| MPACT- MODI FI ED COMPQSI TI ONS AND METHOD CROSS- REFERENCE TO RELATED

APPLI CATIONS This application is a continuation-in-part of application
Serial Neo 206308838914, filed My 9, 2003, which is inpgradnelsmdszagrei n by
reference. BACKGROUND OF THE | NVENTI ON For reasons of an excellent bal ance
of inpact strength, flow and chem cal resistance a wde variety of

commerci al rubber - AfA-e: gpq?é gj{hmrlg@:g}ﬁ? ylonitrile (SAN)
copolynmers. The w g’@%ﬁ"%%@?ﬁ%ﬁ% [ yﬂgPﬁg’uc produc 12 i s found when
the rubber inpact nodifier phase is pol ybutadiene (PBD) to create the

famly of resins known as ABS. In order to inprove the retention of inpact
strength and appearance upon outdoor exposure, styrene-acrylonitrile

conposi t | OROSSOREFERENCETO/REISATENCAPPILIVATIONY | at e, such as pol y(butyl
acrylate) (PBA) rubbers, are prepared, known as ASA

(acrylonitrile-styrene-acryl ate).. However .. the styrene- lani trile
matrix poi@‘ﬁéﬁpgﬁ ndp &rﬁOP%/lE‘é?ﬁ{ yOrRALL0 ?R.PB‘P%“%@’{%‘@%?T@Z‘F%"@P" ?ﬁﬁddoor
exposur e Mag®, 2003, Ribich is ivexporated hereieby séferercet he styrenic structural
units are nore prone to photo-oxidation. Thus, systens based on styrene-

acryl oni tgli | | ﬁ?éltlﬁqﬁl how a tendency over tine towards

yel | ow ngﬁéﬁélgﬁgﬁt?% of the sur z§:e when exposed to actual or sinulated
out door exposure. It is well known_ in the art that hindered am ne |ight
st abi | i zeFer rersnsypf amgxesentchpdance of impagt seenstedlgynand chamicalfesiptangadenpt to
retard t déf\gﬁ% dAnbelaP FisbEt-Biddified BINRVARE ba oHOreR@abryldnieildALS i s
consumedhg% t he ts’)l’ﬁtf‘)éace of tge articl ee a% %lélhllgowf@gl can th%ﬁr}]’ ensuye with
further oARhsopelmasss: dhe t cupmprepd Nl h pppduets 15 fpunfvieg iie o ap) e
PBA r ubbepibegingiet aiodifivg pHAsSisspollbutadiene (RBD) degrear the family @f redind t and
gl oss loss_durin tdoor, expasure. .By contrast I éﬁw

i mpact - rmgﬁ“?v?”éas %ngdg‘ %rggrefé R 91(3 %‘%}%@‘Iﬁm ﬁ‘é{“ﬁ?ﬁ%{%"%’ﬁ@f incf &% the
cont i nuouspon girdoph asposares styenewaylonitilti ¢onepositions ccopeprisingvetileast a8g e PBA
rubber ar - | wg'j%e P APhubblts! hrel S8 kiffvn gXposure
to real oW%V%?%&q%tz‘gg’gmgmﬁgg n )an;o exggﬁf’ente ?g?enfe’i on of surface
gl oss undASA (eryleniile-sysineiasndateowever, these bl ends are al so often
characterized by relatively |ow inpact strength and stiff flow It would

be benefi gotleviO thE SBREMR-acefIBRGTlet Ak Pelyinees hieesipnifiesitlys lessrigdbite and ot her
advant age g s R Pl bufSor Sxsusufe fivhn th PEA Tubbat Substrats, Since 106 SEYToHte -
structural units are more prone to photo-oxidation. Thus, systems based on styrene-
acrylonitrile including ASA tend to show a tendency over time towards yellowing and
chalking of the surface when exposed to actual or simulated outdoor exposure. It is
well known in the art that hindered amine light stabilizers (HALS) may be added to
resinous compositions in an attempt to retard the undesirable photochemistry.
However, at some point the HALS is consumed at the surface of the article and
yellowing can then ensue with further outdoor exposure. Thus, even ASA systems
based on the more stable PBA rubber and containing HALS still show some degree of

color shift and gloss loss during outdoor exposure.

By contrast, the class of impact-modified blends based on poly(methyl methacrylate)
(PMMA) as the continuous rigid phase and an impact modifier based on a
weatherable PBA rubber are well-recognized for showing minimal shift in cqlor on
exposure to real or simulated outdoor aging and also excellent retention of surface
gloss under the same conditions. However, these blends are also often characterized
by relatively low impact strength and stiff flow. It would be beneficial to prepare
compositions having the impact strength and other advantageous properties associated
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with conpositions conprising styrene-acrylonitrile matrix polyners and
rubbery inpact nodifiers while obtaining the inproved weatherability
proper t iY@ 26058648t ed with conpositions conprising PMPKT/USEH/OdRE oach to
solving this problem involves incorporating nmethyl nethacrylate or related
nmononmer onto the rubber or elastoneric portion of the ASA conposition.

However , bvﬁthheanjﬂ@ﬂﬁbﬂsoumﬂpﬁﬁﬁg stgeﬁé-am@mhlmdtﬁk polyiaasr gniditr&bb'eSy not

ff t h
corpos: 11 BREt R R dreBi e BB R E AR Beablind Blor il b Wated
acryl onit mﬂhecqmpamuorpoqupnsmgrﬁvm&m e Om pprrbachnte Gotmng dhigeprobiem o
devi se anjn.giek %@d’x‘écl)rtﬁﬁgg mét‘ﬁﬁ Bes ot &élgte&’}néﬁrﬂér tfto The Hﬁib@%{ ylate

nonomer into rTEAeSI n a_ri hase an | rrpact nodi y| ng
el ast omer ¢J@stpma§@ Rartien prthp FOHBPStRR; o(flowms,r Hohet besn feund thahg i n

conposi ti gﬂf& ﬁggy APARE 8¢ hBQ M@fcﬁm@&ﬁ@ﬂﬁ?uﬁ t QREAGTHR detRestd
strength. ug: I PTIthO\I OF THE | ; p?%sen gEmﬁve tion rel ates
to rubberi f$ EPRBRFIHARS; EOIPEE‘?‘H& %ﬁ{%n CB FoT9%vel of

i mpr OVGWEHéryloﬂmihahimﬁx plyaedrf OTI'HaﬁﬁﬁeV\atﬂioblemew bs mowedais toaﬂévisectui ve

bal ance of @tg f!fow and excel | ent | mppact Steﬁﬁ%ﬁt{l LN a L.cul ar
enbodi men? p'f’g e 19T RGPS, 3y 2erviate Lo gle ghes ’td’

r ubber nodomp@mdﬂs&rmmmisagamgrcb;ﬂmse andrmpmtmyochfyuhgdaswmnnophaxlmh oneric
phase S asg a lﬁﬁﬁxto portion
of the ri éﬁ%ﬁﬁﬁhggﬁn%l@?@sgé %ﬁé&%ﬁb{i‘ }és %tﬂg eAmﬁ(gsﬁtlkgltsotr(r)\::r| C phgdse

whi ch corrpneatbetsngp@f@mpgem omum@myn@rstrznm@ a mxture of nononmers in a

first stage in the presence of the elastoneric phase, at |east one of

whi ch nongRerp DESCIRIPAIORIOF THE IYVENTMON consisting of vinyl aromatic
nononers and at | east one of which nononmers is selected fromthe group

(0) pol yndhe SresgRcRueom e SRBRL oA (it ic TR SRR 180 £5c - n”

the pres &mpﬁsmg lebel of ampmvement phaeatieriog feaformatcer with tdtentioneoHan nor e
mononer s the group consisting
of (Ci- c13 ﬁ]gfnﬁ gﬁ%ﬁ& Of%;b/l?afn ﬂ%ﬁ%g&%;ggﬁg%ﬁ& S&Eﬁgr{h anot her enbodi nent

t he present invention relates to a rubber m)dlfl ed therm) | asti ¢ resin
conposi ti dn qopagpaﬂ@dembodm@nhﬂnp IpseseBbinyention ielatesctos mgthod fex prepRaRE 2var i ous

ot her feag%ﬁbg gﬁsﬁm&m WORPrising! 41 AiROABRVBUS ieMsRidriNpRas¥iO
2005/ 0009 n}U82004/ 01434 w || beco m)re agtpare%on orfhthr et grence to

the fol | ofispgrserbdR a pigid thermerksiie mbase whet e Tigid

thermoplastic phase is grafted to the elastomeric phase which comprises the steps of:

(a) polymerizing a mixture of monomers in a first stage in the presence of the
elastomeric phase, at least one of which monomers is selected from the group
consisting of vinyl aromatic monomers and at least one of which monomers is
selected from the group consisting of monoethylenically unsaturated nitrile
monomers, followed by

(b) polymerizing one or more monomers in at least one subsequent stage in the
presence of the elastomeric phase from (a), wherein the one or more monomers
comprise at least one monomer selected from the group consisting of (C,-C,y)alkyl-
and aryl-(meth)acrylate monomers.

In another embodiment the present invention relates to a rubber modified
thermoplastic resin composition prepared by the method comprising the steps
described. Various other features, aspects, and advantages of the present invention




BRI EF DESCRI PTI ON OF TI E DRAW NGS Figure 1 shows parts SAN grafted to
rubber substrate versus parts SAN added during graft polynerization.
Figure 2 shows calcul ated and found Val ues for parts polyner grafted to a
rubber substrate as a function of w.%of total graft nonomer included in
a first graft stage. Figure 3 shows Dynatup inpact strength as a function
of Wt . % of wigdhesoo@sseft nonomer included in a first gcafukesd@gas Figure 4
shows ClI ELAB b* value as a function of w.%of total graft nononer
included in a first graft stage. Figure 5 shows the results of an

accel er at ed wikt dtdoateimde bpatenDWitiRref@énty koatht SllowigBscriplichOand appenpeisi ti on of
the inventiqp.conpared to a control fornulation. DETAILED DESCRI PTI ON OF
THE | NVENTI I'n various enbodi nents the nmethod of the present invention
provides a r. o) I {£ resin conprising a discontinuous
elfastoneric %ﬁgﬁ@Egﬁg@ibﬁ%fﬁﬁ#md}g“ c phase wherein at |east a
portion of the r| |d thernopl astic phase is grafted to.the eI astoneric
phase. The SPRIES &ratied FWE‘?PEFWW’W?‘“&% SAN added dugng r ubber
slbstrate fcgrafgro@fnﬁanagion.'l'he rubber substrate conprises the discontinuous
el astoneri c phase of the conposition. There is no particular limtation on
t he rubber sp@ﬁé D &h&wPElAkA0anidt folusd bS8 GB padts olyshed gafbd ROa RYbbat | east a

portion of aégb ftalbung’uon.Prf.l“){u}LoftJth bc?negnermtg % %gﬁgg%aﬁ tg%ass

transition t &4 i n anot her
enbodi nent hel ow %P? m nus 20C nd i t| | |Zogher enbodi nent bel ow
about mi nus w5 DYPHTR TRE P ¥ef O 0oWeHeri ved

from pol yneﬁhczlaiedmafuytgm met hods of at I east one nonoethylenically
unsaturated al kyl (nmeth)acrylate nononer selected from(C, -

