenyl nononer grafts in
at least a major proportion by weight. 13. An article of manufacture nade
fromthe WIMQP#}QH%MMW thegaadtor caritembs is mairethimed #br 05 Iduiat 7. 14.
An article a ding to claim13 conprising an outdoor 10 enclosure for an
el ectrical or” tél ecommunications interface device. . 15. A nethod for
preparing a nol dabl e thernoplastic organic polyneric material having

i mproved weat her Upon completionnd thehedtingerivd, teré iideddropitaieto thii ch
conpri ses m'xi,r_FBIan organi ¢ thernoplastic polynmeric material and an

effective anBHHHroPver &iour PSEPY) 3 pee-emplsion oblR.7 iparts of ssyreneq#.2 si ng t he

pol yner igzed 1 i f i I Ki silicone

r ubber - pol ya@ryl g%sig rugg'éer Q#%,E“ gf\g i€ ng%%'?ﬁeﬁﬁe(gﬁﬁml&ﬁgﬁ _abpv%n

emul si on pol persulfate dnisitiecisreddedbitethel @idosf Moy, 2 3,04ind’ Ve particle
"size in the r ﬂ’e of,  fyom gbout 400 nmto about 2 mcron. 16. he nethod of

claim 15, wh&nuisipn feedr oanilherecispthenst pddedy RP7hepart nef esvdium s at
I t ‘ nzéids d , /Dol id
pol yet hor i i gy Bena@Rsfaatenale 0 1Pphots bt iied Walss: THROHBRHbE o1
styrene wi t hmaistainedifor twe additicnat hytxrsrﬁtlt T5°Cebeyidetie @Wmpletioh of thei d,
:222?2'&'3? ” B neicRRR oy Thers.is dptained i likoh having237. 68 aplid of a

1Rzupke” 6f] aakili C <a] cRa] ca
caj caijcr:)a] cg}%‘g]&]ca] Lg %f%fg];ﬁ%&a]@%i cja]a%:egg‘!h@fdr @B}?& Cl@a%?fle{] %ilﬁnea] Teal
#CUWREE&U' ( HVerage sige®f PR pirca] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] cal ¢
a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] cal] ca] ca] ca
+..../D012344-51 . . : .
L <X <::::5@@@_78§I§§§§€ﬁ%ﬁ BT ésaqrggTrgg]bgaﬁlﬁﬁﬂ‘géf PREB Y 1tca) ca] ca]
ca] ca] ca] califcthp graft af aailicohe alibbdrepl paitylatd fdbbeRYISd tay LECBCDDFVGG

8

HI 1 JJJKUNYCEPP! . WP AXid Z : :
\l/J] cajc a’Fc a] cﬁ%ﬁ%ﬁ%@%&ﬂ&a%@é] Flt,a&fsé% tg { a’}: ;g}tﬁgﬂ’{cﬂ%é;g lﬂc gLLCJ]a(L:J] alCJ]a

ca - silic - . . .
PWEXCXA XXZS zého[ogr,‘ F\"pber-polyacrylate rubber hybrid haying a yolume average pasticle 1 | ¢41 ca]
cal] ca] caU] cu%eef|728nem] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] caU] ca] ca] ca- : :

i i1 kkkknono ) gqBt Quuuuut vvwx' yTzUzz} | {vqgl gb] Xi d_ZU] €] ca] ca] ca] ca] ca
] ca] ca] ca] cal caﬁﬁi cal ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] cal] cal] ca
] ca] ca] cal] ca

RN } | }%~Ki *_TXTSewerp) pdditighaXstyraid ca]chb:]uiar]ilea&m&] ?bmhm} @ﬁ&d]nadﬂgc a}{]@ﬁ]og
caj cal Ca cajcajcajcaj.calcCal|cal Ca aj cay] car =! %
)-9! y&10%§%§%@3ﬂ? f%ﬁ/&l'fﬁ"l“z%ﬂ/ c ‘Jﬁa‘zﬁe@l&/& method' of yUsy +
10%G8" @p- ! #thé t fventioRthaia tidle si2¥4 in the rgxltgg/gf 80_ nm to 660 nm,

10%5G& ()-! nt L09BB&' ()-f! @L0%& () - 9BdB4 10! 0S
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 sﬂicone

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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0% X6_=!1 s'10%
o (5 el oo h kvt b Rloae Sion A pinesi oS Bl gy g e () -
ll%:\N ! OP%%O%\I t & e lﬁg’f i‘gﬁﬁ%’g’ fthe 4@%&%%&%’““ sgintion Ihe uop1
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to form a fine powder. This powder is suitable as an impact modifier for a

thermoplastic polymer.

