ve3e\ +$$%' @ F*6+T\ +} K *166166* 99 June 2002 | MPACT- MODI(EL ED POLY( VI NYL
CHLORI DE) EXHI BI TI LOW TEMPERATURE FUSI ON The pfesent invention
relates to a toug mnmn“ labl e bl end of polyvinyl chl ori&g} n%%& with
‘e specific acrylic copol yIrer rubber - based core/shell i npact di"ei«¥P4 whi ch
bl ends exhi bits inprov ow-t enperature flusi on performance during the
conversion of the adm xed starting conponents into the bl end.

| mpact - nodi fi ed polyvinyl chloride) for uses such as_pi g{) utters, siding,
Wi ndow pr of | [15PART MADIFIED PRI (ING. GEIRUBES EXHUTTING BMPROVED
appear anceretention perfor mnﬁgw_%wﬁ%hgﬁg ]-FE@SIIP%S where it is exposed
to natural elenents such as sunlight, rarn, "hail, Sl'éet, or water sprays.

| npact nodifiers,for weatherable PVC have been caomerci all vaj | abl e for
over 20 yenr s, HIF BSCRbIRSAYTERLEE Dha conErese TR b Tt PR o o s
mul ti-stag ) yh YRt Ia s ( a rubbery
pol y(al kyl eaé)éﬁr(sﬁg{léﬁ?gduié&grw)pol y?ﬁ‘f!‘g%{ﬁ;f‘&é@%ﬁiﬁégﬂéﬁr%ﬁl%g%@c\lm th such
nodi fi ers woeelsidlbirdpactwnbifieyGvhivh Hepds extabitshim poed dloweban pertaéuiest i cs on
conpoundi n% t he physical hl end of powders g{i other starting materials into
a fused, i APFRBREETINEIAOGRELUFIPE ths conBersip phihe eR SEIEYHCARPRIS SR hi gh
t enper at ur g4, tMaibngecreases the output rate of the blended material,

i.e., increases the overall thermal history of the blend and so offers nore
opportunity for Impertmiodifesst palgatvioyl dilonidie (BVGsessudhoampipehgsttemsnsiding,

conpensat ed .f or so at by the presence of cessing aids and | ubricants,
ot B BIPEIS and thsdilre, Baf ahile: acorpiBble Faractnhd ABpetAnEtqos, £ abl o

to cause t beteRB¥aige@forRl8RE ih SutddotappligSlishs FhefdR8s BkpdRWRE Ha8HREN at ur es
and with | ower energy requirements, W thout conprom sing the properties of

t he resul t alemdiltesdch 8elsunlight,ohirt, thiasl, pleeb| erwiter spoaygh dneehch nsvddSersi . e. |

t hose contai ni ng, i C ifiers, can enahl e cohesiyve pellets, cubes,

ol di nge. BRVHASTALIS TYE GREe PPRbTBMSEOaNE GaPaac BF o enel pRamngpd
exposure t BaNcHRmMIRlY Yaf@SeH E}Jre/swango&&wa@hlea%laslrﬁaﬁ%wgwtrﬁbﬁmryﬁ@ssyl e
et al., European Unexam ned Patent 217,397 have taught that control "over

t he conver polymens witlCafrubhersheord bgsedor atrobbhey palsitalkyloasylsties asualla

PVC/ acrylic I rn bl end .can be acconplished at | ow tenperatures by
wor ki ng p‘i@&]’ﬁﬁglfﬁﬁgag&i‘ 5 with softer acrylate conpositions, but his

addi tive conmposAtprebleal withodichanfdidiers WhidhtbleRdewithIPVE Hdd HeewdBat fies m
desi gned for ease of adm xing wth the PVC pell ets)nfgowder or beads.

l\/]tc)r e(ﬁver . Basian dﬁfﬁ?iﬂ@ﬁicagg@%mﬁﬁ&ﬁ? physjcal be Q@C}]Wéf{rﬁﬁr ptharscosity
Veuni or -+ e md R RR S aE ER dR PR s B el e

copol yner Johgltithey end higietdtiperitreas mhied @edreasazahy mRitputditteof sihel | for a

core/ shel | HTani;t nodi f1.er based on a butﬁl acryl at e/ but adi ene copol yner
core, but Mgpeedhmaterallie- dncrpases dretreral thermpabistrry of the RisadAand 20 f usi on

resul ted wiens eé&p‘?@@%ﬁr@ﬁ%&ﬁ@eggaééibﬁ bf B BYES ’M%#&%}f&($¥?ﬁy an)

U S Patent t ave taught simlar softer copoly elative
to net hyl betdmapendadédfdraonpothatdry) theuiresersdealflprocssimgedde Asth dhbricamtact

L o e e S e TS ol B Bl 2o
o P AN 08 PR ol B A1

range for t I npact nodifi ase
honopol ynesrergy réqtiyémeantsy hatheoud comppoinysieg shepriaperyies af thd mseltant h hi gher

al kyl acryl.ates .defined herein), prefer | so containing.a
mul %/i -fun%:/kflieB 'aﬁgﬁ% rt?“% 1?%%55@@%5983%%}&?I'E'hgll'“?sepfbpl M&ation of

a copol yNgim et mfigrst@amga?ﬂle%ﬁe%& BeBPR! @ElBe%?hf‘olﬁlilﬁgiE,]E ddth@SoRd, ad ower

al kyl acrylate, yie a readily isolated powdery 25 no i er which

unexpect edihe likegarkespreppred oith lees terperlatkprsufetsiaomarmaliygidseibidbiveth

formul ati ons of .PVC.. I\/brg S e{;ifi cally, I have discovered a process for the
fusion i nt‘i?né{ﬁ‘_“il?ﬁ‘? R F’Bﬁd 915 a conposition conprising (a) 100 parts of
a polynmer of vimykyiehhall @%ropean Unexamined Patent 217,397 have taught that

control over the conversion of PVC from the discrete to the continuous phase in a

PVC/acrylic polymer blend can be accomplished at low temperatures by working
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(b) fromO0.5 to 10 parts of at |east one stabilizer against thermal 30
deconposi ti om of the honopol yrner of vinyl chloride; (c) fromO.1 to 30

-parts of at least one filler; (d) from1l 25 parts of a coneg/ ghgldoopo! ymer
conprising: (i) from60 to 90 parts, based on 100 parts of the core/shell

.polyner, of a core of a copolyner of butyl acrylate of the conposition,
based on 100 parts of the care, 35 O (a)ZCU to 99.9 parts of polynerized

units of ns I, - i 3 it 3 h D RALLS -
pol yror zod hEpEBERLARE: combReiit, BRERS AL M A A R IR A
al kyl groupifgealtaionwbgk itk i8 feadanfoaimdesigted fooraale bf kdndxmgaritls thé
polyneri zed units of at | east one non-conjugated cgj({)‘,lyunsaturat ed nononer;
(ii) / Cﬁr Ir leEy&lmeMgﬂSy p:wdﬁmhqxl:)lbe@?ao %@*lrepggr, b‘é’f@fﬂ tives “ﬁ'&fflg S@bstt%;lally
corel/ she ol ymer, o shel |l of. copo ref c sition, based on
100 part s HElE %%F’-’L‘;lggﬁ“&yfgr"éﬁ%gef%ﬂ?b g‘?*r‘-’td}s]lﬁﬁf‘%p_ Sherides Bifeste
met hyl ne I e; rom o] parts of polynerized units of a

| east one a >YI¥ acrylate, the alkyl group containing 2 to 8 carbon atons;

wher eip the fudifeanier ciaSaRRehted, Fa2, 195 angrds 61204 hdstagight \voddftent
| east 15% hi gher than that for_ a_control conposition equivalent in all

respects erpelymehielatiee tommbiyt rertherrylnte srmapolymear) ewasshel fgam s of
t he shell ;.

| i zed uyni t.s.of nethyl. h | at d t
D5 AE e CopTRIT ST RO PRRGhee AR By SR ooy 5P he
control CouRGsvE Mt tadhiRirtiedassd thit GopRived lohetshpertithyahedibnt,Rshiltal of

the control conposition, the process_conprising 1) conbining theaspol ymer of
vi nyl chl wiiatethe blendsabetd peaparadd Edrdier padestmisiichaisyheRyant ¥. £. Patent

Bl end o Seriber? Feve SRR SUa 2T AP  Aa e O O B OB SoB0S A ¢ :
homopolymer) outer shell for a core/shell impact modifier based on a butyl
acrylate polymeric core, but also have not taught or disclosed that improved low
temperature fusion resulted when the blends were prepared.