C72) al ky! ( meigyraarsbwi CIEDAB R Halend nfuattiohed wiergirtotsl pgft atonomast one of
sai d nmONoNerg. .48 &é-éa’ the term nol ogy "nonoethylenically

unsat ur at ed’lﬁmaans %gtl%g[a Ssingle site of ethylenic unsaturation per

nol ecul e, ter m 0 at e, nbno [ ol l ectively
to acryl at nﬁ}}oévs Fﬁgﬁhg ryl%ﬁ)‘:61 %W fhering Asqﬁ’%{Jseaa ﬁer gll%tlgn

t er m nol ogy COBIPWBIQ@WP@&‘) tiecnysgtiomenmreted fyacontrplformulafipn. 5 appl ied to
a particular unit, such as, for exanple, a chem cal conpound or a chem cal
substi t uent IQEMpEDmh’BIﬁN@Fa"}EdNNENT&BNm content of from"x" carbon
atons to "y" carbon atonms per such unit. For exanple, "(Cl-C 12)al kyl"
nmeans a st rai GfibusC Babddimdits fiehmethed of Yied presedt kgvkntimbmbvitleseatruheoup havi ng

Teem 'O, bSO e B AR RS %&{wq HBEOR eladtherio pHaQ! k4T ted Lo,

net hyl, eth ro |so- t S u but.yl entyl,
hexy?/, hept if'}gl 2 fy i yfther{ag(l;dt%err%plasncphaselgl penty

grafted to the elastomeric phase The mcthod of the present invention employs at
least one rubber substrate for grafting. The rubber substrate comprises the
discontinuous elastomeric phase of the composition. There is no particular limitation
on the rubber substrate provided it is susceptible to grafting by at least a portion of a
graftable monomer. The rubber substrate has a glass transition temperature, Tg, in
one embodiment below about 0°C, in another embodiment below about minus 20°C,
and in still another embodiment below about minus 30°C.

In various embodiments the rubber substrate is derived from polymerization by
known methods of at least one monoethylenically unsaturated alkyl (meth)acrylate

. monomer selected from (C,-C,))alkyl(meth)acrylate monomers and mixtures
comprising at least one of said monomers. As used herein, the terminology
0 “monoethylenically unsaturated means having a single site of ethylenic unsaturation

per molecule, and the terminology “(meth)acrylate monomers” refers collectively to
acrylate monomers and methacrylate monomers. As used herein, the terminology
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and dodecyl. Suitable (Cl-Cl2)al kyl (neth)acrylate nonomers include, but
are not limted to, (Cl-Cl2)alky acrylate nononers, illustrative exanples
of which include ethyl acrylate, butyl acrylate, iso-pentyl acrylate,
n-hexyl acrylate, and 2-ethyl hexyl acrylate; and their (Cl-Cl2)alky I

met hacryl ate anal ogs illustrative exanples of which include nethyl

met hacryl al%® 2"@("%?? met hacryl ate, propyl methacryl at @CTUSHPIHMEHY |

nmet hacryl ate, butyl nethacrylate, hexyl nethacrylate, and decyl

met hacrylate. In a particular enbodi nent of the present invention the
rubber subs{GEe: Bewpligdde & padicylaynity sich gk ferexeraplpAchemical fopPpdy | acryl at e.
| n vari ous oealchahhiced rshibsstituest groiy) emeasubms/ingad earbrmyatah sontemmpritose“xS't r uct ur al

units der| a6 Jt&ﬂmoa@» L&@&Jat&ﬁgepe?%cm Y F&k eIk KL, ?wla&xﬁshsnvnoner As
used herein, t hterbm gf\‘/ﬂ Q@%‘ %1#1 eni calﬁ B J ﬂ db means having
two or nor &SEightchaly. bragched of gycli SHRHIER Froupdpaving fram L}I‘é groon

pol yet hy| enlomalpey group and rinclusids, i deraet lingitedotoy mnthsﬂsrpﬂlayewromyl,plpml de

Crofﬁ llnE pﬁ-ghtﬁs%élﬁ?ﬁrt- 1t pé&kyR SheR{Id hdpdy thJc@I'rﬂﬁyl,& Blubddeylki ng”  sites
in the ru rat.e, fo ction w n nononers.
Sui t abl e pﬁ?‘{lg?dr%cﬁ ‘Emhlﬁs( t gmﬁ@‘%ﬁﬂ@ oﬂ%lFﬁ%lémh&rj’t araégﬁ(gt linited
to, butyl etimitd a:e@i-@n)@lkybacyylﬂy|m@ew2@n@ustwu¥@ﬁ@mme§|o hisbtineledey | at e,

tri Lret hy: obmp&me,tuutya ARy lajenis6-peidyleacryhdtd, mlhemﬁrabmatey i B-ethgli n};ekjrl%/l

met hacryl a ate,
triallyl 5gr?']ﬁatr;?‘l {" (ém(lfgmﬁm cyléx’Jrllétfratakeﬂyéllil t1v e |s‘lbsc&ar%@ate t he
acryl at e ofncilude Yéd%‘?’f}@ﬁ alg: c G methgerylates B’E"E’é"c‘} lateni§O-B1OPYY east one of
such nononmeﬁxacrylateabmk meihadrjdate,ehda]ddnmryl&th@nd Wbdyb methabrglateatls a conpri ses
st [) gct ur a'bgztﬁﬂb&l&r Qﬁsddvlﬁelnfaom}etﬁrb@hd ﬂv@ﬁfﬁﬁ?ﬂa@tltﬁbbe} lrkussﬁrs? @dfg ¢srre3tfs the
rubber su ra 0. I se structural units erived from

m nor anoufl "Bﬁuﬂ’tt%%efleﬂiré Hlbépgﬁcgﬁﬁﬁoners for exanple those that are
copol ynmeri zable with an al k (meth)acryl ate nononer use taxag epare the
rubber substvABgus endepimsgise Edb‘?hef/ﬁ\ét?smﬂmé( Al GoraprLse; Siur “Efﬁjt are not

limted todexﬁr'edﬁbﬁx at&aa;tlonepolymhsdauoplly susbmitatedmandmern rAs tae@ler@l,ﬂ@lz aryl or
hal o?ryl ts Lg& cholyed: @{éi{:éﬂlyaﬁxﬁannaféﬁ” Mhekhd! hfdng tw %pfmorfuﬁ&eamyl enically
unsat urate 'l C.acl ds u r 1 C

net hacryl i thﬁ f“ﬁ 't‘%l’cB‘ﬁ %Olﬁé‘fed gg‘? cgﬁ %‘3“‘?‘% lM‘i’mmeiaﬁydr oxy al kyl
(et h) acr yloftere emplpyed ty (PEVide] yragslipking n%ft Hy argblgﬁr esicles @eﬁ taProvidy 4 WO

2005/ 000938?%1[45&2%44 Gl 24 ruBb@ xubttate. fon ystbsaxyent Peattione whin gratling e;

(CG4-Cl2) CYC 0al k;¥' W(ﬂ%l%t }%ﬁﬁé %%ﬂsaﬁ}m&g%n%mers%ﬂ&ﬁheaﬁut e%t ﬁfﬁﬁé@' e,

cyclohexyl acry acr noners, su for exanpl e,
acryl ani de to.mebydedey | dieaiaten Nlllélubgf‘ﬁzfﬁt eduigs v dgh ¢ aérylate,

met hacryl anmdeﬂsylolpmpmerm(inahmhwealm nethetrylate, diatlyl mesthaspilate, dindlyki i de,

N-al kyl Byl hkumfé &miyif pmhgﬁt% fadly lhﬁkﬁé’efr}lﬁte,sb‘ﬁﬁ{]bia!dﬁﬁﬁ nal ei ni des;

\r/r}a ln;: CaC 2tn )| ﬁyhﬁdyan\&a@/ the a}le of%cyelrodeceny@fcohngt & it omp@i%ingfap r exanpl e,
least one of such monomers. In a particular embodiment the rubber substrate

comprises structural units derived from triallylcyanurate.

In some embodiments the rubber substrate may optionally comprise structural units
derived from minor amounts of other unsaturated monomers, for example those that
are copolymerizable with an alkyl (meth)acrylate monomer used to prepare the rubber
substrate. Suitable copolymerizable monomers include, but are not limited to, C;-C,,
aryl or haloaryl substituted acrylate, C,-Cy, aryl or haloaryl substituted methacrylate,
or mixtures thereof; monoethylenically unsaturated carboxylic acids, such as, for
example, acrylic acid, methacrylic acid and itaconic acid; glycidyl (meth)acrylate,
hydroxy alkyl (meth)acrylate, hydroxy(C,-C,alkyl (meth)acrylate, such as, for
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vinyl propionate. As used herein, the term"(meth)acrylamde " refers
collectively to acrylam des and net hacryl am des. Suitabl e copol ynerizabl e
nmonomner sy@hgs/obgags ude, but are not limted to, vinyl aE@/iRbiGoIBEPTErS,
such as, for exanple, styrene and substituted styrenes having one or nore
al kyl, al koxy, hydroxy or hal o substituent groups attached to the aromatic

(109, L USU Gy aRl O] bl 9, 8 SRR e SR TRE LY
met hyl suely aa,&mmpl&sroarylohawl arylatep (theth)acrylamide, monamers,sugh esie,
t-butyl g5 yéﬁﬂﬁyé%e%ﬁlgq%rﬁngfse{rﬁ@&ac&ia?xpﬁﬁa%&”W&ub&ﬁtﬁf‘ed-éigﬁ roeosd’ryr ene,

tetrachl oros yrene ronnstyrene rene,

p- hydr oxxefhaerdamid eﬁ, Je; manemers, syl 196x 105t example, Jpaleipride, N tituted
congteﬂsleﬂararhﬁa@t I N- ngmaldimrcteyr ad lﬁiid@&'yﬁs suﬁsﬁfutecpxlaaléhﬁndeyl 'B{éleltc

napht ha we a ures of vjin aromat.i c
nmononer é“g ?F)éﬁ?‘s rvylﬁr OFF?‘?‘BPII‘?DNBW\}QPE etdgdndss £ or

exanpl e vm;alqjmiwﬁmer IAﬂsedtH&tBilﬁ,yth@ mertrr i‘(h&xh)aagrtmdw rifdrd r:ollecnvely to

al pha- bro ‘%?lon‘t gh 1%8’21& chl ona ggéi%l onitrile qshr tuted
Styr enedoaicks 34, pisthagey HTHIE Copplymerizabls pnomers g Thliag, ¢
sui t abl duflare nethlivaited bdystinglt a‘oma’gxc lnsoroness rsuch as,clomeramplep sl:yranb ande

i ' 94
bor cont %Bbéﬂ*u@&%Prgrgﬁ%@réﬁér?%a%%éYaﬁb%{mW G or talb Bl
about 8@rerpscattached towthe aromatic zing: ircludingihbueti peinlimited 4oy alpbp-mgthyl om about

