
;e3e>>B6xTtl-  IMPACT-MODIFIED POLY(VINYL CHORIDE)EXHIBITING IMPROVED
LOW-TEMPERATURE FUSION r The present invention relates to a toughened
weatherable blend of polyvinyl chloride) (PVC) with a specific acrylic
copolymer rubber-based core/shell impact modifier whirr. blends exhibits
improved low-ta~nparature fusion performance during the conversion of the
admixed starting components into the blond. Imgact-modified poly(viaayl
chloride) for uses such as pipe, gutter siding, window profiles and the
like) has quite acceptable impact- sad appearance retantion performance in
outdoor applications where it ie oxposed to natural element such as
sunlight, rain, hail sleet, or water sprays Impact modifier for weatherable
P1 C have been commercially available for over 20 years, End are commonly
based on core/shell (often referred to t~ multi-stage) (rneth)acrylic
polymers with a rubbary core based on a rubbery poly(alkyl acrylate usually
poly(nbutyl acrylata~, A problem with such modifiers when blended with P':
C has been that the fugioa cha racteri8tics on compounding the physical
blend of powders or othor starting materials into a fused, intiraate and
cohebive trtolt blond have required lone times and high temperature8) which
dacreagos tha output rate of the blended material, i.e.) increases the
overall thermal history of the blend and so o~'ers more opportunity far
thermal degradacior~ of the hVC. hlthough this can bo comper~satad for
somewhat by the presence o! processing aids anal lubricants) ox addition of
additional costly thermal stabilizers, it is exitl desirable to cause the
physical blend to "flux" faster ox fuse at lower temporaturus and with
lower energy reqairemeata) wxthaut compromising the properties of the
resultant blend. Sclution of this problem for toughened blends) i.e.,
tl:o3o containing impact modifier, can anable cohesive pellets, cubes)
moldings) extrusions) and the Iike to by propared with less thermal
eapo$ure than normally possible with conventional. impact madillmxe,
Taeeyis gel , EuraDean T.lnexamined Patent Z1?,B~J^ hnve tausht that
control over the canvereion o! P'VC from the discrete to the c5aatinuous
pha,~e in a PVClacrylic polymer blend can be accomplished a! low
tomperturee by wvorlsirlg    y 28 August 2002 - 2 with eoltor acrylnte
compositions, but his additive compositions are waft and diFficult to work
with in powder form, designed for ease o admixing with the PVC pellets,
powder, o~ beads. Moreover) eucb additivaH u:~ually eubetantial~y decrease
the melt viscosity of the resulting fused blend, changing the processing
behavior. Meunior., U. S. Patents 4,6d2,1$8 and 4,687,2;4 has taught a
softer eopolymor (relative to the thyl xaethacrylate homopu~ymer) nc:cer
shell fox ti corelshell impact modifier based an a butyl acrylatelbutadie
no copvlymor corn, but have not taught ar disclosed that irupraved low
ttrnperatwa fusion resulted wben the blandg wore prepared. Earlier patents)
such ae by Ryan, U. 8. Patent 3,6?$,1_33 have taught similar softer
copolymer (rola.tiv~ to methyl methacrylate hornopolyrner) outer shell for
a corelghell impact modifier bfxsed on a butyl uc~ylate polymeric core, but
also have not taught or diaclo$od that improved Iow temperature fusion
resulted when the blends were prepared. I have now unexpectedly found that
a narrow compositional range for the shell, of coreleholl impact modifiers
based on cores of homopolymere of butyl acrylate or copolymers of butyl
acrylate with higher alkyl r~crylates (as defined herein), prefaralol~y
also containing a mufti-functional monomer, when followed by a 6mal shell
polymerization of a copolymer of methyl methacsylate with appreciable
quuraitieB of a lower alkyl acrylate, yield a readily isolated powdery
modifier which unexpectedly imparts improved low-torngerature Fusion to
woathorable form:ulatiana of PVC. Mare ap~cificaily) t haws discovered a
uroceaa for the fusion into na intimate blend of a compoition c4mprising
(u) 100 parts of a polymer of vinyl chloride; (lr) tom 0.5 to 10 parts of
at lea4t one stabilizer against thermal deoompoaition of the homopolyiaer
of vinyl chloride: {c) rorn 1 to 2~ parts of a corels~aell polymer
compriein~: (i) from 60 to 90 parts, based on 100 parts of the ~relahell
polymer) of a cx~re of a eopol,Ymer of butyl acrylate of the composition,
based on 100 parts of the core) of a) 60 to 9t?,9 parts of polymerized
units of n-butyl gcrylata;   



28 August 2002 ., _, b) from 0 to 39.9 parts of polvmer:.zed units of an
alkyl acrylate other tha.-t n butyl acrylate, the aLhyl group containing ?
