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1



t her nopl astic pol ymer conpositions by using silicone
rubber-based i npact nodifiers, | W 2004/074349
weERONANEaD4/ 004208 such as M tsubishi Rayon' sPCBUD04004208
are known. However, the |low, tenperature inpact and
ductility performance, as neasured for exanple, by the
susltied MiGuBishi Wdybhs& 300ANSE khdn. HSW@%raﬂlH &y temperature impact
éherelnafter referred to as "DBTT") is in Some cases
ductilgy pgrfomamasas mecsurag foc. expimplee by the, ductilerte-tiritlatransition

ter%ﬁ%étrureo erel E%f eg?%%d‘ﬁ%t %t“[jﬁglfll '&Eelrnimtg}%?({a%e%tangt ﬁ{) q {h‘e éies1red

mérk an$hérbf@i’e tiaemReekad oluet afeed faf ipact SASEeRAEHat can afford
referred to as DBTT' s s), and outstandjng weatherability

SUP@ O dYRaH PEOParties: lowes dugtilevp-huiile tensitioajemperglares dhgraigafter
: soﬁl@ me? §e$fer]9éd fHad ﬁ%ﬁ‘"[gg o oﬁt&aﬁ&b% ¥eathefiia g 'pteffgﬁl’?ance that
es- conpri si ese nmer conpo
is, Simm dmmn acprevedivkellewing anﬁéanss off surface @lak.cd plorytmer raoinwmﬁons
r.esi steng are expected to find a_ w de variety

ané;?ﬁﬁlﬂﬁ%%’?%ﬂnge&&é% PYlymFr SETRRBYHHOR, p PP LIRSS m@tﬁeﬁ: when
meﬂ)ﬂhg\' pBlyn&d! ﬁésmo teREP A EB?EEtle tol 18d A SGEOHH &y of

is a | i cone- acr(%gat e’ npact nodi fier conposi tion,
apph@tlens,h:epqcmﬂawt dafplisatigsnposi ti on conpri ses
structural units derived from at |east one silicone

a branched acryl ate rubber nononer
Eavung SERIPTION e RL bp FBC CCR2 11 K2 O where Rl
Is selected from hydrogen and C1 - C8 | i near and
BIiBihm e cbﬂnl;mﬂlmemtr Oy the disclopse iard slRohSaaylateaimpeet nt&ifier
hydr ocar roup; first graft |ink nononer
comPYRER] 1o e BRI oAt oAt OGN e AP rdl gpits
deﬁv&f—‘%@ 8" fhabt bihd l§1H359ﬁ\‘9'i‘ﬁfbezf ARRE! aCHRRGHE IQLfe rubber

the disclosure is a silicone-acrylate inpact nodifier
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where R' is selected from hydrogen and C; — Cg linear and branched hydrocarbyl
groups; and R? is a branched C; — Ci4 hydrocarbyl group; a first graft link monomer, a

polymerizable alkenyl-containing organic material, and a second graft link monomer.

" Another embodiment of the disclosure is a silicone-acrylate impact modifier
composition, where the impact modifier composition comprises structural units
derived from: a silicone rubber monomer comprising octamethylcyclotetrasiloxane
and tetraethoxysilane; a branched acrylate rubber monomer selected from the group
consisting of iso-octyl acrylate, 6-methyloctyl, 7-methyloctyl, and combinations of the

foregoing branched acrylate rubber monomers; at least one first graft link monomer
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groups; and R? is a branched C3 — C¢ hydrocarbyl group; a first graft link monomer, a

polymerizable alkenyl-containing organic material, and a second graft link monomer;
wherein said molding composition has a ductile-to-brittle transition temperature from

about 0 °C to about —60 °C.

Another embodiment of the disclosure is a molding composition comprising a
polymer resin and a silicone-acrylate impact modifier composition, wherein the
‘silicone-acrylate impact modifier composition comprises structural units derived
from: a silicone rubber monomer -comprising octamethylcyclotetrasiloxane and
tetracthoxysilane; a branched acrylate rubber monomer selected from the group
consisting of iso-octyl acrylate, 6-methyloctyl, 7-methyloctyl, and combinations of the
foregoing branched acrylate rubber monomers; at least one first graft link monomer
selected from the group consisting of (gamma-

methacryloxypropyl)(dimethoxy)methylsilane and (3-
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wherein R' is selected from H and C; — Cg linear and branched hydrocarbyl groups;

and R” is a branched C3 — Cy6 hydrocarbyl group.
DETAILED DESCRIPTION

The impact modifier compositions disclosed herein display many of the properties that
makes -them valuable materials for use in outdoor applications, especially in cold 4

climates. The impact modifier compositions display ductile-to-brittle transition
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and R 2 is a branched C3 - C16 hydrocarbyl group.
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In general the branched acrylates of formula (I) have structures in which the R group
is separated from the acrylate acyl oxygen (that is, the oxygen atom located next to the
acrylate carbonyl group) by at least 2 CH, groups. In a particular embodiment, the
branched acrylate is 6-methylheptyl acrylate. The branched acrylates can be prepared
by methods known in the art. For example, reaction of acryloyl chloride with the
appropriate branched alcohol in the presence of a tertiary amine scavenger to trap the
- hydrogen chloride by-product furnishes the desired branched acrylate ester. Some of
the branched acrylates, such as 6-methylheptyl acrylate are commercially available

from vendors, such as Aldrich Chemical Company. In another embodiment, the
| silicone-acrylate impact modifier composition further comprises structural units
derived from at least one acrylate monomer selected from the group consisting of

methyl acrylate, ethyl acrylate, n-propyl acrylate, n-butyl acrylate.
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similar cyclic siloxanes may be used alone or in combination.

The tetraalkoxysilane and trialkoxysilane type silicone rubber monomers are

represented by the general formula (I1I):
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where R7, RS, and R’ are independently selected from hydrogen and C; — Cg
hydrocarbyl radicals; [A] is a C — Cy; alkylene radical; R'° is selected from hydrogen
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pethyl or a phenyl group; and RI11 is a nmethyl, ethyl,
R7ois grimpdile eyl oy d§oPEQRY! IBEOURs €aR ber userbin thsatmpact modifier

oy i 2o ey . ‘ '
cof Rt i R el o S BB g megpgsiene
and G&lamanavetetiactyldxypyopyDpithdthoxysiineoxy spdraadardy Q:on\f/enient and
articularly, convenient and, versatile fjirst graft :
Veﬁps e %ﬁor%%/% gﬂlg MOGORREs; (duee Qjy thelraiteadlyi | qvetjabilifye  The
(a&g@kwsm& Thh dRAKE AR Ry UBEE @1 of TPMBRR A, § lx%i%ﬁ’c of the
about’” 30% by wei ght of the overal| nononer nfxture.
overgl dnpenmesr wpdviereged Her prépatiog dhesilighre-gcrjlafsaimpact modifier
i.f:.er conposition. Mercaptan-functionalized
C"%ﬁ%{l@gar byl )trial koxysilanes are particularly
val uabl e silicone rubber nononmers. Exanpl es of

Maigtablimctimratiagat a@yﬂm%bfbﬂﬁlkoﬁgﬂ}angs are particularly valuable
..(hydrocarbyl)trial koxysil apes i ncl ude i )

Sﬂ'%gz‘?ref"i’gﬁ‘i OPPRPYFSL r i MSEMBIE siof afeitabifer BeFraPRarfunctionalized
(hyRERE YIRSk SHRALRY id PR3 rrﬁ@l%ﬁ;'??@erop%létl_‘imethoxysilane (hereinafter

(4-mercapt obutyl)tri nmet hoxysi
someliment wéarred| )to r iasret WEBTPES 1) an@-mercaptobutyl)trimethoxysilane, (3-

g e R R R

substituted or an unsubstituted allylal koxysilane of
Arotier typreraflpassibly silicdre rubBeRnbndn®ér(iR: aubdtiftkdR6) S tmsubBituted

allylalkoxysilane of the formula (V):

p _ASIRWOR ).
C
H,

R )

~ where R" R and R™ are independently selected from hydrogen and C; — C4
hydrocarbyl radicals; R"® independently comprises C; — Cg hydrocarbyl radicals, R'¢
independently lcomprises Ci — C4 hydrocarbyl radicals, and “t” is an integer having a
value from O to about 1. Examples of suitable allylalkoxysilanes include, but are not
intended to be limited to allyltrimethoxysilane, allyltriethoxysilane,
crotyltrimethoxysilane, crotyltriethoxysilane, (3-phenyl-2-propenyl)trimethoxysilane,

and the like. In a particular embodiment, allyltrimethoxysilane is a suitable silicone
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R13 (V) where R12, R13, and R14 are independently
sel ected from hydrogen and C1 - C4 hydrocar byl
WO 2402389 R15 i ndependently conprises Cl - C8PCT/US2004/004208
hydrocarbyl radicals, R16 independently conprises Cl
- C4 hydrocarbyl radicals, and "t" is an integer
rubRY | H8ndnerY 2l @ tifdr AR dirferR Ot éklécc@é%h@tsnﬁﬁomer can also
sui tabl e al 1 yl al koxysi | anes i ncl ude, but are not
coinptied d@_dpmmdb ehd_t have 2dlkopy gtdups _tmd ﬁtaﬂmixxgmiupaaimut the silicon -
ato?ilil.loﬂﬁttlﬁefqnl etglgeg ?@;;S}S lf\]%g%’égroﬁlroso ct:%l ‘t}erthggémhg é%l 3i|ftle?e?1%’ Likewise, the'2

allfrﬁc BloAPY banlsdhe BARY by differdat. MR AR ysil 38 cAd e dsed 8t from
n a particular enbodinment, allyltrinmethoxysilane is a

abeyfi Pdbt do sibopt A% by weeh0 ol gy 434181l PETAWSA0 0X 04 RE®! for
noner . dinments. the silicone

prérpﬁggg Ehem) ﬁ@%}ac%}éaﬂe gﬁt@%{ m@%ﬁ%? anép%sét unds that have

2 al koxy groups and 2 allylic groups about the silicon
Viaylalkoxjsilahérecamalsy b hsed2asadutiakle fisoppsg Gdnmbombe. Sfible
.or different. Ljikew se, e 2 allylic groups can be
Vi 31]13419%’3’ angs haye the @m‘%afﬁhg al 1 yl al koxysi | anes can be

used at from about. 0.1%to about 30% by wei ght of

the overapl7 nonomer mxture used for preparing the

silicone-acrylate inpact nodifier conposition.