15 to at&?ﬁ&n&‘gg-ﬁ@ﬂh ERyren¥, 38idxthy ]s!y?en%n@-tnbﬁb B@P&ﬂ' Vﬁ f tohden®, AlpH£! of from
about 357tp0 a

out per.cent .b in an nt at a | evel
of .f r ommetBYk Viny t?lb‘e%o‘ﬂ?yl8’®’ ﬁ‘é’éﬂﬁ’%&é@r %?‘bem%“tﬁ r?tlgﬁ%et’ g?“nqeﬁ%‘(?ﬂ?’rre nt at a
| ﬁi\; elj Ofchidrééty@hlé)tﬂlpklﬂﬁcﬁlemai?%ﬁe ﬁﬁhmwﬁeﬁe, b&trabﬁlggrbo Btyreﬂe]damrgoﬁyﬂehé ) agot hgr
enbodi e a leve om apout per cent t base
on the tagqlgrabrﬁgo&m'en& tffi!f’{?g?% % on P 3X$8¥K3é¥fe&ﬁbod Pr r?é’ﬁ‘ioﬁ #%n?’ubber
subst r atreethosystyrengoambeny]-substimtgiomintiensed acimativaringstawhires; such a5, favel of
from about ut 8 to
about 40™ eP%eéwwéeégﬁPQ%éﬁﬁgémﬂ&%%vg?%ya#rom a %hf%i ma@%ﬁt 30
per cent thgnaxesrsand nme Jenically unsaturatedinitile gronpmers sshpddor example, Wo

2005/.00QQ. g;ﬁ {Jg %i&%ﬁ%%ﬂ&ﬂﬂrﬂmﬁn&o alRbibrétbatrylohitileddridoalp Bél- the
particle L Str] Lon of the ru‘gﬁgr substr.at.e Féq‘}osi‘{t nmes r ferred to

her ei nafqh&foégf}"rl‘?ﬂlﬂ %tl SETBRES sOf SRyt r ubber
subst r atghd A hizdisaigal)e af t i ng). In some enbodi ments the rubber subst rate my
possess a broad particle size distribution with particles ranging in size

Si 26 of it TRSbenS B et B aibsetl f afinoRiERRS Nl ghyolusPaR BRI D
enmbodi meEmmdithentrasam lqvel of Som a@uielooﬁo abiout Pdmsegent by svights W‘B@r in a
range ofe heldaen A00WveB8R Roal'dbaRa® to about 80 percent by weight; in another
embodiment at a level of from about 15 to about 80 percent by weight; in another
embodiment at a level of from about 35 to about 80 percent by weight; in another
embodiment at a level of from about 40 to about 80 percent by weight; in another
embodiment at a level of from about 25 to about 60 percent by weight, and in still
another embodiment at a level of from about 40 to about 50 percent by weight based
on the total weight of the composition. In other embodiments the rubber substrate
may be present in compositions of the invention at a level of from about 5 to about 50
percent by weight; at a level of from about 8 to about 40 percent by weight; or at a
level of from about 10 to about 30 percent by weight based on the total weight of the
composition.




500nm In still other enbodinments the nean particle size of the rubber
substrate may be in a range of between about 200nm and about 750nm In

ot her empmddosmonws3s t he mnean particle size of the rubbePC3uISgasAl4B43ray be
greater than about 400nm In one aspect of the present invention nononers
are polynerized in the presence of the rubber substrate to thereby forma

graft c Ieyﬁ% a?&cmﬁ%tﬁo%ﬂthepmﬁaevsﬁ&ecdismuusﬁlsme%ﬁaér sutafrhed to the
rubber pha portiqn qf em cahl% rafted to

r ubber s(amﬁtfra%re&ﬂﬁ&rtpwsem rr%ql E %%t? gﬁae@ls
t hﬁr [)m ?'ﬁﬁlﬁdrféubé’t&f@fdlmmﬁﬁg g@ltﬁnag)t g {samale?_ipddenaﬁk meemggeij mmwmy t ha:
exniprts a as;s n I ONn rat u Ln_one e oal reater
t han abd?PFS HRD10 &ﬁ’ﬁ%éﬁéﬁ%ﬁ?ﬁ%ﬁhfpﬂ@ﬁi EREE i g ag‘I’OQQOC and
in stilI50anptdhatsout d6dathnentothdr ambediments tizeymean pguile sice 20GE. rubbcra

i cul |
part1 cul QEeLodl TR Mes!hifh Ald: Jddie! APRIPSEFeRBERmARTRL g paibR' VITer

havi ng derive nonmers setected from
t he grousize cf)tht)l mibberysulfstrate, may beanka rangaref batyeeq gbout) 80nny pad abewnoner s,

vinyl ar ﬁ@iﬁfmg&re%@gm %Iﬂxéé,eﬁarﬁ@hls&ewﬁﬁé HibbEe hibstrdts Iﬁa«y
: tab - th | at I
ot | charerormae of hefwens AGRu3Nar € Sbpuk 750w JP bt ERtOdn Ao 5

i ncl ude &E&Qléi‘arﬁﬁé sﬁebfmehabsér@abm&maﬁbé gﬁaf&m&buomom the rubber
substrate anpl es of suc polyrrers include, but are not limted to, a

t I tril | ph t hyl trdl
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mi xt ur es. ment s rtgl %ast ic e co% es one
or nore Gbikjls a W%I%F@“eé ﬁ’o‘l’ “I‘SPBHE ebEIIaII‘ P8 conpri se
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enbodi meffEoe e’PI‘gfI%eaE ?RJBI I0&e conprises a vi nyl aromatic pol ymer

having first structural units derived fromone or nore vinyl aromatic
nonomer slmﬂarhendanqnbmhmnﬂﬁmtngld thermpplastic phase comprisdsrpprlpRer bavingr e

ronoet nYLERLEA il RAIHA HBE ofl Id:! lBrd AGHERGs deleERl Bondfthe b/ Ny

aromat i ¢ pol ymars [ are not Imted to, a st pe/acr lonitrile
copol yneeqnsisting| Qﬁa(Cnﬁai)h‘}Wh yad n@W’a@P%ﬁhBﬁml?tFl HONOEISEs ‘X
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ar omat i cCralkyl-
monoethylenically unsaturated nitrile monomers include those set forth hereinabove

in the description of the rubber substrate. Examples of such polymers include, but are
not limited to, a styrene/acrylonitrile copolymer, an alpha-methylstyrene/acrylonitrile
copolymer, a styrene/methylmethacrylate copolymer, a styrene/maleic anhydride
copolymer or an alpha-methylstyrene/styrene/acrylonitrile-, a
styrene/acrylonitrile/methylmethacrylate-, a styrene/acrylonitrile/maleic anhydride- or
a styrene/acrylonitrile/acrylic acid- terpolymer, or an alpha-
methylstyrene/styrene/acrylonitrile terpolymer. These copolymers may be used for the
rigid thermoplastic phase either individually or as mixtures.

In some embodiments the rigid thermoplastic phase comprises one or more vinyl

aromatic polymers. Suitable vinyl aromatic polymers comprise at least about 20 wt.%

structural units derived from one or more vinyl aromatic monomers. In a particular
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pol ymer having first structural units derived fromone or nore vinyl
aromatic nononers; second structural units derived fromone or nore
nonoet hyl'eni cally "unsaturated nitrite nmononmers; and third structural units
derived fromone or nore nononers selected fromthe group consisting of
(C -C)alkyl- and aryl- (neth)acryl ate nononers. Exanples of such vinyl
aromati ¢ plodisisoesdicl ude, but are not |limted to, pcr/US2004/014343
styrene/acrylonitrile/methyl nethacrylate copolynmer and al pha-

met hyl styrene /acrylonitrile/methyl nethacryl ate copol yner. These

copol yner s effpdimbst ths@sld tHefmdplBtic pHabdkobipAER A S hromatiR) [R%Ence hmeg'
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derived fromone of nore noefnhITenl ca Y Y O RSACUTAred Rt 1t € nonomer s,
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copol ymer aiisilet iénoiiegi AExaple3wiflsac vifyl pidsdic lymzes include)dut semodi ment in a

range of b aho *ﬁ@’% ree her
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anot her erPBB‘HY%ﬂPr ha-gg Isﬁﬁ‘e TREE/ArrEpYHe ¥1E°Eab18Lﬁ“° percent by
wei ght, andaiticulaty embaiixoért che mghbdlenmplasumphase a:loglpns.tﬁ denyleanmaiout 15 and

about 30 pey oﬁyﬁ[& HRV¥ing ¥R 498 huctuP R SRS %n&éﬁeﬂ&ﬁ' et oxoﬁmokhﬁnﬁo%in)(ﬁ@r
conprising 't

raft copol r and the _rigid thernopla The
anount of JREPEES s‘?°ﬁ'é‘f s derigest fiom °‘1°h8r FSBb %ﬂi}gggpgi d nononers
conpri sing lmmuatﬁgnilnlblmqmuptsasnd thirg strwgurelavnits glevivadhireh ong ©F more/e anount
and COWO%&ﬂo&ersofselé&&l rfetia €the P BASE - cdn&sﬂ{ge PO AT IRyl gHdeaky@r than about

10 wt 9% of a%l%%gfﬁ %ﬁ%@%@ﬁ@ﬁ&l}%ﬁ&%ﬁcﬂ&@% lied Lo the

|
rubber, bas%ﬁgacry{l%m "fang‘ B‘P ase in the
conposi t i orpot Ilﬁnlﬁﬁof%e?tyr@??f?éﬁ'i"ﬁ‘ﬂﬁle/me@ﬂ enethacrylate rcopplymer £8d \alPhe; of t he
rigid ther rm@hﬁsﬁrem/aai‘ymﬁnle&naﬂm mhatledetylateg capblyatr.t These xpolyumisisemay based on
the total aazg,yéatfo%eﬁ i SDPlRS L N OREatl b bMiiREDOST L on. 10 sti 1]

anot her enb ment t han about 20 vt % of the rigid therrmpl astic

phase is ¢ afted to the r bbe a unt of
rigid the?ﬁ@?ﬂ %?% tﬁérécqpﬂg'frﬁg e &rj%gem ﬁ"%nﬁe‘? &&e‘x{&l c?ﬁ% %‘?ngdl ment s

t he anmpunt usaturpied)inijrileyapnemsrsa shencthe rgle Iemmebamtsmg%éh EWOVEeE he rubber
may be in acof@ﬁg@g dfe graf¥\CopddndrGRA RS riid TihtMmdpPRicOdhdSBay betimesn about 5%

and about 90y 1% ﬁggfﬁﬁg&%ﬁlaﬁ&l{gw h@%peﬁ:@ntxgyw@lght,lﬁ?ﬁmp about 15%

and about 8

Yo.an t ween about
20% and abcﬁﬁ‘fb°§’€?e6\km‘?’qra°§8§§€e%??nta ‘g‘I‘b"&'n?g)tﬁ?fce‘btf rvfeéqhgm gﬁmpl astic
phase in t hentodmsosinta renge dfbetysen dtdlnalo adrdditAdrnercentdiyovrighkand dn 90wt % of

me ri 9: d E}é@%ﬁ@i&r%&bb&nﬂﬁﬁiﬁh faﬁgé; bEBstwdeR albotSL5 adrabgitadet peicentThe i gi d
er nopl ast’i ¢ resen ion in one
enbodi ﬁent %?lg}grh \%eqn efw?lgﬁr%? oo 01‘@%& glﬁs?)ﬁtﬁt&g&ﬁ@hﬁeo% t?/a/d\(/a\tg% ght; in

anot her rigid thermoplastic phase.