to 8 carbon atoms; c) from 0.1 to 2.~ parts of polymerized units of at
least one nan 5 conjugated polyunsaturated monomer; (ii) correspondingly)
from 10 to ~0 parts, based on 100 parts of the core/shell polymer) of a
shell of a copolymer of the composition, based on I00 parts of the shell,
of a) from 50 to 90 parts of polyrne:ized units of methyl methacrylate; b)
tom 10 to 50 parts of polymerized units of at least one alkyl 10 acrylate)
the alkyl group containing 2 to 8 carbon atone,; wherein the shell polymer
excludes crosslinker; wherein the fusion is characterized by 1) a
pre-fusion torque value at least 1~% higher than that for a control
composition equivalent in all respects except that the composition of the
shell is at 15 least 95 parts of polymerized units of methyl methacrylate,
based on 100 parts of the shell; 2) a time to fusion torque no longer, and
preferably shorter, than for the control composition; 3) maintenance of
color at least equivalent to that of the control composition, the process
comprising 20 I) combining the polymer of vinyl chloride, the stabilizer,
and the core/shell polymer into a non-compacted blend; 2) heating and
admi.,~tino 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 farm a useful 25 rigid object in the form of an
extruded object, an injection-molded object, a calcndered sheet or film, a
compression-molded object, an e~ctruded chopped strand, or re-processable
pellets.   28 August 2002 - 4  



In the specification and claims, we use the following ~lcFlnitions, which
are bolioved to be consistent with their use in the current state uF the
art of proceseig nd impact-modifying PVC. Definitions: (a) non-compacted
blend: a blend of the ingredients mixed under conditions where na fusion
oeeuxs of practical consequence, s.s evidenced by tho friable and
non-cohes;ve nature of the reeulting blexul . {b) Fused) intimate, and
cohesive melt: the melt behaves a9 a rheologio~tl liduid, the particles of
the various compone~xts aro Ri~persed in the melt, and the molt on cooling
appears as a contaauoua non-friable blend. (c) nonhomo~anaue melt: the melt
on cooling will still show crystallinity remaining in the paly(vinyl
chloride), and the residual structure of the ae-polyutexized polyvinyl
chloride) can still bo detected to some degree. Typically) PVC is processed
so as not to be converted to a homogenous molton blond (a blend which is
uniform on a molecular scale, and which e6owe nv re~eidual structure from
the as-eyntheaiged PVC). Such a pco~,~e$a of hornogenizatiun requires so
much heat and shear that tho poly(vir~yl chloride) will have degraded
appreciably. (d) control composition; throughout the specification and
clainns of this application, the term "control composition" refers to
aithor tho pro-tueod adruixture or the thsed blend of a composition
containing PVC) a stabiliser, and a cOre/ahell impact modifier) where the
type aid amount of PVC sad stabilizor arc the same as in tho novel
compositions or pmceseea claimed or deecxibed in the present invention.
Fuxther the gmount of caxershell modif`icr, the amount of the core in the
corelahell tnodif er, and the composition of the tote in the corelehell
modifier era tho lama as in the novel compositions or pracossas. Tha only
variant in the total control composition from the inventive cornpoeitions
is the ratio or amount of polymeric unite comprising the shell of tho
core!shell modifier) which "control" shell is at least 96 parts of
polymer'ved unity of methyl rnethacrylate, ba$ed on l00 pate of the shell.
In a soparate aspect of the inraua.on, the eaxelshell impact modifier with
the copo~ymerized alkyl acrylate is the shell may he replacod by a
corelshell 1'~hYmar comprising:   28 August 2002 -5 (i) loom 60 to 90
parts, based on 100 pans o: the corelshell 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 unas of n-butyl acrylate; b)
from 0 to 39.9 parts of polymerized units of an ~-yl acrylate other g Char:
n-butyl acrylate, the alkyl group containing 2 to 8 carbon atoris; c) frori
0.1 to 2.5 parts of polymerized units of at least one non conjugated
polyunsaturated monorr:er; (ii) correspondingly, from 10 to 40 parts, based
on l00 pa.~ts of the core/shell 10 polymer, of a shell of a copolymer of
the composition, based on 100 pans of the shell, of a) fiom 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 aJl`yI group
containing 4 to I2 carbon atoms, such as n_-butyl, wherein the shell
polymer excludes crosslinker. 15 The invention fiu~ther encompasses the
process and compositions where the shell contains both copolymerized
polymeric units of alkyl acrylate and alkyl methacrylate, within the
boundary conditions taught above. It is preferred that the st least one
non-conjugated polyunsaturated monomer is selected from the group
consisting of allyl methacrylate, allyl acrylate, diallyl fumaxate, 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 tom 1 to 4 parts of an oroanotin ester or a calcium salt of a
Iong chain organic acid. It is fur~.her and separately preferred that the
core polymer contain 97.i to 99.9 weight percent of polyme.^'.zed units of
butyl acrylate, and that the aih-yl group of the polymerized unit of alkyl
acrylate or alkyl 2~ methacrylate in the shell composition be n-butyl.