Vi nyl al koxysi | anes ¢an al,so be used as suitable first

graft i nowBi& )EGR Aske vi nyl al koxysi | anes have

the R8Fmula Y0/1): RL7 RI18 Si (R0)u(OR21)3-u 119 R

(VI) where R17, R18, and R19 are independently

sel ected fromlhydrogen and Cl - hydr ocar byl

radi cal s; R20 i ndependently coﬁ% ises Cl1 - C8

hydrocar byl radicals, R21 independently conprises Cl
whﬁr&mlhyﬂfgp@ﬁdli Uyllgfafradh@’pbﬁdengy Chel'ditt'edisﬁromn}kl)jrd%@eﬁnd Cy - Cq

avi a_  valug,fromQ to about 1. Suitable )

hydiongrbs Redicgs Rendensdeniliecommipes G et nBxdperarayiaadicals, R!
. g | al'] ) - r 9 3 ; .
T G o o r B having o
valgievirany |Ofoeatiook ¥ s i Juatable vamdalkveysilates. indlnde vinyltrimethoxysilane,

.vinylal koxysi | an can be used at from ahout .0.1%to
N e e T SR e e R e T S
divipAdin o3& RRR! NEnyldiethskysilams)@machy ikt e THIPARYlalkoxysilanes

nmodi fier conposition. )
can be used at from about 0.1% to about 30% by weight of the overall monomer

mixture used for preparing the silicone-acrylate impact modifier composition.

In an embodiment, the first graft liﬁk monomer is at least one selected from the group
' consisting of (gamma—methacryl0xypropyl)(dimethoxy)methylsilane, (3-
mercaptopropyl)trimethoxysilane, vinyltrimethoxysilane, and allyltrimethoxysilane. It
will be apparent to those skilled in the art that different combinations of the above-
mentioned different types of first graft link monomer can be used to form the silicone-

" acrylate impact modifier composition.

The second graft link monomer is at least one polyethylenically unsaturated

cofnpound having at least one allyl group. In one embodiment, the polyethylenically
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In an enbodi nent, the first graft |ink nonomer is at
| east one selected fromthe group consisting of
w@ gama3met hacr yl oxypropyl ) (di met hoxy) net hyl si PEIRES2008004208
mer capt opropyl ) t ri net hoxysi | ane,
vinyl trimet hoxysilane, and allyltrinmethoxysilane. It
un$htbifatdde cARPRINANTs 4t0lchNOSR &fédtédeﬁomntﬂehgmaﬁtcohﬁaﬁng of allyl

: di fferent conmbi nati ons of the above nentioned
methaqrdatentriallybevanyrate (hesainafiensemptimes redurtadeto asdfT ASE), triallyl

1m%§%ﬂn&gzkﬁﬂﬂh§ﬂ%ﬂ% Il cone- acrylate inpact nodi fi er

acond graft link nononmer is at | east
one pol yethyl enically unsaturated conpound havi ng at

THeep(ﬂymamblﬂ hlkén)@ rcoﬂt:amnhgw ofpagicembtetdalngitiprisel @t least one vinyl
yet hyl eni c WO 200 1‘5?874349 PCT/ US2004/ 004208
%%&‘%?P Qe 8 ﬁﬁ’&}ﬂﬂﬂ?asanét rpneled angunbranched agrtate pepemers.

| Slﬁﬂaﬁlegeﬁﬁ’éﬁ 1 %ﬂgr hi aflf ndibydls wb&L ?gﬁ'éiﬂaghg thd EIIIIQJ)I{E‘Y Tubber

cyanur at er sonetinmes re
cotnpagtipns t nncidey| w1th;amtya1urmtaim astytent, aldlyﬂnmbﬁmne, alpha-

A R S R G
m&th§f inefhgerlatd b 2-ARAHh RN R RARE ARG MOAF aBSNRE achWsahehyl

nmononers. Suitabl e al kenyl cont ai ni ng organic
acpiater sthylsacndee 1-propyt agrgleieng-hutd asrylateonpentybawylate, n-hexyl

ac@%@ OF P%)de nac'c 1Qt%| %{‘Qlﬁﬁ o\éfl)(e?ﬁrg atf:lt) orfgﬁtn% hl?lrl]les sh%éﬁ ?Q gc’:rglomtrﬂe

viny rene, Vi nyl

anhahetgwﬂbﬁdnm yreﬁne suénds tthelent, kprppyileﬁéj aﬁJJta&aieﬁ &opedé,hand
met hacryl at e and

S neth et hyl h methacr | at e;
ch?qrﬂ]érgpe %Wi’r&?%ﬁ‘s aRq, ey imd-2rpgr ﬁ\}@enf‘aépg Pgheé vingt ﬁfg}ﬁpounds such
asaffylhdides, 10- (Hl%ﬁ@ybr atsutkBlufed éilkﬁ lalﬁﬁfe lﬁh mldazole vinyl

n-pentyl "acrylate, n-hexyl acrylate, n-
acelotey [vamyd, alkyld emersctwmyl a@higrll(m eyingl &frimi N-‘nnylr Bzhrbmole vinyl

such as acrylonitri rreth crylonitr.ile
poifi S EErBRat oy, REE YRR HeREe iyphsRl Shaffy anv
méhi@yleR aflyl Gﬁinﬁfa@@ rtﬁﬁ‘l?ll 1@&%&@1@ Nathylend @ﬁlb&hfﬂ:?}ﬂ@te diallyl
and other vin ounds such _as acryl am de
maleateRy 910@Phﬂ¥1”1d§u nFqlmmee‘@nmeS) Bk pb amlqa@sde or N-phenyl (or
akgXxy,
DDA EOLR bl ACEKE ot i BB 0
poﬂvynermahle alkenyy Icomtynnmy o@amesnatvmzﬂylb atdetsabee sMbﬂgd from the

hi t h
exfih Gslioe shabfint albereioy i Egeismifipdrebdepaae, buoi
ac@léf@tdﬂégﬁ])éih%&ylat@é ahdtNy] métRdceihe, Mel ei ¢ anhydri de;

| ei m de corrpoun s such as nml ei mde or N phenyl (or
al kyl) mal ei m de; and m xtures of these nononmers. In
Thersilgeneuriviae Impase mosifisy eempesitipes disdlessd) heseincan be mpeepared

byoerngﬁglbﬁ pgﬁfhl%[‘ﬂzﬂ on t§clﬂlt1qde§.a§ﬁ th%rﬁz‘fsts‘s%l:p(:“(‘)’:iI d técﬁgﬁhg,ha? least one
 silicone rubber monomer is reacted with at least one first graft link monomer at a
temperature from about 30 °C to about 110 °C, and preferably from about 75 °C to
about 95 °C, tb form a silicone rubber latex. An effective amount of a surfactant can
be used initially iﬁ the reactor as part of the agitated aqueous mixture, or it can be
introduced with the silicone rubber monomers. Surfactants that can be used include
acid catalyst-surfactants, for example, sulfonic acids, such as alkyl-, and alkaryl -

arylsulfonic acids and mixtures of surface - active sulfonic acid salts with strong
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group consisting of styrene, al pha-nethyl styrene,
acrylonitrile, nmethacrylonitrile, butyl acrylate, and
w@ pwtl)aey yl at es, net hyl nethacrylate. The PCT/US2004/004208
silicone-acrylate inpact nodifier .conpositions
di scl osed herein can be prepared by emulsion
miR&aY HRIdsZ AP fIRcHBSRBAIUSnic | dtid Ne d pfetbrr&d §BrfAtadtPe In one
techni que, at |l'east one  silicone rubber nononmer iIs
embedinend ofithermethod, dkesaddiginn dfimertompraiéan be qakriedoowd bretch aitise or-

a. t erature .fromabout 30 C to about ,110 d |
seffi-soBPREHG T8 i 2aBbR ~8 et e dened &l Up o PBRRp. The
tyses lof §1H2End HIBBEr mbAdrs afd t1ef il biakeinkMRSMYm&E tlit can be used

surfactant can be used initially in the reactor as

haper beess deprribegi pavéarshiguedns apptheurambasiment ©fn thse method,
oMU O RELERES HERED, RO fo as D) an

tetcmtimixysithasilichic (rtetimet oflse xafapled, tcs llajfs f ©niilicoae idc:iesfs éinking
such as al kyl-, and al karyl - arylsulfonic acids -and .

mOHORIRG dee oee 1uih (Bomand pethaniryloRyoRH get dtethprypilane

(hecrtal?'ngﬂ& s ilr%timels 2004 P34 RETUNROPA DAL %gaﬁelﬂlglgﬂbﬁ&mer to

aci ds. Bo ecyl benzenesulfonic acid 1s a p
formu sflizon@mbbet patinkes. AABDIMSt facifitatésecheatitad dinkingeof acrylate

addi t [ on of., nononers .ca carried.out batch w se.or
oG chleO M HISBHET PRk (TS SR § C8haAER, crbpaiiain the
silfeehé asbbef patficle® ZHhe bRdige sidh6f the ¥RROnOtubE} pHABIG depends on
rubber nononers and the first graft |ink nononers.

the graes-baling densisd A highes cpsedinkiag denvieeperally sssltyin a lgwered
paftll et of{fg%ﬂﬁ(ﬁﬁm‘ub%fer Fcrﬂ%cﬁ?.t ?rﬁgne emb?c%imen he ?Etrlrlé)(si affords

cycl ooctanet hyltetrasi f oxane erelrnafrter %éne [

siltcehe rubber havimgal DArYgegradiclé sitze detrhabopol 00 asidniatat € about 2
.%someti nmes also referred to as a silicone cross

MIET%%%i ng nonomer) are reacted with

(gamra- net haacr yl oxypr opyl ) net hyl di met hoxysi | ane

In (HedeebiiBdtt e bf HeABhhitRs, 4t8éR1 68fbhAcRE ach\RMVRIMBE) méSorder of
first graft |ink nononer to formsilicone rubber

theysfruciuse €8 1s nplpmwnesd withthe sitieencambbirqartidlgsmbitaigedbin the first
Stegg?{};é@ita% aﬁgfr%%%gm%ggi&gga?ges@l%i?ﬁ %Bﬁ%lﬂ%?%g@ rsgil'c?ri-llzag%cn late rubber
hybridbar onpeerhbeliesnt,  henelwelr @gdats iratthed nonbmes of foemnka (1), such

rubbe ticle depends .on. the cross-1linking density.
a5 JEORFgh é&%@b@ﬂﬂ%Zﬁg "G&w@ﬁtsgléﬁ% BIRkeY PPt Brepeicy of a
crdsQWRked mA@nhdrCheh 3k 28yiafetides 1t kd g&rb?licroﬂp-?f@g}aé% hybrid latex

particles. In one enbodi nent,” the nethod a
pasiclgsc ohkylmeBaerylawa penfigrmsrthe visalafpociper of closs Bilkdeg theoanrylate