The amount of grafting that takes place between the rubber phase and monomers
comprising the rigid thermoplastic phase varies with the relative amount and
composition of the rubber phase. In one embodiment, greater than about 10 wt % of
the rigid thermoplastic phase is chemically grafted to the rubber, based on the total
amount of rigid thermoplastic phase in the composition. In another embodiment,
greater than about 15 wt % of the rigid thermoplastic phase is chemically grafted to
the rubber, based on the total amount of rigid thermoplastic phase in the composition.
In still another embodiment, greater than about 20 wt % of the rigid thermoplastic
phase is chemically grafted to the rubber, based on the total amount of rigid
thermoplastic phase in the composition. In particular embodiments the amount of
rigid thermoplastic phase chemically grafied to the rubber may be in a range of
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enbodi nent at a | evel of from about 65 to about 6 percent by weight; in
anot her enbodi nent at a | evel of from about 60 to about 20 percent by

wei ght; in another enbodinent at a | evel of fromabout 75 to about 40
percent by weight, and in still another enbodinent at a | evel of from
about 60 to about 50 percent by weight based on the total weight of the
conposi ti omo Joes00debeer enbodi ments rigi d ther nopl ast i ®CTVRWB4014883/ be present
in conpositions of the invention in a range of between about 90% and about
30 wt % based on the total weight of the composition. The rigid

t her nopl aStHeDNepllﬂaB@tMaﬁtEaﬁoﬁf 0@ ovt $6] Bdtwednyabpol 106 mhd aboup 0 car¥ei ed out in

the presen ng%saﬁ@ Ju@k?v@r’/ Wtw%%éﬂohpﬁ"/@fan@%upfo Wemsepar ately
pol ymeri ze (ﬁo atlc r.s tdoarlcthJ% gog dt|c pol yrer
that has b P("ee PPy oYt & ﬁ’Y‘e e rfsedopn e TR RGO Oh Gt e, When at
| east a porthérmnpladtic phspar&b e¢1yposlﬁnn higyet ettierrempodimentaraboys|48 42 I&wiohase i s

added to copResé L ermbilRtc pite is &V Wi isPhonsBhfbdsepar at el y synt hesi zed
rigid thernopl astic phase added is in an anDunt in a range of between

about 30 WtThe Merﬁp) ncgag?sym g%%lﬁ?é RS LR 08 e ﬂenﬁ&ﬁ%oﬁé“' re

conposi tion. bstrates each. possessing a
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illustr at ' Vel%ab%mmeﬂd 5{3‘,{1&&1%%&' aboutsaﬁda b e?ceﬁﬁ@"w?i@ﬁté%&ioﬂgr ?hdl ff te;] ent
mean partic ze of in re er, en
t he rgt i os Bt °§’§1th %ttfblﬂﬁll 8¥§gmr?§°‘§efé B%l“t 4ar?%rce& by ‘%‘%Q’ 5’86’[‘ %g to about
10: 90, or iamotheremhgdimsht algdemel gfroakay @lﬂb°‘2§0819f°e@rbY|WF‘@t bassthe of about
70:30 to ahﬁuﬂxe&QalRQelgﬂtrbf&wamgﬁﬁﬁch nhﬂbﬁer@é’inboﬁhﬁdn&lngidllﬂhﬂﬂo;ﬂﬁsh@trate W t h

smal | er Oﬁhagel fa %ezgrfieﬁt ﬂxh;%mg&ﬂﬂ{ns 6f H? iorl 1 SHfd: 6F talvBSl aoant ai ni ng

nore than L NIt er subsirate. The rigid
t her nopl ast?oc:/"ﬂqag%mﬁﬁy"%e ﬁﬁ%l‘é“'&%f?&l&ie g %‘?E\Rﬁs“fﬂnocesses for exanple,
mass pol ynerization, enulsion polymerization, suspensjon polynerization or

conbi nat i orEhetrigit tefmoplasiis phiase may becfarmedsolslyrbyi Rofymsrization catrigd opt dther mopl asti ¢
phase is Cdﬂ@megeal:é dfrbﬁﬁ&ﬂﬁﬂstrate&by ad@itiad s of moiehq)afaiﬂbjnpcﬂymém&b via . f
reaction wi r e graftin
reaction %g%% orrre OIY%é%e%afp Iﬁg?&n% %20&5}{;&8& 38 PCTI Usg$04?014343g
cont i nuous Y@"é‘ﬁ? %ﬂlell?ﬁ%%@ 9B %é‘g’?“ pidh deast 3 PRGOR 85 i ncl ude,
but are nogepiratalytsgnkhésized tigidsiberdmmplgétic phasels deelﬂatp @nmpmns,shmhe 631; and

U S. pat entale&i%ﬁH's%teﬁeﬁnﬁEsxm righih&dpldhd phisc hedtd (rihabanoudd, 1997. The

L st o B g,

resi dual [ Se_structural ber that
wer e deri veehtife ermpesigiont t Twaler meprerdiffremt ru é‘l‘PﬁBﬁ sp°8?esst“}$eapresent

i nventi on nEGRERR mehapdtidgsikomay bb aepasattbs 'emplbped/\int guch e golyowiization f or mat i on
of rigid therumpLaphLeme ARG SRRl (ReMBd th AStANE SmbbilihgiwRdrein

such products each possessing a different mean particle size of initial rubber substrate

are blended together, then the ratios of said substrates may be in a range of about

90:10 to about 10:90, or in a range of about 8§0:20 to about 20:80, or in a range of

about 70:30 to about 30:70. In some embodiments an initial rubber substrate with

smaller particle size is the major component in such a blend containing more than one

particle size of initial rubber substrate.

The rigid thermoplastic phase may be made according to known processes, for

example, mass polymerization, emulsion polymerization, suspension polymerization

or combinations thereof, wherein at least a portion of the rigid thermoplastic phase is

chemically bonded, i.e., "grafted" to the rubber phase via reaction with unsaturated

sites present in the rubber phase. The grafting reaction may be performed in a batch,
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| east one first nononer is grafted to rubber substrate followed by at |east
one second nononer different fromsaid first nononer. In the present
context the change from one graft stage to the next is defined as that
point where there is a change in the identity of at |east one nononer
added to the rubber substrate for grafting. In one enbodinent of the
present i Nny@YobRockPr mation of rigid thernoplastic phaggsagdhugsafting to
rubber substrate are performed by feeding at | east one first nonomer over
time to a reaction m xture conprising rubber substrate. In this context a

second gr afdhn b6 RAEW IS rcféesg' TR epte i&au@g%?&ﬁnésﬁndﬂh%rﬂﬂ‘é%d into the

feed stream i1 the resence t nononer. At |east two
stages are™@ HHPBWB P Eyehip rﬁg%a'ﬁ’i‘tt% Mégbﬂﬁnflmwa@?@

enpl oyed. NesgalfNe.418/962.438, fdadaQ@uolies 3pelPdr el upsatumtaingites in ﬂmrr@bnn)norrer S

sel ected f Qé@a&é&ﬁoﬁ&é&uﬂr eI by RYidRS whlafidteddiRiRhdze SRRARR hufiitand

nonoet hyl en|f a %ﬁﬁﬁg%saeteu %'%e Bl ;tll’l nononers. In a particul ar enbodi nent
grafting i & ﬁ’g YR 974 If"?{1<5{1¥‘r1xture of nononers, at
| east one of which is selected fromthe roup, consi sti n of vinyl aromatic

monomer s arf@ embodimsnis obthe PEFP"‘%RA‘R"@PP‘WS“‘%‘@P@& ing ¢ FHPperHY ﬁa@d’ﬁ‘ﬂbonm sting
of nonoet hybasndiaht fyrmatiemddgd eﬂmmpuasud phasein performed 1V etages wheréirast one vi nyl

ar omati ¢ M. R oﬁaml.-rq afbmeefan&@%]d #7E oue nitrile
nmonomer are eng“hé rr}r raft sh‘? e rati o of
vinyl  ar orfitiope [T‘c’fﬁ’@ E‘E“ﬂ e & reﬁ‘??éﬁ?’ﬁ?’% ?ﬂgF oL mpnomer i s
in one en‘rmdlgmé’mtagertoahermxgw deffingrb asvthehpeilgovherd therecin@ chbrpetinghel, i n

anot her emyagiiREstat idast oRe DRAGROlddREIWEE RubBRQMbstrhteSor graftilg AbOBAe 4: 1, i N

still anot her ﬁnbotd(l)fnﬁnt ré Qnta’m{le%pgneformatl(?ne% Pgia bouélagmb%l%?diﬁgout 3:1,

and in stilT8 el € range o 1 and
about 3:1. graftingie rabher %ﬁb?t@éF werprfirnedby feRdingat, lmonerﬁa%tlne?nemer Q¥Fhyl aromatic
nononer t o thimoatrbatieinixalré yonpiisig mitbereshbstiatel iTh ¢hisxnereds seeodigiafed in the

first graftg siaBb %gaué %vh@nbglaﬁﬂ&en@ ngm oBr Rlintr& SRl RRPthS UDSPANERin Sharge

follow ng s I TSt sta |s per med with one or nore
monomer s s dIFESERE AT 4SEss P dgfgﬁlﬂf’“e’ﬁ isting of (C -Cl2)al kyl- and aryl -
(meth)acryl ate nononers, vinyl aromati c nononers and nonoet hyl en| cally 9
WD 2005/ 000%3i8asbe7y (Segs0us Grabas! o niine altbpugh @Adifienafrshgswepdy be n a
particul ar epiphaedd."ThRé figst gfafii stgge |1§p¢3ﬁmﬁarW&hionmoxamorehmmemrseleaabsequent

stage with Qpe ﬁbgﬁm&svm?{( a*o%ﬂlﬁ& @ifs ml inbetyisithpt ed from

the group consi sti Cl-C1 acry nononers.

| at e
I n anot her ‘Eé?F'E‘P'&? ?’Fre B?‘é‘f“t‘ﬁr r“hge pFrrqrﬁlF e%st one
subsequent fattagpgewwithha almmtotimwnomerﬁmdmt @e Cﬁtwm@amsebﬁed epmih¢ ch i s

sel ected f ré?&ﬂp éoﬁﬁst%%ﬁuﬁ@ Ql%in‘éﬁé Bﬁn&ﬁerﬁ Geld AeliasBbeydf wideilis selected
ar yl - (et h)c‘o‘g ﬁ)&gr%: rég]?sxos \Hn%oﬁ monoe rrgl[exlngﬁﬁrounsﬁﬂ“ftec? Intnﬁ@ kn%noﬂ‘xe?s S%@&t ed from

t he group aro
at least one vmyl aromatxc monomer and at least one monoethylenically unsaturated

nitrile monomer are employed in the first graft stage, then the wt./wt. ratio of vinyl
aromatic monomer to monoethylenically unsaturated nitrile monomer is in one
embodiment in a range of between about 1:1 and about 6:1, in another embodiment in
a range of between about 1.5:1 and about 4:1, in still another embodiment in a range
of between about 2:1 and about 3:1, and in still another embodiment in a range of
between about 2.5:1 and about 3:1. In one preferred embodiment the wt./wt. ratio of
vinyl aromatic monomer to monoethylenically unsaturated nitrile monomer employed
in the first graft stage is about 2.6:1.