Especially preferred is n-butyl acrylate. I have further discovered a
melt-blended composition comprising:  



28 August 2002 -6 (a) 100 parts of a polymer of vinyl chloride; (b) from
0.5 to 10 parts of at least one stabilizer against the~ral decomposition of
the hotnopolyrner of vinyl chloride; 5 (c) from I to 25 parts of a
core/shell polymer comprising: (i) from 60 to 90 parts, based on 10Q parts
of the core/shell polymer, of a core of a copolymer of butyl acrylate of
the composition) based on 100 parts of tae core, of a) 60 to 99.9 parts of
polymerized units of n_-butyl acrylate; IO b) from 0 to 39.9 parts of
polymerized units of an alkyl acryiate 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;
15 (ii) correspondingly, from 10 to 40 parts, based on 100 pans of the
corelshell 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; 20 b) from 10 to 50 pa.~~s of polymerized units of an
alkyl acrylate, the alkyl 2roup containing 2 to 8 carbon atoms; wherein the
shell polymer excludes crosslinkcr; wherezn the composition is
characterized during melt-blending by 1) a pre-fusion torque value at least
I~% higher than 25 tzar for a control composition equivalent in a11
respects except that the composition of the shell is at Least 95 pa~~cs of
polymerized units or methyl methacrylate, based on I QO parts of the shelf;
2) a time to fusion torque no longer than for the control composition; 30
3) maintenance of color at least equivalent to that of the control
composition.   28 August 2002 I filrcher have discovered a melt-blended
ccrnposition comprising {a) 100 parts of a polymer of vinyl chloride; (b)
from 0.5 to 10 parts of at least one stabilize: against thermal
decomposition of the homopolymer of vinyl chloride; S (c) from 1 to 25 pans
of a'corelshell polymer coznprisina: {i) from 60 to 90 parts, based on 100
pats of the corelshell polymer, of a core of a copolymer of butyl acrylate
of the colrposition, based on 100 parts of the core, 



of a) 60 to 99.9 parts of polymerized units of n-butyl acrylate; 10 b) from
0 to .i9,9 parts of polymerized units of an al.k-~rl acrylate other than
n-butyl a.ctylate, the alkyl group containing 2 to 8 carbon atoms; c) from
0.1 to 2.~ pans of poIyznetlzed units of at least one non-eonju5ated
polyunsaturated monomer; 15 (ii) correspondingly, from 10 to 40 parts,
based on 10Q parts of the core/shell polymer, of a shell of a copolymer of
the composition, based oa 100 parts of the shell, of a) from ~0 to 80 parts
of polymerized units of methyl methacrylate; 20 b) from 20 to 50 parts of
polymerized units of at least dne alkyl methacrylate, the alkyl group
containing 4 to 12 carbon atones; wherein the shell polymer excludes
crosslinker; wherein the cotnposirion is characterized during melt-blending
by 1 ) a pre-fusion torque value at least 1 ~ % higher t'.zan 3~ that for a
control composition, equivalent in a!1 respects except that the composition
of the shell is at least 9~ parts of polymerized units of methyl
methacrylate, based or_ 100 parts of the shell; 2} a time to fusion torque
no longer than for the control composition; ;0 3) maintena.~ce of color at
Least equivalent to that of the control composition.   _ 28 August 2002 _g_
It i~ R~.rther noted that the time to fusion tarquo occt~rrin6 and also tho
time frotu compactiott to pre.fuaion torque minimuu~ vttluo is Lessened for
the predenCO Of the Cur6/ahell polwmer~ of the preeant inven,civn rolativo
to Lheie aaaloguee v~rith a mothy! methacrylata homopolymer hard ehtll.