L R L TN -
. in ake¢ Yhied etapélbbefesdibadmeter @h the disclosure. In another embodiment, a
mixture of acrylate rubber monomers comprising the branched acrylate rubber
monomers of structure (I) and linear acrylate rubber monomers, such as butyl acrylate
can also be employed. The addition of the acrylate monomers to the silicone rubber
latex occurs before, or concurrently with addition of a polymerization catalyst. The
polymerization catalyst can be any material known in the art to initiate free radical

polymerization, such as an alkali metal persulfate; or organic soluble radical initiators,
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the structure (I) is polynmerized with the silicone
rubber particles obtained in the first step to
wEe@nodB4®e | at ex conprising an enul si on pol ynePCmES2004/004208
silicone-acrylate rubber hybrid. In one enbodinent, a
branched acryl ate rubber mononer of formula (1), such
sudlp ak SRObikKbbagiontalee or SanPGiguAe! heFSEd¥M diftht J&ebéizbylcﬁé}&ude
- _rubber particles in presence of a «cross |inking
diehderohenzoyk pefoxide, umeng h)@lfww?@dfm ansh dertrbutyl aled)enzoate to
PO, éri *l@\ﬁ)unc el%ge%hg&ecr ossnjf }hg %Je%tcsﬁiﬂ%g‘% ggr [2e rubber

hybhd IfdilﬁinéﬁlSn WeVheraeh @ikdli ﬁ@ta&?er@ulﬁtﬁf:italybﬂk @ked, Wi i8 ptdf@red that
allyl group). for the grafting reaction in the third

the pgigulfas b?e%dé]ﬁii BEr figteeto kespithe Vémd gobgnertzation raméngehis
&H%)@ A& bnin %ﬁ&éﬁﬁ @fcflﬁél ﬁll,,al'g@ BG e TRA OB %o?dmons
conprising t o’ acry rubber nononer

prﬁenudmrmgth(el polﬁnehialtmea]f the sijican e rubbbb aronomesireTss emulsion

tyl I | b I d. Th
PR R A S BRSPS STRLIL S vt s pas
by" W@@ﬂf of |§!§c%he QGBMrS aREfBh&: 5 %ar@otﬁcbﬁcfu@ @5' Yartd b weight of
ddition of a pol ymarlzatlon cat al

Pobéllcsyﬂm rubket, oar LUk party by weaght o said yﬂlnamaaaqrallatekn‘dm hyprid.

. the art to |n|t|ate free radical polynerization, such -

In?tgg ﬁ@lg E% ttlll . feteR c&%&ﬁé‘ib&ﬁéﬁ Sﬁ%%gwerég& %H cSne- acrylate

rubSF /20 PAIdDo4R BBthe sacdhda@e;ﬁﬁ abicsedswlititay ﬂ@ﬁﬂddirrel pyméizable
an ni ¢ peroxide ch as benzoy| ..peroxide

alkgny ?%%B@ﬁzoagq%gxa ahjand & seRoR %ﬁ%h@%é‘?%%ﬁ’&é fo Eyipp a graft

siltc@®hé- a&"f'& fa¥d nREPRMERATEex. t By 2P BInBOEAE th@ﬁ) Pﬁg alkenyl
acryl afe rubber mononer and effect silicone’acryl at

contabtieg or@,yllgrm@te]ﬁaj risrpolymerizaihe nlkawl abtalningretgahic material is at

sulf ata is used preferred.that. .the
BELE paHEef e dmadle sfll Phiting RLCHTIE gy,

acROonifRe, i mehh@lohitile] A mekiys mdiRehnatguertal Iﬁ'@pcﬁﬁlﬁh B 2B&nyl
degradatjon of the persulfate under the acid

Orm containing patesishand|ihe seicoreagpiaiEnabbsnhylyid bitex pen vary
Wlﬁél GCad fb@%@é’é gfé?u e ﬁlm? %Stboeﬁ)oupgl@lgﬁ{ 'bgevgelght of

i cone-acr ybrld conprises ab
allftayl srganicadpmtdinibg paatersal, pyr pet ghithotilisbhd-aaylater bbar hybrid

taff i R ins e Bt acRaRt e RO RAT Ikt ol raethperytate

is Sbdd, GRREMAGHMh@RIIR, ﬂiéblkéﬁﬁuﬂ)’élf}ﬂl Groupd dfhgiyt Bieﬂfilcﬁﬁﬁ@ resulting
the | at ex corrprlsm t he emul’'sion pol yneri zed

frogn thecgnsendistep I(é‘tséﬂb@’dj@b?é'ﬁ) hwmraetb@@ ol dcth ms theesecond graft

d h bl
o 300 (SRS 5354 b Bl P RO BIRG Bhi
matéritks mmsiomntyfeme ﬁmmﬁomtraé inon®irletscane tirGilidoat-actylipdigfbrid

brldlate In an enhodi ment, the polynerizable
: coyc;ﬂy k n\&gpety ofx polymer?zablentfkenyl containing organu):/ materials, such as those

disclosed previously can be employed. When a mixture of styrene and acrylonitrile is

used, then their weight ratio, in one embodiment, is between about 90:10 to about

50:50.
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contai ning organic material is polymerizable al kenyl
containing organic material is at |east one selected

WO ca@at43¢9 gr oup consi sting of styrene, PCT/US2004/004208
al pha- net hyl styrene, acrylonitrile, -
nmet hacrylonitrile, and nethyl nethacrylate. The

THRIRR PattRNes T thé Eﬁﬂ)@hhcdﬂ%&@ﬂﬂlﬁe MEPh%ﬂlﬁaﬁ%Eﬁa[rb@h 5 the

the silicone-acryl ate rubber hybrid latex can vary
aqupane |p;aase§bmhlgb§oagaiat1@nébm treatmfenbmthb@uagl@am)samhdﬂedtto a fine-

o8t to Ry Rl uftont Beiliite BippePpriagimo @ﬁ??@%ﬁ%osam| ate
rubber hybrid latex to formthe graft

Theithéthod deseeibyd H&@lnﬁbmafanfbébgdnérallﬁtu%ﬁ forhesdrtdgythe silicone-
nzg acrylate . is used, in _sone situations, the
acyyeate tmmct a}ngﬁer GAYDES DoFticke pige fiem showk VPG penomsters to abput 2

mlt:fo%g] tH&nS&6 gﬁte bhd g%gﬁa g%&p%gem&[gvg NGn R 8%k out

tsel f acts as e’ secon
bafchcwﬂse: baisenmg:onhmlcglshrf tIn e bzftc}pwhgermmesa lmllleofahé( gitigbne rubber

t i al's,, such as styrene and
m%f?nmﬁ% Hifetn ?b%fggﬁﬁﬁsn% gﬁ?‘aﬂ@ﬂ%ﬂ gﬁqqtq,ro?fglt%em Walgr, and the
poliirizBtiort Rk 8tion s Yl @hYedOdut P B WERLHERBhEmALES 13%& 1 3P0 ion

cont ai ni ng ora;nlc materials, such as those
of pﬂl@vm&@rw ofcte Bidicenmpirohen. mphemers miextiales @f watgr énethe

pogﬁlﬁjerﬁg{l eg{;#)f Ian s{lbseq%e %S(Iéc %]pezlg%%?lg @rertlvf\% (&gﬁ%%}gtﬁén%’ rubber

nonee

mdadntED mikRird\Q R&HM/ &EA I4erBA T UDRO 0dH i BRBsiliddiR HuBb&Xlatex
a§ gl ¢les of the graft silicone- acrgl ate_rubber. hybrid
paiicless dihesgmisgontingRy pecess e dndugesd @emmoamjnt of mild, and/or

low QG ﬁHn' }Qﬁn&é\%lzﬁrfgte@& el s"ﬂu'h{ﬂﬁth% &letﬂf' e;?'fy%ﬁ %fdnegf the

to a fine uce t eS| cone-a
Slhcgbfbmbbiﬁnpmamdl fier conposition. The met hod
descri bed hereinabove can be generally used for

ST A I AT T N A—

rowtb by tlsﬁnig aﬁhﬁdﬂﬁﬁal hbfogéhiedrdadtepe Mthe hbﬁﬁbg@iﬁkitﬁﬁh step generates
cri bed herei nabove can be carried out batch w se

Pa‘ES’rCfeé SAYINg 3R LY FasLETSof Ips thareS Wonasamgiesewith p sulestantialy proad
paﬁ’f‘clet 8% fistitonbg (ﬁéfgﬁgfter JORARHRS Se R E c% %1% gﬁ%),lt,)nt Phib Ueates

pol'ymerization reactor contalning wa
pelpfmm}ame iigses an pad@oel ogsin ﬂ)letﬂalemommrrsn@d shidde. s;idmﬂmeypes of

o ST RETRIR BBES & R OnE ol gk Srier vien rd PSD e
siliehd i@ latAtubBe ihasit RbdifidP orSphseside Hok ¥xihifle! 8RLAAGb1e

portion of the silicone rubber nononmer mxture i
to aigel édlm@ﬁcraflatﬁe impart ghodifige compéwtionst havisg laj wbatively smaller

avdr g o%?arntcret @ﬁfe tn'aﬁ!)& I(rl:lhf i$ eép%?efr: 8trc]>t 'gﬂlgaggc? nﬁ)daBeI§§D for
polycarbonates, but a relatlvely broader (that is, closer to a bimodal) PSD for styrene-
acrylonitrile copolymers. The method for forming the silicone-acrylate impact
- modifier compositions disclosed herein includes in an embodiment, a semi-continuous
emulsion polymerization process without the homogenization step, where the particle
size can be controlled such that one can achieve an average particle size of either less

than or equal to about 500 nanometers, or greater than or equal to about 500

nanometers.
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| ow shear non-honobgeni zi ng conditions during the
emul si on polynerization of the silicone rubber
worRweee3g? The silicone rubber |atex can al so PET/US2004/004208
synt hesi zed t hrough an enul si on pol ynerization route
by using an additional honogenization step. The
ThB QIRGAE b EFHat® i Sedce hod BT IcafnP8sitiOR dik8beY HMhiMdvalre useful
- average size of |ess than 500 nanoneters with a
matesipds gmprglparylgbmiﬁner palding pempestigonsi kavinigoimproved properties,

' iRafier s i ref.err 0 "PSD'). This .
sudl 8 FUARL Top SRR RS LGUE FoubfoRlin: BT chemital fgistance
The dfmpaétSindifies coRBoSREBI 5 conPe tnéXipectbdlyy ABligHeL $hdlt volume

systenms require_a certain t%ﬁg of average particle
ratg tg polypgr prgbmoling pempesitiqns geng dhe pracessingistasr A higher melt

| Lier 1 P ol i te 4 I .
o O S 1ol AR S, 1 RSS! BPufgcne
coingusitionsa whidhatan be b sighifidahteseneivemagerciadiyt i cl e size and
narrower (that is, closer to .a nono-nodal) PSD for
ol.ycarbonates, but a.relatively.brpoader (that is,

T GRE AT Bt OGS oy SGRiEEom APt ool B about 50
pa® B! WeTBltS in bhe efdbiRtknt, 0fndf @641 dMdut BEparts to about 25 parts by
silicone-acryl ate inpact nodifier conpositions N
‘wegghicingaethen enbpdiment ped 8 paitsahy weighdeinthamolding composition.