For comparison, a commercially available styrene-acrylonitrile graft
copolymer of a silicone rubber-polyacrylate rubber hybrid having a volume
10 average particle §ize in the range of about 280 nm was also evaluated. This
material was Metablen 5-2001, which is made by Mitsubishi Rayon Co. Ltd. .
The Metablen S-2001 silicone rubber impact modifier can be prepared in
accordance with the method of Sasaki et al, U.S. patent 5,132,359.

‘ A series of dry blends are prepared by respectively mixing 46 parts of

15 SAN (a 75:25 by weight copolymer of styrene and acrylonitrile), 54 parts of a

particular graft copolymer of example 1-3, and 1 part of Irganox 1076, a

stabilizer of Ciba Geigy Corporation. The dry blends are extruded using a

- Welding Engineers 20 mm twin-screw extruder at 450°F set temperature, 400

rpm, and 15-17 lbs/hour throughput, to obtain pellets. The pellets are

20 injection molded to produce 0.125 in. width test specimens utilizing an Engel
30 ton injection molder with a 450°F barrel set temperatui'e and 145°F mold .

temperature.

The following Table, shows the Izod impact results derived from the

respective thermoplastic SAN/ silicone rubber-polyacrylate rubber graft

25 blends. These Izod impact results are the average value obtained at room
temperature from five test samples. A Testing Machine Inc. Monitor/ Impact
instrument model 43-02 is used which has a 2 Ib pendulum capacity.

14



104| S@ 10%4| & ()-.!10%4] & ()-!.11098| 8| & ()-!, 10%|& ()-G&&u' (()H)}\:g\=
' qFS&10%&' () - . .

FSglo%ﬂ: <& 8 -1 PH#10%EES () - #109<XX&' () -10% & ()-Y"3910% & ()-H)) **+C, , wU3g\
=" F 10%w& 064346 F(y) 10%t & () - PCT/US99/22874 .
I 4‘V<g.)6‘))/RR&P‘(y) -0!(])8335100/&' O)- ! s$109%&' () - !, * 10% t& ()-,y-....... } oP1l : Yz10%| & (
) -3Z10%4| & () - 10 10 10! "F(y)10%& ()- ! F(y)109%xXX& ()- ! F(y)10%gg& () -

/1([))00/;{?411@%-' %10% | (gag h%)&(%lﬁaﬁle{‘)s?ooér laple ??W&WH@S@PMWBM 5. 5/

50515L5} r g\ =hd @63ap yanvecea: et |
104 y7s}1009/41| & ()-! @gl 10% 4] & () - E@@0%] & () -! LO Ff%io% | & ()-5L5676{ 7890

%ig}yg I(gl ;31/&11/%%/%3%? ‘é&%ﬁ&?“%ﬁ?f}‘i I?‘?ﬁepﬁi/&{ W;lsI | 109& ()-!f10% ()- 10G

10G 100/610%C8' () - ! 1810%& () -! 3. | 100G () - ===>?5@@ X6{ Y7! | #
10%56&6{) || Graf Cugolymer %w&o(% SUICAYALLY RS 10965268 Hnpled 109 () - @T/BOB
B B<BHBVBL sAN(parts by eight) 0% " blex Paracie Size ( folb/in)

(nm)

[ Metablen S-2001 blended to
achieve 27% total rubber]

280 14

54/46 330 27

54/46 360 3.7

. 54/46 360 4.4
54/46 440 49

54/46 700 3.7

54/46 290/720 5.4

The above results show that the blending of an effective amount of the

5 silicone rubber-polyacrylate rubber graft hybrids, or impact modifiers of the
present invention, with a commercially available thermoplastic organic
polymer, such-as SAN, can provide thermoplastic compositions having

improved impact strength as compared to the impact modifiers of the prior

. art.