'this time differential is more difficult to quantify, Out it directly
relates to fusion ocwrring at lower tomperaturee, since leas heatltime is~
required in both inacande$. Although the discovery as defined by a
comparative consttent tampcrature teex method doss not directly relate to
an enhanced ability tc~ uc:hieve acceptable ft~,sion n.t lower processing
ternperatureB) there has been indE~pendently ahow;x a direct correlation
be:ween the paxametexs defzx~ed here extra the rtbility to so process ttt
!over temperatures in operations such as compounding for pellets,
e:ctrusion of blends into useful objects, and the like. The invention is
defined in term9 of performanco in a wcli-known test for 



fusion of poly(vir~yl chloride) which einaulates the perforrtlunce in
larg~eecale proc.~eeaing equipment. The components of the blend, namoly)
PYC, the impact modifier, and appropriate etabilirere, lubricants, etc. era
h.rst dryblended without additiont~l external boating (aom.e frictional
heating to cn. 100 to I10 C. will occur). Tha powdered blend ie th4n placed
in a heated bowl, such ae that of a r~aake mixer, with stirring. The mass
~.rst compacts, and the tongue on the mixing blade is registered at tuna ~
0. There is than a drop is torque to a minimum value, dewed ate pre-fusion
torque value; in a typical run tees b'iguro 1), the time to than vall8y ig
about 20 seconds, but it will of caum vary wich the cha~een mixing device,
sample eiye, formulation and ton~poraturo conditions, The torque thon rises
to s sl5ailow pealt, and then slowly declines. 'I`ha point at arhich the
declination begins ie chosen as the time tc~ Puaiort torque) although the
fu$ion torque is not strictly constant. Eventually) the tcrrqua will level
to a plateau equilibrium valuetusue~l~y measured eater ca. ltl rninut8a of
ar~ng), and finally tho $tabilizatinn effect will be ~varcome and the PuC
will begin to dvcontpose and cross-link (witb e~ rise ir. torque), but with
appropriate stabili~t~ion present, this aspect of the fttsion behavior is
irrelevant to the present invention.   28 August 2002 _ g _ As seen in
Figure l., the values for prefueion tord~:o and time to fusion torque can
be detormined) sad contrasted with appropriate controls. In Figure 1) the
curves are givon for tt maeterbatch of PYC and other additivoa, but no
impact modifier) for an impact rnodiHer whose shell is paly(methyl
methacrylate) and for an impact modif5er of the sarae particle sizo and
corerAhell ratio, but whose shell is 82118 methyl ~nathac~ylatel butyl
acrylate copolymer. It can he seen that tho pxo-fusion tortiue i~ higher
for the control impact moti.i,Pier than tho unmodified masterbatch, but
eigrni~cantly higher for the rnodiF~er with the copolym~ar eholl. Fuxther)
the time to fusion torque is not lengthened, but ig s~ctemLy shortor for
the modifier with the copolymer ahelL The polymer of vinyl chloride may be
a hornopolynnex or rzay be a copc>rymar which is at least 86 we;.ght rb of
polymerised units of vinyl chloride) the remaining unit$ being nt least one
of vitiylidene ehlorido, vinyl acetate, ethyione, or propylene. In separate
preferred embodiment, to both the process and melt-blended oompo0ition
inventions) it is preferred that the polymer of vinyl chloride is a
homopo)yytner of vinyl chloride, or that the alkyl acrylate other than
butyl acrylate is 2-ethylhaxyl acrylate, or that the at least one
nonco~jugated polyunsaturated raonctaer be present at from 0.%a to 1.t1
weight pdrcent. Another possible embodiment is that the fie2al ahe4 poi-mar
further contains from 0.D8 to L0 weight percent a units derivod fcrom a
mvrcaptan chain transfer agent, such as an alltyl mercaptan, a
morcsptoeater) sad the like. Preferred examples of the non-conjugated
palyunsatur;~ted monomer exhibit the functional groups c~= c~-~- c~o~-- o-
( ci-rz= c~c~)- e(o)- o , ~ r c~= cH-- c~ - o Examples of such monomers are
1,3-butylone ~lyool diacrylatv, 1,4butylene glycol diacrylate)
trimethy-lolpropane triacrylato, t~llyl acrylate, r~llyl met~hacrylnte, and
the like. Other polyfunctional uaono~ner~ me.y also ba employed, such ae
divic~ylbenzens, 1,8-butylene glycol dim~oth~.crylate, and the liko.   28
August 2002 -10  F'or reasons o aiding isolation 6y coagulation or
spray-drying by having proaent a shell of high glees temperature as well as
conferring ~~c~rapatibility of the Quter ~ehell with the PvC matrix, it ie
p:afe~rred that the shop of the multishell coreleheLl impact modifier
contain no more than 35 part3 of polymeric units derived fxnm as allsyi
acrylate wherein the alkyl gmup contains ~ to 8 carbon atono.s. The shell
may al8o con~in a non-eor~juge,ted polyfunctional monomer) the
palyunctional monomer preferably present at levels of 0.3 to 1.0 weight ~6
of a11 monomers in the shell polymerization, as defined above. Tho shell