M(\%‘é i .agtﬁ:t%‘e[rhg lfﬁégﬁlicgﬁgﬁc 'lg{é #3 axmoigﬁtgéric% 8¢ ?alsn 7 eparts to

nmogeni zation step, re the particl

absut2é pasts b eveighntpeo | 0@pargtbshvéifigtof Giemo Ritn BehhpR¥éiRioaN
average particle size of either less than or equal to

aboyt 500 nanoneters, .or greater -than or equal to
Th olimB 8o RANDRe G 401 e S 5 psien cin be '« thermoset

po%,?ﬁz%ﬂhgﬂéﬁw pofgfﬁ%&s bl | GRMEnALLY | & BoiMBBGmers. In an

i er conpositions disclosed herei nabove are usef ul

empadigrang| thef hernpepdgstic i idymel isnesleatesd diony tleo gpowi tdnsisting of

' | mpr. roperties. . such as stiffnes | ow
o BRI oBHEReR] PRI Eria ) POYEhden Rbigaiones,
polyethiefinddes £ polyphehyl i atliers|Ostrf1hter pdl BIGS kytedNs palyiRrs, vinyl
confer unexp iegly a' _higher nelt volume rate to: ,
ha‘,b@q pofsmeEn andlcatn gt BRECIZPRIYREH nijirtheamprieo thesralyrgers
com ﬁﬁn% M Ehe G@l&lgosiﬂ'&ls%ﬁ Heggfr%‘r%&f‘ S? %illl?i%}BB@snﬂo@}neﬁl the
to eaSier processihg of the p r of nol ding
artc dnp ossiatpbm spitatié phlycarhoimtesathst gani bé osault cdyapréskithose that are
e-acryl ate J.npact

0 rci.ally. The sil.icg nmodi fier .
megg e e T Bbd e A h POVP BT 188! Tascadppaton,
biseRlofITormdt& peRtheaRRRG WEM HihydRe phérfdR AMA0UblsSaRPpdISmbRzation

about 25 parts by _weight, in another enbodinent, per
of 1 slahysiaict sphspolsei gt diols havitho| Bisddicolaiposhbpaaies, such  as
bis(methylsalicylate)carbonate. ~More particularly, the thermoplastic polymer is
~ selected from the group consisting of bisphenol A polycarbonate, 1,3-bis(4-
hydroxyphenyl)-1-methyl-4-isopropylcyclohexane ~ polycarbonate,  polybutylene
terephthalate, polyethylene terephthalate, acrylonitrile-styrene-acrylate core shell
polymers, acrylonitrile—styrene-alpha-methylstyrene—acrylate core shell polymers,
styrene-acrylonitrile copolymer, styrene-methacrylonitrile copolymer, acrylonitrile- -
butadiene-styrene copolymer, acrylonitrile-alpha-methylstyrene-butadiene copolymer,

" copolymers comprising structural units derived from isophthalic acid, terephthalic
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More particularly, the silicone-acrylate inpact

nodi fier conprises from7 parts to about 15 parts by
wowdoght434per 100 parts by wei ght of the nol di NnBCT/US2004/004208

conposi tion. The polynmer conprising the polymer -

nol di ng conposition can be a thernoset polyner, a

acidh %sﬂﬂﬂi(ﬁséﬂd%ll@ﬂhéﬁﬂ?A; (HRFei®AHEP isHAEHABS ré¥errfPINas “IlTR” and
yners. In an enbodi nent, the thernoplastic poly

blepngs @é [tl@cfo&gomgomlmgrs‘g r’ﬁwplTBomogﬂmqrg argf a class of polymers that

t
a0 YRR A Sy DRSS, o8 W B RRARS hey con
pr@xafeﬁrﬂjﬁmﬂyegbﬁeﬁllp &n6wn doly edilzeti kiR fes kEbWH SNiHE art.. More
hal i de pol ymers, and bl ends of the

Paﬁwégngr% Tk %ﬁ@wem&? Pf?@awé rbé‘ a stepavigroiniartacial polymerization
pr(%%F@ 151 ré EFlsaﬁlktﬁélgglh&? 1 t ﬁhtﬁé\lﬁﬁ b&ll@ﬁdeeo ? g(?edbtx an

or exa
expash yﬁmscbmm@i gsa thaphasa sysban uemplnmngrpqu@as hlﬂtals mdteh alydroxide

anél & angiggyfartﬂre&ﬁ% 3 i\feyg é]lth e%&%%ﬂagle The reaction is
caied Cdth Gh AhO bf@&&ep@ﬂ M{rﬁélﬂzs‘%ﬂeﬁgerwsﬁal gé Y&y Ilﬁjelnol SO&% dthe

and diols; and pol ynerization hydric p
hygiogens chlorie geserateil cduiriagethe arsmloa; wéule smmhtaaang the pH of the

L T T A T o

hyédrorg igsdipng bmfth ehdpbethel olifoel ¥idh.ben dicenext sBepb kel dligomeric
- 1 -methyl-4 |sopropylcyclohexane

ﬁ%g“{j o%%’gtgﬁ EOIY%PWLR A @Q@Dlnﬁfcbw@brﬁnhgpmagc bisphenol, such as
bldi%ﬁclzﬁb@tpbyaln@%acttﬁf W#Tﬁls%e(nglné 2 fwo phase system comlpnsm‘g aqueous

acrylonitrile-st
alkabir yhetali thydrexide y et e aallphaensedyhpdrgcaben aeqslyéza; esuch as

. Jrene lonitrile cop
L A DR e M AT P
hylrabadicBloeids thyt@8euOPAl ¥iiBble amount of an_appropriate monohydric
acrylonltrlle al pha- neth%lst yr ene- but adi ene copol yner,

Phengbhofughes Phe m%mru pArargumyipbenal ispddad assa @bmn\smm tineap the

e B} o8 1 ] B b AP Soenol

(hereinafter sonmetines referred to as "I TR"); and
Thblp@iwh@raﬁoltihg éwnm@ﬂldngofptdlb)dMCESuleTimey lalse @meth Ye o8 more

h .h bonat d est
on o R R R ol G kg, Ty L s ver,

firPr@panas é'ﬁi&iéngé‘élﬁ%&hth&lsknﬁi’éﬁp}%bb{%ﬁﬁ@)ﬁ&hﬁp useful in the
techni ques known in the art More particularly, the

instapR cempeditionsr embipee prlagafeilypl @ompemdss exammples bﬁwhaih are
I [ m_xt.ure ht h
o QRS K B RERERTR ML 0 LA BRIRLE O ot
composdisen of theaiism:cbsnﬁd 1111d111(11di: tﬁ?,pﬂ@#ﬁ@t—ﬁ&tﬂpﬁ%}ﬂp PRbsphitad 3,9-
I t al OXi
dl(El ﬂude ?gr?-bgtlyrp%e}loxng-Z% 8, 18 tertraoxa 3,9- diphosphaspiro[5.5]Jundecane, 3,9-
di(2,4-dicumylphenoxy)-2,4,8,10-tetraoxa- 3,9-diphosphaspiro[5.5Jundecane, tris(p-

nonylphenyl) phosphite, 2,2',2"-  nitrilo[triethyl-tris[3,3",5,5"-tetra-tertbutyl-1,1'-
biphenyl-2'- diyl]phosphite], 3,9-distearyloxy-2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.
5lundecane, dilauryl phosphite, 3,9-di[2,6-di-tert-butyl-4-methyl- phenoxy]-2,4,8,10-
tetraoxa-3,9-diphosphaspiro[5.5Jundecane and tetrakis(2, 4-di-tert-butylphenyl) 4,4'-
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and a hal ogenat ed hydrocar bon sol vent, such as

di chl oronet hane. The reaction is carried out in the
w@e@sense of an acid scavenger, such as tri et hpCEHDB2984/004208

to trap the hydrogen chloride generated during the
" reaction, while maintaining the pH of the system at

; ct [ i g .i-.go
Rl R AT | BuBRailed Ssb ooyl
peptaerydiritglodiphosphidd, 12,4, I6ririt-leg- gy phestyb p-butyhe -ethylgigirprapanediol -

hydr.oxy-term nat ed. pol ycarbonate, is. conmpined wth an ,
phg%{p ti énsg?aﬁalh e?%ﬁl,t(ﬁs u@gg@%ﬂs’i sffﬁ@hﬁ%fh'%b‘i’t}élﬁb?@@%“‘ 4
bipeh{lefh 0S AgiHRspHdnfe ! m(@hé&ﬁ-tﬁ%ﬁ@[ﬁh@ﬁﬂpal&g}n@_aﬁ epus 3.

al kal i nmetal hydroxide and a hal ogenat'ed hydrocarbon
prepsing@iatphosnhite, as tri-ihodenylrhonmhitane ociadewyl t aid, ediagent)-butyl-4-

oY BB on D B0, BEURE L IRORS SRR ol 8 RS e
foreppingp rTrﬁ(aﬁmfrhymylpggngh pn@slphitsh,Lg;ln,6atﬁ-tam>ﬁ@1tlp1@hyl-z-butyl-
ra-cu enol 1S added as.,a Cchal n stopper O Ca .
2-Hhe° L Spaprdiphe cRosPhifer Wibtsk{z,ﬂ;ﬂkﬁyt—bwpl%hmw}pentagrythmol

RS, b PSR Loty R PSP PO T LRI RTR ARt (s lally

prefatredyyas deell ss mivgates of abdsphites sontaihingaatiledsedne of the foregoing
htgh rei nafiherl.referred to as "ITV') stabilizers, fire

b tneﬁzfﬁil e &Wd col orant conpositions. The phenolic
anti oxi dants useful in the instant conpositions

NAMBhAGS ahPlQf RIS hide WRUIA R usEX HIURSDN erMBEONFL -
are given below. Non-lTmting exanples of S

598 ntavaikibikaftosn tater cEirenkiealu€eporatioh)) ePotpdditer® (available from

onmposi.tion o e disclosure jnclud )
o B> ANog o by ENGAYE ph Ayt Rblmdephi oaza Fhsmical Company),
peffabrtiftnsli th@btbarRid! WIARRBOWB0% ga\%ilg:ﬂéti%rﬁal%@ﬁﬁslﬁ'Rayon),

di phosphaspi ro[ 5. 5] undecane, 3, 9-
Iw@@%&ﬂQgﬁbb@hvupwﬁnmxvyeEkﬂ,8,1O-tetraoxa-