In at least one subsequent stage following said first stage, grafting is performed with

one or more monomers selected from the group consisting of (C,-C,,)alkyl- and aryl-

(meth)acrylate monomers, vinyl aromatic monomers and monoethylenically
9



nonoet hyl eni cal ly unsaturated nitrile nmononers. In another particul ar

enbodi ment grafting is perforned in at | east one subsequent stage with a
m xture of nononers, one of which is selected fromthe group consisting of
(C1-C12)al kyl - and aryl- (meth)acryl ate nononers; one of which is selected
fromthe group consisting of vinyl aromatic nonomers and one of which is
sel ect ed f mwnobdamosgs oup consi sting of nonoet hyl eni caldmpswnsatiss at ed
nitrile nmononmers. Sai d(Cl-Cl2)al kyl- and aryl- (meth)acryl ate nononers,
vinyl aromatic nononers and nonoethylenically wunsaturated nitrile nonomers
i ncl ude t hossatalesad nittile thonemers.nEwpeeticulan eabalihent Yrafting id pesfoags ih ke amount  of

g‘)pgggre gpﬂ%&%’ %Heegnﬁfs cﬁ&ﬁfsugg%%l} ax{rc]eUJ} e ﬁdﬁgﬁﬁe{sata? léa§t beid SF‘\%Iur engl)g??rénit n
0

in a range SB% %@t&fé‘ﬂ b8P SCaREISEE, Q @m&ﬁgﬂl@’\g{ V\imd%ary ﬂ"
ermbodi ment menomersanigeanotherpsrticalan embesiinent @raftingds apeifoatned in @0east 0% in
anot her t ﬁmﬂéﬁgﬁﬂt sthgd vt 2R8@ure bf Eeﬁdfﬁﬁsl l aﬁl@&%neléf\ﬁﬂznéﬁfﬁé%cﬁb%h 85t W§30 %
in anot her di_nmen e 0 abou
o2 obere e R0 oS i @ F2RAS: Sha RGN nflbrths HERIRPSE'
and about mlewf v%ch lbepé@tfd&mﬁegmpapnswengn’iwl mmﬁemomram f or
gr a}‘ ti ng :c NnédoethgleMigally. unbatur@te® nithl mhdnote) If AheHEENPatticdliteentiotinitht of nMoOnomer
enpl oye OE @E gt e, s }Etaﬁ in a range
of between u? ﬁm\é\fﬁeméﬁggg ?Hg'g&éf&t%gé@g’d ont &%lgtlgl? |Br\%l’el ght of
monomer  enptSydwhigh 1y seleqted, °i“nﬂ‘élgr°‘§’t sepeisting-gf + CerCr)?bH - t hen
grafted to (metixerylsebotonzre onmoﬁmlech]s seleted fonathesgréuy doomtmg of yingll f i r st
Fubber 'sEb?%?ﬁr’“bﬁ“**eﬁia"f“‘se'cgf*"""f'maﬁssﬁ*é“w% @5‘?‘“’ PR 2 hen at

S
| east one (B E‘i‘?f’é‘f:ﬂ | unsgiigpte rﬂ%%nﬁoﬂ(}%ﬁyl g%g%ﬁb Bi?g‘lﬁ é%ﬁoyed f or
grafting tdmeﬂmefla%ub@mrmr% ivinyh aypmafic fraedomirsnganchemppgedylegicalle t hen t he

amount of SakgluratedBiti) aoRYthat RchléBoRdeicibédhefatdrodi nent in a range of
bet ween about 95 wm. % and about 2 wt.% in anot her enbodi nent in a range

of between Iﬁblﬂytﬁréogrm s @ﬁﬂ anfRAUBE faoWbméd enhgflo RslirpBbRE N a

range of bet en ahout

7 . % and abou | t er e dinment in
a range of TEWREH RGBT E™ yﬁﬁﬂlggﬁg&fmfenlﬁb%£tyg%)
PCT/ u32004/m4343nqﬁ1er%nbpmmamm heangeefthstivese phout & vi-% gpdjeboyt 950‘&%en about
45 W - % andinapethdr etnbollinféit inANEnderbf Wefweanshobe10 @R dhdvebuiut P0wa%e; amge  of

bet ween abo #ﬁ%thépexﬁﬁodi{%&;’t‘ﬂt QQ&H&E of bﬁween/%bot&ﬁ%?\%% dSpbt & wii gt of

nononer enpf o of nononer s
conpri si ng @ptherpeiod B‘ilfét é’a@f?)r‘lQF g 38&? Atyp an(ir?B?‘H;%hW’ 8 Bononer is
enpl oyed f oyet gnaiheriempodimentLib Berangsudfdtetveer about 30 svalpeandfabputoll W%t he fi r st

stage, t herbakaﬁod/‘@he/ ¥ wéight! i nftfnomed %ﬁ&ﬁﬁtﬁﬁﬁﬁﬁi@t B AIDSesEsr Iﬁ oné he
torality of Olifh eiPoden tht Snioln®f mSHReT dilycd rod HARME «8'rubtich ween about
substrate in the first stage is in a range of between about 30 wt.% and about 95 wt.%
based on the total weight of monomer employed for grafiing in all stages. Further
monomer is then grafted to rubber substrate in one or more stages following said first
stage. In one particular embodiment all further monomer is grafted to rubber substrate
in one second stage following said first stage.

‘When at least one (C,-C,z)alkyl- and aryl-(meth)acrylate monomer is employed for
grafting to rubber substrate in a stage following the first stage, then the amount of said
(meth)acrylate monomer is in one embodiment in a range of between about 95 wt.%
and about 2 wt.%; in another embodiment in a range of between about 80 wt.% and
about 2 wt.%; in another embodiment in a range of between about 70 wt.% and about
2 wt.%; in another embodiment in a range of between about 50 wt.% and about 2
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about 1:10; in another enbodinment in a range of between about 8:1 and about
1:8; in another enbodinent in a range of between about 5:1 and about 1:5;

i n anot her enbodinent in a range of between about 3:1 and about 1:3; in
anot her enbodinent in a range of between about 2:1 and about 1:2; and in
yet anot her enbodinent in a range of between about 1.5:1 and about 1:1.5.
The conp03|t|o§F of the present invention can be for 'a{ 1 sef ul
articles R 29387 8enbodi nents the articles are unitary articles conprising
a conposition of the present invention In other enbodinents the articles

may conpris 0Si t t he e Lhgtion wth at
I egst gﬁe cﬁl{al’n?né’ eﬁemlfoﬁﬁﬁ?g%agrm%p ?“&Qﬂ’ % °9‘?2PI‘I‘%I ’pol yners
and copol yed in yesappthenppmbodigient inea ﬁ?%ﬂ:?@/‘l’@b’@n ab%tﬁ%%" Ak avybPyner s;
copol ymer s viles, based oit the 6td twelghbsftmddbRendnipldyed fop gRfiingg inmliseages., at | east one
nmonoet hyl eni cal | y unsaturated nitrile nononer, and at |east one
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RETED Al it e ae o il G
resin, or a multilayer article comprising at least one layer compnsmg a composition of

the present invention.

Multilayer and unitary articles which can be made which cormprise compositions
made by the method of the present invention include, but are not limited to, articles
for outdoor vehicle and device (OVAD) applications; exterior and interior
components for aircraft, automotive, truck, military vehicle (including automotive,
aircraft, and water-borne vehicles), scooter, and motorcycle, including panels, quarter
panels, rocker panels, vertical panels, horizontal panels, trim, pillars, center posts,
fenders, doors, decklids, trunklids, hoods, bonnets, roofs, bumpers, fascia, grilles,
mirror housings, pillar appliques, cladding, body side moldings, wheel covers,
hubcaps, door handles, spoilers, window frames, headlamp bezels, tail lamp housings,
tail lamp bezels, license plate enclosures, roof racks, and running boards; enclosures,
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especi al flighes] md)rhkmgamhw&ng» skl %e@%mgercé’ne H#eh *and
metal fipdtigatiod bRatititsont S aftitesa86th dsy But fot Matted! e moldingimsaiold ons of

the inventiaon, n sone, enbo s _nor.e th tive of one type
is inclu g-@rauopnga}%magﬂptaqvegnﬁa %é?ff‘mﬁ 8’31@8@}5# &egﬁgfm ¥ier conprises an
additive selected from12 WO 2005/ 000938 PCT/ US2004/ 014343 the group

consi st Ggmpbsmohsmmdtte makgesticles gfthepsesehtuinvensionimay eptignially semprise j | | er s

and M X tifiSes’ RGP lin (Rafl ;ﬁphuﬁl DufY: BiRABASGRIIRNSA I bEbYloRT known
processes SucC gée off l'e extru5|on sheet “extr
hilizarse anHFAMHSr Hivh SCTCenfEs, ?{}Liw on

coext r usstabilizerst h@@l anblbmnﬁgbq
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the art can, usin descri pti on erein tl | ze themP esen&ﬁl nvent i on
toits fchgggngegg rR asttp};(grsf Wc@gents mold release agents, act modifiers

fillers, and colorants such as dyes and pigments which may be organic, inorganic or
organometallic; and like additives. Illustrative additives include, but are not limited
to, silica, silicates, zeolites, titanium dioxide, stone powder, glass fibers or spheres,
carbon fibers, carbon black, graphite, calcium carbonate, talc, mica, lithopone, zinc
oxide, zirconium silicate, iron oxides, diatomaceous earth, calcium carbonate,
magnesium oxide, chromic oxide, zirconium oxide, aluminum oxide, crushed quartz,
clay, calcined clay, talc, kaolin, asbestos, cellulose, wood flour, cork, cotton and
syntbetic textile fibers, especially reinforcing fillers such as glass fibers, carbon fibers,
and metal fibers. Often more than one additive is included in compositions of the
invention, and in some embodiments more than one additive of one type is included.
In a particular embodiment a composition further comprises an additive selected from
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exanples are included to provide additional guidance to those skilled in
the art in practicing the clained invention. The exanpl es provided are
nerely representative of the work that contributes to the teaching of the
present application. Accordingly, these exanples are not intended to limt
the invention, as defined in the appended clains, in any manner.