may also contain optionally small amounts of other monomers, such tm vinyl
aromatic t11oZ10mers, (me th)acrylonitrile, sad the like, In anpthor
preferred embodiment) the particle aiza of the first or core potymer is
iess than 400 nm. and the care of the coreleheil c~po~yrmer comprises 60 -
88, more preferably ?o  Sg weight percent of the total carelahell
pallrrnor. Such modifiers cant be isolated by coagulation or spray-drying
from their emulsion preparation to yield gee-flowing powders of outstanding
impact efC~ciency, ~'he id4lution aF the corelshell polpiner from e~tulaxon
by coe,guL~tion or sprarYdrying may be aided by co-isolation with a lpw
level of a polymer high in methyl methacrylate content, or by ooieolation
with cc small amount of a particuln.tc additive ~euch as silica or ~tlciutn
steaxate-coated calcium carbonote. The additive polymers are oleo usaful,as
impact modifiers for engineering resins, such a$ aromatic pol,;reeters,
polycarbonate) and she like, For such uses, they may contnin thermal
stabilizers, such as hindered phenols, organic Sulfur conrpounda) organic
phoephitea) and the like, ~hich may ho added to the corelehell polymer as
it ie being isolated froru emulsion. For use in polyvinyl chloride), theta
ie little need for addition of stabilizers to the adr3itive polymer, oince
atabilizoz~s arc required in the processed faxmttlation fist a variety of
r9lus0119. The corelshell polymers utilized in t~.e p:esent invention are
meet useful For rnodil5cation of poly(yinyl chloride) hamo- and copolymora.
V`'hen bieaded with polyvinyl chloride) (PYG~) the blend will also contain
0,r to 10 parts of one or more thermal atabilizera for PVC) Such as
orgaaocin compounds, organoload   28 August 2002 _u _ compounds,
bariu~n.cadmium organic salts) caleium~.ina organic salts, and the like. It
may also contain lubricants to~ aid release from hot mett~l surfaces, such
as waxes, olefin polymers, cextain e~crylic corelshell polyrnors, and aiso
processing aids Pot promoting tltsion and increasing melt strength) such as
high molecular weight copolymers of methyl methacrylate. It may also
cocttain caloranta) sllere) and the like. 



It is suggested in the art the~t PVC processing aids which contain
aeryt~xte esters copoly'merizad vsrith methyl methaerylate lead to improved
fusion and other desirable rheologi~cal properties. EIowever, the preaenc;e
of processing aid, whether cotubined with the impact modifier an isolation,
or present in the overall Formulation, can detract from the impact
effle:ency of the impact trtodifier by diluting its a'lhect as well as
leading to higher die t~weD in c~xl,rudea utrande, sheets, profiles, ete,
Therefore, it is desirable that the component which contributes to fusion
at lower tetnperatureg l;e present only or predominantly as paxt of the
corelehell impt~ct modi$er. Further, the studies similrxx to thc$o reported
heroin show that the desired effect of fusion behavior is seen whop the
acrylata monomer is oopo~yrne~rized in the shell) as contrasted to
increasing the amount in the core, or producing a separate layer of
acxylate polymer. For example) an impact modifier with 1$ % po~ymeri2ed
ur~ita of butyl'acryta~t~ in the shell and with ?0 96 or 6~ % core polymer
is no les9 ef~.czent in producing improved low temperature fusion (as
judged by the tests epeci~ed herein} than a similax impact modifier with 80
% core; all three c~.re tnoro efF~cient than a similar modifier with 8~ %
cots and a methyl methacrylate homopolyrner shell) Tho practical processing
of P`'C is wellknown to the art) and mr~y bo coQducted utilizing a variety
of equipment. First) the polymex of vit~vl chloride) the at$bilizer, and
the cx~relehell polymer are combined into a non-compacted blend) rnoet
commonly by admixture without external heating in a blending apparatus. The
components may be mixed all at once, or saqvteatial~y. Next, the
non-cvmpactod blend is subjected to heating and admixiisg with ahoa~e to
rnnvErt it to a fused, intimate, cohesive but non-homogenous molt, This
mixing mt~y bo done on a heated tool roll with shear mixing at the nip) in
the barrel of an extruder, in a Banbury miner, ar aimila~r devices where
the boat and shear   _ 28 August 2002 - 12  conditlOns may be varied, and
where there exiet8 a cnearia~ fur dischargod of the fused blend. Finny, the
fused blend may be discharged ae ~ strand or milled sheet to be pelletuod
for lator processing, such as injection molding, or tc~ be eompres~ion
molded. Alternatively, the ueed bland may be preceased throupih appropriato
cLiee, sizit~.g aquiptnent, take-up culls, and the like) directly to rc
film, caler~dered sheet, oxtruded profile, such ae window dames) ox an
injection-molded abject. Tha blends are useful in opaque applications whero
toughness, espacis~lly at lour temperature, and weatherability is deeixed.
