; St e3eTX8TW "~06T89>223 May 2003 WO 00/31158 5 -1 EMJULSI ON POLYMERI ZED
POLYACRYLATE RUBBER, | MPACT MODI FI ERS AND BLENDS OBTAI NED THEREFROM AND
METHOD FOR NMAKI NG BACKGROUND OF THE | NVENTI ON PCT/ US99/ 269743 Mdyegasesent
invention relates to a nethod for maki ng enul sion polynerized cross-1Iinked
pofy(acryl ate) rubber, which has been synthesized in the presence of an
al pha- al kyl SYQP¥A1E8 nonomer, 10 such as al pha- net hyl st yrene dPEEFSPRES) .
More particularly, the present invention relates to grafts of, such
cross-1inked pol rylate) rubber, and to bl ends of such IWMMM[M rs
in vari amwg\mﬁmm“%stl c resins. Acrylatelstyrene-acrylonitr //I//m
resi ns 15 recogni zed as weat herabl e hi gh inpact *Googgy«
t her nopl ast i G&66*The i ncor por at | BMUWSIGNaPORYMERED e deri ved rubber into a
styreneacrylonitrile matrix gygsy gpﬂ/LfA AUERERNRAS trhe i npact strength
at t

of such resins. ft has been foun e saturated nature of acrylate

t
derived rubber prevents entPRIFERAANG BLEANDSOBTAINER | ¢ over time. 20

Such inpact nodified resins FHERERROM) ANDWEPRODCRORONS requi ring good
weat her abi i igy, i ncl udi ng autonoti ve, @w ng, and construction

applications] and in articles of manuf such as garden furniture,
boats, signs, outdoor enclosures for electrical or telecomunications
interface devices, and the |ike. 25 The synthesis of cross-Iinked

acryl ate-deri VG@A@!S@R@W@@@%@‘ Nt IgfidNr ough the generation of al kyl

acrylate particles during the emul sion polynerization of al kyl acryl ates,
such as butylacryl ate and

i c¥cl opent ep I O)ﬂ et htyi net hacryl ate.. I n bi nodal
cross-1inked acryl ate- deri'-g%(ﬁ’ ?iﬁi@@?"ﬁn ’é'i’é? g?ﬁ,st 04 metnogtfofimakingar ticl e
Si zebr anges can e’&ﬂjliienfpolylmiz'ed drdﬁs-ﬁrﬁm@epcﬁ(la&lqdmé) Eﬂ-m”élr,t wmbg(hgsi md angbup
to about 200nm ’ -1 ] ryl ate-derived rubbers
23 May 2003 WO b%F@l%h%g%géﬁgg’g‘g%@%?gané'ﬁ'iae'g@%é%’teﬂfemnaﬁf‘&ﬁ ed with
an acryl oni 10i | sush psaiphacmpthystyieneHimeytAMEe). Mareparicady.aheyl acrylate
SUch a5 & copol Theserefietibh RIGRS 10 9raMPari RN BhRsd bR T 6.
51t is general IrvblPﬁfoaﬂgwﬁlF“aﬁéf é“?rb'”&o%? pg%{if?gréi%yg%;r};r@@pé@gﬁ the gel
content or swel Iresinglex of enul sion pol ynerized crosslinked poly(acryl ate)
rubber, and the performance of a graft of such cross-Ilinked poly(acryl ate)

rubber, as an inpact nodi fi kI € ; i . | | so known
that there is a direct 10%@?%’%%&8[}?%&%@/@%kéggﬁg%m@%ﬁb%%?é%%at uration
and graft el®i cireergnizegoaeweatherable highyimpachthermogiastigsaflheef fi ci ency in
cross |inked poliy@stpylatibs of gRIMRU frpbrBeredeubssninkaa atyrefet he devel opnent
of rubber conposi til%éﬂgﬁﬁ\ﬁt@fgﬁggi@%ﬁo%ﬁglﬁ%‘é% ﬁ{%stru ts‘f'rrgﬁagﬁ&;hom in
U S. patents 3, S50 X . X , by U. S
patent 4,753, 98achaesingsh haptbesnfeuhd that tited satardated caturelaf @crytaterononer
concentrations fQr. ditf el i .h{é'?rq | ize

di stributions. Ic{é’rvﬂ%{ij%ﬁﬂaﬁﬁ S@E@ﬁ% t e_ro Zﬁhoérot 0 Eé{?%ﬁgtolﬁ)"rgt_@_rggs for

i ndependent 2§ caHahdmpaaymedified resink ate werd/indpagy apelcatignsseadiiegl 20

i ndex) gel cont god verihéraliity, lindNkdiRg abidnitive, Balding, 4 E68RFUctiba such
techni ques as mul t

