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28 August 2002 ., _, b) fromO to 39.9 parts of polvner:.zed units of an
al kyl acrylate other tha.-t n butyl acrylate, the aLhyl group containing ?
to 8 carbon atons; c) from0.1 to 2.~ parts of polynerized units of at

|l east one nan 5 conjugated pol yunsaturated nononer; (ii)2&8uguspehde?ngly)
from10 to ~0 parts, based on 100 parts of the core/shell pol ymer) of a
shell of a copol yner of the corrp05|t|0‘n2 based on 100 parts of the shell,
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‘tom 10 t owdth Q"sﬂ‘d'ﬁ'? | SPFRRCEY: ﬁ}‘f E“'o?&]cg{wfgﬁm?o?}%‘é’ nkr{@so Gyl at e)
the al kyl bassighahfo wefedmutmvmhlth*pol ymer
.excl udes ros&P tﬁ&@rﬁ %eﬁgg&n&ﬂé ﬁﬁgl onlleé ch;regct erized &&m@;‘y

pre-fusi othG)pquaaypbwdentorIMds Mmavghéuch additives tspally dub

conposi tiqn equival ent in al.l r t he
shell is Fﬂ‘f&’? ég%fnég" }9&?1‘5" éﬁ%ﬁigggﬂ Tﬂq{sd %Pg‘rlrgt?‘ﬁi %nﬁeﬂoﬁﬁé W at e,
based on gets of the shell; 2) atime to fusion torque no |onger, and
preferably sﬁorter than for the control i nt epance of

col or at |east Mapnion| BhiS. Patentdi4, 542,188 as@%@i%@ﬁﬁa@w A 894®F process
and the. cLpaizmerHBHYRE A PhlelRiy ke Hoiopafyh 8 oiGer o ol || zer
adm ., ~ti pereMidl ﬁhg&lst rhb&iﬁwrha@éxlma(at\B.(tvbharydlatb&\xtadmeptcopolymracoms ed,
inti rrate cohesi ve t pon- g el t ces and en
cool i ng t huthave nos taught ar g%‘é '1“&?"8"6%# ”F HB’F‘% g‘?"ﬁ&b lrlnlEe
conpr essi S1hd #h&e‘?ﬁaﬁﬁ’é‘iﬁ'ﬁpéﬁ??%* R Rg?ﬁPgeBr i
pel lets. 3,@7,283have Zaﬁehb siilar softer copolymer (roletive to methyl methacrylate

homopelymer) auter shell for a core/shell impact modifier based on a butyl
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tomporature fusion resulted when the blends were propared.

I have now unexpectedly found that a narrow compositional range for the
shell of core/shell impact modifiera based on cores of homopolymers of butyl
acrylate or copolymers of buty) acrylats with higher alkyl acxylates (as defined
herein), preforably also containing a multi-functional monomer, when followed
by a final shell polymerization of a copolymer of methyl methacrylate with
appreciable quartities of a lower alkyl acrylate. yield a readily isolated pawdery
modifier which unexpectedly imparts improved low-tomperature fusion to
woathorable formulationa of PVC. More specifically, [ have discovered a process
for tha fusion into an intimate blend of a composition comprising

(2) 100 parte of a polymer of vinyl chloride;

(b)  from 0.5 to 10 parts of at least one stabilizor against thermal
decomposition of the homopolymer of vinyl chloride:

{¢) from 1 to 25 parts of a care/shell polymer comprising:

@) from 60 to 90 parts, based on 100 parts of the care/shell
polymer, of a core of a copolymer of butyl acrylate of the composition, based on
100 parta of the core, of

a) 60 to 99,9 parts of polymerized units of g-butyl
acrylate;



In the specification and clains, we use the followi ng ~lcFlnitions, which
are bolioved to be consistent with their use in the current state uF the
art of proceseig nd inpact-nodifying PVC. Definitions: (a) non-conpacted

bl end: a blend of the ingredients m xed under conditions 2hAugus&2002i on
oeeuxs of practical consequence, s.s evidenced by tho friable and

non- cohes;ve nature of the reeulting blexul . {b) Fused) intimte, and
cohesive nelt: the nelt behaves a9 a rheologio~tl liduid, the particles of
t he various conpone~xts aro Ri ~persed in the nelt, and the nolt on cooling
appears as a contaauoua non-friable blend- (c) nonhono~anaue nelt: the nelt
oen cooling will still show crystallinity remaining in the paly(vinyl
chloride), and the residual structure of the ae-pol yutexized pol yvinyl
chloride) can still g detfegh €do 36.95mn® ofleglveerizeByyiiGalflay )allV/Ecrytatpotheressed
so as not to be converted o a ho enous nol ton bl ond (a .bl end ich is
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pol yrer " ved wipidyh@frdist Axhahfeiagyy! ate, ba$ed on 100 pate of the shell
In a soparate aspect of the inraua.©dn, the eaxelshell inmpact nodifier with
t he copo~ynerized al kyl actlyl at@pilesusipr tostus valuee) 1¢ast F38p higherlthay that for a
corel shell 1' = LSk ek . - i : t.0,,9
parts,  based® B FopPSaiRY tin io Mo B ket o 1id blrboni B, MW
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core, of a) 60 to 99.9 par of pal ized unas of n-butyl acrylate; b)
fromO to 39.9 parts of po?f/rrer‘f %ﬁyﬁﬁﬁ‘f@ng?rqgﬁ ngﬁ&??geé’c BieLeT %iﬁébm‘éerChar:
n-butyl acr yhaatfer thelkented] lepinpepitssy containing 2 to 8 carbon atoris; c¢) frori
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pol yunsat urat ed monorr: er; {ii ) "AOFPEESGh AP IAGTYCEST FARR ¢grohased
on 100 pa. ~tsmpbsitit)e tiOir8ées&drhprikthgpol ymer, of a shell of a copol yner of

t he conposition, based on 100 pans of the shell, of a) fiom50 to 80 parts
of polymétized units of methyl ¢rsRbisiag jieapadyme)offvinhchioride the sighiliger, atd

pol yn?r!Zedth%&r@/s&ﬁlp%‘lyrﬁ&%taa%@ﬁﬂ%hydtedﬁﬁﬂgcrw ate, the aJl 'yl group
containing 4 to |12 carbon atonms, such as n_-butyl, wherein the shell

pol ymer excl udes crossl i nké}. 1&%&@%@&%&%%@&@@%@%%@ébﬂ@lIfna
process and &H@Pﬁk&éﬁﬁ&,%a@e,%@ﬁesﬁ@%bh %hﬂig&?ou?%feﬂ- copol yner i zed
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or nethacrylig acid. It is separately preferred that the at | east one
stabilizer i Tm1to 4 parts of an oroanotin ester or a calciumsalt of a
long chain organic acid. It is fur~. her and separately preferred that the
core polymer contain 97.i to 99.9 weight percent of polyne.”" .zed units of
butyl acrylate, and that the aih-yl group of the polynerized unit of alkyl
acrylate or alkyl 2~ nethacrylate in the shell conposition be n-butyl.
Especially preferred is n-butyl acrylate. | have further discovered a

nmel t - bl ended conposition conpri sing:



28 August 2002 -6 (a) 100 parts of a polymer of vinyl chloride; (b) from
0.5 to 10 parts of at |east one stabilizer against the~ral deconposition of
t he hot nopol yrner of vinyl chloride; 5 (c) froml to 25 parts of a
core/shell polymer conprising: (i) from60 to 90 parts, 2%degust 2002 parts
of the core/shell polymer, of a core of a copolyner of butyl acrylate of

t he conposition) based on 100 parts of _tge core, of a) 60 to 99.9 parts of
pol ymerized units of n_-butyl acrylate; 10b) fromO to 39.9 parts of

‘pol yneri zed uni Itnstmfspamﬁahﬁyh androjaiatse wat weer theHelowi nglafiditianswhich, arehe
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15 (ii) c gfﬂwhﬁtgllﬁgﬂ%%wﬁgop‘t@ Defhiticdaased on 100 pans of the

corel shel | copolvi/rrer of the conmpositio based on
100 parts of tr(e)shemncmp%cﬁed lend ofthedpgredignts spinssd y units of

met hyl et hagt 0 I of an
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shel | pol ymmblexﬁﬂlﬂéﬁscohbﬁsslnmkﬂof:\Nea'amlmmﬂﬂemxbrrpo& tion is
characterized during nelt-hl ending G & e-f usi o& i; ue val ue at | east
| ~% hi gher tharfbks ttnegd, f‘%?ln@tﬁvcﬁﬂd('iﬁﬁﬁé egpeltt theuelh heparenas pn a11
respects g@%@@héﬂ%ﬁ&“ﬁgﬁ%ﬁé oblof @%ﬁ&fs édi:gﬁ&neln%s abo uﬁsafseaﬁn%e cs of

pol ymeri z S or acry ate Earts of the shelf;
2) a tine rmeltf uad che umique coclingapgrars ham dootinuus aontiriablecklepdsi tion; 30

3) maint enance f col or, at | east I control
conposi tion. Jﬁ’&? %652“1“’#’??‘? %glggﬁat Vs ngggéwgil éﬂes "Tt bl ended
ccrnposi t l@?sﬁ@l’mifty yo@iding ihGhe paly(eingi chlorxdh);rmd thb residykl struotirdef (b)

fromO0.5 to 10 parts of at |east one, stabilij ai nst thernal
deconposi ttihorpscpoly merizefhiody (Wﬂ-cbﬁﬂ#hﬂnéﬂﬁ&” *ﬁg@cts‘jwompdﬁmqo 25 pans
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of the colylpRditi blynd wasdtisamiftth ematmeleéulnhecaleyend which shows no

residual structure from the as-synthesized PVC). Such a process of
homogenization requires so much heat and shear that the poly(vinyl chloride)
will have degraded appreciably.

(1)  control composition; throughout the specification and claims of this
application, the torm “control composition” refers to oither tho pre-fused
admixture or the fused blend of a composition containing PVC, a stabilizer, and a
core/shell impact modifier, where the type and amount of PVC and stabilizor are
the same as in the novel compositions or processes claimed or described in the
present inventicn. Further the amount of cere/shell mnodificr, the amount of the
core in the core/shell modifier, and the composition of the cute in the core/shell
modifier are tho same as in the novel compositions or processes. Tha only
variant in the total control compoaition from the inventive compositions is the
ratic 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:



of a) 60 to 99.9 parts of polynerized units of n-butyl acrylate; 10 b) from
0to .i9,9 parts of polynerized units of an al.k-~rl acrylate other than
n-butyl a.ctylate, the al kyl group containing 2 to 8 carbon atons; c) from
0.1 to 2.~ pans of polyznetlzed units of at |east one no28 Awgust206d

pol yunsat urated nononer; 15 (ii) correspondingly, from 10 to 40 parts,
based on 10Q parts of the core/shell polyner, of a shell of a copol yner of
t he conposition, based oa 100 parts of the shell, of a) from~0 to 80 parts
of polynerized units of nethyl nethacrylate; 20 b) from20 to 50 parts of
pol ymeri zed units of at |east dne al kyk3methacryl ate, the al kyl group
-containing 4 to 12 carbon atones; wherein the shell polynmer excl udes
crosslinker; wherein the cotnposirion is characterized during nelt-blending
by 1) a pr e-fu@ on £ehadao 98 lpaRs, dhsed @ast00 Jparts & thiegoewshill paBm B oftahate f or a
control conposition, equival ent igjﬁa! 1 re‘i%f%ts EXC%Bt t hat the conposition
of the shepia ¢apolmered butybacryateof tsromaPSHYt P35 0arilP 2%t ores AYe, of

nmet hacryl ate, based oF _ 1@5}0@@@1@:@&5&%%@!&@112&_@13{1@%-19{5{ usi on torque
no | onger than for the control conposition; ;0 3% mai nt ena. ~ce of col or at
Least equival ent to bhat Bemithie 3Echpariiof pelimssized wts of an gyl meglue oden2 g
It i~ Rg.rther noted that il usy A3 =T o tho
time frotu conpacti ott todﬁg%ﬁgﬁﬂta%’r 3%%%&% nuu~96\%?g1. ud Tgoié;gasrg{)]rzd for
the predenCO O the Cur6/&hebk] polwrer~ of the preeant inven,civn rolativo
to Lhei e aaal oguee v—fith ! t hacry. . y. har htll.
"this time differentFhl igg%ngtéqéi%ﬁéﬂgffta@%é%?%&?f;tilf"%é?"r“gc%"fly
relates to fusion ocw ri ngorfdgatedwelyuhsunperdiioneser; si nce | eas heatltine is~
required in both_inacande$.. Al thou the di scqvery as.defined by a

conpar ati ve con&tk enF°¥%§M%?£°”?ggi° ?r@tpﬁﬁﬁ%dﬁ?ysmhg?&iaﬁse%&h? PEE(SEER t o
an enhaﬂﬁe‘ﬂ:o%@dc‘r,' dph shelt ofiEedpoB¥Rr BEMEREBPORIdnl, based O 100 bartsWMRKe dHeRCFSSI NY
ternperatureB) there has beéen i ndE~pendently ahow, x a direct correlation

be: ween the paxametefs &R 22108 prspsof exlymarizadents pf mrhy! merthagylgiocess ttt
l'over tenperatures iRyopgradd QRSsEYahs aF FOVRCHAI Ngd QF fRelh8t §ne agﬂdi .

e:ctrusion of blends into useful objects, anhd the Iike. The inventi
defined in ternd of perherhsanes, tha akyhetoup kapfamingesto fHearbon atoms, such as

n-butyl, wherein the shell polymer excludes crosslinker.