I have now unexpectedly found that a narrow compositional range for the
20  shell of core/shell impact modificrs based on cores of homopolymers of butyl
acrylate or copolymers of butyl acrylate with higher alkyl acrylates (as defined
herein), preferably also containing a multi-functional monomer, when followed
by a final shell polymerization of a copolymer of methyl methacrylate with
appreciable quantities of a lower alkyl acrylate, yield a readily isolated powdery
25  modifier which unexpectedly imparts improved low-temperature fusion to
weatherable formulations of PVC. More specifically, [ have discovered a process
for the fusion into an intimate blend of a composition comprising
(a) 100 parts of a polymer of vinyl chloride;
(b)  from 0.5 to 10 parts of at least one stabilizer against thermal
30 decomposition of the homopolymer ofv'inyl chloride;
()  from 0.1 to 30 parts of at least one filler;

(d)  from 1 (25 parts of a core/shell polymer comprising:
(i) from 60 to 90 paits, based on 100 parts of the core/shell polymer, of

a core of a copolymer of butyl acrylatc of the composition, based on 100 parts of the core,

35 of
(a) 60 to 99.9 parts of polymerized units of p-butyl acrylate;



.3) nelt-processing and then cooling the nelt to forma useful object in the
formof an extruded object, an injection-nolded object, a cal endered sheet
or film a conpression-nolded object, an extruded chopped sy 2002 I €e-
-processabl e pellets. 19 June 2002 4 In the specification and clains) we
.use the followi ng definitions, which are believed to be consistent with
their use in the current state of the artgzof processing and

i npact - nodi fying PVC. Definitions: (a) non-conpacted blend: a blend of the
-ingredi ents m xed under conditions where no fusion occurs of practical
consequence, as evidenced )y t lfeorh @lB%X9 padtsndipobyrheszad units wf ancilkylhe
resulting blend . (b) fused) intinmate, and cohesive nelt: the nelt behaves
as a rheol ogical |iquid, the pafrylateathsr thar oy auty asryighpdhealkylaraup

di spersed in the nelt, and the . 0 | P S as a continuous
non-friable blend. (c) non-honﬁ%@%%ﬁggégﬁﬁéC?ﬁgﬁﬁgﬁﬁgbn cooling wll still
show crystallinity remaincng i frob6.1010l2/5ipayls dfiyodymeared anitstofat test dual
structure of the as-polynerized polyvinyl chloride) can still be detected
to sone degree. Typically, PvOorenpprserdgatedpolyynpriurgtedymopemesrted to a

honogenous nolten bl gnd ( [ i i e, and
whi ch shows no resid 1QI S Orrglf:%rl}ggmélg’rh#f’ ﬁleﬂggcg g@?ﬁﬁ%s?%%% %@%ﬁ)@ggﬁgﬁka
process of theregstellaidlpier o6l lodl] 60copuBindiest thandnfijvertior, baked b 100

pol yvinyl chloride) wll have degraded appreciably. (d) control

conposi t i opartsafdbgrbeld, afhe specification and clains of this application,
the term"control conposity on" f ] : lxture or
the fused blend of a conp%)si ti%‘?ﬁc@foa?dgp %%Eggéff}gﬁesr?%%%#ﬁ?f%gﬂ% a
core/shell inpact nodifier, whaethdchglate:pe and anount of PVC and stabilizer
are the sane as in the ngovel conpositions or processes clainmed or described

in the present invention.DFurthen e Yhpamis obpolymreaizedarnityplirtieast onene
amount of the core in the cor i bt he
core in the core/shell nodifi g‘{rlE{aﬂféeérﬂ%g’s%lﬁglggla%%u%’%gnﬁ%\;}g’?gs%t(g!?rggg?%%ns

or processes. The only vari antatomsf he total control conposition fromthe

i nventive cQnposi iai ?ns, IS tge rati,o or anmount of polyneric units conprising
the shel| @Rereid tAgIuFoRds FRakagterizsd DXuni ch "control ™ shell is at |east 95
parts of polynerized units of jyet hyl, B4, 0RGMBr&tEvaR@SR] Qé’c]??@? t.s of
the shell. In a separate aspec?eof t%e i nvent #@%\,V?he co(rae/s e Ppg?{r?pact

modi fi er wthdn thet foopabyirel cargositibnleqatvalémt im albreédpectsheickptrthatiiber epl aced

by a core/shell .polypgr conpri sing: 19 June 2002.5 (i). . from60 .to 90

oh ts < Chasernbsifgp ophia SRIFia Huttin 2 hus i poaicedswist EERETRY! o

copol yner ?{eégé@t,yjagg’oga;égatog o phesoPEmOshdll;on) based on 100 parts of the
0

core, of a .9 parts of polynerized units of n-butyl acryl ate; b)
fromO to 39.9 parts of pol ym®i zed timette fafion torgueyno oggt,ang prefrrablyhan

n- butyl acryl at t he .al kyl oup _containing 2 to 8 carbon atons; c) from
0.1to 2. 5%%??%%6?“ B°6It§ﬁec¥P?%3°?fﬁPP§1tl8P’ at |east one non-conjugat ed
pol yunsat urated nononer; (ii) 3¢orr esdftuhiangk bf cdlopat léist eqdivabetitsthhnsed

on 100 parts of the_ core/shell polymer, of a shell of copolyner of the
conposi t i off thezxeatrobpompesibiant heoPrachs ePmepnNiSingf a) from 50 to 85 parts of

pol ymeri zed units of nethyl hacr, X [ 0] : f

pol yneri zed units of at Ieas'[ﬂi ne g%&gfnqﬁ%?%%%ﬁ’%%e?é‘?ﬂgo%}ﬁ%ﬁg’gt?lgup

cont ai ni ngsthbilizet 2archtiedbratshel pobptabr Bfto A iuri-ydmpdétedibderahit i on furt her
enconpasses the process and caonpositions where the shell contains both
copol yneri zed pol ymeric units2bf ahrytingengadeixpgwiihsheardhpaeny at e,

W thin the foynday Kle%‘arlg'ctoh%‘ﬁt it @%’8% PN Emdtb, doheBVE L g-}gms &.E&%sat

| east one non-=conjugated polyunsa Urated MONOMEY 1S selecte oMt he group
consi sti ngmett;al | yl methacrylate, allyl acrylate, diallyl fumarate, diallyl
mal eate, diallyl itaconate, and glycol or palyol esters of acrylic or
nmethacrylic acid. It is separatel y”ﬁﬁ%?@cﬁéﬂngﬁ&@ ga cgeling Efm@hfeto
stabilizergl Q4 t f ' r: : [ t of
2 Tong ohaichtot amdolBetirP e Sriforh SEARRal e R i inRiecBaifbREN TRL  he
core pol yneealeadéridrsh@ét br fibm 98 cOmpeegidn-pal d@hbdbjett, palextrrdededhopped s of
butyl acrylate, and that the al kyl group of the polynerized unit of alkyl
acryl ate oHtrangar rRePFREessAbe gellefst he shel | conposition be n-butyl.
Especially preferred is n-butyl acrylate. |I have further discovered a
mel t - bl ended conposition conpri sing: 19 June 2002 -6 (a) 100 parts of a
pol ymer of vinyl chloride;



(b) fromO0.5 to 10 parts of at |east one stabilizer against thernal
deconposition of tile honopol yner of vinyl chloride; (c) fromO.1 to 30

parts of at |east one (filler; 5 (d) from1l to 25 parts of el |
.polynmer conprising: (i) from60 to 9U parts, based on 100 p@r‘?@egéﬁt}he

core/ shell polyner, of a core of a copolyner of butyl acrylate of the
conposi tion, based on 100 parts of the cor®, of (a) b0 to 99.9 parts of
pol ymeri zed units of n-butyl acrylate; 10 (b) fromO |0 39.9 parts of
-pol yneri zed unitg qf an al.ky]. acryl ate ether than. n-butyl acrylatc,.the
kol o oup sont PR gPeSiFEHHOR aPGTRTOE UreiherParr i e slaSpihich aap
pol ymer i zed afibbed 0f bbor £aisht e, BOdl: GOBILGRL EerBRt YRS BE ARG mONONEr
I5 (ii) correspondingly) from10 to 40 parts, based on 100 parts of the

core/ shel | pobgessing afd ampiethodifyingp®V¢nPefinftiddse conpositi on, based on
|00 parts of the shell, of (a) fraom 50 90 rts of  polynerized units of
met hyl 20 nmet haeﬁjl at@?n-eﬁl}ﬂpfa%#ﬁe@?rt%%g%@dﬁftﬁglwesbqrvﬁémmal B ts of an
al kyl acryl L i AU 20t ; rneLn the
conpositi on@érgdlghg?ﬁteg?}rlgggnggrq%ggltsfr‘éﬁl{agﬁl@&?ngﬁﬁgg%a%ﬁ%ﬁgbgﬁﬁ% or que
val ue at | efr$dblé aUdmagheshdshaematare bfithd pasuitig@blendl. conposi tion equi val ent

in all respects %xccpfl t[Fa_t the conposition of the shell is at |east 95
parts of pol yneri®ed fWaed.dnbmate; aAnd colesivmmell: lhe mebiahehpves 800 parts of
t he shel | ; - 1179: f s - : f t

conpositi on@eggoéﬁmﬁ#ug?’e%%nﬁg% t%pésgdéﬁggng%pggé?bgg%t\%rgﬁi[? %fegg‘[%gntoéhgf t he
control conmekj andnhe mel®od unaiZdBRpedrsfasrd dwrtimmus mbnsfriabde dtbnal.