3, 9-di phosphaspi ro[ 5. 5] undecane, tris(p- nonyl phenyl)

TSR FomeRineS ot hp prspent diselopup e pisppstl Yy Ppchonically
bldmidprigethy | codiponelity lif] pbwaption mixing equipment, e.g., a single or twin-
3, 9-di stearyl pxy-2, 4,8, 10-tetr aoxa- 3, 9-di phosphaspiro[ .
SClgw egﬁ ,eé%qqggl%id Xy wr 61{% qulpﬁrt ggnventlona melt compounding
.gl_'.[,_'_ - 4= et - . | -24 - 1.
e a3l e b pIATEl B b PR fadenpklinding
operatipr ke Hirther geduice pderpudh tajdriphseemydnating ffom 6 dposition. The
004/ 7%3 9 PCT/ US%OO# 004208 ... : . b crifi
ot &8 Ao S TS BRBS oG P BPOGIC? a5 ke dnpelerpemly fica

andinRROSREIIIS deterflined B o6y bf skE M ey art.hri t ol
di phosphite, 2,4,
: 6-tri-tert-butyl phenyl-2-butyl-2-ethyl-1, 3-propanedi ol
TheHagiie eomrasitions desribed @BPY%Pret‘faih&l?i;fsﬁﬁmr Jucing a variety of
us%fiﬁf rhagtgc'ée;sgﬁi’h?gw ethGEdimBHE YhoNSANL) AoflprisPbRHAGEY kfifEsures for
elegtrica] gadt telocommiuntratigspineantaby devitest yrhar netwryk iriterfie devices,

exterior and interior vehicle parts, external housings for garden equipment, and
exterior and interior building and construction parts. Non-limiting examples of
articles include those comprising exterior and interior automotive parts, window

frames, window profiles, gutters, downspouts, siding, automotive bumper, doorliner,
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pr opanedi ol phosphite, tri-isodecyl phosphite, octadecyl
3,5-di-(tent)-butyl-4- hydroxyhydroci nnanate, and
wOorRoosr4339 of phosphites contai ning at | east oneCDS1004004208
foregoing. Tris(2,4-di-tert-butyl phenyl) phosphite, 2
4 6-tri-tert-butYlp Y hen ~1-2-butVl -
. B . - nr We) it : .
S 2o PEE PR DSl BRSNS Dont Sy e spfouipment, and snow
scefitghosphi t e, and bi s(2, 4-di cunyl phenyl) .
pentaerythritol diphosphite are especially preferred,

S J as moxt.ures of .phosphites nt ai ni.ng a east
Ti5ting RPN Byt SRR e pREer P Bt thSilcone-
aciy0dte limphéti MEJIENARPMPEsiVEnsPAieE6sedi Neidl SisssdshalpeignpPerties,

used i%glude Doverlgbe(ng FL- 599 (avggﬁabler}ron$ﬂ@ .
suelp g rlowhismnerturespngetatnd dyctiliby| gorympared )to(the aiolwmgreresin
: I n €] - al |
copBRiph, WHREL, Rty ittt HERAP bR ARl block
copelymeasingpacahedifidet abl en A- 3000 (avail abl e from
M t subi shi Rayon), neopentyl glycol dibenzoate, and

the like T | di . it f th .
THy Srisiie e o EPRBTBY Coreni RFYt BTSN Yo dnany
ad® e Mcbudify GRNVYBINE 6RO Prepites HIND sBRVALERPhie Bnhct rfodifier

single or twn- screw extruder, Banbury m xer, or any
cogipReitions n¥sh ewn aloldiag t cosmepitionsli iayinge qupepioe ow femperature

. UkIM. - [ to the equi pment during the
IH%%%ﬁ%gﬁ |ﬁaﬁégggfggggﬁglgg?urther reduce odorous
materials emanating fromthe conposition. The order

White winlyc kettdie feanpeonefnthe mfedtiva howepbeadint ilwtrated anid Xdsdcribed

is not generally critical and may be readj.ly. )
he&ﬂé%efflmﬁ@agﬁffa s B depgss W R toxfhose Fribedit therfgt. 1t s,
thé& RO b tHeORRIcAGRAN thRethe 3PPURIAT FaiMR| @Rl tEndelrto cover all such
producing a variety of useful articles. In an

medifeatione and changesastfhlt watbincberpue spiribof the drvestien.osur es

for electrical and tel econmunications interface
B ' , smart network interface devices, exterior

and interior vehicle parts, external housings for

garden equi pnent, and exterior and interior building
Nacdtdclzngd timpatti (werepeatics refbioed ko s tINIE) exanpkassredf by ISO 180

tjcles include those conprising exterior_and.
il P s R Tt dOU e KL, DRt @ chosen
terRp@hiutEHas HehdRESusiSOWRTRBHt Tnely G Bl AWHRIPHh¥&ing on the
bunper, doorliner, 716 W 2004/074349

fractore sufuw4/ Oeazally, when guse whitaniagiisobgraveds it iditates ductile

faiﬁLﬁQ ql%de %e%r Qlaelss %%%hlﬁg ig ot %%geg\%b,? Pﬂd?c%?ers]ta blal{tll% failure
Snow scooter.

mode. Ductility was measured by testing ten molded impact bars of a particular

composition at a given temperature. The percent ductility is expressed as a percentage

of impact bars that exhibited ductile failure mode.

Tensile strength was measured using ISO 527 method, and expressed in megapascals
(Mpa). MVR was measured using ISO 1133 method (measured at 260 °C using a 2.16
kilogram force), and are expressed in cubic centimeres/10 minutes (cc/10min). HDT

was measured using ISO 179 method, and are expressed in °C. Flexural modulus

17



The nol di ng conpositions conprising different polyner
resins and the silicone- acrylate inpact nodifier

W@ o09po%i3te ons di scl osed herein posses superi orPCT/US2004/004208
properties, such as |ow tenperature inpact and. -
ductility, as conpared to the polyner resin

(heonphai tesdnmiteih s NFOONDWLS eSealel Vising ISO 178 method, and is
met hacry] at e- but adi ené- styrene bl ock ~ copol yner - i mpact

expiseRcr iR BiganasealpfG@ndousl y descri bed enbodi nents of the
present invention have many advantages, including the

: b a 4 AR ' :

T e e e Y et PSP, agsgleteted

wdatherangeteupel 1S9 method Skﬁeﬁaﬁﬁllr &esti sm]nqﬂés, welteCéxipbsddyfor about

.00 herabilit e on certain features
100 KR Tes B The S Wi fhe BoR OB Ib Ade¥ B gtith the
tedR @lichdd mEBROhAOtETibeaY. ans }%ﬂgwﬁék@rlﬁ@é( ¥¥1§0| ceﬂ’l%ﬁ udcYI")ovalues

those skilled in the art. is, therefore,
waga deeastisdd usinat a t Giestagp M@@éﬁ 76034 meolar e:pecmo@hdmmeten The
modi, fi cati,ons and es.as,fal

o GRUEBIY TR O MR B v

Glblest mbssirdnzats veRaciriéd oueusak Neicrd-EREGISH ihStnasent Mb\baﬂhble
was_ neasured by 1SO 180 nethod, and expressed in
fropy | BYl6uiFadngse Cemppry)- s diliar gogsk yalnes) areprrporied tag parcent gloss

reteHEE1so tr@ngL ff 4yray, (‘_'}ﬁs)é %ﬁﬁ&i@a@ﬂh@%eﬁ&ﬁt éiﬁg%?rtdglgal gloss

energy as me as stre eni ng on
retsmuecﬂ afer tise nma&iekgb,ilitvh*est sﬂrhesNI wtaiat @b ndsd sneakhiged \aedoom
fail When stress

i ndi cat es t il.e
teprBi A e Sy Ets 1 do TR F BevgryFieD bpof notched
Iszallrﬂ Et€at rHRHempdttfubd (alb rMREreMBRRLFHAIRY) t QSIBW@:QY‘I ec{‘hlghm

ed inpact bars of a particular conposition a
%o é\i Iﬁeﬁﬁteﬂléﬂ@e@ét y higherThe GBeretention duwid indigaté betésr W@@mblllty
p 1? m?anegr centage of inpact bars that exhibited ductile
ailfure node. Tensile strength was measured using |SO
527 nethod, and expressed in negapascals (Ma). MR
Theetbenmepbutiedesisi nged B@elid@gcanminhted s(y@rsdttgohiaile 26folGmer,
am force and are expressed in

@ﬁﬁr% a2 16 kil ogP 5
an s O6HG Al SHN.OF iR Blends: tavavishle compporeialiings “Xenoy™
. USi hod. and e sed

Rl e G T e S e
TabRelr gionaftheloadBy gmbt egdiais indrMlibntvas pARABH HRfLhY Fdrffeparing

I SO, 178 method, and is. expressed in giga pascal s
thE( @gjmg compositions. The 1mpact modifiers used for forming the polymer
molding compositions are: MBS (methyl methacrylate — butadiene — styrene
copolymer, commercially available from Rohm and Haas), S2001 (an impact modifier
commercially available from Mitsubishi Rayon), and silicone-acrylate impact modifier
compositions IM-1, IM-2, IM-3, IM-4, and IM-5, prepared using the general
procgdure described above. Comparative examples of molding compositions
comprising IM-2, IM-5, MBS, and S2001 (a silicone acrylate impact modifier
commercially available from Mitsubishi Rayon Company) were also prepared.