Jlagyer structures to achieve such regul ation. It also
woul d be desi r alPBiERioRs3Rd 0 SHIEIS o6 MABAK R SHAARIRERAIMIES Uenci ng
cr OfSS- }‘ [ nted polboiats; signst eutdouberdlosures fori mwcallgcgltgbo?mmhnicaMs
graft-linking i i t i tep. It wou e further 25
advant ageous to%‘%ﬁé@%‘?‘ﬁ%&f{aﬁ@#%% astic conpositions containing inpact
nodifiers in the form of %rafts of such cross-I|inked ~pol yé)acryf ate)
rubber. BRI BF SUMMARY OF The syniesisl aberasseliniedsaatylatendernvedbbervased on

the discovery thah ddéfetledtHibliftfine ginefatRmsof dIRH NNl itived danhybber in
t he presence of ﬁ” ) L
the emulsion polymerization of alkyl acrylates, such as butylacrylate
and dicyclopentenyloxyethylmethacrylate. In bimodal cross-linked
acrylate-derived rubbers, distinct alkyl acrylate particle size ranges can
30 be formed in the range of about 50nm to 150 nm, and up to about
200nm to about 2000nm. These cross-linked acrylate-derived rubbers



al-pha- al kyl styreni ¢ conmpound, such as al pha-nethyl styrene di ner (AMSD)) can
result in significant control .over the resulting cross-1linked 23 May 2003
WO 00/ 31 |58 PCT/ US99/ 26974 -3 pol yacryl ate rubber swell in@gwamdgh is a
measure of cross-link density, without altering the gel content of the
rubber. The cross-1|inked pol yacryl ate rubber can be nononodal, or binodal,
and t he al pmardOdISSt yreni ¢ conpound can be present in either, POrUEN2E974
nodes. 5 STATEMENT OF THE | NVENTI ON There is provided by the present
invention, a method for controlling the swell index and gel content of an
enul si on pol yneri zed cross-I|inked pol yacr gl-ate rubber havi ng an aver age
particle size in the range of from about 50nmto about 2 mcrons, which

met hod 10 conpricaade respectivehggrafact with anzdeyiomitid-stypend ebydBiegat i on

condi ti ons of j r . xture conpr acrylic acid
condr ons of (s ARLATHL A RIS s SO iyt 21
produce a crossblendesddapionnant madifierswitiba hardwemponért uehyrses i zati on of (a)
is effected in BBORARTUICE/rEhe %HHPH eﬁ%i%t@?ﬂ%”@vitﬂfacmoﬁi{rﬁ%al‘r’

al kyl styreni c conpodnd. In“a further aspe the present vention, there

is provided met hod for nmking a cross-I|inked pol yacrylate rubber graft
copol ymer conpri si ng effeé&'ﬁﬁ&ﬂﬁ@d'&tlﬁ'\?wnotgﬁﬁﬁ’éfg(s dirgflyelationshipo about 70%
by wei ght of a betwest the gélwoaterit cstswearuedancranmlyio@rxbmgnbazé’@cmgi ng a

wei ght ratio of X X %1 0 0% by wei ght
of (c) a cr OSS_lllﬁg%;éol%g?%glgﬁe?lré?%é&ggggp@%ﬁérrﬁ%na@e fe_% rﬁﬂfi‘ic%‘n

pol yneri zed in CrRssdinkesrraly(@rryiatelfulpen1as an impasitmedifes infa an

al pha- al kyl st yr endnditastRUngteias el i9isbkeowni tabt thefe ACK Ylrk& r ubber monomer
25 In an adfgtlo ah aﬁ{)eﬁt of the.present.i nveﬂltél on, there i rovi ded a

t her nopl ast | cé‘fqlﬂ SRdLY eﬂ’éﬁﬁmﬁﬁ'cﬁ'ﬁsé@&fr\)@ﬁ U] aad grartgtisiensyng a

bl end of a thernoplastic polyner) and 5% to 75% by wei ght of the

t her nopl asti ¢ conpositi onSonfie ahthengffarts todohpfover graft efficiehcy m abss: graft of
a cross-1linked | 2 ) ol yacryl ate
rubber has been%%@gpyﬁe%t%@@?g{eﬁ%ﬁgRgogrségéhgéggfﬁgﬂgeffecti ve anount
of an al pha- al kyievelppamnt of Binkensempositions heingxriisnipesd owyitilayess - 4