nmel t - bl ended conposi tnig(r)ln}bc?rg {jﬁﬂsultsggglft(ége I]}'lg &a&qzngfv\g&ﬁmégg& of vinyl
chloride; (b) fr 0.5 . tabi gai nst

t hermal dec, 14 t-he - A I.0e; rem 0. 1
to 30 parts g@#ﬁ%@%ﬁ@%@ﬁ?&%%?@? Sfr%gofyc{teg’ %@%ﬂgfx{eg%alétxﬁ%%ug} so el l

pol ymer congheissipudymerized polp(Ginyl ohdidearci:s stildmwatbterted @6 sprketdegede. t he
corel/ shell pol, r, .a core of a copolynmer of bytyl acrylate of the
conposi t | orfypdgﬁvd e IOBresarSed ras R OdeLongPried 1P 8)hanogesogs meplisRr 1 s of
POl YITEr | Sed b {SbRhdWRRYL uhforrdiPa llbedibplidle | hPunthiPaids 8

pol ynmeri zed units of an al kyl acrylate other than n_- uty(i acrylate, the
al kyl groupesidnabstruptpr fron8he asksynthesizes] PYE). Bndma@ricdass of. 5 parts of

pol ynerized units.of.at |east one 15 non-conju ed pol yunsat ur,at e

ononer - oRBS AR A SorR BT 00t ionBhEa et thapty BRYABRCRARY s of
the core/ sk@ll hael de@adedbppreztdly. of copol ymer of the conposition, based
on 100 parts of the shell, of a) Tfrom50 to 85 parts of polynerized units

of methyl 20 nef{dacr yonirel compdsitiom:2brouglsmtshe speaficatiory and icledniswhithis of
at | east one_al kyl t hacryl ate ; the al.kyl, gr.oup cont ai.ni n tq 12 carbon
tomer whorppResn TR 8GR el FoL tobiaditithr G SRR Wik Pheusedl o B oo
1) a pre-f ugnfiRtdrerdtue \fakstbbRhdl dFasdond So4i b0 betaiiap PRM@ta stabileRn) 41 a

conposition) equivalent in_all respects except that the conposition of the

shel | is atcoreéenall igspasimediser,phenrthieyge apdramamtriie andistabiligerare,

pased, on 190 gkiguah MG eI el bR AR MG RBRA LA (120

to that of préstntdntermtiore oRphiet ithé® amouh® of une/sHlZmbdifier, the amount of the
core in the core/shell modifier, and the composition of the core in the core/shell
modifier are the same as in the novel compositions or processes. The only
variant in the total control composition from the inventive compositions is the
ratio or amount of polymeric units comprising the shell of the core/shell modifier,
which “control” shell is at least 95 parts of polymerized units of methyl
methacrylate, based on 100 parts of the shell.

In a separate aspect of the invention, the core/shell impact modifier with

the copolymerized alkyl acrylate in the shell may be replaced by a core/shell

polymer comprising:



J further have discovered that the shell of the core/shell copolyner used
in the nelt-bl ended conposition can also be; a) from40 to 90 parts of

pol ymeri zed units of nmethyl methacrylate; and b) from 10 t qof), of
-polynmerized units of an al kyl acrylate, the al kyl group contalning to 8
carbon atons. It is further noted that the tine to fusion torque occurring
and also the tinme from conpaction to pre-f%sion torque m ni num val ue is

| essened for the presence of the core/shell polyners of the present

R CNAT L i SR
quantify, buoljheslidracdory ofﬁ'c@%&l?mte? oF YA cPHIRYE bf fk &mpdaANESn, based on
tenperatures, since less heat/tihe is redquired in both instances. Although
the di scoverlfOgmrtiedi thedoby, & conparative constant tenperature test nethod
fusi on at | ower brocessi ngek ongal B S92 e KRS BEL T RALBERERAL 1y shown
a direct correlation between thg pakaneters defined here and the ability to

so process at |ower temperatures 1n operations such as conpounding for
pell ets, extrusion of blerds i frtanswfif.9pbrsoifpolandricébuhitk ef akladkyl

invention is defined in terns of performance in a | 1 -kno test for

fusi on of pol yvinyl chloride) @ﬁf@ﬁt%?%ﬁréﬁ%%&hétl\gg%éﬁﬁ%é q?lﬁ’l group

| ar ge-scal e processing equi pm@BntJH&g@EH’?@EFHo% Qe‘o“tgne bl end, nanely, PVC,
tabi i i

the inmpact nodifier, and appropriate izers, lubricants, etc. are
first dry-bl ended w thout caddi firoom@l1 &x2.8rpaats dfezdljmgrized mmitlsrdf @t leasal
heating to ca. 100 to 110 C w || occur}%ga}‘?; Blowderedél?l nd is then placed
in a heated bow , such as that °Bf "8"HRAKE 8 ,y“\ﬂs_?ﬂn' 74 F°R§TThe mass
first conpacts, (gnd tcB?re_%Bér?d&ﬁgB”)ﬁtd?ﬁ 101t3 140D A0 sk 8 oh A0 LELeF @k tinme =
0. There is then a drop ih torque to a m ninmum val ue, defined as pre-fusion
t or que val ure/sheld polymerabof awhell 9 copalymer of Yhe ¢dreptsitientmsefion M pays i s
about 20 serﬁgds ﬁUtf it will of course vary with the chosen m xi ng devi ce,
sampl e size’ SIshﬁ atli on and tenperature conditions. The torque then rises
to a shallow peak, and thegp sl gwhys0eskERasts @ﬁlﬁﬁbﬂ%e&hn%'o@ﬁmétﬁﬁl
declination begins is chosen as the tine'to fusioh torque, although the

19 June 2002 _ 9 - fusion torgmethacrytatestrictly constant. Eventually, the
torque wll level to a plateau.equilibrium value(usuall asur after ca.
10 minutes of nixing), an 5fi ngﬂg@/% ﬁ%ggtpgﬁsl ‘iflipa?ﬁlf%ﬁ“éﬁg&{ S\R}JEFFQSS one
over cone and t_he PVC wi | | _ begi 531],{5,@_11@&5@6@@&@, a{wamgypgﬁodp dataMing4doRse i N
torque)) but with appropriate stabilization_present, this aspect of the
fusion behavior is irrelevant ?@bpﬁ@t?més q Ylon. As seen in Fi gure
Z, the values f - i i ]

Getermined. - and CEnEysatiSh AkehBF Giriiesky BFe bihce L0 (L RRABLAE AR |
curves ar e theshsllfcontangrbstiesdpalyahefitePpélyaiediocodmies ofalityl hstgateland dlkyl

i npact nodifier, for an inpact nodifier whose shell is poly(nethyl

net hacryl atféﬁt%éﬁﬁylfi% %Fblprfglﬁchou#éaﬁ cpdippns H@é”érﬁ@"ﬁ&rti cle size and
core/shel |l ratig); Shglel a¢l ] tyl
acryl ate copol y?fe}%ﬁe{é’%gﬁ%e séaear'lc ltgﬁ%t?drgeﬁ%aﬁ%&yPﬁéﬁgﬁ%%%g%@g{%pﬁ| gher for
t he cont r olmomqaet isrsethctédfrotrhire grivapuonedtihiged ahiyt tresthadrylate ballyl
significantly higher for the nodifier with fhe copol ymer shell. Further,
the time _t@C¥ﬂsreoﬁlelbﬂq{a@%rét%éealﬁbélﬂge}vgéﬁ%dfla tROnREL Y sjygq%&r_tpewor
the modi f Qtcofh bPableiCRRALIIREINGNA. 1TR%BRIMIR/ pifertbdVhallailiggmy be
a honopol yner or may be a copol’'yner which 15 at I'east 85 wei ght % of

pol yner i zesdnerstalsliobr isifngin ctd 4 pads, oftaneorgenstinienteroria caltiemmsplaof héarsg one

of vinylidepe. chloride, , vipyl.acetate) ethylene, or pr ene. In separate
ot ef et ed” ShEBUTRERCaR Shiaffiter prorsperdiny RiatPrreleRaL e Gip e bR e
I nventi Ons,cohﬁaih_@ﬂ)ff?J@?.Q%iéﬂ@beﬁcgﬁt %‘l?ﬁrelrﬁfed\ﬂnrﬂﬁélof%'@xltﬂrdc‘ii?la't& #hd

honmopol ynmer of vinyl chloride, or that e al kyl acryl ate other than butyl
acryl at e i $hat gtehglkiybgydupaefrthle giofymerizedanittdiallgt! dcedste onalkybnconj ugat ed

pol yunsat ur at ed noner . be present at fromO0.5 tq 1.0 i ght [cent.

Aot her  poSSt BRESIRGOH e Y SOTTRIS HORDS MRty s HErRecga s merer B terbuicy!
contains fremQtdS to 1.0 weight percent of units derived froma nercaptan
chain transféer agent, such as an al kyl nmercaptan, a nercaptoester, and the
like. Preferr edIgﬂ&ﬁqﬁm:&tbeoﬂismeerndmm@ﬁ}hlgradeehcqm@pgaiﬂtismmnariemmnonrer
exhibit the functional groups CH =CH C(G-0 , CHZ= C(CH3)- C(O- O, or
CH=CH CH - O 19 June 2002 10 Exanpl es of such nononers are

1, 3-butyl ene glycol diacrylate, 1,4 butylene glycol diacrylate,

trimethyl ol propane triacrylate, allyl acrylate, allyl nmethacrylate, and the
i ke. Other polyfunctional nononers may al so be enpl oyed, such as

o - o o, —



19 June 2002 11 since stabilizers are required in the processed fornulation
for a variety of reasons. The core/shell polynmers utilized in the present
invention are nost useful for nodification of polyvinyl chheuideropno- and