“PETS” stands for pentaerythritol tetrastearate. MZP stands for monozinc phosphate.
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The weatherability tests were carried out by using an
Atlas G 5000 accel erated weatheroneter and | SO net hod
WEAE4018680D. Test sanpl es were exposed for aboupCT/LSI04/004208
kil ojoules to the xenon arc |anp in the weat heroneter

in accordance with the test nethod nentioned
usl I |
EPERIC b AR, JMRBSS th an D SR Re Rt o Aufiatne 14
sﬂmmlne{acs/ﬂm«ztmmahtonmcbﬁ@r coﬂipesnlmafoweaakmmu-doyltlnml tswlsion
orted as L s I. ndex | so referred as

po‘i‘weﬁza\ggﬁ’ Bﬁ)§ess AES§™Rere carried out

u5| ng Mcro-TRI -3 oss i nstrurrent (avai l abl'e from
ABYfe-emiuthi® , mtRufBMYAs ' fREaH 0Ly Veinidsind’ eD) ey 4 €Grams),
as percent gloss retention. (also referred to as

. tetmmlwh%mce?@ @rerpag) MPTMS gems).ofodepdbenzengsulfpnic acid
(0, B30 SR B e AN TEE Bk g Rl okt 0
grmﬁa)t heﬂt‘tahmt 120t pertan tisy tz\mghgt(fﬂ il NeretRtilgied GeiRture was charged
ent j of . not che | zod _iinpact at roomtenperature
tog fi%roW%B@PP@ fwatt‘ég” %amsazu?tg apltyqspgsked Feactor igappaed with a
coh'ﬁé%s&etnﬁmgeﬁ Mhle@RgH 2 st &heid %é%u‘i ﬁ‘%ge[ﬂbdt@[@ vs‘/&glékﬂed for about

I ndi cate better weatherability rmance
3 héwes il amsdinteinirestha sntalsnebtemle@upmlay ey 88ACe, The remainder of

ke SR B0 e a0 SR B SrtbBRs g SbSu percd with
conﬁﬁmyitfrﬂm% ferb &g Blia&d tboue® Goht Bt @§3°Ca’th%| ﬂeﬁﬂin@g latex
y

conmer ci al from Pl astics as Sol | x(r

wagheppded Hewpdadrag smpersingar ThaupH wfgﬂl@oﬁlﬁqmg mhbq@salmeg was
nemfal‘ffe'dqg tag&ﬁﬁ g ﬁﬂﬂ%gqgeogﬁtr}%}r%lﬁ ngdl.{%ﬁ% STy Ih&(hl%Qi?ﬂle &Iﬂﬁon

i'ers us
Tlmoﬁml ssnliaona sulsiree latdBShuG it diydd hmt biscan yHOaii@cent ltmﬁlasijlﬁls,eand

- styr.ene .copol r, commerciall \Y; rom Rohm
compep S o siESBG TR MR ET RIS GRet ADp iy 2] FEg.
avai | abl e from M tsubi shi Rayon), and

T hétRNCeR6ilitbmd AubbEP&kéx EBMidcdedbove QO Whhs)OREs nitkdd w1th
IM2, IM3, IM4, and I M5, prepared using the general

dejspiesduter %@ﬁm@da@b@wfﬂ@nﬁpaﬁ Eaic mécl@féaﬁpn%bofmmed flask
SRR g TR B e
contmt};mfcth@fdagftoﬁwas habédetofabom M Wswhdes bistr&ay 0NniGogaa lﬂM)owed

e.als r "PETS" stands, for pentaerythrito
byt AtiEt 85 2 OBt Mz% deiogizrd water ﬁaﬁtalzlﬂrrgcpﬁﬁwae@ulfatfs(o 33

ngQs Rt f‘&ﬁ@réf:ﬁve%wﬁ%%g htsEé(jiaﬁ%& llacr}-ﬁaﬂe and triallyl

Exanple descri bes the general procedure for preparing
cyppyrate) and sodium bicarbonate (0.33 grams weight percent relative to combined

weights of isooctyl acrylate and triallyl cyanurate). Then the internal temperature was
~ allowed to reach 75°C. To this mixture was added over a period of about 2 hours, a
mixture made up of isooctyl acrylate (29.4 grams) and triallyl cyanurate (0.6 grams).
The polymerization reaction was allowed to continue for another 2 hours at 75 °C to
furnish the silicone-acrylate rubber latex hybrid. The monomer conversion is found to

be about 96 percent.
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silicone-acrylate inpact nodifier conpositions by a

sem -continuous enul sion polynerization process
W(wizaoh/@mm honogeni zati on step. A pre-enul si onPEI/KE2004€004208

was ' prepared by conbining D4 (95.5 grans),
' tetraethylorthosilicate (2 grams), MPTM5 (2.5 grams),

I

e B o Ty B QL P A Brey RS SRS gams
wag gepdugediing) a-joulsoted r@@lmﬂ@&imwﬁbyomr@ lagitasfont el heated to an-

T e B 00 Ry T S et PENE Bior ampdeop of

poﬁ@simﬁq)%ﬁlsu%ter(o J4 wAF DRFceht relatits RUSMBiNERveighRDfAtyrene and
stirrer, and the resulting m xture was stirred for

meiyd mrethapryiaig), sodium bicakpnatei(®hgvaighs Derreat reéatwe to combined

wel SIPSF Shi s, BRAY nhabr k)" shE VRN BE0 S ST g pre-

enﬁlmxmlwelafdtmﬂem 76 @iﬁms’)umdthgt methiagiglate 2 @5 fehegsodium
aﬁy{redfor about 2 ho;g 89 C, the resulting Iatex

dodgeylbepeanegringnic OF #o8 é%fﬁ%ramﬂrmai)wdeéfto fhggreaction

miRtukd, Cavp Wi b@\rer l.aBa%y Wg)%noﬂ‘ e%ﬁ@ Qﬁ aho géac?or infbrnal
usi ng 2-wei ght per cent ueous so OXI

tergjusirattireoat. abo'ﬁh g0t iChalAfer Ithfc drop W&H@bﬂi’dltl(ﬂﬂ; dhe tdnm;ssrature of the

t ai_ ned ha 40 .percent tqt
resd o Wb omAC Y Een 0 11oBR e PSR Abronnd S Balecbip gpom
ten@htRattired 9The HbnHAELCE M ersibRein 1B bdsalting @FafP bl'hb@ﬂénﬁzrj?lﬂt*étlﬁﬁber
|'at ex obtai ned above (70 granms) was m xed wt
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The silicone-acryl ate rubber |atex hybrid obtained
fromthe previous step (75 grans)
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g vari ous
| M -

one-acryl g
LN 3

1, IM
and—t-M-—5—The-nmononers used-for :

(=¥} TV 3 1%

prepari ng each of the ihpact nodi fiers is shoﬁn in
Table 1. "MVA" stands for nethyl nethacrylate. 20 WO

e 1 L TR L B ey P escrite gl dine
copgpyitter ifomigiletionyaeifarest using oatous srorunaionaefythathermhoplistic
regrrlg{] ga;ﬁlﬁglt}%l ks‘iel?éélne-%grr}]iiaei niin{] ot TROR errs( agsc%{ag(? nli)rgviously. The
formulations prepared are shown in Table 1. In the table “NU” means the particular
ingredient was not used for making the formulation. These formulations were then

used for preparing molding compositions as follows.

" The formulations described above were extruded into pellets using a W&P ZSK25

twin-screw extruder and the conditions shown below.
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IM1 D4, TECS VAPDWVS |sooctyl Allyl
Styrene/acrylonitrile acrylate nethacrylate IM2 D 4
WQ 200EQBIMAPDVVS n-butyl Al lyl Styrene/ acryl oni P€T/U82004/004208
acrylate nethacrylate M3 17, TEGCS, MPTMS | sooctyl
Al lyl Styrene/acrylonitrile acrylate nethacrylate
IM4 T, TECS, MPTMS Isooctyl TAC MWW styrene
acrylate ‘IM5 T, TECS, MPTM5 2-et hyl hexyl TAC
MVA/ styrene acrylate Fxanples 2 - S(fand Conpar at i ve

Exa Ies%h%%axan cEper
m ;LF,WJ HepperZopne ). 11 ar-ed

CoerOSi t AT orntat 61RS—P1HH e
conbi natfrgps of thethernmopfzgstic —resins—andt he
siliconeg-mgdayl ate i npact npgbTiers described

previ ous]?ge STheze)f or mul at 10238 prepared are shown in

<

Qi e vyAar 1 o ~ed
UST ||9 VAT T OUJ

Tabl e 1.[Zométhe table "NU'|3fBans the particul ar
i ngr edi edti® was not used fok?faking the formulatlion.

These formul ati ons were then wused for preparing
mol di ng conpositions as follows. The fornulations
THIGRAL Refle AHQYiEn WRiGedeitild WAeHedifehs REL 130%0f i &
Z%}%{ZS tw n-sclrléw extrua{er gﬁﬁ 1{?lheS con%%?gge;i shgvvﬁ o
mdidéromd tiRdconditROe dimiBAowPCT/ US2004/ 004208 Zone
Tenperature (Deg Q Feed Hopper (Zone 1) 100 Zone 2
200  Zone,i230—Zone 4240 FoRt p{Nozzi €} 350
Zone 6 26H.qablpE (2RO The Pef4ets were rnjectiom|nol ded
i nto tesfizosPeci Mens usi ng o Engel”_30-ton 1 nj egtion
nol der ar@net3he conditions shHéwn bel ow.

Zone 4 265
Zone 5 (Nozzle) 255
Mold 40 - 50

The properties were measured on the test specimens. Results are shown in Table 2.

“NA” means data is not available.

Examination of the data shown in Example 2 of Table 2 indicates that the impact
modifier prepared using isooctyl acrylate exhibits much better percent ductility at
temperatures equal to or lower than —20 °C, as compared with the corresponding
molded part comprising MBS as the impact modifier (Comparative Example 3),
S2001 impact modifier (Comparative Example 2), and n-butyl acrylate impact
modifier (Comparative Example 1). Fuﬁhemore, the MVR value for the PC-SAN
based molding composition comprising isooctyl acrylate is much higher than that
comprising MBS (Comparative Example 3), indicating that impact modifiers prepared
using isooctyl acrylate confer better processibility when they are incorporated in
molding compositions. A higher MVR is desirable for better processibility.‘
Moreover, PC-SAN based molding compositions retain the mechanical properties on

par with those shown by molding compositions comprising MBS.

PC-PBT based molding composition of Example 3, comprising the impact modifier
prepared using isooctyl acrylate as the branched acrylate monomer shows better
22
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3), indicating that inpact nodifiers prepared usi n

weafssehiljiy, acshpracty the sieaificatly awesidaed 96 kil iang %oRER Values,
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1o be I proces
h&BBnemmennodﬂﬁmSAN based nol di ng conpositions retain t he
nmechani cal properties on par with those shown by

nDId osSitio ri MBS. PC- PBT based
T it COBORHPh o BRER R | GOPrRoe dragOf e Vate-based
impABeGodIRE s spEBPARBIING iah Gr i RARE taybutd.CxY P@t&I&ﬁ while
t he branched acryl ate nononer shows better 22 WD

retpguay trasechapicrl wep@bay, 09 4omBared e the ¢angpasitionut-Gampsrative
e [ hgpigal propertles as
B S o b e R B0 P Exampl o 4
(which conprises the inpact nodifier prepared using
Wiile tlieydibeugire ey deatiBstanal Qonracdliddvia thiantpnebodiments, it is

oL HACTS T RN e o
sugﬂtgﬂg?g @R HRASAde! vAhoRt dEpeRTRY B ahyShBMEoB thé SRkt bP@i@tpllééent
disclosure. As such, further modifications and equivalents of the disclosure herein '
disclosed may occur to persons skilled in the art using no more than routine
experimentation, and all such modifications and equivalents are believed to be within

the spirit and scope of the disclosure as defined by the following claims. All Patents

cited herein are incorporated herein by reference.
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MVR of 9.9 as conpared to a value of 6.3 shown by the
conposition of Conparative Exanple 6. The nol ding
w@oimpo3%i3se on of Exanpl e 3 al so di spl ays super i P€T/US2004/004208
weat herability, as shown by the significantly | ower Yi
and % GR, and % NIR val ues, as conpared to the
nmol di ng conposition of Conparative Exanple 6, which
contains MBS inpact nodifier. The nol di ng conposition
of Exanple 5 (conprising the isooctyl acryl ate-based
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% C C nodul us nodul us NI
D 2 54(100) 52 51 45 44 43.5 8.4 98 2.24 NA NA
Ni ((100) (100) (100) (100) 3 59(100) 46 43 32 29
(100) (100) (100) (100) 7