PCT/ US9_93 22974 Isfrtumfre@a?%ﬂdmp@m?s. psm@s.g@o@s a@{]de&,gaﬁlsazvmeen, t_hte_re
is provide nartic of _mapuf act ure, nmade fr er, ast.i c_conposition
conpri si ng &gbl é‘?&r‘%ﬁc St ﬁ%ﬁﬁ%ﬂi’@@ﬁag ‘ r%a9855%‘%%g§@<ﬁi'w i ght of

t he thernopl ast ivariatiomei ¢rosstinkifg monbmeaconcardiatioas fér diffeteme padicte of a
graft of a Cros%’léésq&eoqmg%?'@%é?l#?ei% ?fﬁpﬁ?§°n¥h' ch crosslinked pol yacryiate

rubber has been “emul sion po presence of an effective anount
of an al pha-al kyl styreni c conpound. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
In the practice of the nmeth#¥guldibe RAvaMageays hersifitPdiaves RPCERHEY- | i nked

pol éatcr ylate | a}i]@diedéhgeﬁtw icf@hirdlliif&@_bmﬁté-lmddrpomﬁr?iam mb%eﬂewélz ?L i Fnt _
condi ti ons ic an rfor LD, I . n_al pha- yl styrenic
conpound i n%g bért"gef‘?‘,' gfgﬁg'%ﬁﬂféﬁg %F'Ré@%g(%ﬁ%ﬁgg%‘é'%régégsofg&p "fcé?t ures in
the range of 5CtechriG@@sas multimyer stracturebytoi achieverauchi reguladibp mifralgat i on
condi tions and iEyd d i et al.) US
patent 3,691, 260" A%EE%SQ%@%@F %9%%3'2’92%{"{4\1‘4% 4“,%%’.’ Usef ul
cross-1inked poliffusndng eroseipked pelirdapalf dedher salondexge! wrhient.ne
present inventi gihdiyraltimkigihd SiigREWIRsigZ&Ep Ot wll8Tbeutner Or al koxyal kyl
acryl ates cggt ala%n Si X or ﬁore.carboa atons. For exanple, there can be
ompl oyed n- Bt yIaAUIage0uS o ey TRENER JaF VICH2sUe GoRPRARATS CRERINES ol Ky
or al koxyal kyl dmpacetmedifieesinathsifogn loé geaftshefrsush xraszrlinkedat ons, as wel | as
nononers such a tyrene derivatives) acrylonitrile)

met hacryl onitri Ispeo,%(éfng{gﬁ%mc@ﬁ?be used as long as the acrylate rubber
retains its ela ' ! E6s. yl acrylates can be used in
conbi nati on w tﬁé'gf%ﬁw.ﬂﬁg%@%&g?ﬁ@ﬁm ng nononer to nmake the
cross-1linked polyacryl ate rubber. Anong the cross-Iinking nononers which

can be used, 30 there are Thicprggeat inMeatiorsishesedpalthe disaeyanr Prbthe esters,

for exanpl egqdi %&ﬁ&‘?{b?@%&é-’ﬁﬁkéﬁ B6ly¥tdlale Alibber in the presence of an
di cycl opent enyl oXyet h ﬂrret h? acrylatée esters; in addition dlau nyl henzene,
g(-g#m Q;yre i

al lyi esters, fRIPB nww%@gch as alpha-methylstyrene dimer
(AMSD), can result in significant control over the resulting cross-linked
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WO 00/ 31 158 PCTNS99126974 -5 triallylcyanurate, a(lyl am nes, or i
allylethers al so can be used.. The practice of the present invention also |
can be applied with additional cross-linked acrylate rubber 28mMg®@908i ons,
such as conpositions conprising silicone -acrylate hybrid rubbers, as shown
in-US patents 5 4,994,522 and 5, 132,359. There are included anong the

al pha- al kyl s)‘t’?ﬂ@hllé*i conpounds whi ch can be used during the enf§EU§$/26974

pol ynmeri zati on of the al kyl or al koxyal kyl acrylates in conbination with a
cross-linking, or graft-1linking nononer to form cross-1|inked pol yacrytate
rubber, al pha 10 nmet hyl styrene and derivatjves, such as al pha-nethyl styrene
di mer and hi gher oligoners. Reference is also nade to Techlon M 21)