COVPARATI VE S Conparative exanples were run e DGk &, cOommon graft
pol ymeri za P(%ﬁ@%{ﬁ% ess, such as that process taught EKIEJF] ﬁ”@g"%ﬁ:em
application Serial No. 081962,458, filed OCctober 31, 1997. In particular,
45 parts by, wei ght of .a I ut wl _acryl ) trate was
grafted wt ?gg‘%p‘éornflg%&ov%ﬁyg m’g esa& ﬁ%‘ﬁ%gﬁg%b%%usrm gflg%g’en%}e?gsj?ﬂg

67: 33(wt . | weixtyres thereaf Saidtarijslespay he neepated by  varss of dBATYA PRETSHRS SWanpl es

i ncr easi ng apofok | xAdplef pRifij extusda) yHeenbxtrusior, ¢dAN)sion ratmesionblotvur e wer e

repl aced ] - % WehiodWR&IGASr Y ate (MVA) whil e keeping the
ratio of s @@%%%%%F@P%ﬁ%éﬁ%n%tam gt 72:28. The rubber substrates

had been pr r n - bat ch. pol rizatj. r I 4three

di fferent rﬁ%ﬁ‘@‘&qﬁﬂﬁ F%ﬁ on, gds P&S‘rﬁér@%@ﬁ?ﬂ#@&h@oﬁgﬁﬁgﬁ%ﬁ%&tflliecI e size (as .
measur ed bylessaiption Ierajn,yiliee therpagsent inventipn: to disdfinllesh pxtent, Jihe &llowingat i on dat a
for the vardkaslesOirafitchided Yorprovidatatiditioral Heldgits toathese siiledrin ithe aFainl e 1. Al |l

val ues for w...% gel r.ese t - | th
oroduct,, wilehoft BF el s O B e e e s
grafted to tBrorkapst copibptes oy fhedeaching of H’étlﬁ?ﬁ%tr@é? 1%??9’?!9138%?‘3%& Al
nmol ecul ar  tieé ghinsplasere noteinendddrie dintitythe diveptemresidéfnd ahtho mppandedaphy ( GPC)

in tetrahyc!:li%fny11,{;1?91 Yoh&us pol ystyrene standards. Ml ecul ar weights in the
fol | owi ng tablés rgpresent t hose for acetone-soluble SAN. 13 WO

2005/ 00093 / 4/ 014343 arts MVA Rubber enployed int. o
ek Eat PR,

Swel |l part par

D @)

Comparative examples were run employing a common graft polymerization process,
such as that process taught in U.S. patent application Serial No. 08/962,458, filed
October 31, 1997. In particular, 45 parts by weight of a poly(butyl acrylate) (PBA)
rubber substrate was grafted with 55 parts by weight of a monomer mixture
comprising 67:33(wt./wt.) styrene-acrylonitrile. In various comparative examples
increasing portions of styrene-acrylonitrile (SAN) monomer mixture were replaced
with up to 50 wt.% methyl methacrylate (MMA) while keeping the ratio of
styrene:acrylonitrile constant at 72:28. The rubber substrates had been prepared by
semi-batch polymerization procedures at three different rubber particle sizes from
100nm to 450nm mean particle size (as measured by capillary hydrodynamic
fractionation). Characterization data for the various graft polymerization products are
shown in Table 1. All values for wt. % gel represent the acetone-insoluble portion of
the product, which typically comprises PBA and any additional monomer species
grafted to PBA. All swell indices were determined using acetone. All molecular
weights were determined by gel permeation chromatography (GPC) in tetrahydrofuran
versus polystyrene standards. Molecular weights in the following tables represent
those for acetone-soluble SAN.
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| ndexww si zenononer product m xture 450nm_ - - -- 45476W247000F-7 --
231000 nnD657.9-596U0 - 257TT-5430023SUDWUA- -4 50467002420005-2 - - -
nm - - - Weé30B/080988 10U23990U7 -2 4.57.4542006UUUL 4. ThecpAN2euaii34pr ocess
wi t hout methyl nethacrylate yields a % gel content of around 65%for these
45% rubber grafts, indicating about 20 parts of SAN have becone chemcally
graftedrh@righe PBA rubber substrate. As MVA is added to the graft nononer
charge in place of SAN, the graft efficiency drops off significantly. This
|l oss of graft efficiency is seen upon replacing only a quarter of the SAN

graft | wobkeaddantsxt MMA Wi. M. Swelk efiMmt JfMav af t]i MEWAYIBo| seens to be
r educeldPariiels | emmdoyadhpdr | B8l tindiadex ze |i s reduced, 4l though |t was
difficuf¥to _c?étai n 8% | BYogHet oo gel  yal ues jat the [100nm pafticle size
agfg ?;ll\J/lrﬁ; \garrgl Wr gE)rGriolnntg(r)mEPe graflt. Inladditidn, conpafative exanpl es
450nm | U 67 2.1 24160 | 241000 | 4.5
26 6 54U 51400 | 258000 | 5.0
45 57 S5.1 47600 1247000 | 5.2
45 56 5.2 5T000 | 268000 | 5.3
165nm O 0> 7.9 58600 | 231000 | 3.9
25 26 1.2 54300 1238000 | 4.4
50 57 67 26700~ 242000 | 5.2
100nm |0 63 9.9 39700 1263000 { 4.4
45 48 8.7 57100 | 259000 | 4.2
45 49 1.4 34200 24:6000 4.5

The SAN graft process without methyl methacrylate yields a % gel content of around
65% for these 45% rubber grafts, indicating about 20 parts of SAN have become
chemically grafted to the PBA rubber substrate. As MMA is added to the graft
monomer charge in place of SAN, the graft efficiency drops off significantly. This
loss of graft efficiency is seen upon replacing only a quarter of the SAN graft
monomer mixture with MMA. The extent of grafting also seems to be reduced when
the rubber particle size is reduced, although it was difficult to obtain consistent % gel
values at the 100nm particle size once MMA was incorporated into the graft.

In addition, comparative examples were run employing a common graft
polymerization process in which 45 parts by weight of a poly(butyl acrylate) (PBA)
rubber substrate was grafted with 55 parts by weight of a monomer mixture
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pol ymeri zati on process in which 45 parts by wei ght of a pol y(butyl
acrylate) (PBA) rubber substrate was grafted with 55 parts by weight of a
nonomner WO 2005/ 000938 PCT/ US2004/ 014343 co ous %
rati os (‘&Péﬁ’&r(ﬁ?% totaling 100) of styrene-acryl oni tﬁﬁéﬁéﬁ@gf?ﬁﬁg

nmet hacryl ate. The rubber substrate in each case was prepared by a
continuous procedure and conprised a broad rubber particle size

di st ri besmpsisingredsions Yo gatdes(vitHet./ vantaialing H00)xf\stysene-acrglonitonée-methy and

methyl  mehbagiar. atﬁ@h%%?tsubgha%@qﬂ AR dase rﬁﬁcgfeagrga% ah@bAghEddszat | on

data for the resulting product. Viscosifies wer term ned at various

shear reipessturesachcompased ebroad shber pariclersizs distEibutionie Lable dnshawsthe of 260C
el t t edeindd Wrestyivak,dacryRaifrild AR Chethl IQﬁlﬁhﬁbr%/l@ieUgfes&[tenﬁb%@h . TABLE

2. BEntry Parts re Par.ts onitril MALA357T45 W. o
Cot T et sad et aieraiony gRpr e pipssiin § Bdueh (sceates waoo .
at | walaeraﬁa&naim 1¢Hzantratet)Uising at Kb@@n@s Iy stheomebdat ahdet | zod

Fs)ﬁggt P{{]ﬂ%gﬁpqngr&?pbb% el ? iy C%até%rre%gféll%# ﬁ?"’t‘%%ﬂ%@é?@‘f’érﬁ% conpar ed

to entrsho®n, the graft efficiency drops significantly. Entry 4 shows that
at conparable styrene |evel further reduction of the acrylonitrile content

by replpgppgdt with MA

Eniry 7 I y) 3 Z 3

Parts styrene &7 75 a0 70 a0
Parts acrylonitrile 33 25 25 20 15
Parts MMA 0 0 35 70 a5

Wi % Gel in product 66 62 57 56 55
Swell Index 75 65 Ty o) 53

Mn 54500 | 56300 F5600 33100

MW 748000 | 242000 246000 | 249000 | 249000

Mw/Mn 4.6 4.5 J.1 4.7 4.5

Viscosity, Pa's

at 1500 s-1 159 151 145 136 126
at 1000 s-1 222 -1 205 197 180 165
at 500 s-1 372 361 316 321 2173
at 100 s-1 1209 1164 1055 1035 348
at 50's-1 . - 1863 1692 1658 1334

otched Izod Impact (kJ/mZ) 14.4 15.0 8.8 7.3 N
Dynatup Impact Total Energy | 144 le.6 4.5 1.7 2.3
(Joules) )

As MMA is substituted for styrene at the same acrylonitrile content (entry 3 compared
to entry 2), the graft efficiency drops significantly. Entry 4 shows that at comparable
styrene level further reduction of the acrylonitrile content by replacing it with MMA
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system art
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icular, two s .were made with pr8X| matel 3:1 (wttwt)
& es of 100nm

and 450nm effidéencp atetshowe issTabds 3.addl foimudatidesiini Table W&cmd 6ph1refspect i vel y.

The not cheg. ﬁg

GidxiR 3 tpi %iﬁéne%ahnﬁ&rmﬁdah&mfaubm neguaesiiseymghat conpar ed
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conpri sed 4%
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PBA (comprising about 45% PBA) to achieve a 27% loading of PBA rubber in the
formulation. The control ASA formulation comprised a broad PB.A rubber particle
size distribution and a 2:1 (wt/wt) S:AN monomer mixture grafted onto PBA rubber
substrate (referred to hereinafter as “ASA-HRG”).

Entry 1

showed a high ASTM notched Izod impact strength and ductile Dynatup

impact behavior. Entry 2 used a bimodal grafted PBA system. In particular, two
ASA’s were made with approximately 3:1 (wt/wt) ratio of S:AN monomer mixture
grafted onto PBA rubber substrates of 100nm and 450nm mean particle size, and

blended

in a 75:25 ratio, respectively. The notched Izod impact strength for entry 2

was reduced somewhat compared to that for the control formulation, entry 1, but good
Dynatup impact strength was maintained. When this same bimodal grafted PBA
system comprised grafted copolymer derived from a monomer composition of 45
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EXAMPLES 1-6 AND COMPARATIVE EXAMPLES 1-3

The following examples illustrate staged feeding of monomers for grafting. Agitated
reaction mixtures comprising 212.8 parts demineralized water and 45 parts of a PBA
with broad particle size distribution were heated to 60°C. Various amounts of a ‘
monomer mixture consisting of styrene and acrylonitrile (2:1 wt/wt ratio) were fed to
each reaction in a first stage while various amounts of a monoxner mixture consisting
of styrene, acrylonitrile and methyl methacrylate (40:25:35 wt/svt/wt ratio) were fed to
each reaction in a second stage. The monomer feed times were adjusted according to

the relative amounts of monomer being fed so as to keep the overall monomer flow

rates constant at 55 parts total monomer being added continuously over 90 minutes.
In addition 0.225 parts cumene hydroperoxide and an activator solution of 5 parts
demineralized water, 0.0033 parts ferric sulfate heptahydrate, 0.3 parts sodium
formaldehyde sulfoxylate and 0.0165 parts disodium salt of ethylene diamine
tetraacetic acid were fed continuously to each reaction mixture over 125 minutes.
Table 4 shows the parts by weight of monomer fed to each reaction mixture.

TABLE 4.