.copol yners. \Wen bl ended with polyvinyl chloride) (PVC), the blend wll
.also contain 0.5 to 10 parts of one or nore thermal stabilizers for PVC,
such as organotin conpounds, organol ead conpounds, barium cadm um organic
salts, calciumzinc organic salts, and the like. It may also contain
-lubricants to aid release fromhot netal _.gurfaces, such as waxes, olefin
polymers, certain acrylic core/shell polynmers, and al so processing aids for
pronoting fusion and increasing nelt strength, such as high nol ecul ar

wei ght copol yners  of hyl thacryl ate. .| al so contain col orants,
fillers, and thefal)i keﬁﬁﬁ%@w&f?%%&%ﬁ%ar bonat e (CaC03) may be
used in the bl engyyat EeMed.S 1910 pheybs £ 1dast Onc3RatiBsdragaihbt themV B8R EEAMA
the art that PVC proceSS|ngéS|ds whi ch contain acrylate esters

copol yner i zefithahomopelymer ofreinplaahloridgt e | ead to i nproved fusion and ot her
desi rabl e rheol ogical t4es, [, resence of processing aid,
whet her conbi ned&bvi t hﬁ?{ﬁ‘cemﬂ?pﬁéﬁ%hg;ﬁﬁég}t og%ﬁ;ﬁglgl ation, or present in the

overal | tormul at{dpn, Gem ld@tdSamtts bf @ovreRkell palasier eddpridigicy of the inpact
nodi fier by diluting jts effect as well as to higher die svvellgit,n

| eadi ng
extruded strands, shelts, $pBre0RS0 P@{t&.ba‘-ifﬁ‘e%?@rwwiqf lpseqre/shetlpshngrh
the conponepto kg f&o@&?ﬁn@f BRI dofylhed DF B2 &Er?ﬂlo%%ﬁ’ BRBPEH 2y P&%s Pédreent

only or predomnantly as part of t'he core/she i npact nodifier. Further,
the studiesofsinmlar to those reported herein show that the desired effect

of fusion behavior is see en-,h nonef. . opol, rized in
the shell, as contrasted t y\,innc%roet ?P%’?#‘Iﬁgkﬁ?%ﬁﬁﬁz?‘fwﬁé’%@%%@ggfﬁlaeroduci ng
a separapge |ayer of acryl gbp patamiOno 350rpatx afipdlemetived WHRGH afalityf dcgylatei t h
18 % pol yneri zed units of butyl acr Iatg iﬂ tgF igﬁll nd with 7Q %or 60 %
core polymer is no |ess effici @ﬁ*ﬂe’i‘gﬁnﬁ%‘ itrRgate &%ﬂ IS oRrFERGS R &
fusion (as judged by the tests gpgfialdnd herein) than a simlar inpact

nmodi fier with 80 %core; all three are nore efficient than a simlar
modifier with 80 % core afd) a ferh@il teelBapartsl eft poliwanized ynitsr ofsdteledst oibe
practical processing of PVCis well-. [ and may be conducted
utilizing a variety of equi pm::ﬁ1 1.1cﬁ?ﬁ@%&?ﬂ%%ﬁfﬁ%ém(g?o@?rnyl chl ori de,

19 Junel2002 12 the stabilizer, and the core/shell polyner are conbined
into a non-conpacted bl end, nost co nly by adm xture w thqut exter.nal
heating in a bl endi n§hppaPatRenditgl: £ R | R t?_ésem Qed 0B martaef dage,

or sequent icgledfell 2@%&}&9‘1 %ﬂ'&%ﬁ?@%@ﬂoﬂh@ RYmip8siBMDIRedLsh 16 Bﬁétdf Rk and
adm xing with shear 'to convert it to a fused, intimte, cohesive but

non- honogensbels ofrel t. This mixing may be done on a heated mill roll with
shear mxing at the nip, iR th rdnel X r.. knsa Banbur LxXer)
or simlar devices where pﬂe hggppéﬁht%ﬂ%gﬁggbn fﬁ#ﬁ%%“%%§ %@ﬁvggiéﬁgkgnd
where t2fere exists a neans forndilmctydatged of the fused blend. Finally, the
fused bl end nmay be di scharged as trand or.m,lled sheet t.o pelletized
for later processing, such®as ﬁ'ﬁfnea]c(fo RO 8f Ry mEr~qdunity °18“F‘r€f<é£@%ﬁte’

mol ded. Alternatively, the fused diytefbuprynte@iny PRESeRBor At@asigh appropri ate
di es, sizing equipnent, take-up rolls) and the like, directly to a film

cal ender ed “8nesit the sgmposiep jychamarigrized dugng ofirblersing byunes, or an

i nj ection-nol ded object. The bbendsa ?Eémﬁgﬁlﬂgk%‘\%&%gﬁ?ﬁapﬁ% q@%gcp%nv\her e

t oughness, especially at |ow tenperature, Ity 1s desired.
The usé@$ i i fiten, comtrdl comapositionl dquiviakedt inaall respepts exietit tigpt filur cdnguesiisn offthey |

profiles faor hui]di ng.product and .vinyl.fo for bujlding,de atio

Dl pe. and ST At s Grrly D iom @%eg il or BT mRbactlelco P P 0B Pt
products bagagelpn pol yvinyl chloride).) Production of useful objects is
acconpl i shed by techni ques wel | -known to the vinyl iqdustry. The bl ends nmay
be nade directly from powder bPends? U t%’é‘kﬂ%‘éoﬁ“ﬁur’é‘f’ pRAH Hian derthe spggro
pellets Orcﬁﬂgﬁﬁkkpr nol di ng or extrusion. Conventional extrusion equi pnent
for the produttion’of vinyl siding or profile may be utilized. If a foam ng
agent 38 al so enpl oyed, good gdal i tipaihtsameany chler atdeast dqdivalentapphadef that e
foam extrusi on apparatus for vinyl. The bl ends of the present invention,
when used V?W?ﬂf%ﬁ@ﬁfﬁﬁkecular wei ght pol yvinyl chloride), such as that
with a Fikentscher K value of 51, are also useful as starting materials for
the preparation of injection-nolded articles, as the blends will exhibit
good weat herability and enhanced thermal aging properties. A further

advant age of the inpact nodifiers taught herein is that they disperse well
into the PVC matri x. When conpared at equival ent processing 19 June 2002

o e .



Figure 2 illustrates various |evels of butyl acrylate in the shell of the
core/shell inpact nodifier, fromO to 46% (nodifiers ID- 1B, -1C, -1D and
-1E). (In this conparison, for some unknown reason the sarm‘l "gﬂ ) with
18. 4 % BA does not behave in regards to increased pre-fusi or?'{ %.Pjogas IS
seen for sanples of identical conpositionin Fig. 1 or Fig. 5; the cause of
this single aberration is unknown). Figure 3 illustrates simlar results
where the conmononer is butyl nmethacrylate (nodifiers |ID 2A, -2B, and -20),
at levels fromO to 47.1 % Figure 4 illustrates the use of 2-ethyl hexyl
acrylate in the shell conposition, at levéls fromO to 21.4 % (nodifiers

I D-3A, -3B, and -3C). Figure 6 illustrates the consistency in inprovenent
anong five sanples of the sanple_ inpact eglfler IDIA) Wwth 18 % butyl
acrylate copol y e A Pehave dﬁ*‘rﬁ’@”%‘ﬁ‘é?l’mhb@?g&) SPEPRHUBY CABPEYIYr yi ng under
various conditio SO I ze of the resulting powder.
Al'l sanpl es stud?“Zd |hﬁ§%§ro§gp§1‘{ng@&\%%e%§%%%r ed with masterbatch MB-1.
Preparative Exanfi)es ftem3. imdl(IpmsrqﬂatTdaeiscmeeskzdmﬂpmesgdmmmahd@:omemnon

unexpect ed a of s copol ymer conposition of the
core/ shel | %{%FP?‘B "Bra‘? v1 %éhgofﬁg ca. 250 nm and 20 wei ght - per cent
shel | cogtent, E) corﬁ.(;ﬁ@tle@, ma&sermzbaﬁoﬁ@fme& tion with a poly(nethyl

nmet hacryl ate) honbpol yner sh . This preparation is Exanple 1-Ain the
fol | owi ng Tabl es(d A mul-tgt-é@enmﬁ ymp/shdlmlmeHWM| sion by the

:‘gl ![?:Mnggh;eg: B(raopan tri ng&xisg'?gbyg%fgﬁ%d@l @,O%t Fens W(ﬂ%ﬁﬁm’ I\?TA

di acryl at e)a cot@ ofim cmmymarofeﬁneyl sitrvlatedf ﬁxea:embsiiibﬁ,ttaded/wrt hoopatsoffthy core,

ni trogen swef-_e a reflux condenser, and neans for addi ng nononers and
initiators,” s charged 720 grans of dei oni zed water. 258.45 grans of a 45 %
sol i ds_egui sion of a 103 R N e
52/46.7/1.3, 0.38 m . of gilmama acet ?énam d, g. rlﬂhseﬁv?/ater The
mx is heated to 45 ~C. wib) e mm@tm@%mﬁs ﬁﬁmlﬁgetnzedomrtsnéamd&;yl acTyale

nitrogen is now adjusted to s rea [ely) ure
and 1.75 grans of sodium for Wﬁggf'nhgﬁ o%&q&ge&%%g% E’(eo(ﬁlpfo ?]50

on nononer)) in 63 19 June ZBQBoﬂEtogisanB of water is added and sti rred
for 3 mnutes. A gradual d|t|on f. an |n|t|ator feed qver a 15-m nute
period i s begun; the feed s oftom ﬁ11 o5 RAFS RS W%H‘B‘b’ﬁadialﬁé st one

emul si fised in 54 granms of watepombédjugatdd gHlIAMBatRfatcl BEnSREO! utl on of sodium
llauryl sulfate. Sinultaneously or alnmpst simnultaneously there i s added over
15 m nutes 210 grans(bf anéqﬁBPfsqIWI)édfrﬁ@nb%? 4R partSEREH @b ABP iparts @ 2ke 78