Japan. The mai n SOy pefyRke P WM R, uffiof 165 BRERURTLERioRs hic OO
2, 4- Bi phenyl - 4 n%@ww wﬂbe‘ﬁwwng;ﬂhem eeAtenkolifgurbber. Bhebrssdinkgd st yr ene

dimer, 15 for exmpb@yla\wrmee@anmmbd@maaét 'd?%'irﬂbbéﬂ sﬁé'tﬁﬁl figha-

polymarlzatlon p S characteristics

i s about 0.D1%'t %‘Qﬁsﬁ(u?”'gce%pﬁy"&é‘@aﬁ%e %r§§@8tg'5’ne'&ﬁé ‘3\/9‘? YRtmeAesacryl i c
rubber nononmgr out 0.05%to about 1. 0% Anong
the preferre th‘g‘?'g}gng‘g mﬁc}wg@zo advant ageously grafted onto
the cross-linked pol yacryl ate rubbers of the present invention are

t her nopl asti cs made from stharedepeavidest Hy theepigsentimveation, ametHadnforri | e,

met hacrylonitril &ntﬁﬂﬂrﬁj t%e@weﬂlqﬁb!ék ﬁn&@bﬂeoﬁéhhéﬁd EhfulsiEh Eoﬁﬁ%r&%o' ymers
t hereof. These graf erm)gl astics s

] aS
o vest e pol SResInked poag e Suatar ey i AR Ue PSS A Tt dize in the
pol yet heri m des, ramge qjdﬂoymhbﬂu‘d 50rem ¢6 bbost)2 adcrovk) wakhwhéthotiher nopl asti cs

de f i
ot hact v oni 0l ¢ rEoRflsel ¥HERfnd A LKEE off %é@ﬁbwér%van SRRGIIBES | yirer s
thereof. In orde®f ﬁabnatpqlmg@zame labe/élatemme@pmms ng aeylicacidestdsl e to 30
practice the invgng b%rﬂnfﬁdiélﬂ afn%drwawwaﬁatmn BFSsUAMAY ndhofRer 8f

illustration and not mtatio S ar ht unl ess
ot herwi se i ndi cap@guce aﬁomnﬁd)eowfdﬁt%ﬂ%fpépﬁ qgwgrlz IO ght
percent solids wef@)ieéfgated atithet presendegofa abigiectibean i dDagaiphiaret ri ¢

m crowave drg tant weight at 50% full m crowave out put.
Particle siz 1|eE'edl g@&%bﬁ?n%%gﬁu\@?@ﬁdet ermned utilizing a Niconp 370

Subm cron Particle Sizer instrunent 5 applying a ?au35| an anal ysi s protocol
for mononodal di st ri buti onk afuither espeshef MirPiasest fvengeal the® Snul ti nodal

di stributions. Ablovifdd 4 flethdd &R Making & o@é@.:, rmm p@lgla@wr@kmr@v@ﬁ age

al ues. Swell index neasurenen o anmount
\(;f ;J he aqueousI eﬁ?ﬂ)’g‘%lY‘Bﬁr EWB”%'E&%%&F@FFQ@PEEFW%?‘H &) akﬁgﬂ ﬂ{égﬁl ty )
readout of >250<866utif)% by Weightgf BF@nbmer mireme of styreme agd aceytanigie  at

[O0M L SMer a4l ek g A BnEr!drHHCHENG 48!t S0 LA BoRRERYI0GLRAE 1 ol ©

size with a ‘tube sl ze

nmeasured in wat ePO%dey W@W@ﬁfc)\moléil@lﬁﬁ h@‘MaW‘aﬂEITHWEFTQN'H%D?SO 5 of a
speci fied rubberpkaf @b 6I%@%dWéré§Enééo@ﬁBbm06m@lﬁboﬁQ g) Wi th

il ute di Z‘ée??;ﬁf&%tp?%ﬁe saliyisBedie Gompming troed e veipt dheed RCz- B
Aut omat i ¢ Refri gacafiedulitertmoriorger A neasured al i quot of the supernatant is
renoved and evaporated to dryness, allow ng gravinmetric determ nation of
a3 on ot $Fer . &x ST HE BRI bl Bk Mg e o
characterized wi Providesha thermoptasticicompasition, hasirg imprevest weaterebilitycont ent .
EXAMPLE 1. 25 A Bhiloshool bAGr@ tbriibitld sy Bk Sind doomanf bodi um

carbonate, 1.54 ¢ ium [ aur rsulfate

is stirred in a M@éﬂ;"ﬂ @f%a\eﬁ@apééf'?somesft'm ‘Pfea’i ﬁ@p?ﬁt Qégerl 'B?E?I rring,
there is punped ldeﬁﬁ)ofél rdfeatd oroseMinked pdlyachdate mbbendvhich progsdinkedi fi ed

2156 g of butg) ACEHERDES tt'eif'agée S A s N A R

g of al pha- net hylasteffestiee dmornt offar atphized kylstyegniogomipounde i s t hen heat ed
at 85C for an additional 2 hours, 23 May 2003 WD 001 31158 PCT/ US99/ 26974
-7 cooled to roomtenperature and characterized. Based on net hod of
preparation) an enul sion polynerized poly (butylacrylate) rubber was forned
havi ng an average particle size Dv (nm of 128. The above procedure was
repeated several tinmes, except 5 that the | evel of al pha-nethylstyrene

di mer was varied fromO, 10, and 15 g. The followi ng results were obtained
showi ng AMSD concentration, Particle Size, Swell Index and CGel Content.
Table 1