WR

1 DT

(% ductility) at varPOUES2004/004208
Exanpl e Anmbient 0 C -20 C -30 -40

Formultidh |21 §/+Mmy§9t vioul WhpdiftrdsS (O 438 2712 NR
ExamplA Ni 65 I(’100) 57 51(100) 50 48 57 8.5 N
: 2. 19 AxifbidnA| (NIC 1;@0¢ 100) [(4000)| Tdasiid7( 100) 41 38exg@ %
(0) 28 (0)|44.6(6.99; 7°2. 18 °NA Néwohilus |( 100) ( 10Qhodars NI
52 (]100) 4F 20 (0) 15((0) 9 (0) 50. 4 emnomﬁ 22 I\IA YI | %
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(100) (100) ' ,
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(100) 40) )
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6** 53 (100) 50 50 46 42 41.7 6.3 71 2 41.1 69. 72
(100) (100) (100) (100) 5 7* 36 (100) 34 30 26 22 (0)
WGZ008/0313MA 2. 22 NA NA NY (100 (100) (20) 25 VEIT/US2004/004208
2004/ 074349 PCT/ US2004/ 004208 CLAIMS 1. A
silicone-acrylate inpact nodifier conposition, wherein
CBAIMSI npact nodifier conposition conprises structura
units derived from ‘at | east one silicone rubber
mononer, a branched acrylate rubber nmononmer having the
1.f or rAisHicongpcrylatgimapaauRifipn cormpositioneivheriin sail ismiactanedifier

£o3en d Cl in r and branched -
0&{ rgqgléér% SeS?Sor&Ctu,ral um@?‘é@weg £%r anched C3 - C16

hydrocarbyl group; a first graft Iink nononer, a
at ppeastyorer silicoht eutiblek gioydbmeont ai ni ng or gani c naterial, and
and a second graft link nononmer. 2. The i npact
nodi.f i ition of Caim1, wherein RL is
alﬂﬁ'ﬂﬁ‘b(‘?ﬁéﬁry %I er menofper haying theorpplanched hydr ocar byl
radi cal sel ected from 4-net hyl pentyl, 4- nethyl hexyl,
and 5sinet hyl hexyl . 3. The i npact rmdi fier conposition
of Cjaim1l, wherein said silicone rubber nononer
conprli ses: at |eastHpne cyclic siloxane silicone

Hggggé} “/pﬁ%i\pf/} e\fornula R34 --n R4
H,

H

wherein R' is selected from hydrogen and C; — Cy linear and branched hydrocarbyl
groups; and R? is a branched Cj — Cyg hydrocarbyl group;

a first graft link monomer,
a polymerizable alkenyl-containing organic material, and
and a second graft link monomer.

2. The impact modifier composition of Claim 1, wherein R' is hydrogen and R?
is at least one branched hydrocarbyl radical selected from 4-methy1p‘enty1, 4-
methylhexyl, and 5-methylhexyl. '

3. The impact modifier composition of Claim 1, wherein said silicone rubber

' monomer comprises:

at least one cyclic siloxane silicone rubber monomer of the formula:

R3
2R
v\sll o7
R4
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26 WD 2004/ 074349 PCT/ US2004/ 004208 wherein R3 and R4
are i ndependently selected from hydrogen and d - Clo
wa@bdoyh7esmd aryl radicals; and "n" is an' i nt epEr/us2004/004208
havi ng a value from about 3 to about 20; and at | east
one nenber selected froma trial koxysilane and
| kaays
W%e?{&sl?ggl Y éﬂe%ﬂ&’ep@ (cleérng gel%%@@ epe%ﬂ%qaandc% ri alkyl and
aryiyddlo@i&randn‘ ; Cslan iQtegeraiainlg aavaibeafiryth abauti @l abputR); and
independently conprises Cl1 - C4 hydrocarbyl radicals

"s" haV| ue fro out
ot J3654ohe S Sl ot 8 P B ot 5 M ARG 0
geheralMden@lan sai d silicone rubber nononer conprises: at
| east one nmenber selected from
ctanethylcyclotetra3|onane
(ngsd@& hyl cycl opent asi | oxane, and
hexanethyfcyclotr|5|onane and tetraal hoxysilane. 5.
The |npact nodi fier conposition of Claimi1, wherein
whea¢id Ho@m@qpemdenap lcemprisds diyghio geroatchCni- 1o aikg]aandcaryl radicals; R®

By SR B SR LGRS Y teerbvin

vaurRFranebad oteabsjtacr yl at e nononer. 6. The i npact
nodi fier conposition of Claiml, wherein said

poI ng;rl zabl e al kenyl containing organic material is

YIRS madtless 1 comPRRIEAR (o Clgie Up Whsigin seidngliceste rubber
m&{o\ﬁ?]&'&&npﬂkégha met hyl styrene, acrylonitrile,
net hacr

onitrile, butyl acrylate, and nethyl
net hacr yI ate. 7. The inpact nodifier conposition of
atCl deast 1, amker einamber d felected gr én‘otnl i mictanretiydepelotetrasiloxane,

e FRbE by Ta e 8 BB R B 8 ne. ana”

an aIIyIaIkoxysiIane. 8 The i npact nodifier

teteeftpasgsitanon of C aim 1, wherein said first graft link
nmononer conprises at |east one of (ganma- 27 WO
2004/,074349 PCT/ 1US2004/ 004208

S et r VIR ) QURBRASEIB XY fridimy | s whgiein said polymerizable '

alkeRy MBS RARMBRIrORNE hidkdtAX ¥ShhARS at least one aromatic vinyl monomer,

olefinic nitrile; and branched and unbranched (meth)acrylate monomer.

0. The impact modifier composition of Claim 1, wherein said polymerizable
alkenyl containing organic material is at least one selected from the group consisting
of styrene, alpha-methylstyrene, acrylonitrile, methacrylonitrile, butyl acrylate, and
methyl methacrylate. ‘

7. The impact modifier composition of Claim 1, wherein said first graft link
monomer comprises at least one of an (acryloxy)alkoxysilane, a

(mercaptoalkyl)alkoxysilane, a vinylalkoxysilane, and an allylalkoxysilane.

8. The impact modifier composition of Claim 1, wherein said first graft link

monomer comprises - at least one of (gamma-
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vi nyl trimet hoxysil ane, and allyltrinmethoxysilane. 9.

The i npact nodifier conposition of Claiml, wherein
w@200d/03BeDNd graft link nononer is at |east OPET/US2004/004208

pol yet hyl eni cal | y unsaturated conpound havi ng at | east

one allyl group. 10. The inpact nodifier conposition

methadgylak yprogyl)(dhestesy)saihgisiarond gr@flﬁerkéﬁéfpm@mﬁg?ﬂane,

is at least one selected fromthe group consisting
vigylirjmethestysidaney pag alyltrimeathoxysilangy anur at e, trial |yl

I socyanurate, and diallylmleate. 11. A :
g Sili o I [ s P f ition wherein.
O el d norgagt ¥ogifer oRACHASEEL O, £ RRE 8 eyt ink
mémapmar ig atleastommeepol yetiéenicablyanBatueesiponspor@d having at least one

1Oftanethylcyclotetrasionane and tetraethoxysilane; a
alifl &OWRed acryl at e rubber nonomer sel ected from the

group consisting of iso-octyl acrylate, 6-nethyloctyl

102CT Vit ighpadr ABEIR @6hpbsideH ¥ &lfm ANph&aRRLINLANE %@h link

t he f_oreqoi ng branched acryl ate rubber nononers;:
meReaRaT 19rié 1east one gelepted| from the goover cansistiog ed dliyb metiwerylate,

. i,St4 0 nma-; ..
m%lg}? %g%nr%%{%’xt%lrl%i8@%&?@%&%8)@%1%{1?}%@| | ane and (3- ,
mer capt opropyl ) tri net hoxysi | ane; a pol yneri zabl e :

1 llal k emsilioonelfhaiytaitm Ompdcy am?cﬁﬁefatcﬁm'?]@litidm Rltek&ih Rgidakomposition

east one of styrene, al pha-nethyl styrene,
COH’(?W‘FSO"%“FW lél,mtl"‘ré‘?rh‘éaérfiﬂni‘ini trile, methyl methacrylate;
and at |east one second graft |ink nonomer sel ected

a T eidbid1e raiREP HosTh&! | BEmMisid | YetaniBRiyIAG ¥Rl
triallyl cyanurate, and trllsﬁasluféyl [ saocyzgﬁéé&at e. ?%}fanff'heand
tetrgeBwaysilapei fi er conposition of Caim 11, wherein said
i npact nodifier conposition further conprises

[ [ | gast one acr.yl at.e
o Gl B R ARDHER LR Boud ARG Bt F dpo-oct
acaﬂgatg,l 6a)uas:tlyy1a¢t§]s acr&&té[\ﬂ-ﬂ&ﬂﬂll]&7ﬂ3d&y18@1/aﬂﬁi2&ﬁﬁﬁiﬁ&ﬂ)%@80f the
13.. A nol di onpasi ti on conprising a polymer resin
forﬁﬁ%imgbﬁnf’g?fg%éyﬁé@lrk}%glonpﬁ*ﬁ’éé:t nmodi fi er conposition,
wherein said inpact nodifier conposition conprises
at $abtusleUfidt ghifi sk BRNbMEAsdIE@M from the group consisting of (gamma-

methacryloxypropyl)(dimethoxy)methylsilane and (3-

mercaptopropyl)trimethoxysilane;

a polymerizable alkenyl-containing organic material comprising at least one of
styrene, alpha-methylstyrene, acrylonitrile, methacrylonitrile, methyl methacrylate;

and

at least one second graft link monomer selected from the group consisting of allyl

methacrylate, triallyl cyanurate, and triallyl isocyanurate.