grans of a, f , 3. 49
grans of bﬁt&% S%'“SP&?”H@ #%A%Ell?glc%&hfmé%%k QQI\}B §éito hg@%@@ cglr %idr@sa?{s ogjtéét er
ri nse. Aftslnclhofhree m nute hold, the reaction) now at ca. 52 C., is
treated with 0.41 grans P and 37 gra of the. EM VI r a 12_.m nut
period, then 0.81 grans ng &° 50 &ﬂffh%f “?.ﬁ?’éF‘? s of e ¥t
periodot hen 0.59 grams CHP anghed&yiteans of the EMM over a 4 mnute
period, then 0.42 grans allyl nethacryl ate. At this point, the reaction
tenperature is ca. 92 C he ri&emi0dn SRiParEPEPYI AT Wnis obat Igeshapealkyt he
conver sion, based on expected Y/ % n t S
cool ed. The conversion is 99. 3{%09?;]’5%215‘%%&8‘2 all|§'r]1a msﬁ(;%loidlgﬁl%ég 'fdr:gép%?%dcl e
size 241 nm This cross-| i nkedatemisbaheyein ghessontposition inghatictesized diring TelF0 g.)
is charged to a simlar reactobll@aﬁqgfated to 52 C. while sparging lightly
with nitrogen for 45 m nutes. e ogen is adjusted to a sweep, and a
nmononeRsni x of 4.0 grans of 28])% S(}ﬂbmﬁxlsmurtmlquswa.hﬁtﬁ 18adt Ut Mighdd thagr ans
of nmethyl nethacrylate, 68 grans, a‘Lﬂnbutg Iate t3nd 1.8 m. (0.004 %
BOM n- doddtdy for feptEal pomposiiongasivalant el g5 e irent ek b compoition AT tes
Then is ad

stirring |§ﬁgd§§ﬁﬁa&g%§? %?og?é%d}]é&zgg umésn%ﬁ@%}tgﬂ ﬁé%%#ﬂ%a%gor%d ?%I[I %@E& R Of
(0.28 grandeshel;30 nl. water with a 10 nl. rinse is added. After

2?5,”32?2& E?,eeée;;}ei\ﬁéi’{ onal %%k.e%‘“ﬁ%%d*"?‘f? il Z&r}ﬁ%%?mf. on

for endlsi BHPRPES i zation. T merlce is then fi red

cool ed. The particle size is Eﬁ lﬂtﬁ?mﬁg}lffg st %q“i“%ﬁné{"eﬁm??% ¥t he
enul si on baorsll ensbsiiond at 150 C inlet and 75 C. outlet; 2.5 weight
percent of cal ci um st ear at e- coat ed cal ci um carbonate is added to enhance
the isolation properties. The sanple is designated IMIA wth 82 %

pol ymeri zed units of nmethyl methacrylate and 18 % of n- butyl acrylate in

t he shell. 19 June 2002 16 A control is nmade in a simlar manner but with
no n- butyI acryl ate |n t he sheII and 378 granms of rret hyI rret hacryl ate. The

o T 1 A o~ o~ 1 o



.n Shel | Wei ght % 2- Et hyl hexyl Acrylate in ShelllD C (CONTRO

L) 1001 D- 1A8218I1 D- 1B8218. 41 D- 1C75. 824. 21 D- 1D70. 129. 91 D- 1E54461 D- 2A76. 523. 51 D
-2B64. ?35. 31 D- 2C52. 947. 11 D- 3A89. 310. 73B |1 D-8416_ |1 D- 378. 621194JJ,{bequési on
.curves fromwhich the determ nation of pre-fusion torque, tine to fusion
torque, and color was nmade are generated as follows: I n a Haake m xer

equi pped with a bow, a stirring paddle, gnd a device for nmeasuring torque,
the bowl being maintained isothermally at 125 ~C and stirred at 50 rpm is
-pl aced 60 granms of charge of a fornulation (blB-1) which is designed for

i nj ecti on-nol di nhfienibert hevefiorerenéd thatethess HVUG fahelcove/shd! Ecagdodymeeugddtin (1 n

| ater experjinents, formulation and/or m xing conditions may be changed).
The anount W?’ﬁ%a@?nﬁggf’?rp@?sWﬁ? ‘g8 a\}%ﬂg%'d; a typical value is 8.7% based
on total formulation ( 10 part g..8e40199Q 3 Gl 681 19 June 2002
17 Table 2: Conponents of a sterogrgtch Ng&:%{rg)?rp or%@nﬁt Eazr;éélq%)tgrOfloo parts of

PVCTr ade nanmePVC honopol yrmer KefeithglGethactildXd;/aideth 1 tin

stabilizer2.0TM 181d ycerg& nonost ear ate external |ubricant?2.?Al do
MSOxi di zed pol yet hyl ene i Rt er nBP™ 1H£9 B8 peotssximobgnensed Raits@haer bl end is

stirred and heated, conpaction it [ i L5 or
(conpaction peak); this part o?&?ﬁg&?l#e\?éﬂllgagﬁg?% q ?/ﬁr%{}ubgg&lré?ed because

of the excessive variability. chrbopatsthsof conpaction is taken at tinme t=0,
and the torque '&s_then plotted as a function of tine. In a typical curve
(Figure 1), theltisfgrdreaavtedithat theityneto fasien dprquarpgcareng apg@dso the

desi gnat ed: - i 0 RS . 1 Rl curve.
Wi Purt namsfroft Eohatdth LA TRASHBinn LR T NI Plorele CUIVE:
t he fusi onptreseque of MHrecdrefshell @olyeners dfiths presinmdnintaitiperdlative cotlokid.

Equi l i brium torque and degtadation values are not plofted, A second

conmer ci al aﬁﬁg’lgg?%é‘?@ha(“F%E’igfne&}é%‘iréﬂ%éﬁipmmpﬁllmﬂ af:&fhﬂgi ORis @Bt ai ns t he
fol | ow ng, i | : ] fe. Ls ifier
ol Low 0o, dhitcef Bl BSmgreatielul 9Raghs, SS0SF by Ll @b GRICERY
honopol yneat kwes teng@rdiuras,i simeediess h et/ xiedis zequirtd pobyet mskamnesd  cer ol

nonool eate exte | lubrigant Pol (peth nmet hac | ate) rocessin aid
Chl ori nated of ‘é‘ﬂ: °P5}i’1éf’ lséﬁYﬁrVr?sé{%Hieldi e? CORPATA SIOREF ARt eTIReER VAP

lubricant PNebmekhdd @bBAREAHirbRIP rah &P PR B8h FACA {Hillty\B¥adHIbR Adkptatd | cant
fusion at lower processing temperatures, there has been independently shown a
direct correlation between the parameters defined here and the ability to so
process at lower temperatures in operations such as compounding for pellets,
extrusion of blends into useful objects, and the like.

The invention is defined in terms of performance in a well-known test for
fusion of poly(vinyl chloride) which simulates the performance in large-scale
processing equipment. The components of the blend, namely, PVC, the impact
modifier, and appropriate stabilizers, lubricants, etc. are first dry-blended
without additional external heating (some frictional heating to ca. 100 to 110 C.
will occur). The powdered blend is then placed in a heated bowl, such as that of
a Haake mixer, with stirring. The mass first compacts, and the torque on the
mixing blade is registered at time = 0. There is then a drop in torque to a
minimum value, defined as pre-fusion torque value; in a typical run (see Figure
1), the time to this valley is about 20 seconds, but it will of course vary with the
chosen mixing device, sample size, formulation and temperature conditions. The
torque then rises to a shallow peak, and then slowly declines. The point at

which the declination begins is chosen as the time to fusion torque, although the



.19 June 2002 18 Exanple 2 This exanple presents eval uation of various bow
paraneters and of inpact strength for several core/shell nodifiers to show
equi val ence of perfornmance in inpact behavior and desired c]rgaﬂgleeszdoa t or que
.behavior. In Table 5 are recorded val ues of inpact strength and fusion
behavi or (Haake bow ) for two test condityjons for 10 parts per hundred
(Formulation A) or 5 parts per hundred (Fornul ation B) of core/shell

nodi fiers of the conmposition IMC, 11VI-1 A, and IM1C Equilibriumtorque

‘i s nmeasureq;gbn %&'q{?eerlk'/téx%§ sthian vhaRa ROVESEntha Igh i DeftqheRvillNev vl

Formulation Ais t -1 nmast’erbatch descri bed above.” Fornulation Bis a
wi ndow pr opldteawrgtudibrianotal (8BsBilly dessnidibdftencdalfl miduteSalfmeixing), and

Conponent s _of terhat.ch MB- 3 Conponent Anmount PVC_h ol yner .

<C68300T: ¢ BRRURIAS SiarabTent ellei e b PearEarps IARCHDET Y Crft HRREES 2 )
processi ngzal r.ali0i $p =B : I 1N [ I i (Paraloid K-
175) 1. 0Or %ﬁdé’?’?ﬁr?ggta%ﬁﬂr?%ﬁ&%gﬁ’/ﬁ%‘é"i?&%gg&‘?icaﬂ'uﬁﬂﬁg’s‘{%e‘g&g?@b gggﬁlgér%al

| ubri cant 1st2bilPatiahfpresevets thistaspaet oflithbfusiantbkhhniorigirnreledantmtite t est, a
series of notched bars is broken at a test tenperature and those exhibiting
ductil e brRFEREMRERALIARGh break val ues for the individual sanple, > 1060

joul es/ neter) r S Mk $ 51% . Sanpl es
are conpr essi orgn%egsgsﬁﬁ?ge gt %}ﬁed‘ga?gg%%?gg%f?%oy}%&% ?A%ot C chﬁ'r 10?5
sanpl es i npagpiechrabe dahmiinaferat tongrastéed widpappegprizdapbetrolsava Bigure 1,

ductile-brjittle transition tenperature i e range 18 - 20 C., within the
accuracy OPerHEVSSATE g8 ?‘H’eaag’li‘lséer \atc%/ erbi\saé.nd Ot%gr 38%1"260‘%%0 ¥R 5:

Test Val kneladi i ' tyl
poryl ate RoLERf AR JERE lodiety SRRV Hinck TRy IREEMGVRAY ot B
Shel | 0182 Siriish avt nh orkifies of tHE0TE BRrtielé uidieamd airelshell matia IGA2SAOXAEIGHUSI on
o oo TSR i S o A IR T b S 8
~Cl787605§:}8-3f99§m %&%@gﬁ%ﬁ@ﬂ&@@ﬁﬁ@gﬂ ﬁ%@aﬁbﬁtw}p&%ﬁﬁ@dfmul ts

identified in this exanple Is the ab
masterbatch, but significantly higher for the modifier with.the copolymer shell.