AVMSDConcentration( % by wei ghtParticle SizeGel Contentbased on rubber)Dv
(nm) Swel | 1 ndex( % by

wei ght 01217. 488. 50. 251281185. 40 512415. 683. 40. 7512222. 483. 0 Z0MEZOIRLE 2. A
m xture of 2464 g of distilled water, 4.4 g of sodiumcarbonate, and 5 g of
sodi um persul fate, is stirred in a reactor and heated to 80C. Wile the

m xture i s sworo3ngg there is punped into the reactor over a 2CIUSOY26974
period, a pre-emulsified mxture of 616 g of 15 distilled water) 3 g of
sodium |l auryl sulfate, 2156 g of butylacryiate, 42.5 g

di cycl opent enyl oxyet hyl net hacryl ate, and-% g of al phanet hyl styrene di ner.
The total reaction mxture is then heated at 85C for an additional 2 hours,
cool ed to room tenper at ur dnaed apiasiditionat aspent obiweprasentiriveationfthere
preparation. an ighibatied aAiabiRidrifitiie hatBilorh %Cthéh%gl)as{.é‘bbef vas

formed having an averag particle size D?/ . ocedure was
repeat ed sever alCATRRY! 0%?‘8@5‘05‘915&1”?“@ a\ﬁaﬂra?p‘aqi%aolmemya@d §¥ectoe di ner

¥\a|sl vari ed frolmn:';%mf)weigdt dbthe. thgrrng@plwwélﬂﬁ %égﬁbrOQ{f Wﬂgf‘e "

0 oW n resu e O abl e entr | ONn 0 wei
bort 0] 00t o8 bl S iim B 8 oS o A Bfbss- Bkl PO B S Pbeb orbig pepsen)
Cont ent by wei 4ﬂlnkedz$!wylaa @bBar BaHbeesemuidiol p8lynierizes indhel t s shown in
Taples 1 and 2 Tdiolshédbral Bielfv@ b iutClion norﬁ@%éeg‘l"f’%’?"%_l | nked

pol y(butyl acryl te) 51 ndex wt out an 0SS

cont ent . Bi modal pBiANSD HE SCRIPTIONSFTEINGERTDAFT Y1 at ) ubber

conpositions are prepared by conmbining respective cross-I|inked

| y(butyl | at bb ds f d 2, wh h b
Poatted vith fromd to o doibs PrsEr LB Mebedal R PTsrent/BkeRon:g whi ch
are then redpectdrostjinkedpolydcnlatd laesisyinitinty darmddomderi draulsimmol ymer . The
respective O af tifinEnsiidrPEbRilds UEOERRTRIAMUAnShyEaGAEIH oni L1 ) e

t her nopl asti cs oW n rocedure used
in preparing t hearga@hasalk)ylswww eapeeund in @ paiah, ﬁam@@tcﬁmw@smy. acryl at e)

rubbers 15 EXAMRldati uoﬁs?ﬁdﬂé“’?erﬁﬁéiﬁt@ésirftHeera?@B(Hfmrto%?ttca‘hfb@ bi modal
bl end of cross-Iinked poI {F@ﬁg fﬁ;%‘l g’?"‘ rubper frééa ﬁ\gl\/D lsg&epared
by punping into %{“P@Xegor Y epgatigyco ﬁ?%sé EHYSIHINGr af ti ng
m xture. Thesgr addentg aré showa byMisthattt edhl. 308S gpaténtdd 601 |68 andt er, 5.5 g
20 sodium lauryl sulfate) 720 g styrene, and 360 g acrylonitrile. Prior to
the introducti orPWRboda&t gk.df Bi PRieRi 4244419 nto the reactor, the reactor
contains a mxture which is stirring at 80C, which consists of 1100 g of
distilled water, 1294 g of a cross-linked poly(butylacryl ate) rubber
%\% ure gf 1%%@' efl haVILrJgefal @@éé-ﬂlﬁﬂ:eﬂ solyaca/fat®ruliiers &Ebﬁ&madand fre]gz of
an g o Cros i nked ut a ru ure o
exanpl e 2, havi fifLPAS W%Qﬂé‘? 9@56 \\/%\73 n%%@’:%n @ﬁ‘l&%‘éﬁ?&% 91 26974
g Dv (nrr) @0 714, a!bylcbrfaﬂe:xyamywén@ateﬁ@nmslnigtsmgr trarelcartzercatoors. mi xt ure
is then heated 0 roomtenperature
g&doﬁ%@@gb&@régghbg%@ &Rw@a@@m@%nﬁ

and characteriz roce several additional 5
times, except tr@thvheayl@caﬂaten@qmmqm%s|sy0hrat5railsw@é@lkcmyaﬂwhécwl@é@& or at