15 The invention further encompasses the process and compositions where the shell
contains both copolymerized polymeric units of alky! acrylate and alkyl methacrylate,
within the boundary conditions taught above.

It is preferred that the at least one non-conjugated polyunsaturated monomer is
selected from the group consisting of allyl methacrylate, allyl acrylate, diallyl fumarate,

20 diallyl maleate, diallyl itaconate, and glycol or polyol esters of acrylic or methacrylic acid.
It is separately preferred that the at least one stabilizer is from 1 to 4 parts of an organotin
ester or a calcium salt of 2 long chain organic acid. It is further and separately preferred
that the core polymer contain 97.5 to 99.9 weight percent of polymerized units of butyl
acrylate, and that the alkyl group of the polymerized umit of alkyl acrylate or alkyl

25 methacrylate in the shell composition be n-butyl. Especially preferred is n-butyl acrylate.

I have further discovered a melt-blended composition comprising:



fusion of poly(vir~yl chloride) which einaul ates the perforrtlunce in

| ar g~eecal e proc. ~eeai ng equi pnent. The conponents of the blend, nanoly)
PYC, the inpact nodifier, and appropriate etabilirere, lubricants, etc. era
h.rst drybl ended without additiont~l external boating (ad8 Aufust2demal
heating to cn. 100 to 110 C wll occur). Tha powdered blend ie th4n placed
in a heated bow, such ae that of a r~aake mxer, with stirring. The nass
~, rst conpacts, and the tongue on the mxing blade is registered at tuna ~
0. There is than a drop is torque to a m ni numval ue, dewed ate pre-fusion
torque value; in a typical run tees b'iguro 1), the tinme to than vall8y ig
about 20 seconds, but it will of caumvary w ch the cha~een m xi ng devi ce,
sanpl e eiye, fornmulation and ton~poraturo conditions, The torque thon rises
to s sl5ailow pealt, and then slowy declines. "I ha point at arhich the

declination begins ie chosen as.the tine tc~ Puaiort torque) although the
fu$i on torque i $2hot lQﬁP%ﬁ‘PV@J}ﬂE?"é’ﬁf@ylﬁg?ﬁ l1y) the tcrrqua will |evel

to a plateau _eql{iq | DredHD sab U phgd e+ taast BRASHLE kL Adabist BRrmaltdecdpdiitoga Of
ar~ng), and finally tho $tabilizatinn effect will be ~varcone and the PuC

wi || begi n of shelvasreenobiaaes odximybehderider i nk (witb e~ rise ir. torque), but with
appropriate stahiyi ~te] 5 t i -fttsion behavior is
irrel evasrgllt to tﬁg pre@en?l? t?ﬁggﬁgiagﬁwk&g?Rﬁg{?g?éoé%%gu%g _ As seen in
Figure |., the val uedi)f or fometti Yhparertthsedom @ pirsef the dongshell pobrmpneofcan

curves are GOSN FEreUTER o ROR R SR bR B ok Vi e

i npact nodidfi er) for an inpact rnodi Her whose shell is paly(nethyl

met hacryl ate) and for an ifppact. .nodif5er he sarae particle sizo and
corerAhel | ratio, but whose SthﬁO?%Bg?ﬁ pr‘i‘é’t’?lwhﬂxﬁfhﬁg 'Rﬂrya{taé’iyi%%tyl

acryl ateocopol yner. It carp)he $Ren0td3H.9 pirts dProlynesizediutiBrdfiab @iklyt-adtyigler
for the control inpact noti.i,Pier than tho unnodjfi nmast er bat ch,_ but

ei grni ~cantly higher for the rﬂgﬁfﬁméﬁl%ﬁ Repirte. B Rrgrasp @WEEGRtSher)
the time to fusion torque i s nehhbgRGiENed, but ig s~ctenly shortor for
the nodifier with the copol ynmer ahel L The pol ynmer of vinyl chloride nmay be
a hornopol ynnex or rzay bea cdiesRylntr 2. aufaeh of polmarized uniss ofiat legttoneb of
pol ynmerised units of vinyl chl %%h—‘éﬁﬂ'u%ﬂ@deé e 4Rl dohpei ng nt | east one
of vitiylidene ehlorido, vinyl acetate, ione, or propylene. In separate
preferrdd enbodi nent, (o orhspondinglyp&ress 1&g 4Pepartsbbamdent bnpat of dr

preferrad enbod feparsbbendes K
nomopo) yyt nere SRS FEAC B o shi R TR Sl GO0 1B e B

butyl acryl gtell, o 2-et hyl haxyl acrylate, or that the at |east one

nonco~j ugat ed pol yunsat ur at.ed raonc [ resent_at fromO0.% (o 1, t1

wei ght pdrcent. Anot her poaési bl Onéné)ogg?ngﬁt&ing ?ﬂé’to?wng‘ine%tls %éﬂe%i - mar
further contains fromO.D8 to lLfketheiyddit; percent a units derivod fcroma

mvr capt chain transfer ent,_. su as an alltyl nercaptan, a

nmor cspt %gat er) sad the i k& Pr ?&@dfoe%é'ﬁﬁfég%wnfﬂémﬁéﬁfﬁbﬁ]‘ﬂ@ﬁyéﬁ%

pal yunsatur; ~ted nonomer exhi bithe &lR¢| drbuifctdredisihg Qe 8RAHoratdiAS: Whefi®te™ ©O-
( ci-rz=c~c~)- e(0)- o, ~r c~= cH- c~ - o Exanples of such nononers are
1, 3-butyl one ~lyool di acryl at v,5he! ARG wslde) sresinksmacr yl at e)

trinethy-| okpeRpAME chiabaion iatkhrackerzby burdyidlabRndihghy Y| met ~hacrylnte, and
the |ike. Qher polyfunctional uyaono~ner~ ne.y also ba enployed, such ae

di vi c~yl benzens, 1, 8-butyl ene gPlycol® BFHSeh gy vdeeat leag e highep than 28
August 2002451 @ Feddifrol GRARIRIOL eQlithIEG 1k 519 Eggwpeéxptmgﬁu Hrd 3%4i8h of the
spray-drying by having proaent a‘shell of high glees tenperature as well
conferring Mlisapbﬁtﬁﬁlpwyoﬁﬁdmz@wéﬁ of eyl mathabrytatee beCond 00 parts ot i e
p:afe~rred that . fhe shop of the multishell corelehell inpact nodifier
contain no n% e lt"han 35 part3 of polyneric units derived fxnmas all syi
acryl ate wherein the al kyl gnup)contaaimeso-fusion Sorgar frolangdr aled. f5r thEh@nsblel |
may al 80 con~in a.non-eor~juge,ted pol yfunctional nononer) the

pal yunct i on&P™RBHBMEr preferably present at levels of 0.3 to 1.0 wei ght ~6
of all mgnorers in the shell polynmermaskbare cfsoleiefiidatqahans: 1o Tha kel |
may al so contain optiaqgnally small anmounts of other nononers, such tmvinyl
aromatic t 1FEPADHFEFEOSIEME th)acrylonitrile, sad the like, In anpthor
preferred enbodi nent) the particle aiza of the first or core potyner is