Further, the time to fusion torque is not lengthened, but is actually shorter for
the modifier with the copolymer shell.

The polymer of vinyl chloride may be a homopolymer or may be a
copolymer which is at least 85 weight % of polymerized units of vinyl chloride,
the remaining units being at least one of vinylidene chloride, vinyl acetate,
ethylene, or propylene. In separate preferred embodiments to both the process
and melt-blended composition inventions, it is preferred that the polymer of
vinyl chloride is a homopolymer of vinyl chloride, or that the alkyl acrylate other
than butyl acrylate is 2-ethylhexyl acrylate, or that the at least one non-
conjugated polyunsaturated monomer be present at from 0.5 to 1.0 weight
percent. Another possible embodiment is that the final shell polymer further
contains from 0.05 to 1.0 weight percent of units derived from a mercaptan chain
transfer agent, such as an alkyl mercaptan, a mercaptoester, and the like.

Preferred examples of the non-conjugated polyunsaturated monomer

exhibit the functional groups

CH,== CH— C(Oy—0—  CH,==C(CH,)~C(0)-O, or CH,==CH~CH,—0~—



core/shell nodifier of this invention to overcone the lubricating effect of
hi gher filler |oadings and have a positive effect on inpact perfornmance.
The core/shell nodifier greatly increases the probability oi i,ncr d
filler loadings and being able to obtain the required physi %ﬁ"%ﬁ%@gfties
for vinyl products, such as siding, wthoyt increased use of processing
aids or lubricant re-balancing that can have del eterious effects on
stability and rheology. Fornmulation 1 is used to benchmark processing

‘per f or mance of ' i [ R 136 Lrate. For
| ower cost, ForﬁQ%%ng%ngsgg%%%ggggg%ﬁggg%éﬁﬁgﬁ?bgFX$%i8g%gggggpﬁ%creases
cal ci um carthotydére fliybblediatgdatengimétieylefdrepinotriatrgisaselyl adriyRiteshibyls a
dramatic effect upon the fusion tine of the conpound, increasjng fusion
tine by a fraethacrynte pnsethetikes @merrtpqibfnmn@agggl%mqﬁé%@ba@p hysi cal

7 Bval uat (<P Tt bV D4t R L B RS e bR BB iy T

contributi gikeby bal ancing the formulation to facilitate fusion: internal
| ubricant (calciumstearate) and processing aid |evel are_ increased,
external | ubri cHer reasenstoé ardisg igdflapan dyfdoagwption &r sradicdingdby havimg he

19 June 2002 20 f..the polyethyl | i th h d
Lo pr oot o FEeRe R SHEot HieF e RGP o R At o e RIRASIT O fer

but is stithe bettgeheliRainhtthe PM@AMAK, it i¥prefhrédiauhd sbellaffitae aitiof two.
The Drop Dart | npact shown in Eval uation shows the relative performance

of the st afliell gorgfhetiompacimasiifisr eantpin ppaergthand ¥ partsof pelymerimunitging

t he standapd.. [ 4 s ihutes the e ndid | hi s

i nvention P gﬁxv%%%ﬁﬂy I %w%géwhlréﬁ%g’[th%oadﬁ {go;%?’oéto é&?’mgs%é,oeé f é)Llfbsoh
identical aforarTHE3heldmndy alfbeostdifct ned-céliagetydepsipfinctiond] fogonet, t hi s
invention gn fusion is dramatic; it decreases fusion tine to the |evel of
the standathe pdspusional monemmsr raefesabli presemicabolenels fdrpbund whighyde of

di scussed r f US| s 03 . ah0ut - f 10f t me
conpound t%?tﬁ%%drﬁ?%i%ﬂg tﬁgééﬁﬁﬁﬁpg%?ﬂrﬁga%&ﬁ%d‘??%? %Bs%)@?t ?%c?nﬁ}%uv}g?' aarllf. Its
ef fect on @ntaircaptionglRcémpl @pedirte Sf stiviSmanomesy, ask agfvisyladroatdtial
significance over the other tmo,highléyjtlled conmpounds. 19 June 2002 21
Pr ocessi ngmepPBers.(methlaceylenitsde.And e likdidi ng FORMULATI ONS1234GEON

27100. 00100. 001Q0 : j

St oar at o, 201, 201 K01 8K 18 PP PG DO B00.SUge TpBEE Trst or core

(AC- 629A) Opdl@fhet @s less Bhan 400 nm. and the core of the core/shell copolymer comprises
(AC-316) - -~ - 50. 15T1021..001,0Q1. 001, 00CaC0310..0020. 0020, 0020. Q0K- 120N1. 00
1.001. 251. %Kﬁ)&ﬁ’?&f? BUASG0Y 65 S6oT SELRFTceRb A Frpotal corelshell GodRABENDER
RHECL OGYComatinod iR LA ARA100NIES Loo 0K AREITRADAESIROCCOMRRGH
Tenpl67186181159Fusi on Ti me6019813250Fusi on Tor que2335249026152915Fusi on
Tenp. 1931 %moki@Y prexiavatiEnée mield Greetfigveinigi poved28 24 8268 9ndingrimpact
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parts of at 1 eéeast one
they may contain thermal stabilizers, such as hindered phenols, organic sulfur

compounds, organic phosphites, and the like, wkich may be added to the
core/shell polymer as it is being isolated from emulsion. For use in poly(vinyl

chloride), there is little need for addition of stabilizers to the additive polymer,
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contributes to fusion at lower temperatures be present only or predominantly as
part of the core/shell impact modifier. Further, the studies similar to those
reported herein show that the desired effect of fusion behavior is seen when the
acrylate monomer is copolymerized in the shell, as contrasted to increasing the
amount in the core, or producing a separate layer of acrylate polymer. For
example, an impact modifier with 18 % polymerized units of butyl acrylate in the
shell and with 70 % or 60 % core polymer is no less efficient in producing
improved low temperature fusion (as judged by the tests specified herein) than a
similar impact modifier with 80 % core; all three are more efficient than a
similar modifier with 80 % core and a methyl methacrylate homopolymer shell.

The practical processing of PVC is well-known to the art, and may be

conducted utilizing a variety of equipment. First, the polymer of vinyl chloride,
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A e e
to 99.9 par tbe pelletizédifor laber yroetssing suchvasipjestibhenalling, ogtobpe cofmptéssiomhel |
conposi tion rxiladgci.bxit%lx‘hapively, the fused blend may be processed through appropriate
dies, sizing equipment, take-up rolls, and the like, directly to a film, calendered
sheet, extruded profile, such as window frames, or an injection-molded object.

The blends are useful in opaque applications where toughness, especially
at low temperature, and weatherability is desired. The uses include, but are not
limited to, vinyl siding for houses, vinyl profiles for building products, and vinyl
foam for building decoration, pipe, and the like. (“Vinyl” is a commercial
abbreviation for fabricated products based on poly(vinyl chloride).) Production of
useful objects is accomplished by techniques well-known to the vinyl industry.
The blends may be made directly from powder blends, or may be first
compounded into pellets or cubes for molding or extrusion. Conventional
extrusion equipment for the production of vinyl siding or profile may be utilized.
If a foaming agent is also employed, good quality foam may be formed from
appropriate foam extrusion apparatus for vinyl.

The blends of the present invention, when used with lower-molecular
weight poly(vinyl chloride), such as that with a Fikentscher K value of 51, are
also useful as starting materials for the preparation of injection-molded articles,
as the blends will exhibit good weatherability and enhanced thermal aging
properties.

A further advantage of the impact modifiers taught herein is that they

disperse well into the PVC matrix. When compared at equivalent processing
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methacrylate) as the shell component.
The following are examples of the preparation and use of the modifiers in

the PVC blends and processes of the present invention.

EXAMPLES

Figure 1 is illustrative of the response curves developed with the
commercial masterbatch MB-2 at 187 °C., with no impact modifier, with the
core/shell modifier with a poly(methyl methacrylate) homopolymer outer shell
(Example IM-1A), and with a similar impact modifier except with 18 % of the
polymerized units of the shell being butyl acrylate (Example IM-C). These three
curves clearly show the increase in pre-fusion torque as impact modifier is
added, and the further increase as butyl acrylate replaces methyl methacrylate

in the shell. They further show that both the time to pre-fusion minimum torque
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20 weight-percent shell content, as contrasted to a similar composition with a

poly(methyl methacrylate) homopolymer shell.