' 10 The above results also show that valuable impact modifiers for
thermoplastic polymers can be made by polymerizing acrylate rubber
forming monomers in the presence of a silicone rubber latex having a volume
average 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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10

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 modifx'érs of the present invention also can be used to
impart improved impact strength and weatherability to other moldable
thermoplastic organic polymer materials including those comprising at least .
one polyester, polycarbonate, polyestercarbonate, polyamide, polyimide,
polyetherimide, pdlyphenylene ether, polystyrene, or a copolymer of styrene
with acrylonitrile, methacrylonitrile, esters of acrylic acid, methacrylic acid or

copolyiners thereof.
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A method for makmg 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
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 micérons,

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

17
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2. A method in accordance with claim 1, where the silicone rubber
monomers are octémethylcyclotetrasiloxane, tetraethoxysilane, and gamma-

meﬂmcryloxyproledimeti\oxymethylsilane.

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

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 acrylomtnle

5. An impact modifier comprising a melt extrudable polymerized

10 alkenyl monomer graft of an emulsion polymerized silicone rubber- ‘

-pblyacrylate rubber hybrid arising from the initial use of an emulsion
polymerized silicone rubber latex havmg a volume average particle size in

the range of from about 400 nm to about 2 micron.

6. An impact modifier in accordance with claim 5, which is a

15 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 arising

from the use of a silicone rubber latex having a volume average particle size

20 within the range of from about 400 nm to abo‘ut 2 microhs. | .

7. A moldable thermoplashc organic polymeric material having
improved weather resistance and low temperature nnpact strength
compnsmg an organic thermoplastic polymeric material and an effective
amount of a silicone-acrylate impact modifier, éomprising the polymerized

25 alkenyl material graft ‘of an emulsion polymerized silicone rubber-
polyacrylate rubber hybrid arising from the initial use of an emulsion

18
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8. A moldable thermoplastic organic polymeric material in

accordance with claim 7, where the organic thermoplastic polymeric material

5 is at least one polyester, polycarbonate, polyestercarbonate, polyamide,
polyetherimide, polyphenylene ether, polystyrene, or a copolymer of styrene

with acrylonitrile, methacrylonitrile, esters of acrylic acid, methacrylic acid or

copolymers thereof.

9. A moldable thermoplastic organic polymeric material in

. 10 accordance with claim 7, comprising a styrene and acrylonitrile copolymer
and a melt extrudable styrene and acrylonitrile graft ‘of an emulsion

polymerized silicone rubber-polyacrylate rubber hybrid arising from the

initial use of an emulsion polymerized silicone rubber latex having a volume

average particle size in the range of from about 400 nm to about 2 micron.

15 10. A moldable thermoplastic organic polymeric material in
accordance with claim 7, where the silicone-acrylate impact modifier arises
from the initial use of 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

20 hybrids arises from the initial use of an emulsion polymerized silicone rubber

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

to about 2 micron.

11. A moldable thermoplastic organic polymeric material in
accordance with claim 10, where the silicone-acrylate impact modifier arises
25 from the initial use of a bimodal mixture of polymerized alkenyl monomer

grafts of emulsion polymerized silicone rubber-polyacrylate rubber hybrids.
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14.  An article according to claim 13 comprising an outdoor

enclosure for an electrical or telecommunications interface device.

15. A method for preparing a moldable thermoplastic organic
polymeric material having improved weather resistance and low temperature
impact strength, which comprises mixing an organic thermoplastic polymeric
material and an effective amount of a silicone-acrylate impact modifier,
comprising the polymerized alkenyl material graft of an emulsion
polymerized éilicone rubber-polyacrylate rubber hybrid arising from the
initial use of an emulsion polymerized silicone rubber latex having a volume

average particle size in the range of from about 400 nm to about 2 micron.

16. he method of claim 15, wherein the organic thermoplastic
polymeric material is at least one polyester, polycarbonate,
polyestercarbonate, ‘polyamide, polyetherimide, polyphenylene ether,
polystyrene, or a copolymer of styrene with acrylonitrile, methacrylonitrile,
esters of acrylic acid, methacrylic acid or copolymers thereof.
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