i ess than 400 nm and the care of the corel eheil c~po~yrner conprises 60 -
88, nore preferably 20 Sg wei ght percent of the total carel ahell

pall rrnor. Such nodifiers cant be isolated by coagul ation or spray-drying
fromtheir emul sion preparation to yield gee-flow ng powders of outstanding
i npact ef C~ciency, ~'he id4lution aF the corelshell pol piner from e~tul axon

o - o,



It is suggested in the art the~t PVC processing aids which contain
aeryt~xte esters copoly' nerizad vsrith nethyl nethaerylate |ead to inproved
fusi on and ot her desirabl e rheol ogi ~cal properties. Elowever, the preaenc;e
of processing aid, whether cotubined with the inpact npd28 Aergust 20021 at i on,
or present in the overall Formulation, can detract fromthe inpact
effle:ency of the inpact trtodifier by diluting its a'lhect as well as
1eading to higher die t~weD in c~xl,rudea utrande, sheets, profiles, ete,
Therefore, it is desirable that the conponent which contributes to fusion
at lower tetnperatureg |;e present only’ér predom nantly as paxt of the
-corel ehel | inpt~ct nodi $er. Further, the studies simlrxx to thc$o reported
heroin show that the desired effect of fusjon behavior is seen whop the
acryl at a nofigherhave disepsmd pasi-bieaded GPranqaition 6PRYiag cont rasted to

i ncreasing the un '?Qng - OF kHig a separate | ayer of

acxyl ate pol yme@.smFofroOI xarrglg%a?&zgﬁei Sr?pvélglggn}ggiﬁ?’i er with 1$ % po~yneri 2ed
ur~ita of butyl ®cr ylremt0S fort O paets ohal lpasaaoe sphilizer@ggsst ghergal docompesippat yner
is no |les9 ~ )P 1 i.nmproved | ow tenperature fusion (as

j udged by ?rﬁ'}ele%w‘éé“?%&gﬁlgtcﬁe %Eélriagfiéri} than a simlax inpact nodifier wwth 80
% core; 5all thred c~frome lttn@s pard d-wcioesithetlipalynwr sompiamg:nodi fier with 8~ %

cots and a nmethyl neghacryl ate h ol yrner | | racti.cal, processing
of P'Cis well known&}o t %ngﬁt“} Qgﬁ%snﬁajﬁgﬁ%?wo@)ﬁcq}:gge g?rl‘efsf“’zlf PR St i et y
of equi prepterefiflaSdopoliyBRr PO RXNdte ¥f the \cbm@bdityn, 883:d ohe 0atpdhE bi #ekoreand
the cx~rel ehell polyner are conbined into a non-conpacted bl end) rnoet
comonl y b§f adni xture without external heating in a bl ending apparatus. The
conponents may be m xed aly at ) oy r e:
non-cvnpactod blend is sﬁé))j ectéedéteﬁg gh%gfigﬁgd{%ﬁ%&aeg% ioi%&\%ylt%&gﬁtoh% to
rnnvErtllit to a fused, in®l matizomdcnélidrartypf pdlpnerirsrAngineian aisylecryig s

m xi ng nt~y bo done on a heate Qb1 v S LX| . o) in
the barrel of an extruder, in gh%gfr?l uéghtk%#éél,&eh@gm%kgga%\%@é}? {vz\)hée)re

t he boat and shear _ 28 AugustbdaO@dns; 12 conditl Ons may be varied, and
where there exiet8 a cnearya~ fur disc od of the fused.blend.. Finny, the
fused bl end may be di schaf)ged %mﬁLt%? gﬁ%gad‘% ?rfif ‘?‘é‘&“&% TP ST lf)‘qé;f Iog%/uod
for lator processing, such as hdn-@nhigated polydhsagraied mbgomére eonpr es~i on

nol ded. Alternatively, the ueed bl and. may be eceased thraqupi h appropriato
cLiee, Sizit~ g aqui é‘t‘)nenf‘,’mtsa‘?{@!‘@gv’c%‘?q‘sl,o Qng‘g P%Sﬁ%%i) °‘Eii1lrd§cﬂap§ Qgcfggc
film cal ecaf@shen psiiaRt, of @%shéllsRO:dpoBirel 0f the UEMpEEHoM, BERWoHa 0B $hrtLNK BE

i njection-nolded abject. Tha bl ends are useful 1 n opaque applications whero
t oughness, s8¥p&Ei s~ Iy at lour tenperature, and weatherability is deeixed.
The ueeA include, but urngnot fdnrkd efsd gurts\bk pYbmeliLtdnaitt of mbgyses, Vvinyl
profiles for building products, and vinyl faaoa for building decoration,
pipe, and the like. ~'Yinyl" imBethagyaorci al abbreviation foe fabricated
product g based on pol yvi ng} chigr ) sh o vl USRS 8 or ARG Sl
acconpl 1 shed by techni ques” wel l known to the vinyl 1ndustry. The onde may
be ~anade directly from powder msthaerytate, gbe rafigy] Esovn gentaigivgpd unded caabpn
pellet$ or cuhre for nolding o L LS n i \ rusion. equi pnment
for the praductiozz of vinyl a:étg:gfrélgwger%lgg%eeﬁgguﬁé}g&ﬁggﬁhdﬁ(és% Y5 a foam ng
agent is alslerenphosoetosigonds drambietiyedf dnaimg meeli-thendingrbyed 6r om appropri ate

f oam oxtrusi an apparatus for vinyl. The.blends of she preeeaf irsveption,
when used with towor.raol ccul ailywei SR BB Ve ot 8%?3%%@1%33% at

Wiht h a ES keﬂﬂﬁﬁt@h@?oﬂ{r&abmpo@donﬁii&%uigalmai slbressR fswbccfﬁadﬁ.t mreg;bmgofmmebfh tkes for
the preparatiogn of injection-nolded articles e e bLands, w exhi Qi t
good weat hetaB il F$AhIrIPaEESI98 ARTETIZS S P! B’F'&Vﬁ‘@c‘b?ﬁﬁl&’r‘"t a5ed 0%14%?5&?