80C to provide gécﬁftém?r%ofé%)!Wrﬁsu?%e@dﬁ@@ﬂns%@%l'éﬂﬁ%oﬁ@ry Ebéﬂ gsacryl ate)

rubbers which are forngd from acr /1 ¢c ester nome ence of

0.25% to 0.5% byStHEEg@NEStRapIsHG! HearP?A?éEO&Hf"eof“‘%i’[}%%F"'tﬂ 8lsPri ng

reggt or m xtzslrle @gblgmsddfa@ umj(es e grglate amryel];arms itssétagtdngri AVED
rubber on small and |l.a rtl r rQ react or

m xture of 1306 B{ogprt{%geg% rﬁ'h% 5?9’@?%%5?% fs%gbgrc@mﬁéﬁj&{kggé 1304 g of
the 128 nm par t i @bes4inkiegrarigrait- llnkmg mcmonmrstolmakmg\er@raswnked xture of 1298

g of the 652 pa ture of exanple 2, and 1299 g of the 124
particle size 15‘56?11%?3%& tSBe%?arrpl e 1 was used to nake a binodal graft

using 0.5% AMSD. Additional grafts wer ? made foll ow ng, the sane procedures
wher eby mi xed small and | afgengahe cease-lipKegqaonRNery WBiFhFATLPE HEPS f or ned

in the presejyce mferQ%r@rncmo%%rﬁum%ﬁmonzh@némzawetweét@%@ferSeidrﬁ;smt he above
graft conpositions 2|0 are c % ous k chl ori de

sol uti on mai nt ai W&MCQPe%@@V@T ﬁ'\)ﬁwgteaardﬁ? ﬁ&C'Bﬂﬁn QYPX)S?&W fex to one
part of cal ci um atiytate @stess] intaddition Hivenyl eeakzénagligbéstees, feoéiai'ﬂplwere

filtered, washed with distilled water at anbient tenperatures, and dried in
a vacuum oven at 50C for 48 hours to yield a fine powder.



25 Dry blends of 54 parts of the dried graft copolyner, 46 parts of a 75:25
by wei ght copol yner of styrene and acrylonitrile (SAN), and 1 part of

| rganox 1076 were extruded to form pellets, using a Wl di ng 2Bidan2d3s 20mm
(0.02m) tw n-screw extruder at 450F (232C) set tenperature, 400 rpm and

15-17 1 bs/ hour {6.8-7.71 kgl hour) throughout. The 30 pellets re injection
nol ded into ‘P’Qé’%’“kﬁﬁci mens using an Engel 30 ton Injection m\ﬁﬁwsé\?’#ﬁ"a
450 F (232C) barrel set tenperature and nold tenperature of 145F {63C).

Not ched |zod inpact values were averaged fgomfive sanples (specinmen wdth
0.125, 2ft.Ib. (0.2765 nkg) pendul um capacity) 23 May 2003 WO 001 31158

-10 bt ai S i i | i i t t t

odel #4300 ar - rUANHRED bR mtRES REylelters Ml H b TRRT. ThAnact

strength data frqragtios elitbsaresentinentiodiaiscecambe appbedmithastditorant eri al s

based on the dat a gsQhhrdd'8cyfatFIHE cﬁhgz\b‘éitig%,eﬁﬁdrpﬁs %gsgitigﬁét
obt a| ne romthe above-

speci nens. These test  spec] nens were ) escri bed
cross-1inked pol yIATRASIES siligene rashdateshyRiseuBbarss @s5howp iadd- §hratsntmdal
pol ybut yl acr ybat o4 084 522lahd§,282,d681 ri buti on was enpl oyed. Table 3
AMSDConcentrati onRatio (% byParticle SizeRoomwei ght based
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In order that those skilled in the art will be better able to
30 practice the invention, the following examples are given by way of
illustration and not by way of limitation. All parts are by weight uniess
otherwise indicated.
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EXAMPLE 1.

25 A mixture of 2464 g of distilled water, 4.4 g of sodium
carbonate, 1.54 g of sodium lauryl sulfate, and 7 g of sodium
persulfate, is stirred in a reactor and heated to 80°C. While the mixture
is stirring, there is pumped into the reactor over a 2.5 hour period, a
pre-emulsified mixture of 616 g of distilled water, 10.8 g of sodium

30 lauryl sulfate, 2156 g of butylacrylate, 42.5 g dicyclopentenyl-
oxyethylmethacrylate, and 5 g of alpha-methylistyrene dimer. The total
reaction mixture is then heated at 85°C for an additional 2 hours,
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The above procedure was repeated several times, except
5 that the level of alpha-methylstyrene dimer was varied from 0, 10, and
15g.