This preparation is Example 1-A in the following Tables. A multi-stage
polymer is prepared in emulsion by the following recipe. (BA is butyl acrylate,
MMA is methyl methacrylate, TMPTA is trimethylolpropane triacrylate, and
BDA is 1,3-butylene glycol diacrylate). To an appropriate stirred reactor fitted
with means for nitrogen sweep, a reflux condenser, and means for adding
monomers and initiators, is charged 720 grams of deionized water. 258.45 grams
of a 45 % solids emulsion of a 103 nm. p.s. latex of BA/MMA/methacrylic acid
= 52/46.7/1.3, 0.38 ml. of glacial acetic acid, and 35 g. of rinse water. The mix is
heated to 45 °C. while sparging with nitrogen for one hour. The nitrogen is now
adjusted to sweep the atmosphere over the reaction mixture and 1.75 grams of

sodium formaldehyde sulfoxylate (SSF) (0.1 % BOM (based on monomer)) in 63
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auryl sulfate. Simultaneously or almost simultaneously

solution of sodium
there is added over 15 minutes 210 grams of an emulsified monomer mix (EMM)
comprising 25.78 grams of a 28 % sodium lauryl sulfate solution, 460 grams of
water, 1413.49 grams of butyl acrylate (BA), 15.7 grams of TMPTA, and 35
grams of a water rinse.

After a three minute hold, the reaction, now at ca. 52 °C,, is treated with
0.41 grams CHP and 377 grams of the EMM over a 12 minute period, then 0.81
grams CHP and 754 grams of the EMM over a 11 minute period, then 0.59
grams CHP and 548 grams of the EMM over a 4 minute period, then 0.42 grams
allyl methacrylate. At this point, the reaction temperature is ca. 92 °C. The
reaction mixture is held for 90 minutes; the conversion, based on expected solids,
is 97.8 %. The reaction mixture is cooled. The conversion is 99.3 %, based on
final solids, and the particle size 241 nm.

This cross-linked rubbery latex "core" or first-stage (970 g.) is charged to a
similar reactor and heated to 52 °C. while sparging lightly with nitrogen for 45
minutes. The nitrogen is adjusted to a sweep, and a monomer mix of 4.0 grams
of 28 % sodium lauryl sulfate solution, 311 grams of methyl methacrylate, 68
grams of butyl acrylate, and 1.8 ml. (0.004 % BOM) n-dodecyl mercaptan is
added all at once and stirred for 5 minutes. Then is added SSF (0.09 grams) in
30 ml. water with a 10 ml,, rinse, stirring is continued for 34 minutes, and then
sodium persulfate (NAPS) (0.28 grams) in 30 ml. water with a 10 ml. rinse is
added. After 25 minutes, the temperature has peaked, and the mixture
temperature is adjusted to 60 °C. Additional SLS is added (7.45 grams of a 28 %
solution) for emulsion stabilization. The polymeric emulsion is then filtered and
cooled. The particle size is ca. 250 nm. The polymer is isolated from the
emulsicn by spray-drying at 150 °C. inlet and 75 °C. outlet; 2.5 weight percent of
calcium stearate-coated calcium carbonate is added to enhance the isolation
properties. The sample is designated IM-1A, with 82 % polymerized units of
methyl methacrylate and 18 % of n- butyl acrylate in the shell.
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amounts of copolymerized 2-ethylhexyl acrylate, and in Figure 5 for various

amounts of ethyl acrylate. For these variants, isolation was by coagulation with

calcium chloride as the coagulant and with heated coagulant and emulsion.

Table 1: Identification of Polymers Represented in Curves: All Are 80 % Core,

and of Similar Particle Size

Polymer | Weight % Weight % | Weight % Weight % 2-

ID MMA in Shell | Butyl Butyl Ethylhexyl
Acrylate Methacrylate | Acrylate in
in Shell in Shell Shell

ID-C 100

(CONTRO

L)

ID-1A 82 18

ID-1B 82 18.4

ID-1C 75.8 24.2

ID-1D 70.1 29.9

ID-1E 54 46

ID-2A 76.5 23.5

ID-2B 64.7 35.3

ID-2C 52.9 47.1

ID-3A 89.3 10.7

ID-3B 84 16

ID-3C 78.6 214

The fusion curves from which the determination of pre-fusion torque, time
to fusion torque, and color was made are generated as follows:

In a Haake mixer equipped with a bowl, a stirring paddle, and a device for
measuring torque, the bowl being maintained isothermally at 125 °C and stirred
at 50 rpm, is placed 60 grams of charge of a formulation (MB-1) which is
designed for injection-molding and therefore utilizes a PVC of low molecular
weight. (In later experiments, formulation and/or mixing conditions may be
changed). The amount of impact modifier may be varied; a typical value is 8.7%

based on total formulation ( 10 parts per 100 parts of PVC resin).
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Oxidized polyethylene AC629A

internal lubricant
As the powder blend is stirred and heated, compaction occurs with a sharp

rise in torque (compaction peak); this part of the curve is generally not recorded
because of the excessive variability. The point of compaction is taken at time
t=0, and the torque is then plotted as a function of time. In a typical curve
(Figure 1), the torque decreases prior to fusion, and the torque (designated the
pre-fusion torque) is measured at the minimum of the curve. With further
mixing, fusion occurs, the torque rises and then levels outlat the fusion torque.
The time to reach this fusion torque is recorded. Equilibrium torque and
degradation values are not plotted.

A second commercial masterbatch (MB-2), designed for profile extrusion,
contains the following, but ratios are not known. In general, 6.7 phr of impact

modifier is employed.

Table 3: Components of Masterbatch MB-2

Component

PVC homopolymer, K=65 - 69

Titanium dioxide

Oxidized polyethylene

Glycerol monooleate external lubricant
Poly(methyl methacrylate) processing aid
Chlorinated polyethylene

Organotin stabilizer

Calcium stearate external lubricant

IN N’-1,2-ethanediylbis stearamide .
Paraffin wax internal lubricant
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Calcium stearate external lubricant

1.2

1

Paraffin wax internal lubricant

In the Izod impact test, a series of notched bars is broken at a test

temperature and those exhibiting ductile breaks (with high break values for the

individual sample, > 1060 joules/ meter) are measured as a percentage of the

total samples. Samples are compression molded into standard bars with a 10

mil notch and 15 samples impacted at each temperature. All reported samples

have a ductile-brittle transition temperature in the range 18 - 20 °C., within the

accuracy of the Izod test measure of +/- 1 °C.
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Table 5: Test Values, Including Impact Performance for Impact Modifiers with

Butyl Acrylate in Shell
Test Test IM-C |IM-14 [IM-IC |
Condition
% Butyl Acrylate in Shell 0 18 25
Fusion time, sec. A 45 37 33
Pre-fusion torque, m-g. A 1960 2840 2610
Fusion time, sec. B 77 64 59
Pre-fusion torque, m-g. B 1250 1500 1650
Equilibrium torque, m-g B 1760 1720 1700
Izod Impact, % ductile breaks | Test Temp., oC
17 87 60 53
19 100 87 73
21 93 100 100
23 100 100 93

Example 3

The unexpected results identified in this example is the ability of the
core/shell modifier of this invention to overcome the lubricating effect of higher
filler loadings and have a positive effect on impact performance. The core/shell
modifier greatly increases the probability of increased filler loadings and being
able to obtain the required physical properties for vinyl products, such as siding,

without increased use of processing aids or lubricant re-balancing that can have

deleterious effects on stability and rheology.

Formulation 1 is used to benchmark processing performance of what
might be considered a typical PVC siding substrate. For lower cost, Formulation
2 decreases impact modifier loading and increases calcium carbonate filler
loading. The effect of increased filler shows a dramatic effect upon the fusion
time of the compound, increasing fusion time by a factor of three. This shift
contributes to the poorer physical propertxes of the resultant extrudate as seen in
its lower Drop Dart Impact in Evaluation 1. Formulatlon 3 is an attempt to
modify the processing contribution by balancing the formulation to facilitate
fusion: internal lubricant (calcium stearate) and processing aid level are

increased; external lubricant (in the case of paraffin wax) is reduced, or, (in the
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Formulation 4 substitutes the core/shell modifier of this invention for
Paraloid™ KM-334 impact modifier; otherwise, it is identical to Formulation 3.
The effect of the core/shell modifier of this invention on fusion is dramatic; it
decreases fusion time to the level of the standard compound (in combination with
the other compound changes discussed above), and reduces fusion time to about
one-half of that same compound that contains the KM-334 impact modifier as its
only variant. Its effect on physical impact properties shows an increase of

statistical significance over the other two highly filled compounds.
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Processing Effect with Increased Filler Loading

FORMULATIONS 1 2 3 4
GEON 27 100.00 100.00 100.00 100.00
TM-281SP 0.90 0.90 0.90 0.90
Calcium Stearate 1.20 1.20 1.40 1.40
XL-165 Paraffin 0.80 0.80 0.70 0.70
PE (AC-629A) 0.10 0.10 - -
PE (AC-316) - - 0.15 0.15
TIO2 1.00 1.00 1.00 1.00
CaCo03 10.00 20.00 20.00 20.00
K-120N 1.00 1.00 1.25 1.25
KM-334 5.00 4.00 4.00 -
Core/shell modifier . -- - -- 4.00
BRABENDER RHEQOLOGY

Compact. Time 18 82 58 18
Compact. Torque 895 205 385 1200
Compact. Temp 167 186 181 159
Fusion Time 60 198 132 50
Fusion Torque 2335 2490 2615 2915
Fusion Temp. 193 194 192 184
Fusion Energy

from Injection 592 824 826 594
from Compaction 479 657 605 437
Equilibrium Torque 1985 2145 2145 2185
Equilibrium Torque 201 200 200 200

Note: Time in Seconds, Torque in Meter-grams, Temperature in Degrees, C,
Energy in Kmg. Brabender Conditions: 190C, 60 RPM, 42 CC Charge.