The ueeA include, but urn not limited to, vinyl siding for houses, vinyl
profiles for building products, and vinyl faaoa for building decoration,
pipe, and the like. ~'Yinyl" is a conlmorcial abbreviation foe fabricated
products based on polyvinyl chlorido).) Production v useful objects is
accomplished by techniques wellknown to the vinyl industry. The blonde may
be ~anade directly from powder blends, oc may bo fixat compounded into
pellet$ or cuhre for molding or extrusion. Convontional extrusion equipment
for the praductiozz of vinyl aiding or pcoelo may bo utilised. If a foaming
agent is also employed) good quality foam may ba formed 6rom appropriate
foam oxtrusian apparatus for vinyl. The blends of she preeeat irsvention,
when used with towor.raolcculai weight polyvinyl chloride), such as that
with a Fikentschor K valuo of 61) are also ueaful $a starting materials for
the preparation of injection-molded articles. ae the bLands will exhibit
good weatherability and eahance~t thormal o,ging properties. A further
advantage of the impact madi~ers taught herein is that they disperse well
into the P~'C matrix. When Compared at equivalent processing condition9
with the control modifier component, which contaiud a. shell which ig
n~uinlx polymorizod units of methyl ntethacrylate, the modifiara with the
cnodifced shell component produce a cailled sheet or molded ot~ extruded
article with a Lower content of gel) which leads to a better aypcarance and
cleaner surface for the reeulsing article, The advantage is that the mixing
oonditiond may be less ~aevere to accomplish ratisfe~ctory dispersion) thus
roducimg heat and mochanical stress an the blend during processing. There
is not a direct   28 August 2Q02 - 13  correlation botween good dvepersion
and higher pre-fusion tardua or the ability to achieve good fueian at lower
temperatuxea, as certain zommc:rcial acrylic-hasod impact modi~er9 with a
shell witi~ch is easential~,v pol~r(me thyl me thse:yla te) w ill exhibit
good dispersion after procaasiag) yet do not exhibit the higher pre-fusion
torque or good fusion at lower processing tamperaturee scan for the
farmulati4ns discovered herein. Ce:tain synthesis variakiona for the shell
structure of the preaont impact modifiers have t~eaulted in adver8e effects
on faion perFornaance, Addition of methacrylic acid to the shell)
cro$slinking the shell) such as with rt polyfunctional unsaturated monomer)
an additional "ohs.se" of methyl na,uthacry!ate after formation of the
corelahell polymer, adding the methyl methacrylata and alkyl aerylate i.~r
separate "shots", or adding styrene to the shell all pradwce equivalent or
lower pre-fueicn torqu0 values when oorapared to tho c;ontml with
poly(mothyl metharxylate) as the shell component. The following are
exaalplee of the preparation and use of the modifiers in the PVC bleeds and
grocesaea of t1~ present invention, EXAMPLES Figure 1 is illuatxative of
the response curves developed with tho commercial cnasterbatch :NB-2 at 18?
oC., with no impact mod:For, with tho coralahsll modi~or with a
poly(rneihyl methacrylate) homnpnlymer outer ahcll (Example IM-1A)) and
with a similar impact modiCer oxcept with I8 % of the po~ymorized unite of
the shell being butyl acrylato (Example t~'VI-C). These shree 



curves clearly show the increase in pre-fusion tarrtua as impact modifier
is added) and the further increase as butyl acryiato replaces mothyl
methacrylate in the shell. They further show that both the tune to
pre~fusion niinimurn torquo sad to the peak time eignalinB too attainment
of the fusion tQrciue region arc decreased with the addition of tho
co-monomer to th~o shell potyruor. P'iguze 2 illuetxates various levels of
butyl aerylat,~ in the shell of the corelehalt impact rncdictler, from 0 to
48a6 (modiPtarg iD-18, -1C, -1D and - t E). (In thin comparison, for some
unknown reason the sample (ID-1B) with 18.4 % BA does not behavo in regaxds
to increased pro-fuaioa torque us is seen for   28 August 2002 -14 aampLee
of identical cx~mpoaition in ~'ig. 1 or Fig. ~; thc; cauaa of thib single
aberration is unknuwn~. l~guro 3 illustrates similar results whoc~o the
comcnomer is butyl methacryla'te (madi$ers ID-2A, -28, arci -ZC), rat
Ieveld f:om 0 to 4?.1 %. ~gura 4 illustrates the use of 2-ethylhe.~yl
acrylczta in the shah composition, at levels from 0 to a1.4 % (modifiers
1D-3A, -Eli, and -3C). Figure 6 illustrates the consistency in
improvott~ent among five smnples cf the sample impact modiflex (ID-lA) with
18 ~fi butyl aCrylate capowmerizcd in the shell, but isolated by
spray-drying under variaua conditions so as to vary tho particlo size of th
resulting powder. All ea~mplee studied in F~guree 2 to ~i were preparod
with inasterbatch lViB . These examtplea deuionetrate the unexpected
advantages of softer shell eopo~ymau composition of the eorelahell mvdi8er
of particle aiao ca. 260 nta. and 20 weight-percent shell content, as
contrasted to a sim:lr~r composition with a poly(tttethyl methacrylate)
lsomopo~ymer shell. 'I`his preparation is Exampld 1A in the
follow:ng'fables. A mufti-stsige polymer is prepared in emulsion by the
following recipe. (f!A is butyl acr3late, MMA ie methyl methacrylate,
ThiPTA ie triinethylolpropene triacrylate, ~rnd HDA is 1,3-butylene glycol
diacrylate). To an appropriate stirred reactor fitted with means for
nitrogen sweep, a reflex condenser, and means for adding monomers and
initiators, is charged '120 gxanse of deionued water. 2b8.4b grams of a ~!p
96 solids emulsion of a 14$ nm. p.a. latex of $AI'.VIM~IJnnethacrylic acid
= 62146.711.3, 0.38 ml. of glacial acetic acid, and $b g. cf rinso water.