The following results were obtained showing AMSD
concentration, Particle Size, Swell Index and Gel Content.

Table 1
AMSD
Concentration

( % by weight Particle Size Gel Content
based on rubber) Dv (nm) Swell Index (% by weight)

0 121 7.4 88.5

0.25 128 11 85,4

0.5 124 15.6 83.4

0.75 122 22.4 83.0

10 EXAMPLE 2.

A mixture of 2464 g of distilled water, 4.4 g of sodium
carbonate, and 5 g of sodium persulfate, is stirred in a reactor and
heated to 80°C. While the mixture is stirring, there is pumped into the
reactor over a 2.5 hour period, a pre-emulsified mixture of 616 g of

15  distilled water, 3 g of sodium laury! sulfate, 2156 g of butylacrylate,
42.5 g dicyclopentenyloxyethylmethacrylate, and 5 g of alpha-
methylstyrene dimer. The total reaction mixture is then heated at 85°C
for an additional 2 hours, cooled to room temperature and
characterized. Based on method of preparation, an emulsion

20 polymerized poly (butylacrylate) rubber was formed having an average
particle size Dv 651.

The above procedure was repeated several times, except
that the level of alpha-methylstyrene dimer was varied from 0, 10, and
15 g.
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AMSD
Concentration
( % by weight Particle Size Gel Content
based on rubber) Dv (nm) Swell Index ( % by weight)
0 719 6.5 86.2
0.25 651 15.3 84.5
0.5 652 31.2 84.7

The results shown in Tables 1 and 2 illustrate the
dramatic effect of AMSD on final cross-linked poly(butylacrylate) swell
index without an inordinate loss in gel content.

Bimodal blends of cross-linked poly(butylacrylate) rubber
compositions are prepared by combining respective cross-linked
poly(butylacrylate) rubber blends from examples 1 and 2, which have
been reacted with from 0 to 0.5% of ASMD, based on weight of rubber,
which are then respectively grafted with a styrene-acrylonitrile
copolymer. The respective grafts are suitable for incorporation into
styrene-acrylonitrile thermoplastics as impact modifiers. The following
shows the procedure used in preparing the grafts of the respective
cross-linked poly(butylacrylate) rubbers :

EXAMPLE 3.

A styrene-acrylonitrile copolymer graft of a bimodal blend
of cross-linked poly(butylacrylate) rubber free of ASMD is prepared by
pumping into a reactor over a two hour period, a pre-emulsified grafting
mixture. The grafting mixture consists of 378 g of distilled water, 5.5 g
sodium lauryl sulfate, 720 g styrene, and 360 g acrylonitrile.

Prior to the introduction of the grafting mixture into the |
reactor, the reactor contains a mixture which is stirring at 80°C, which
consists of 1100 g of distilled water, 1294 g of a cross-linked
poly(butylacrylate) rubber mixture of example 1, having a particle size
Dv (nm) of 121, and free of ASMD, and 1291 g of a cross-linked
poly(butylacrylate) rubber mixture of exampie 2, having a particle size
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Dv (nm) of 719, and free of ASMD. The resulting total reaction mixture
is then heated at 85°C for an additional 2 hours, cooled to room
temperature and characterized.

The above procedure is repeated several additional
times, except that the grafting mixture is introduced into the reactor at
80°C to provide graft copolymers of bimodal cross-linked
poly(butylacrylate) rubbers which are formed from acrylic ester
monomers in the presence of 0.25% to 0.5% by weight of AMSD
based on weight of rubber. A stirring reactor mixture designed to make
graft copolymers using 0.25% AMSD rubber on small and large
particles was prepared from a stirring reactor mixture of 1306 g of the
651 nm particle size rubber mixture, and 1304 g of the 128 nm particle
size rubber mixture. A stirring reactor mixture of 1298 g of the 652
particle size mixture of example 2, and 1299 g of the 124 particle size
mixture of example 1 was used to make a bimodal graft using 0.5%
AMSD. Additional grafts were made following the same procedures
whereby mixed small and large particle blends were used which were
formed in the presence of 0% or 0.5% of AMSD.

The resulting latexes from the above graft compositions
are coagulated in a 1.5% aqueous calcium chloride solution
maintained at 85°C by slowly adding one part of the latex to one part of
calcium chloride solution. The resulting polymer solids were filtered,
washed with distilled water at ambient temperatures, and dried in a
vacuum oven at 50°C for 48 hours to yield a fine powder.