Xample 1
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345 17 WD 2005/000938 PCT/ US2004/ 014343 1.1 Stage nonomner

styrene6.1112. 22. acry orutn e-T tage nononer

styrenel8. 3314. 67117. 333. 67 - 11.469.176.874.582.29 acryontn e nethyl
16.04 nethacrylate Sanples were taken from each reaction mxture during
reaction. Sanples and the final product conmprising rigid thernoplastic
phase and gv@bdogehogssibber substrate were coagul at ed wediusaspweasis cal ci um
chloride and dried in a fluid bed dryer at 70C Sanples and final product
were anal yzed for level of grafting by treatment with acetone to determne
Wt . % gel . rfrirgttgggk X termmed for—saml es from
each react|iniomeéd Xtjure at the end of the first| stage off grafting with a
nononer mjxture consisting o styrene and acryylonitrilje. The ddta point at

55 parts SANrmepr eslgntls a copi¥edd son | Bedcti onl #fowhi ch e entifrety of
grafting vas_perforim 6Wi_J‘.JJ__' ] hacryl at e
added. Thi|S“FEHEF| st data pdint was| taken as maxji effilciency to

be expect € graft—+pacton—Fhe—datashowthat—the—anmgunt of
grafting tjo PBA incfreases with the anpunt of SAN fed at| the first grafting
stage, angzrhatsgge @y partTuiar poi it about @#0% of thie SAN T eed under goes
graft redatonomet 0 | ubber supstrate. Figure 2 Fhows val jues for v%t.%gel
determned for the final profducts from each

t+ hat

styrene 1833 14.67 11 7.33 3.67
acrylonitrile { I1.46 9.17 6.87 4.58 2.29
methyl 16.04 12.83 9.62 60.42 3.21
methacrylate

Samples were taken from each reaction mixture during reaction. Samples and the
final product comprising rigid thermoplastic phase and grafted rubber substrate were
coagulated with aqueous calcium chloride and dried in a fluid bed dryer at 70°C
Samples and final product were analyzed for level of grafting by treatment with
acetone to determine wt.% gel.

Figure 1 shows values for wt.% gel determined for samples from each reaction
mixture at the end of the first stage of grafting with a monomer mixture consisting of
styrene and acrylonitrile. The data point at 55 parts SAN represents a comparison
reaction in which the entirety of grafting was performed with 2:1 (wt/wt) S:AN with
no methyl methacrylate added. This comparison data point was taken as the
maximum efficiency to be expected from the graft reaction. The data show that the
amount of grafting to PBA increases with the amount of SAN fed at the first grafting
stage, and that at any particular point about 40% of the SAN feed undergoes graft
reaction to rubber substrate.

Figure 2 shows values for wt.% gel determined for the final products from each
grafting reaction (i.e. at the completion of both stages of grafting) plotted against
wt.% of total graft monomer included in the SAN first graft stage. For comparison a
calculated line is shown representing the expected amount of grafted polymer as a
function of % of total graft as first SAN stage. The expected amount of grafted
polymer was calculated by adding the proportionate amount of polymer expected
from grafting 100% SAN in the first stage (a percentage of the value shown at 100%
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grafting reaction (i.e. at the conpletion of both stages of grafting)
plotted against w.%of total graft nononer included in the SAN first

graft s F onparison a calculated line is sho sentJ.ng the
expect ehgggg({?ﬁ&% grafted polyner as a function of wg?ﬁ@é@ﬁ%jﬁgft as
first SAN stage. The expected anount of grafted polynmer was cal cul ated by

adding the proportionate anount of polyner expected fromgrafting 100% SAN
i n t he ofitetgl grafteagdirstS ANrstagetin ydidf no MMbawasincluded) tatthe popertipgaipD

2005/ 0003 RETHSRONULRIAH nd b s sHOPSS NS wRRE L@ i i no

MVA was 1 nc roport1 onate . anpu pol, gr expecgted from

gr af t i stpesErafting DI along @iperrsotaga of the yalye S@%@Qf% iR AN al one
(a per qpEt QAN fhed) NSuytsiveslp,1B¥damishB% thit theadloudt éf grafthg dbtdifiéd SAN st age) .
Sur pri si ngllé%, t he dlata show t hat ;‘he anount o%a&%%gtgbt ai netd &S not
the expotEdexnenied MegrEPRYnALeR OF SHftiRg AMGulS 10 FEPRA L { he
amount MMASANSAded &f thedsecond diggesie @nhahcst dyeathe prasaivarofedprogessisteppr esence
of a pr.ocess step. i kch rtion. Qf SANis grafted in a first stage.
In addiTW@“‘?‘%B?ﬁ’ﬁPé’?ﬁ%%ﬁ%&é@%@%ﬁ enpl oyi ng a comon graft

pol ynmeri zation process in which 45 parts by wei ght of a poly(butyl

acryl atla) ad@iign, compamtivebetamples wwereyrmnt employingo as tc@guaoni g1afls5 part s

acry’ 0 e ey ! C . part
Dyt oty AP i0RSs ol WhH £ pARPbY Scihe 6fe! Sipbliyl Abiybael AN 0
subst r aubberrsubstsate Hascgrafied pa dyarsiagepywitly S Jirts rJRYOWEIEE}? 8? &dgPromey
conpr 't %ﬁﬂg@e?k@&%ﬁgmgb%fiw :%Qﬁti&si Z@ndwﬁlvloﬂ bu{tﬂmg. 1|m?>l ef {t?r&he-\(ljvsl t he )
anpunts o styrene acr on ri a e e Cr ate e e In eac
graft raéﬁé?mﬁeé?e@&]c‘i‘?eéﬁ‘é‘@[ t%nﬁ%ﬂ‘ﬁ’?’ﬁ’c?‘%‘?&?ﬁt‘? 5% %Wﬁﬁpreﬁﬁe%?lbgsul ting
pr oducta con‘tﬂn_&ﬁﬁ&ﬁ)lbb&ﬁﬁﬂ@ﬂ@cdﬁﬁﬁegiarlﬁ'da@thbmIiiamlel' ¢ shre distritution. (Rabley a

ayenes apl ar rne ter un [ ..COoN | at ur e.
TABLE & S%rbfeeﬁéﬁ?‘t‘}t? ° e, piyyiquitlc %bée*“%oﬂﬁé ?r‘é?tg%?ﬁ%{%nﬁﬁ%ﬁge@ﬁn 12.
116. 39-daeh tgsaftceaction tah each Rage andscbayectenization datafor she resubing rodwcts. 589. 9
Part s %X%s?ﬁ'ést Wer€ Sielelitrided BRVaTiold ihtdr 1480 Skl alkafeifesdochpillarpr oduct we

i ndex6.
rheometer under conditions of 260°C melt temperature.

TABLES.
Xample CEx1l C.Ex2 C.Ex3 Exo
TSt Stage monomer
Parts styrene 12.1 12.1 16.59 20'27—
arts acrylonitrile 154 433 7.53 998 |
~Parts MMA 13.61 15.61 6.12 [1]

2Id Stage monomer

arts styrene 9.9 16.55 13.58 99
arts acrylonitrile 3.71 8.17 6.16 3.71
‘Parts MMA 11.14 [} 2.01 11.14
Wt. % Gel in product 3 60.6 60.0 04.6
Swell index 59 0.0 6.0 1.0

~Viscosity, Pa's
at 1000 51 195 240 779 230
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Viscosity, as at IUUU ss-t195 1_240240 1 19 WD 2005/ 000938

PCT/ US2004/ 014343 Two stage grafting as in Exanple 6 of the invention gives
a higher |level of grafting as mneasured by wt. % gel ianroduct t han any of
the Conp¥P209M%3%anpl es wherein the nonomer nixture FFE/GROURIIHP, st
stage conprised MVA. The products of Exanples 1-5 (59 parts by wei ght
(pbw)) were formulated into nolding conpositions containing 36 pbw of a

st yr ene- Tow)stapRigrafting ad M Exanple 6 ¢fahe iventioy givees Riphphblevelafgrafting s | e/ 50

pbw MVA; d by % - OF, SR- 06B
by Ube CRBTERY B i 3eEHapARs Y 5o T CoaabitR EE s, it 07 C0F
Ti 02 andmommbemttsredhdanﬁlbcﬁmmgb&bmpuaml\@ﬂé stabilizing additives.
Figure 3 shows Dynatup inpact strength values for nolded test specinens as

f t YT ft
St aggc Xigoﬁ’f a\%mbl &&ﬂi@écogfsagég co ‘gglﬂ"ﬁ on buIt"r‘}?;lgnhl%m?falléltefdl {}A(\%%\ gra
ta
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graft mpsweaméi@ympw\laﬂ ﬁlﬁﬂeﬁ rsotfww‘l w% aoeakpemibmol bl end
B

ot opor {1 BAgTBFzaPTRRRepssagoldcts, SR 8% The By o LS R £f s

i ncl uded casslinked $AN pplyinidr, A2 ph%otﬁfl‘lmzcrttdl lowr lafr¢ls ofrousiomarytlsbricansand gr af t ed
in the fi The t " ' asin
aount oFPEIREIEERINES FIERRS spis Vb ulitsncptiants i hideliteas 19
wer e al sspeithgrescaseal fouctiool erwtr%aeﬁt@mﬁ monarher incjuded im the- SADaEBStusi ng a
MacBet h tryu f r | otted
in Fi gurépagp tja‘?e; A&?ﬂ}gyl @&%&(:)tggf%m tle)ng‘malrtml}{f]gcdi‘!Siématlﬁfl Aﬁé@%(ﬁ] first
graft st ég@nome@negra@b@@sm}@qed\ﬂél%d@ﬁ pat @k 100% f total graft maopgmer
pronouncegdinco8 AN $Riffdd iPWRE dirsty StabOW. AMabetad Béxitfcl Blend dfoéﬁmlsdrable

formul ati on~of S|mlar .conpos repar ed cant ai A—
caepsition buf sontaBREEMMASAN BRI E RrRSghs Phe ML AD

2;22/’5{:)2: E@ra{eggs a@@kﬁﬁﬂi{@{nﬂktgh’aﬂgasiﬂuhdéd\aslthqodaapmht M%@fmta]cgraﬂtngdrrel t

Forrml ati %ﬁ#%agahgﬁ g& egwgon’rﬂél %g graég copo y‘%eg%e

conpri si th\idredsing hmpust ofiSAN f d\zaltlmaﬁlfst)ﬂag%* even when substanti al
anounts of the graft copolynmer are incorporated as SAN in the first stage

of the grngftndiAas tdsP SpeckidiNivovd WwiDalsOWbRAEE Yo ciS iidaburdments in the
CIE L*a*b* space using a MacBeth 7000 instrument for color measurement. Values
for “b*”are plotted in Figure 4 versus wt.% of total graft monomer included in the
SAN first graft stage. A higher (positive) value of delta b indicates' a more
pronounced color shift towards yellow. Molded parts of a control formulation of
similar composition were prepared containing ASA-HRG (i.e. no MMA). As shown
in Figure 4 molded parts of the control composition containing graft copolymer with
no MMA develop a yellow color during melt processing, leading to an increased “p*»
value in the white pigmented formulation. Surprisingly, the samples containing graft
copolymer comprising MMA display a much lower value for “b*” even -when
substantial amounts of the graft copolymer are incorporated as SAN in the first stage
of the graft reaction.