The mix is heated to 46 ~C. while eparging with uit~rogen far ono hour. The
nitrogen is now adju8ted to sweep the atmosphere aver the reaction mixturd
and 1.'lb grta.a~a of sodium formaldehyde suZFoxylate (SSF~ (Q:1'% BOM
(based on monomer)) in 63 grams of wtlter is added a.~id stirred four 8
rninutee. A gradual addition of an initiator feed oYer a 1 G-minute period
ire bosun; the fea~d is i1.23 ml. of cumeae hydroperoxido (CHP) emu.IBified
in 64 grams of water with t. l grams of r~ Z8 % solution of sodium lauryl
eulfato. Simultaneously or almost simultaneously there ie addod over 15
minutes 21Q grams of an emulsified mnr~.omor mix (iraMl4ij comprising 26.78
grams o f a 28 % sodium lauryl sulfate solution, ~0 grams of   28 August
2002 - 15  watex, Z~~13.4J grams of butyl acrylate (B.~), 15.7 grams of
TM1'`fA, and Sri grams of a water rinse. Af~e~ ~ three minute hold, the
reaction, now at cu. rZ ~~C" is treated with 0,41 grams CFiP and 3'17 grams
of the EMM over tt 12 minute period) then 0.8Z grams CHP and '7G4 grams of
the EMM over a 11 minute pariod) then 0.6J grams CHP and G48 grams of the
EMM over a 4 minute period, then 0.42 grams el~yl metht~crylate. .At this
point, the reaction temperature i9 ca. ~J2 aC. Tho reaction mizture ie held
for 80 nninutee; the eonvereiaa, based on oxhected solid8, ie 97.8 %. Tho
reaction mixture is cooled. The conversion is JJ.3 %, based on final
solid8) and the particle sips 241 uai. Thiv croea~-linked rubbery latex
"core" or first-stage (J?0 g.) is chargeci to a similar reactor and heated
to 52 C. while sparging lightly with nitrogen for 4b minutes. The nitrogen
is adjusted to a sweep) and a monomer rnix of 4.0 grams 012$ ~ sodium
la~.uyl sulfate solution, 311 grams of methyl rnethacrylate) l38 grams of
butyl acrylate, and 1.8 ml. (O,aO~! % BOM} n-dodec,,yl morcaptan is added
au at once and stirred for G minutes. Then is added 9SI~' (i.09 grams) in
30 ml. water with a 10 ml., rinse, stirring ie continued For 34 minutes,
and thea sodium pereulfate (NAP$) (0.28 grams) in 30 nal. water with a 10
mi. rinse is added. After 25 minutes) the temperature hays peaked) and the
rnixiuro tennperatuxe is adjusted to 6D C. Additional sLS is added (7.45
grams of a Z8 9'0 solution) for emul8ion etabilaaation. The polymeric
emulsion ie than ;~~ltered and cooled. The paxticle size is ea. 280 nm. The
polymer is isolated 6rt~m tlie~ emulsion by spray-drying at 160 sC. inlet
and 75 ~C. outlet.; Z.G weight percent of calcium atearate-coated calcium
carbonate is added to enhance the i5ol~ztion properties. The sample is
designated T1~I-lA) with 82 % po~ymorized units of methyl raethacry3ate and
1$ % of n- butyl aerylate in the shell. A contrnl is made is a similar
n~anngr but with no n-butyl e.crylate in the shell, and 878 grams of methyl
methacrylate. The sample is cicaignatod zbt.C Other earnpl0a in the IM -I
series are prepared in a similar manner) but with Varying amounts of butyl
aarylate (or of other (meth)~~crylate w.monornors} in the shell, rigure 2
de~xribe these. Additional series are shown in Figure 3 fair various amount
of copolymerized butyl methacryiate, in Figure 4 for Various   28 August
2002 -16  amounts of copolymerizod 2ethylhexyl acrylate, and in ~'Zgure 6
for various amounts of ethyl acrylute. For these variants, iealatian was by
coagulation with calcium chloride a9 the coagulant and with heated