advant age ofethg.i mpact madi ~ers taught herein is that they disperse well
into the P~'C matrix. Wien Conpared at equjval ent prqcessing conditi or]9
with the control nodifier conp@ient 2 Ui CHUISHhPEHUEFOA00ESH AT fibe KORRP

n~ui nl x pol yymidsaRd. units of methyl ntethacrylate, the nodifiara with the
cnodi fced she conponent produce a cailled sheet or nol ded ot~ extruded
article3ith a Lower content of3)gel yRaHFReacq eQlor phleas: saivdentdy gragphfe and
cl eaner surf reeul sing article, The advantage is that the m xing
oondi tiond n%lgl%[l)té%%%sg%géevere to acconplish ratisfe~ctory dispersion) thus
roduci ng heat and nochani cal stress an the blend during processing. There
is not a direct 28 August 2Q02 - 13 correlation botween good dvepersion
and hi gher pre-fusion tardua or the ability to achi eve good fueian at | ower
t enperatuxea, as certain zommt:rcial acrylic-hasod inpact nodi~er9 with a
shell witi~ch is easential~, v pol~r(me thyl nme thse:yla te) will exhibit
good di spersion after procaasiag) yet do not exhibit the higher pre-fusion
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curves clearly show the increase in pre-fusion tarrtua as inpact nodifier

i s added) and the further increase as butyl acryiato replaces nothyl

nmet hacrylate in the shell. They further show that both the tune to
pre~fusion niininurn torquo sad to the peak tine eignali B8 Augustt2082nnent
of the fusion tQciue region arc decreased with the addition of tho
co-nononer to th~o shell potyruor. P iguge-2 illuetxates various |evels of
butyl aerylat,~ in the shell of the corelehalt inpact rncdictler, fromO to
'48a6 (nodi Ptary:nsljuxﬁr,er-rfp@s!d thay ﬁmonmettorﬁysmmwmumoccumamndmdao flor sonme

unknown reasop the sa h 18.4 % BA d t ¥O |n r egaxds
to i ncreagg%f’ PE: ?MP%%‘?YB%E@Q ﬁé‘“’f%l%ggﬁ npg}mung 2‘?“256@ oryth YaanpLee
of identi ﬁ?éseﬁwmbﬂ% édr@fshbn polyxﬂers]omheﬁireaem xnvmoxswameftotchexfa single
aberration 1s unknuwn~. | ~guro 3 illustrates simlar results whoc~o the

contnoner angloguey withea aethyl aaqtbawmmonqimpx hapgshell.ciThigtime r at

horyl ozt adibstehfalis ot ATBMIRS quabilhy, WL aldG LY BAK & GHE e,
1D- 3A, tF“ htmdonﬁﬁ}gtﬁegmmfﬁlesb:choatﬁ'mwh :}ehamdrislth@tlegm?clanaea DI A h
hgpiﬁ.vzbut i St AR A A L R R Tk :“ h
Spray-drygdif \%Eelgksa ,ﬁﬁﬁﬁggﬁﬂlﬁﬁgﬂﬁ';t ugé‘%o afl eﬁgaheedfiﬁglr{v *8849!%% %'c&e hBfe Of t

resul ting po red I'n o ~I were p epa rod
wi t h i nasheidmnt lowad ﬁmiﬂm@mpm%tblamﬁm@matmdﬂxmdemwpﬂumd

d t f ft f ot hel | di 8
of ' par ¢ clisey ariStioB dries e Habanaiers Arinet Befh nAh BT AbBuTdRe0 ae
cont r ast e;sirdces@a:s dwdcrrammm&sm Gﬁex\ﬂtidiw%\.@ma‘é(cb K%hhmnm%%m ate)

| somopo~ynmer shell. "I his preparation is Exanp
fol | ow ng¢¥tab$l9§ of hlgnds inte useind ohisctarend |t§9ﬁﬂf@par ed in enul sion by the

foll
T(hl P'(I)'\,g\vI Ing '[ﬁc: ne? hy‘{ "ﬁldro ene eflﬁggrgi'xﬁggép%%gﬂﬁewxkqugﬁ%&%xgﬂefeﬁl ycol
di acryl at fxsionTof mlyemnybdﬂunﬂe) whichr stthuigtaatthe pbirforedneé ihlargaasaleor

nitrogen sweep, a reflex copdenser, andé{tre g for addi n%m)nomers and
i ni tiat orR¥vCeESing aAPIIment oThe soaporants o she dlends namoly BV Gothe mpacst a ~1 p

96 solid ﬁm | & poVhME! ylic acid
= 62146. ?T?H? Ogggqrﬁpéoéﬁ acl g*ﬁade ?@é%%ad%aﬁr wﬁ(@éﬁﬁi\%o wat er .
The mi x mﬂl!wateddttmmﬂ ex&muhhbetmgésognmgnmmhheahnggemf oo end1theur. The
and 101 ovE) PR Woineleted BisERLindBng a et s mmira bpubanchaehas by
(based ony EHRimbwEh)s lwﬁﬁm oh %ddaeﬁx t SorRfAAH, &'tﬁe ur 8
rninutee. A gracllé‘i:raddl t?on o) anel niti atsor fged @?ar a ﬁ'ghr%‘l%%ut%g peri od

ire bosur®@i¥ipg b EP!'W@%‘M ogF Oc (thexe inthanop drepindtorqapi® aenu. | Bi fi ed
in 64 gr uitlilio U dtthdd o ol AlfforClorkina SEl T0L th@ Aln GRS iEa L'

eul fato. Sinmu taneousl y or DSt Sl My ous

m nut es ZCthp timse m‘ttnnvaﬂujrm abeant mmoﬁmmrbumxwem of b vﬁ?ﬁ’ﬂﬁtﬁt}ﬂﬁ 26.78
grans o f,a 28 % sodi,um | aurgl%} sulf ol ution, ~0 granms of 28 August

2002 - 1:$MoG2R JIxing devic, miecass AtigRapddogmpopa turs cgzadmognear'ﬂaeof
TA tagguet i , the
reactl on, f m a}%orgﬁﬂ%%é’& sﬁ'a!l@&rq{e?gagzztgtmé& ﬁl%wagaﬁtg%swg% E &*3' 17 gr ams
of the Emwbéhetéechgamvnm:}mmbam e thotiem @rﬂamn@dﬁlmdlthbﬁéhghans of

Em over TasipritolduS W HOCaBRHy S htdls BeRludif e Al Braflo ™™ ot (i
poi nt, thdareeacéqnﬁhbmmeahi:ev!ﬁml% ﬁeaswsaa ifer th@orr&& %@5{ Hbéf}b')’ %a}de hel d

on oxhected solid Tho

for 80 n eonver el aa, base
reacti onrﬂﬁéihbﬁ@ élb'{ﬂ e “ﬂgrhﬁél"@l'@mﬁ 8nd sha PYC wild begimrtof i nal

sol [ d8) Ao in [ I | i nked rubbery | atex
"core" or fir '?agtagge&%% %m?vél s ¢ %%Q}Jﬂ\(‘?g bﬁs‘\"h}i' PRPYRELL® or and heat ed
to 52 C. shebilisationmgesent, thjistaspecti ditthafasiog dehhvior 4birkd v aSte che i trogen
i s adj usgpe,? rfh% §mﬁPﬁ) and a nononer rnix of 4.0 grans 012% ~ sodi um

| a~. uyl su Pt OYER 311 granms of nethyl rnethacrylate) |38 grans of
butyl acrylate, and 1.8 n1. (G a0-! % BOM n-dodec,,yl norcaptan is added
au at once and stirred for G mnutes. Then is added 9SI~" (i.09 grans) in
30 M. water with a 10 m., rinse, stirring ie continued For 34 m nutes,
and thea sodium pereul fate (NAP$) (0.28 grans) in 30 nal. water with a 10
m. rinse is added. After 25 mnutes) the tenperature hays peaked) and the
rni xiuro tennperatuxe is adjusted to 6D C. Additional sLS is added (7.45
granms of a Z8 9'0 solution) for enul 8 on etabilaaation. The polyneric

errul 5| on |e than ;~~Itered and cool ed The paxt| cI e 5| ze |s ea. 280 nm The
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and of Simlar Particle Sixa Polynmer |Dl ~Yofaht % MVA in Shell Wight %
Dutyl Acrylate in SheWsight "% Hutyl Methucrylate ShellWiglit % 2-