12. The impact modifier composition of Claim 11, wherein said impact modifier
composition further comprises structural units derived from at least one acrylate

monomer selected from the group consisting of linear alkyl acrylates.
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at | east one silicone rubber nonomer, a branched

acryl ate rubber nononer having the fornmula: Rl H2
WOR20RA7439 H2 wherein Rl is sel ected from hydr BgEOSEN4004208

Cl C8 linear and branched hydrocarbyl groups; and R2

is a branched C3 - Cl16 hydrocarbyl group; a first

Caf . - NN . oyl -

: 13gr ga%iﬂclzélgrgltg erial, {ﬁi’a?rﬁl 30&13%%“? g@%eraeg téﬂdl %‘k%ﬂfc%hélh&?late

impeetomedifienkempositier i whereih diaitgingmeh omidifierrcongmsition comprises
ductile:tg-brh%%}e transition tenperature from about

stigcargl gnifg derved d9NE 14, The nol di ng conposi tion of
.Claim 13, wherein said polynmer is selected from

at 1daef dHRRila%he fubdBAmbhhapset pol ynmers. 15. The mol di ng
conmposi tion. of Caim 14, wherein said thernoplastic

. pol r is, B selected fromthe group consisting of
a %ﬁ@ng Ao wEbergppramer daving g fpnalpi ns,

pol yest er car bonat es, pol yam des, pol yet hersul f ones,

pol yettheri mi des, pol yphenyl enes ether, acrylate

polyﬁ%rs,'styrenic pol yners, vinyl halide polyners,
and Wl ends of the Mpregoing polynmers. 16. The nol di ng
co 'ti99¢ d aim 14, wherein said thernoplastic.

Hpotr'ynmer “CS bi sptienol RZpol ycar bonat e,

: 1,3-bis(g-hydroxuphenyl)-1-nethy|-4- 29 WO 2004/ 074349
‘PCT/ US2084/ 004208 i sopropyl cycl ohexane pol ycar bonat e,
pol ybut yI'ene terepht hal ate, pol yethyl ene . '
terepht hal ate, acrylonitrile-styrene-acrylate core

wisdieth IR 'Pie | sy1eeted  frode hyli@Bkr hhd €5 St &f 8h6ar and branched hydrocarbyl
al pha- mej hyl styrene-acryl ate core shell polyners,

grayns; &R ds pyraished Cb e Gopusirgenshy] group;

styrene-nethacrylonitrile copol yner,

a 1At Fﬁ?ﬂhﬂﬁ({ng?{é t adi ene- styrene copol yner,

acrylonitri al’pha- net hyl st yr ene- but adi ene copol yner,
copol yners conprising structural units derived from
a podyopénizableiatkeagli-chntaiving pganad mateaal, and r esor ci nol , and

and a second graft link monomer;

1

wherein said molding composition has ductile-to-brittle transition temperature from

about 0 °C to about —60 °C.

14.  The molding composition of Claim 13, wherein said polymer is selected from

thermoplastic and thermoset polymers.

15.  The molding composition of Claim 14, wherein said thermoplastic polymer is

" selected from the group consisting of polycarbonates, polyesters, polyolefins,
polyestercarbonates,'polyamides, polyethersulfones, polyetherimides, polyphenylenes
ether, acrylate polymers, styrenic polymers, vinyl halide polymers, and blends of the
foregoing polymers.

16.  The molding composition of Claim 14, wherein said thermoplastic polymer is
bisphenol A polycarbonate, 1,3-bis(4-hydroxyphenyl)-1-methyl-4-
29



bi sphenol A; and bl ends of the foregoing polyners. 17.
The nol di ng conposition of Caim13, wherein said

WO paot43mpdi fi er conposition further conpri SeBCT/US2004/004208
structural units derived fromat |east one acrylate
nmononer ‘sel ected fromthe group consisting of |inear

isShrbpyicRIdhek AleeS pollBarbMutdr g}%cﬁ%ﬁlt}q fndm® [Efé}ﬁﬁﬁél’%tg, PYvethylene

. conprising the Inpact nodifier conmposition o
tenephthelateT aerybomitrits-stywshe-@brylate ¢@p shtikpelymessaiackyhmitiitd-etyrene-

ONPr i S out dooy ., encl osures for electrical and
Al BB eat TRt eriee ricllc BT COTeRT R opBHIRopgpolymer,
stireh &R erytaNiteS copslhef, | Oe[crﬁ&ﬁtrﬂ%ﬁfaki_féhe-\éﬁ?éxfe' e%opolymer,
, . an

parts, external housings for ‘garden equi pne
acaylpwifrilenal phaanethylstyrene-bitadient ngcopalymesns cop@yiners peorrising

he .ar ti. ¢ d.ai rein,sai.d article .

st Bl o Bon  Briple, 08" GLoRBHF, i aeeinol and

bivpheda f andibbends of ttidvregoidpipoBsergut t ers, downspout s,
siding, autonotive bunper, doorliner, tailgate,

j nterior ts, and fender; external housing for )
ﬁg ard éﬁ‘ﬁ%ﬁe Rempegitions il CiiBot .WI?I?mAS‘ﬁgI Hpagt modifier

coafibRRdh { fultfeiC 8PSt NArRnRl YR d&RRNE8Ra@1east one acrylate
si'licone-acrylate inpact nodifier conposition,

mopnesispleptad Aiom e drduiperonsistnai lineanalkyd ronilaes
structural units derived from a silicone rubber

noger, ¢ el Si amet hyl cygl ot etrasi | pxane and...
1 e PRIy Rl "o e el MBS SruiBtnuon of
Claghécted fromthe group consisting of iso-octyl
acrylate, 6-nethyloctyl, 7-nethyloctyl, and

comhj,nat j.ans .the fqregoing branched. acryl ate
19 bl %ﬁsw@?@ame&v@a%%wgm GoPETivSBPUTRDEes for
elédiridagasd te@é!%nfnhﬁrﬁéatﬁh@?ﬁte(ﬂgdacr@n?gﬁg&q RRfart SREE Gk Gl MM evices,

the group consisting o
expaston sapely Ingstinsr oydly (ndirtee Extesop) metsings iforapardem ceqipment, and

exg%‘?iogﬁrgcf &Qén%?%h?léﬁli %g(a g%ﬁ. Sét'é{%{‘p:ahsa- pol yneri zabl e

contarnin al conprising at
| east one of styrene, al pha-nethylstyrene, -
20acr yltenirticle| of, Claieh Nag mikein §did lagticléreshiptiscdrixfaor whatigerior

nd .. . . !
au?omotlve parts, window frames, window profiles, gutters, downspouts, siding,
automotive bumper, doorliner, tailgate, interior parts, and fender; external housing for

garden equipment, and snow scooter.

21. A molding composition comprising a polymer resin and a silicone-acrylate
impact modifier composition, wherein impact modifier composition comprises

structural units derived from:;

a silicone rubber monomer comprising octamethylcyclotetrasiloxane and

tetraethoxysilane;

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

acrylate rubber monomers;
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at | east one second graft |ink nononmer selected from
the group consisting of allyl nethacrylate and
W eooalor4picyanur at e; wherein said nol di ng conpoBCT/USI004/004208
has ductile-to-brittle transition tenperature from
about 0 C to about -60 C 22. The nmol di ng conposi tion

atQbasEoé Mred loraMiGK Shdhondr %el' u i trr[rﬁg: %Tb% 8()1?8?%%% fI(i O ma-

further comprises structur a
mb‘dia@vloamowb(ﬂimtthoxmmnﬂmmameI ected fromddhe group (3-

on Stl |inear alkyl acrylates. 23. A-method for
mﬁrﬁﬁﬁtﬂﬁrogyg?jmegb%éls ©Fyl ate inpact nodifier ,
conmposition, said nmethod conprising: emulsion

a [polyniezizable ngkaiyllcORGINIQN Orinkd GG URRSHH ST QP BEastShe of
a flrst graft link nononer at a tenperature from

StylgRtst B]Ga"@ethd shpeny, acndomtrile, msthecwylasitrile omethyl hethacrylate;
atex; adding to said silicone rubber latex, at a pH
of about 4 to about 9. 5, and a tenperature of about
20 Cto about 90 C, at |east one branched acryl ate

atrledsb one sevoregrafdthikamosenanstlgtedf fromi thl giwupoe@isistiag of allyl

B RAR BRI ", o0, ST 07, po e

silicone-acrylate rubber hybrid with a polynerizable

widrkianld ﬁ’l@[ﬁlﬁ% RbmPosifbI AR Gudiid- ﬁf bﬁtltlettflangi@ibﬁ‘ t8mBédfule from
silicone-acryl ate rubber hybrid | atex;

abepkly ¥ b9yt ~8h$hi ng, and drying said graft
silicone-acrylate rubber hybrid latex to provide said

il = Agryl abber i 0S| Li
2 VBT S s DB 0 250 it SR BRfed oaitier
cohgmsition nfgrtberanahedsea catyricaral unitsbéerivednbomr athRastt e acrylate
forrrulg: Rﬁll H2 CCC~C~R2 |1 I-fl% Omﬁﬁreln Rl is
M SEgePd SRmiba ﬁ%’é’r?oﬁﬁﬁmélo linggr gl @glatesd br anched
hydrocarbyl groups; and R2 is a branched C3 - Cl16
23hydroemethyd f@r@uiAng a silicone-acrylate impact modifier composition, said

method comprising:

emulsion polymerizing at least one silicone rubber monomer and a first graft link
monomer at a temperature from about 30 °C to about 110 °C to form a silicone rubber

latex;

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

silicone-acrylate rubber hybrid;

grafting said silicone-acrylate rubber hybrid with a polymerizable alkenyl containing

organic material to form a graft silicone-acrylate rubber hybrid latex; and,

coagulating, washing, and drying said graft silicone-acrylate rubber hybrid latex to

provide said silicone-acrylate rubber impact modifier composition;
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24. The nmethod of C aim 23, wherein said nethod
further conprises adding to said silicone rubber
WO 2108074382 | east one acryl ate nononer sel ect edP¢T/UR0041@04208
group consisting of linear alkyl acrylates. 25. The
met hod of Cl aim 23, wherein said silicone rubber [|atex
0
R M oA R T RPN i m
23, mhereln sai d pol ynmerizabl e al kenyl containing
orgam'c material is at |east one selected fromthe
groupg consi sting ofi;styrene, al pha- nethyl styrene,
acrykenltrlke netqgerylon|trlle and nethyl

cﬁylaFe'\Q%//’ R
[N,

2

wherein R! is selected from hydrogen and C; — Cg linear and branched hydrocarbyl
 groups; and R? is a branched Cs; — Cys hydrocarbyl group.

24.  The method of Claim 23, wherein said method further comprises adding to
said silicone rubber latex, at least one acrylate monomer selected from the group

consisting of linear alkyl acrylates.

25. The method of Claim 23, wherein said silicone rubber latex has a volume

average particle size from about 100 nanometers to about 2 microns.

26.  The method of Claim 23, wherein said polymerizable alkenyl containing
organic material is at least one selected from the group consisting of styrene, alpha-

methylstyrene, acrylonitrile, methacrylonitrile, and methyl methacrylate.
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