BRABENDER EXTRUSION

Drop Dart Impact

Evaluation 1 3.54(0.37)  1.28(0.15)

Evalaution 2 3.43(0.06) 1.24(0.04)  1.53(0.07)

Note: Repurted as MFE (standard deviation) in inch-pounds/mil, per ASTM D4226,
Procedure A. Brabender Conditions: 170/180/190/190C, 40 RPM
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I claim;

1. A process for the fusion into an intimate blend of a composition comprising
(a) 100 parts of a polymer of vinyl chloride;
S (b)  from 0.5 to 10 parts of at least one stabilizer againsi thermal decomposition
of the homopolymer of vinyl chloride;
(c) from 0.1 to 30 parts of at least one filler;
(d) from 1 to 25 parts of a core/shell polymer comprising:
6] from 60 to 90 parts, based on 100 parts of the core/shell polymer, of
10 acorc of a copolymer of butyl acrylate of the composition, based on 100 parts of the core,

of
a) 60 t0 99.9 parts of polymerized units of p-butyl acrylate;
b) from 0 to 39.9 parts of polymerized units of an alkyl acrylate
other than p-butyl acrylate, the alkyl group containing 2 to 8
15 carbon atoms;

c) from 0.1 to 2.5 parts of polymerized units of at least one
non-conjugated polyunsaturated monomer;
(i)  correspondingly, from 10 to 40 parts based on 100 parts of the
core/shell polymer, of a shell copolymer of the composition, based on 100 parts of the
20 shell, of
a) from 50 to 90 parts of polymerized units of methyl
methacrylate;
b) from 10 to 50 parts of polymerized units of at lcast onc alkyl
acrylate, the alkyl group containing 2 to 8 carbon atoms;
25 wherein the fusion is characterised by
1) a pre-fusion torque value at Icast 15% higher than
that for a control composition equivalent in all respects except that the composition of the

shell is at least 95 parts of polymerized units of methyl methacrylate, based on 100 parts of”

the shell;
30 2) a time to fusion torque no longer than for the control

composition;
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3) maintenance of color at least equivalent to that of the

control composition,
the process comprising

1) combining the polymer of vinyl chloride, the

5 stabilizer, and the core/shell polymer into a non-compacted blend,

2) heating and admixing with shear thc non-compacted
blend to convert it to a fused, intimate, cohesive but non-homogenous melt;

3) melt-processing and then cooling thc mclt to form a
useful object in the form of an extruded object, an injection-molded object, a calendered

10 sheet or film, 2 compression-molded object, an extruded chopped strand, or re-processable

pellets,

2. A process for the fusion into an intimate blend of composition comprising
(a) 100 parts of a polymer of vinyl chloride;
15 (b)  from 0.5 to 10 parts of at least one stabilizer against thermal decomposition
of the homopolymer of vinyl chloride;
(©) from 0.1 to 30 parts of at least one filler;
(@  from 1 to 25 parts of a core/shell polymer comprising:
@) from 60 to 90 parts, based on 100 parts of the core/shell polymer, of
20 acore of a copolymer of butyl acrylate of the composition, based on 100 parts of the corc,

of
a) 60 to 99.9 parts of polymerized units of n-butyl acrylate;
b) from 0 to 39.9 parts of polymerized units of an alkyl acrylate
other than p-butyl acrylate, the alkyl group containing 2 to 8
25 carbon atoms;

<) from 0.1 to 2.5 parts of polymerized units of at least one
non-conjugated polyunsaturated monomer;
(ii)  correspondingly, from 10 to 40 parts, based on 100 parts of the

core/shell polymer, of a shell of copolymer of the composition, based on 100 parts of the

30 shell, of
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a) from 50 to 85 parts of polymerized units of methyl
methacrylate;
b) from 20 to 50 parts of polymerized units of at least
one alkyl methacrylate, the alkyl group containing 4
to 12 carbon atoms;
wherein the fusion is characterized by
1) pre-fusion torque value at least 15% higher than
that for a control composition equivalent in all respects except that the
composition of the shell is at least 95 parts of polymerized units of methyl
methacrylate, based on 100 parts of the shell;
2) time to fusion torque no longer than for the
control composition:
3) maintenance of color at least equivalent to that
of the control composition,

the process comprising
1) combining the polymer of vinyl chloride, the

stabilizer, and the core/shell polymer into a non-compacted blend;

2) heating and mixing with shear the non-
compacted blend to convert it to a fused, intimate, cohesive but non-homogenous

melt;
3) melt-processing and then cooling the melt to

form a useful object in the form of an extruded object, an injection-molded object,
a calendered sheet or film, a compression-molded object, an extruded chopped

strand, or re-processable pellets.

3. The process of Claims 1 or 2 wherein the at least one non-conjugated
polyunsaturated monomer is selected from the group consisting of allyl
methacrylate, allyl acrylate, diallyl fumarate, diallyl maleate, diallyl itaconate,

and glycol or polyol esters of acrylic or methacrylic acid.

+
10%



& ()-+ 10%!: & ()-+ 10%!:&'()-+)?aoKLYdep{zZ:)I
109% !: & ()-+ 10%!:& ()-+l 10% & ()-+l

& ()-+)?ao{ | fF)| 10% | 10%!:& ()-+ 10%!:& ()-+ %émf)gzdo% +l

10%!:& ()-+& 10%!:
109% 10%!: & ()- +l
10% ! :

.10%!:&'()-+| 109% !
10%!: & ()-+ 10%!

| ‘810%3"&'() 10: !

11

-dLLf $10% & () -
C1$10% 8" *& ()- 1 t$1098" &' () - Lt$10%3"&'
78 () - HU\/V\X|[NA4I 1 108"108"108" £ 1098" & () - |9#10%3"&'() 17°109%8" & () -

' 123"1098" &' () 3

10

15

20

| Lf > $1098" & () -
| @09%B" & ()-Az% | [9uT3l ;§| If,' $1099PIP& () -
{

& ()-+)?a0~"B)| 10% 10% ! &'() + 10%
& () -+ 10% ! : & ()-+) ?a0#$uT3l 1 | 1098" & () -

10:1:940:1:1 10%!:& ()-+ 10%!:& ()-+)?a0%- W/A|[: uT3l
=Lf " $10%wW& () - GLf $10%& ()- v Lf $1098"& ()-

t$1098" & ()- t$109%&J

' $1094. & () Xel H

The process of Claim 1 or 2 where f.th at Icast one stabilizer is present at from 1 to

4 parts, and the stabilizer is an organotin cster or a calcium salt of a long chain organic

acid.
5. The process of Claim 1 or 2 wherein the core comprises from 97.5 to 99.9 parts of
n-butyl acrylate, and wherein the alkyl group of the shell composition is n-butyl. -
6. A melt-blend composition comprising:
(a) 100 parts of a polymer of vinyl chloride;
(b) from 0.5 to 10 parts of at least one stabilizer against thermal decomposition
of the homopolymer of vinyl chloride;
(¢)  from 0.1 to 30 parts of at least one fillcr;
(@)  from 1 to 25 parts of a corc/shell polymer comprising:

@) from 60 to 90 parts, based on 100 parts of the core/shell polymer, of

a corc of a copolymer of butyl acrylatc of the compositiorn, based on 100 parts of the core,

of

a) 60 to 99.9 parts of polymerized units of n-butyl acrylate;

b) from 0 to 39.9 parts of polymerized units of an alkyl acrylate
other than n-butyl acrylate, the alkyl group containing 2 to 8
carbon atoms;

c) from 0.1 to 2.5 parts of polymerized units of at least one
non-conjugated polyunsaturated monomer;

(ii)  correspondingly, from 10 to 40 parts, based on 100 parts of the

core/shell polymer, of a shell of copolymer of the composition, bascd on 100 parts of the

shell, of

a) from 50 to 90 parts of polymerized units of methyl

methacrylate;
b) from 10 to 50 parts of polymerized units of an alkyl acrylate,

the alkyl group containing 2 to 8 carbon atoms;

wherein the composition is characterised during melt-blending by
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3) maintenance of color at least equivalent to

that of the control composition.

10 7. A melt-blended composition comprising
(a) 100 parts of a polymer of vinyl chloride;
(b)  from 0.5 to 10 parts of at least one stabilizer against thermal decomposition
of the hdmopolymer of vinyl chloride;
(c)  from 0.1 to 30 parts of at least onc filler;
15 (d)  from 1 to 25 parts of a core/shell polymer comprising:
() from 60 to 90 parts, bascd on 100 parts of the core/shell polymer, of

a core of a copolymer of butyl acrylate of the composition, based on 100 parts of the core,

of
a) 60 to 99.9 parts of polymerized units of n-butyl acrylate;

20 b) from O to 39.9 parts of polymerized units of an alkyl acrylate
other than n-butyl acrylate, the alkyl group containing 2 to 8
carbon atoms;

c) from 0.1 to 2.5 parts of polymerized units of at least one
non-conjugated polyunsaturated monomer,;

25 (ii)  correspondingly, from 10 to 40 parts, based on 100 parts of the
core/shell polymer, of a shell of copolymer of the composition, based on 100 parts of the
shell, of

a) from 50 to 85 parts of polymerized units of methy!
methacrylate;

30 b) from 20 to 50 parts of polymerized units of at least onc alkyl

methacrylate, the alkyl group containing 4 to 12 carbon
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than that for a control composition equivalent in all respects except that the composition of
5 the shell is at least 95 parts of polymerized units of methyl methacrylate, based on 100
parts of the shell;
2) a time to fusion torque no longer than for the
control composition;
3) maintenance of color at least equivalent to

10 that of the control composition.