‘Et hyl | zaxyt tlcrytut~e in Shelll D C CONTROL100~ Ilrn_a~_ A4 - o_~c. The
fusi on eurvee fromwbi ah the deteruiinatioa of pre-Fusi G?@ABQHEE,ZO(& ma to
fueaan torque, and color wag nmade are generated ecB fallowa: In a Haake

m ner equi pped with a bawl, a stirring ¢addl e, and a device for measuring
torque, the bow being maintained ievthernul~y at 12~ C and eti~d at 60
rpm ie placeds@Reqindigue Lthe yalws far poe-fidien rarqlio neAiimaHiodmsion desi gned
fox ir~jectioa-myl ding and i herefore ptjlizes .~ C of l,ow . r

wei ght . tQrAVP£AR0ey F’P*Rs“ﬁi’ éPdfcaPFﬁ}ag{%%H aﬁPdﬁ"g?“Pﬁ g?l%ﬁﬁog‘o&gi[ﬁt“gg#gsi‘hay ho
changed) ., T ivin m Afchef PG ant aghevdd ditives, BuPhe imipastal ue

i d 8."~6t}b°ta‘§.e‘%g?ri{a%g&f£ fo or gaﬁ?i*on 10 parts per 100 parts of PVC

rag: n~. wdifer foxCamimpact modifiaviwhesersdiedHs pely{metryionethacryiate) andfr 1Q0

parts an impact modifier of the same particle size and core/shell ratio, but whose shell

is 82/18 methyl methacrylate/ butyl acrylate copolymer. [t can be seen that the
pro-fusion torque is higher for the control impact modifier than the unmodified

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
copolymeor 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 eambodiments to both the process
and melt-blended composition inventiona, it is preforred that the polymer of
vinyl chloride ia a homopolymer of vinyl chloride, or that the alkyl acrylate other
than butyl acrylate is 2-ethylhexy!l acrylate, or that the at least one non-
conjugated polyunsaturated moncmer be present at from 0.5 to 1.0 weight
percent. Another poasible 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 aa an alkyl mercaptan, a mercaptoester, and the like.

Preforred examples of the non-conjugated polyunsaturated monomer
exhibit the functional groups

CH,= CH— C(O)—0— , CH,=C(CH)—C(O)-0, ur CH=CH—CH,—~0—

Examples of such monomers are 1,3-butylene glycol dincrylate, 1,4-
butylens glycol diacrylate, trimechylolpropane triacrylate, allyl acrylate, allyl
methacrylate, and the like. Qther polyfunctional monomers may alsa ba
employed, such as divinylbenzene, 1,3-butylene glycol dimuthacrylate, and the
like.



of PYCTrade nano~ _PVC hone o or K=61100Goon il DK4??Mat 1 tin
stabilizer9.0" ML$1Q-ycerol nonoetearate external |ubricant2.7A do M

- &Xi di zed pol yethyl ene interrsal Lubricant0.3AC629A &éj«x ust ﬁ&gg

As the powder blend is atixred and heated, conpaction o st hctrp
‘rise in torque (conpactioa peak); this part of the curve is gener~z!!y not
recorded bocausa of the exce~ive vaxiabili~y. The point vF cornpaction is
taken at time t=D, and the torque is thenlﬂlotted as a Function of tine. In

"a typ ical cur veﬁﬁgl msjgf,aldmgﬁ@hgugbge;@wahvanpmsmu)t dr)frmglbganha\and t he
torque (designated the preFusion torq ue% s nme ure%gat .the mn m of, t he

curre. Wt hpmatnhelrslmll(ﬂ)ﬂgls felagscampoz Ry ure a9 fEelt 3p GRRMCTIRK P ’?}ﬁ'& fevel 8

‘out nt the fu9xo t [ded
Equi |1 br unfﬁ%xpa% sy TR b, FEE rbirfed ating 3hAHRs 8o kARG
commer ci al bRAsKdN irﬁﬂ:a‘ct%odﬂ@ﬁb&iﬂaminbmoxgmhahcaﬁepﬂnwef poiymamctvanm
the follow ng) but rati os are not known, hr, of act

nodi fier i sdembdfmm apalikE serywmwtpmf@ %&yfﬁ “@r‘ﬁ&ﬁ%‘l’i‘“ % 8 eat PV
. a rrg:]t Po Pt%?8%hﬁétl'%w xPa?' %&eco%%eﬁj ngnlcgﬂﬁgaﬁﬁ{ Qcilyfﬂﬁ%@Qhaﬁhﬂnﬁhﬁ{rnal

| ub ' e roco~In aldChlorinated of et |ane~r aotia
~t e~bi | f aer €as polyfetadnerltmonyher pndfeﬂmhllur prasantiatdevals ofithd tell.Q weighst'e of

~P~ar af ~n way nt ar nal Et a 2 Thi,s s tion
of various B&W“ﬁ%@é%!”eaﬁa é?‘ﬂrjf?ﬁly H?E’Bnﬂ gﬁﬁgﬁfﬁéﬁég@%e ]Pmeaﬂlg el |
modi fiers tg,,ShRWtRihglspPamibultd éwcﬁaﬂﬁﬁnlomdrmh saelinyl @ronedtic
desired chon~es In torque ehavior. fn Tabie 5 are recorded val ues of

i npact st r e pyddonaems, (mstkﬁncmm apdidbrdikgow ) for two feet conditivn$
(Formil b1 on By SR B0 et s Aratidiibg tpn gHRLHE s ae P st Gkorg |,
28 August 200G el s less than 400 nm. and the core of the core/shell copolymer comprises
60 - 88, more preferably 75 - 85 weight percent of the total core/shell polymor.
Such modifiers can be isolated by coagulation or spray-drying from their
emulzion preparation to yield free-flowing powders of outstanding impact
efficiency.
The ivolution uf the core/shell polymer from emulsion by coagulation or
spray-drying may be aided by co-isolation with a low levol of a polymer high in
methyl methacrylate content, or by co-isolation with a small amount of a
particulate additive such as silica or calcium stearate-coated calcium carbonate.
The additive polymers are also useful as impact modificrs for engineering
resine, such as aromatic polyesaters, polycarbonate, and the like, For such uses,
they may contain thermal stabilizers, such as hindered phenols, organic sulfur
compounds, organic phosphites, and the like, which 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 ndditive polymer,
aince stabilizers are required in the processed formulation for a varioty of
reasons,
The core/shell palymers utilized in the present invontion are most uscful
for modification of poly(vinyl chloride) homo- and copolymora. When blended
with poly(vinyl chloride) (PVC), the blend will also contain 0.5 to 10 parts of one