EXAMPLE 7 AND COMPARATIVE EXAMPLE 4

Molded test parts for the comparative example were prepared containing 34.5 pbw
SAN (S:AN ratio 72/28) and 59 pbw ASA-HRG along with 6.5 pbw crosslinked SAN
polymer, 3.2 pbw titanium dioxide and 2.25 pbw of additives including stabilizers,
antioxidants, lubricants and surfactants. Molded test parts were also prepared with the
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Mol ded test parts for the conparative exanple were prepared containing 34.5
pbw SAN (S: AN ratio 72/28) and 59 pbw ASA-HRG along with 6.5 pbw

cr ossl i k@ dooSAdbozpol yner, 3.2 pbw titani um di oxi de andpeTAS201014343
additives including stabilizers, antioxidants, lubricants and surfactants.
Mol ded test parts were also prepared with the 21 W 2005/ 000938
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met hyl s -SAN £ PB_AORS Brdul fmIBMecﬁAN (40
pbw - stg/hr%n 25 b\%ggﬁcr oanlIe B@pr\%ﬁﬂ ; prepareg@y a bul k

pol yner?efﬁﬁnéﬁto‘ﬁﬂl‘éfcf@ ?u%’rﬁPW mer derived from 2-stage
grafting of MMA-SAN to PBA. The PBA enpl oyed was a bl end of 100nm nean
particl EXAMELEBA-gnd 500nm nean particle size PBAin a 70:30 rati o,

respectively. The: anpunts of MVA-SAN grafted to PBA in each of the 2

t hawn Tabl Each. of d 2

ar s cGPRERIBLER e Prrod comrdhe Wlchtsaf CrbyBfitaof 00 Al 2
addi t i vasthylstiene GndiB8% ainplomitpley 35 ghr oﬁawppolwn:@s of MAJBHAN (41951! Warts of
the co éteiﬁn?‘fiar%/&flﬁﬁfhtﬂe Sss‘ﬂfgﬁﬁemr r@k?agecﬁ M bAUS poliemdriZafibes using
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r con I ons 260C rature.
The t esprosass) end4Srpjic % mrgm&pém@w&e CE
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NhcBet hHTeAR 2Rt °?23%LE?§ AL pion epdecf Ry T BSOS of MR 0
styrenegrafted to PBA in each of the 2 stages are shown in Table 6. Each of the
compositions also contained 2 parts carbon black and low levels of customary -
lubricant and stabilizing additives. Table 6 also shows physical properties of molded
test parts of the compositions. Viscosities were determined at various shear rates
using a Kayeness capillary rheometer under conditions of 260°C melt temperature.
The test parts as molded were subjected to color measurements in the CIE L*a*b*
space using a MacBeth 7000 instrument. Values for L* were measured with specular
component excluded using measurement mode “DREOL” on. the MacBeth instrument.

TABLE 6.
‘Example 3 9 10 11 12 13
T Stage
monomer
styrene 20.44 20.44 20.44 21.96 21.96 21.96
acrylonitrile | 10.07 10.07 10.07 8.04 8.54 8.54

22




ac ontrile 20.44 107 X44 10.07 20.4 10.07 21.96 8:54 M 36 8-34 21.96 834 22
WO 2005/ 000938 PCT/ US2004/ 01 4343 Stage nononer 9. 80

styrene9. 809. 807.359-. 9(F- 7.35 -- acryomrt e71 69 nethyl --nethaecryl ate
v ue. Notched 1Izod I npact

WO 2005/000938 PCT/US2004/014343
2™ Stage
monomer
styrene 9.80 9.830 7.35 9.830 9.80 7.35
écrylomtnle 6.13 3.68 2.4 0.13 3.68 2.45
methyl 8.8 11.05 14.70 8.58 11.05 14.70
methacrylate
[ L¥value 79 638 7.0 63 59 6.2
Notched 74 6.7 7.1 6.9 63 6.3
Izod Impact
(kJ/m?)
Viscostty,
Pas
at 1000 s™ 231 219 224 210 205 205
at 100 s™ 976 888 928 835 830 842

Comparing Examples 8, 9 and 10 with Examples 11, 12 and 13, respectively, it can be
seen that those compositions with 2.6:1 ratio of styrene to acrylonitrile in the first
grafting stage (Examples 11, 12 and 13) have lower L* values, and, hence, better
color properties than those compositions with 2:1 ratio of styrene to acrylonitrile in
the first grafting stage (Examples 8, 9 and 10).

While the invention has been illustrated and described in typical embodiments, it is
not intended to be limited to the details shown, since various modifications and
substitutions can be made without departing in any way from the spirit of the present
invention. As such, further modifications and equivalents of the invention 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 invention as defined by the following claims. All Patents
and Patent Applications cited herein are incorporated herein by reference.
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(kJ/m Viscosity, Pas at s at 100 s Conparing Exanples 8, 9 and 10 with
Exanpl es 11, 12 and 13, respectively, it can be seen that those

conposi twoneeswoddlBs 2. 6: 1 rati o of styrene to acryl onitripcarusa0d4foe43is r st
grafting stage (Exanples 11, 12 and 13) have | ower L* val ues, and, hence,
better color properties than those conpositions with 2:1 ratio of styrene
to acryl @@t&f%e in the first grafting stage (Exanples 8, 9 and 10). Wiile
the inve r‘% as been illustrated and described in typical enbodinents, it
iIs not intended to be limted to the details shown, since various

nodi fications and substitutions can be nade w thout departing in any way
fromthe spirit of the present invention. As such, further nodifications

and equiyval nhehed foPSréf¥RB! h ObB&' Riodifiddl BhASFEstiR Yesdf @UnptiSinged Sons
skilled inp the art using .no_ nore than rout,lae/ ex‘gﬁrlms tatlchn .ang al |
such moddiscentinnevs elasiametaiphascfispersedoin Figid hgreplstic phass WoergB ak ;-\ j ¢
ang ISD COpgadia lsclfirﬁoﬁ oF BRtrighd ttﬁamﬁpfakﬁkeﬁhdsy i{ greftédid theichgtonericrphaseflahd Pat ent s
an at en i cations.cited herei.n are i inco r at I Leference.
35 200BF S0 S SRES RBRs PRGNS oS HARHR FuchdIfuhs Herkved 00 €7
rubber midinf atdehst dreer (@+C, Jatkyt(metiaerytademmoneinery; a di sconti nuous el astoneric
phase dispersed in a rigid thernopl astic phase, wherein at |east a portion

of the rigi pﬁg | hase is grafted to the el astoneric phase, and
wherein t%&e‘{ogﬁ{doggrerl g{%ﬁgge conprises a polynmer having structural units
derived fromat |east one (C -Cl2)al ky] (meth)acryl.ate nononer; \r/¥ﬂi ch
conpr i se€a)t pelymedpsg & mighye | PRBPMSISHE 8 St388 18f 3‘!‘?1)“8??\5‘?% of #Be 't r st

stage i Nl RRmREHESHREE 8 14238 onel & Whidl hfonBhREs is atlettedsfromntheogroupi ch

nmononers i s . selected fromthe grou consi sting of wi nyl LG :pDnomer s
and at | £9RYSHEECO f"’-‘“ﬂiiaéﬂmﬁﬂﬁdﬁ‘é?(gg"rﬁ ange‘l‘tetﬁlaﬁqdo?? o Yﬁ‘&hgﬁg‘gﬁ‘% nlg? sting
of nonoetski¢tiedi frald Vhengriup adodsisting r of emometinytenicallyf amsomwecgymtfﬂ)"
pol ymeri zi ng_one qLO r.e nmononers in at |east one subsequent stage in the
presence Fﬁ’és’gi’ e r'Ryri c phase from (a), wherein the one or nore

nmononmers conprise at | east one nononer sel ected fromthe group c%nsi sting
of (Cl- C{B) pblyyierizing one or more monomers in at least one subsequent stage in the :

presence of the elastomeric phase from (a), wherein the one or more monomers
comprise at least one monomer selected from the group consisting of (C,-C,palkyl-
and aryl-(meth)acrylate monomers. :

2. The method of claim 1, wherein the elastomeric phase initially comprises particles
selected from the group consisting of a mixture of particles sizes with at least two
mean particle size distributions and a broad size distribution having particles ranging
in size from about 50nm to about 1000nm.

3. The method of claim 1, wherein the mixture of monomers in the first stage
comprises styrene and acrylonitrile, or alpha-methyl styrene and acrylonitrile or a
mixture of styrene, alpha-methyl styrene and acrylonitrile.

4. The method of claim 3, wherein the wt./wt. ratio of styrene, alpha-methyl styrene or
mixture thereof to acrylonitrile is in a range of between about 1.5:1 and about 4:1.

5. The method of claim 1, wherein in step (b) the monomer comprises methyl

methacrylate.

6. The method of claim 1, wherein in step (b) the monomer is a mixture further
comprising at least one vinyl aromatic monomer.
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and aryl-(neth)acrylate nononers. 2. The nethod of claim1, wherein the

el astoneric phase initially conprises particles selected fromthe group
consisting of a mxture of particles sizes with at |east two nean particle
size distributions and a broad size distribution having particles ranging
in size fromabout 50nmto about 1000nm 3. The nethod of claim1, wherein
the m xture of nononers in the first stage conprise rene and

acryl oni t r MO25@P93 pha- met hyl styrene and acrylonitifﬁégggmgmigixture of

styrene, al pha nethyl styrene and acrylonitrile. 4. The nethod of claim 3,
wherein th Iwt, ratiqQ o tvrene, alpha nethyl styr (. mxture

t her eof to%a%l%%‘{dr%%a@sii‘ﬁh%el?_%éjtgp(@ %%tni‘/\%g%era]ﬁogu S‘%s%%fhgﬂd about
4:1. 5. Theomptisinglatdeastpug vinyl arqmpée slonomer and aplepssone meneesylsmisalllt onpr i ses
met hyl  metiassinitedhi@ile fonodhd. Met hod of claim 1, wherein in step (b) the
nononer is a mxture further conprising at |east one vinyl aromatic
monomer . 24 Wee200RlPRO An PLTWhED AR QAAX 3ati6- of (€ -CBAIRAD Pfarl ai m 1,
wherein in st t he nnnoneré%s a xgure urt het COQE{|S|QQ at | east
one vinyl 4P SoMORUPCTag 4 | Bt bn&™KonTEEAYA eRPERIT y ®Unsat ur at ed
nitrile nonoomethyl8nicallyemsapiratedinittle mbagmar s ingmange pHbetwren aeout §if and at j o of

(C -C1)al kygpo@tri:aaryl - (neth)acrylate nononer to the total of vinyl
aromati ¢ nononmer and nonoet hylenically unsaturated nitrite nononmer is in a

range of bej when,ahotbe Sl AN utBP Bithprsind, 18 siobr EiBAAL BF rabidi m L,
further conpr

Sing the step .of .conLning the rubber 1 fied thernoplastic
resin with Pedfied 8&@&9’3{&}%@?%@%%@%‘3%?@8 pﬁ‘?feam?é‘%gr“étaesepaﬁ%? ynerization
step. 10. Apolymiwneations@pfi ed t her nopl astic resin conposition prepared by the
met hod of any of the preceding clainms. 25 ;

10. A rubber modified thermoplastic resin composition prepared by the method of

any of the preceding claims.
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