Dry blends of 54 parts of the dried graft copolymer, 46
parts of a 75:25 by weight copolymer of styrene and acrylonitrile
(SAN), and 1 part of irganox 1076 were extruded to form pellets, using |
a Welding Engineers 20mm (0.02m) twin-screw extruder at 450°F (232°C) set |
temperature, 400 rpm, and 15-17 lbs/hour (6.8-7.71 kg/hour) throughout. The
pellets were injection molded into test specimens using an Engel 30 ton Injection
Molder with a 450 °F (232°C) barrel set temperature and mold temperature of
145°F (63°C). Notched Izod impact values were averaged from five samples
(specimen width 0.125, 2ft.lb. (0.2765 mkg) pendulum capacity)
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were obtained using a Testing Machines Inc. Monitor/impact
instrument model #43-02 at room temperature.

Table 3 shows impact strength data from 27% rubber
impact modified ASA thermoplastic materials based on the data
5 obtained from the above injection moided test specimens. These test
specimens were obtained from the above-described cross-linked
polybutylacrylate rubbers, where a 50/50 by weight bimodal
polybutylacrylate particle size distribution was employed.

Table 3
AMSD
Concentration
Ratio (% by Particle Size Room
weight based on Ratio Temperature
rubber for Dv-small Swell Index Ratio Izod Impact
small/large Dv-large for smali/large Values
particle size) (nm) _PBA ( ft-b/in)
0/0 121/719 7.4/6.5 2.6
0.25/0.25 128/651 11/15.3 5.9
0.5/0.5 124/652 15.6/31.2 3.2
0/0.5 121/652 7.4/31.2 4.0
0.5/0 1247719 15.6/6.5 6.4
10 The impact strength results show that significant

improvements are possible with the addition of AMSD during the
synthesis of the cross-linked polybutylacrylate rubber.
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CLAIMS

1. A method for controlling the swell index and ge!
content of emulsion polymerized cross-linked polyacrylate rubber
having an average particle size in the range of from about 50 nm to
about 2 microns, which method comprises, effecting reaction under

5 emulsion polymerization conditions of (a) a polymerizable acrylate
rubber monomer comprising acrylic acid ester, and a sufficient amount
of a polyfunctional crosslinking monomer to produce a cross-linked
polyacrylate rubber, where the polymerization of (a) is effected in the
presence of an effective amount of an alpha-alkylstyrenic compound.

2. A method in accordance with claim 1, where the
emulsion polymerized cross-linked polyacrylate rubber is bimodal.

3. A method in accordance with claim 1, where the
polymerizable acrylate rubber mixture comprises comonomers
selected from the group consisting of alkyimethacrylates,
alkoxyalkylmethacrylates, and a mixture thereof.

4. A method in accordance with claim 1, where the
polyfunctional crosslinking monomer is selected from the group of
dicyclopentenyloxyethylmethacryiate, tricyclodecenyl acrylate and
triallylcyanurate.

5. A method in accordance with claim 1, where the
alpha-alkylstyrenic compound is an alpha-methylstyrenic dimer.

6. A cross-linked polyacrylate rubber made in
accordance with claim 1.

7. A bimodal cross-linked polyacrylate rubber made in
accordance with claim 1.

8. A method for making a cross-linked polyacrylate
rubber graft copolymer comprising effecting reaction between (b),
about 30% to about 70% by weight of a monomer mixture of styrene
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rubber graft copolymer in accordance with claim 8, where the alpha-
alkylstyrenic compound is alpha-methylistyrene dimer.

10. A cross-linked polyacrylate rubber graft copolymer
made in accordance with claim 8.

11. A thermoplastic composition comprising a blend of a
thermoplastic polymer and 5% to 75% by weight of the thermoplastic
composition of an emulsion polymerized cross-linked polyacrylate
rubber, or graft thereof, which emulsion polymerized cross-linked

5 polyacrylate rubber is formed in the presence of an effective amount of
an alpha-alkylstyrenic compound.

12. A thermoplastic composition in accordance with
claim 11, where the thermoplastic polymer is at least one polyester,
polycarbonate, polyestercarbonate, polyamide, polyetherimide,
polyphenylene ether, polystyrene, or a copolymer of styrene with

5 acrylonitrile, methacrylonitrile, esters of acrylic acid, methacrylic acid or
copolymers thereof.

13. A thermoplastic compasition in accordance with
claim 12, where the thermoplastic polymer is a copolymer of styrene
and acrylonitrile.

14. An article of manufacture made from the composition
of claim 12.

15. An article according to claim 14 comprising an
outdoor enclosure for an electrical or telecommunications interface
device.