or moro thermal stabilizers for PVC, such as organotin compounds, organolead



and INI.1C. Equilibrium Torque i.s nmeasured at 10 m nutos from whoa powder
I's charged top the bow. Forrmulation Ais the blBl naaterbat~h described
above, Fcrrmulatian B is a window profile naster beach (M-3), daecribed in
Table ~, Table d: C, orupo~enta of | Saatexbal oh M3 Com &8 tgustAAe2YC
honzo o met K=88loo'ISta i 1o 'del0OC 'u oar hate3Pol y(mat~pl nethacryl ate)
proceeetng aid i Ki Z01l. 5hubricatirtgprnceeieing aid (Paraloid K- 1'18l, Oar
anotiu stabilizer .. -181.6Cal cium etear—alJe—eaternaI lu ' eatlL9~ Paraffin

wex ieeernal ubricaatZ i In the Ixod |rrp6§ a aeries, of notc E&Iﬂbaxa
i s b~r okan camppounest baxinupeadmineg ozgrnig §ake. PBﬁ ‘ElPﬁQr%FHE‘FFPBS'b‘F (with
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sheets, profiles, etc. Therefors, it is desu-able that the component which
contributes to fusion at lower tamperatures te present only or prodominantly as
part of the core/shell impact modifier. Further, the atudies similax to those
reported heroin show that the desired effect of fusion behavior is seen whon tho
acrylate monomer is copolymerized in the shell, as contrasted Lo increasing the
amount in the core, or producing & separate layer of acrylate polymer. For
example, an impact modifier with 18 % polymerized unita 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 horein) than a
similar impact modifier with 80 % core; all three are more efficient than a
similar modifier with 80 % core and a methy! methacrylate homopolymer sholl,

Tho practical processing of PVC is well-known to the art, and may bo
conducted utilizing & variety of equipment. Firat, tho polymer of vinyl chloride,
the atabilizer, and the core/shell polymer are combined iato a non-compacted
blend, moat commonly by admixture without external heating in a blending
apparatus. The components may be mixed all at once, or sequentially. Next, the
non-compacted blend is subjected to heating and admixing with shear to convert
it to a fused, intimate, cohesive but non-homogenoug molt. This mixing may ba
done on a heated mill roll with shear mixing at the nip, in the barrel of an
ext‘;ruder, in a Banbury mixer, or similar devices where the heat and shear



10 a) 60 to 99.9 parts of polynerized, units of n-butyl acrylate; b) fl0l11
0 to 39.9 parts of polynerized units of an al kyl acrylate other than
n-butyl acrylate, the alkyl group containing 2 to 8 carbon atons; c¢) from
0.1 to 2.5 parts of polynerized units of at |east one 1528 &ugtst2002t ed
pol yunsat urat ed nnononer; (ii) correspondingly, from10 to 40 parts, based
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‘pol ymer i zgghditibhs moi et inptbd 2nchwhbze theraeaists abhedmuofvr Hischargel phihes of
pol ymerized units ofy at | east one al kyl acrylate, the al kyl group
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The blends may be made directly from powder blends, or may bo first
compounded into pellets or cubes for molding or extrusion. Conventional
extrusion equipment for the production of vinyl siding or profilo may be utilized.
1f 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 81, are
also useful as starting materials for the preparation of injection-molded articles,
as the blends will exhibit good weatherability and enhanced thormal aging
properties.

A further advantage of the impact modifiers taught hercin is that they
disperse well into the PVC matrix, When compared at equivalent processing
conditions with the control modifier component, which contains a shell which is
mainly polymerized units of methyl methacrylate, the modifiors with the
modified shell companent produce a milled sheet or molded or extruded article
with o lower content of gel, which leads to a better appearance and cleancr
surface for the resuliing article, The advantage is that the mixing conditions
may be less severe to accomplish satisfactory dispersion, thus roducing heat and

mechanical stress on the blend during processing. There is not a direct



1 ~c) froml to 25 parts of a core/shell polymer conprising: (i) from60
to 90 parts, based on 100 parts of the core/shell polyner, of a core of a
copol ymer of butyl acrylate of the conposition, based on 100 parts of the
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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 tha
commercial magterbatch MB-2 at 187 °C., with no impact modifier, w;ith the
core/shell modifior with a poly(methyl methacrylate) homopolymer outer shell
(Example IM-1A), and with o similar impact modifier except with 18 % of the
polymerized units of the shell being butyl acrylate (Exumple IM-C). Thess three
curves clearly show the increase in pre-fusion torque as impsct modifier is
added, and the further increase as butyl acrylate replaces mothyl methacrylate
in the shell. They further show that Loth the time to pre-fusicn minimum torque
and to the peak time signaling the attainment of the fusion torque region aro
decreased with the addition of the co-monomer to tho shell polymor.

Figure 2 illustrates various levels of butyl acrylatn in the shell of the
core/sholl impact modifier, from 0 to 46% (modifievs [D-18, -1C, -1D and -1E).
(In this comparison, for some unknown reason the sample (ID-1B) with 18.4 %
BA does not behave in regards to increased pre-fusion torque us i seen for



25 pol yunsaturated nononer is selected fromthe group consisting of allyl
nmet hacryl ate, allyl acrylate, diallyl fumarate, diallvl nmaleate, diallyl

i taconate, and glycol or polyol esters of acrylic or nethacrylic acid. 4.
The process of Claims 1 or ? where the at 1 eas t one st2hAugust 2802, esent
at from1l to 4 30 parts, and the stabilizer is an organotin ester or a
calciumsalt of a long chain or?anic acid4 - 28 August 2002 -22 5. The
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poly(methy! metbacrylate) homopolymer shell.

This preparation is Example 1-A in the following Tables. A multi-stage
polymer ia prepared in emulsion by the following recipe. (BA is butyl acrylate,
MMA is methy] 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 & 45 % solids emulsion of a 108 nm, p.a. latex of BA/MMA/methacrylie acid
= §2/46.7/1.8, 0.38 ml. of glacial acetic acid, and 35 g. of rinso 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
grams of water Is added and stirred for § minutes. A gradual addition of an
initiator feed over a 15-minute period is begun; the feed is .23 ml. of cumenae
hydroperoxide (CHP) omulsified in 54 grams of water with 1.1 grams of a 28 %
solution of sodium lauryl sulfate. Simultaneously or almost simultaneously
there is added over 15 minutes 210 grams of an emulsified monomor mix (EMM)
comprising 26.78 grams of a 28 % sodium lauryl sulfate solution, 460 grams of



- 23 control conposition; 3) maintenance of color at |east equivalent to
that of the cont:ol conposition. 5 7. A nelt-blended conposition
eonprisin.g (a) 100 parts of a polyner of vinyl chloride; (b) fromO0.5 to

10 parts of at |east one stabilizer a~ai.,-ist thernal ®R&8HAYSL20O%H of the
‘homopol ytner of vinyl chloride; (c) Lom1 to 25 parts of a core/shell
pol ymer conprisin': I O (i) fom60 to 9Q _pans, based on 100 parts of the

core/shell polynmer, of a care of a copoT)J#er of butyl acrylate of the
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than for tho CQI%L %'.05%91%?5& nt-db%réry latex “core” or first-stage (970 g.) is charged to a
gimilar reactor and heated to 52 °C. while sparging lightly with nitrogen for 45
minutes. Tho 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 SST (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 28 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 ia than filtered and
cooled. The particle size i3 ca. 250 nm. The polymer ig isolated from the
emulsion by spray-drying at 160 °C. inlet and 75 °C. outlet; 2.5 weight percent of
caleium stearate-coated calcium carbonate is added to enhance the isolation
properties. The sample is designated IM-1A, with 82 % polymorized units of
methyl methacrylate and 18 % of n- butyl acrylata in tho shell.

A control is mads in a similar manner but with no n-butyl scrylate in the
shell, and 378 gramg of methyl methacrylats. The sample is designatod IM-C
Other samples in the [M -1 series are prepared in a similar manner, but

with varying amounts of buty! acrylats (or of other (meth)acrylate co-monomers)
in the shell. Figure 2 deacribe these. Additional series are shown in Figure 3 for

various amount of copolymerized butyl methacrylate, in Figure 4 for various
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rise in torque (compaction peak); this part of the curve is generally not recorded
becausa 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 decreasga 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 out at the fusion torque,
The time to reach this fusion torque ia recorded. Equilibrium torque and
degradation values are not plotted.

A second commercial masterbatch (MB-2), designed for profilo 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

WQ homopolymer, K=65 - 69

Titanium dioxide

Oxidized polyethyleng
Qlyceral moncoleate external lubricant

Poly(methyl methacrylate) processing aid
Chlorinated polyethylene

Organotin stabilizer

Calcium stearate external lubricant

[ N.N'-1,2-ethanediylbis stearamide

Paraffin wax internal lubricant

Example 2

This example presents evaluation of various bowl parameters and of
impact strength for saveral core/shell modifiers to show equivalence of
performance in impact behavior and desired changes in torque behavior. In
Table 6 are recorded values of impact strength and fusion bohavier (Haake bowl)
for two test conditions for 10 parts per hundred (Formulation A) or 6 parts per
hundred (Formulation B) of core/shell modifiers of the campoasition IM-C, IM-14,
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Table 4: Components of Masterbatch MB-3

Componeunt Amount

PVC homopolymer, K=68 100
| Titanium dioxide_ 10

Calcium ¢avbonate 3

Poly(mathyl methacrylate) proceesing aid 1.5

id K-120.N\)

Lubricating-processing aid (Paraloid K- 1.0
| 178)

Organotin stabilizer (TM-181) "y

Calcium staarate external lubricant 1.2

Paraffin way intarnal Jubricant 1

In the Izod impact test, a series of notched bars is brokan at a test
temperature and those exhibiting ductile breaka (with high broak values for the
individuel 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 teat measure of +/- 1°C.

Table 5: Test Values, Including Impact Performance for Impact Modifiers with
Butyl Acrylate in Shell

Test Test IM-C IM-1A IM-1C
— cndition
% Butyl Acrylate in Shell 0 18 26
Fuaion timo, aec. A 45 37 33
Pre.fusion torque m.g. A 1360 40 2610
Fusion time eec. B m 64 89
Pra-fusion tarque, m-g. B 1280 1800 1850
_Equilibrium taeque, m-g B 1760 1720 L7060
Izod Impact, % ductile breaks | Tost Tomp. oC
17 87 80 63
19 100 87 13
2 83 100 100
23 100 100 93
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I claim:
1. A process for the fusion into an intimate blend of 2 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;
(c) from 1 to 23 parts of a core/shell polymer comprising:
@ from 60 to 90 parts, based 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;
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
carbon atoms;
c) from 0.1 to 2.5 parts of polymerized units of at least one
non-conjugated polyunsaturated monomer;
(ify  correspondingly, from 10 to 40 parts, based on 100 parts of the
core/shell polymer, of a shell of a copolymer of the composition, based 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 at least one alkyl
acrylate, the alky! group containing 2 to 8 carbon atoms;
wherein the shell polymer excludes crosslinker;
wherein the fusion is characterized by

1) a pre-fusion torque value at least 15% higher than
that for a control compesition 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) a time to fusion torque no longer than for the control
composition;

3) maintenance of color at least equivalent to that of the
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2) heating and admixing with shear the non-compacted
5  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 rigid 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-

proczssable pellets.

10
2. 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 decomposition
of the homopolymer of vinyl chloride;
15 ¢) 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
a core 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 n-butyl acrylate;

20 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 10 2.5 parts of polymerized units of at least one
non-conjugated polyunsaturated monomer;

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

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

188
wn

polyunsaturated monomer is selected from the group consisting of allyl methacrylate, ally!
acrylate, diallyl fumarate, diallvl maleate, diallyl itaconate, and glycol or polyol esters of
acrylic or methacrylic acid.

4. The process of Claims 1 or 2 where the at least one stabilizer is present at from 1 to 4

30 parts, and the stabilizer is an organotin ester or a caleium salt of a long chain organic acid.
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a) 60 to 99.9 parts of polymerized units of n-buty| acrylate;
b) from 0 to 39.9 parts of polymerized units of an alkyl
acrylate other than p-butyl acrylate, the alkyl group
15 containing 2 to § 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 a 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 an alkyl
acrylate, the alkyl group containing 2 to 8 carbon atoms;
25 wherein the shell polymer excludes crosslinker;

wherein the composition is characterized during melt-blending by
1) a 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
30 the shell;

2) a time to fusion torque no longer than for the
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3) mainterance of color at least equivalent to that of

the control composition.

U

7. A melt-blended compositon 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;

(c) from 1 to 25 parts of a core/shell polymer comprising:

10 6] from 60 to 90 parts, based 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;
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 atorms;
c) from 0.1 to 2.5 parts of polymerized units of at least one non-

conjugated polyunsaturated monomer;
(i1) comrespondingly, from 10 to 40 parts, based on 100 parts of the
core/shell polymer, of a shell of a copolymer of the composition, based on 100 parts of the

20 shell, of
a) from 50 to 80 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 tc 12 carbon
23 atoms; wherein the shell polymer excludes crosslinker;
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3) raaintenance of color at least equivalent to that

of the control composition.