coagulant and emul8ion. Table 1: Identii~catinn of Polymers Represented in
Curves: All t'Lre 80 % Cvre, 



and of Similar Particle Sixa Polymer IDl~Yofaht % MMA in ShellWeight %
Dutyl Acrylate in SheWeight "% Hutyl Methucrylate ShellWoiglit % 2-
Ethyllzaxyt tlcrytut~e in ShellID-C CONTROL100~ IIrn_a~ _A4 - _o_~c The
fusion eurvee from wbiah the deteruiinatioa of pre-Fusion torque, lima to
fueaan torque, and color wag made are generated ecB fallowa: In a Haake
miner equipped with a bawl, a stirring paddle, and a device for measuring
torque, the bowl being maintained ievthermul~y at 12~ C and eti~d at 60
rpm) ie placed 60 grams of charge oP a formulation (MB-1) which is designed
fox ir~jectioa-molding and therefore utilizes a P`~'C of low molecular
weight. (In later oxperimsnte, formuaation and~'or mixing conditions may ho
changed). The amount of impact modifier ma3~ tae varied; a typic~xl value
id 8.^~6 bt~aed on total fortuulation ( 10 parts per 100 parts of PVC
ra9:n~. Table 2: Compunsnts of Maeterbatch MB.1 Component  ^Parts per 1Q0
parts 



of PYCTrade namo~ _PVC home o or K=61I00Goon ilDK4??Mat 1 tin
stabilizer9.0'M1$1Q~ycerol monoetearate external lubricant2.7Aldo MS
_Gxidized polyethylene interrsal Lubricant0.3AC629A   28 August 2002 -17_
As the powder blend is atixred and heated, compaction occurs with a ~hctrp
rise in torque (compactioa peak); this part of the curve is gener~z!!y not
recorded bocausa of the exce~ive vaxiabili~y. The point vF cornpaction is
taken at time t=D, and the torque is then plotted as a Function of time. In
a typ ical curve (Figure 1), the torque decreaava prior to fusion, and the
torque (designated the preFusion torque) is measured at the minimum of the
curre. With further mixing, fusion occurs, the torque riser and then level8
out nt the fu9xon torque, The time to reach this ~aion torque ie recorded.
Equilibrium tarquo and d0g~radacion values are not plotted. A secrond
commercial maetarbatch (Ml~-2), deeigziod for gro~lo extrusion, contains
the following) but ratios are not known. In goneral. 6.7 phr of impact
modifier is employed. Table 3: Comlso~tento of Maetorbatch MH2 Coxa o eatPV
mo a mar K~6~ - 89'l~tsnl ~ Rlde~ddf~ed o tZenQ carol mvnaolsate eternal
lub ' antPol met 1 metha late roco~in aidChlorinated of et lane~r aotia
~te~bilfaerCasc'u etearerte external lubricantN N'-12-etha di lbis ste_
~P~araf~n wax mtarnal lubricant  Etample 2 This example presents evaluation
of various bowl parameters and of imprict Strength for eevere~l corelahell
modifiers to .show equivalence of performance in impact behavior and
desired chon~es in torque behavior. fn Tabie 5 are recorded values of
impact strength and fusion bohavior (Haako bowl) for two feet conditivn$
far 10 parts per hundred (Formulation A) or 6 parts per hund.~rod
(Formulation B) of ovreJghell modi$tere of the composition IIrI-C, IM-1A,,
28 August 2002 - is  



and INI.1C. Equilibrium Torque i.s measured at 10 minutos from whoa powder
is charged top the bowl. Formulation A is the b1B1 maaterbat~h described
above, Fcrmulatian B is a window profile master beach (M$-3), daecribed in
Table ~, Table d: C,orupo~enta of lSaatexbaloh M~-3 Com oneutAatountYC
honzo o met K=88loo'ISta i io 'de!0C 'u oar hate3Poly(mat~pl methacrylate)
proceeetng aid i KiZ01.5hubricatirtgprnceeieing aid (Paraloid K- 1'18I, 0ar
anotiu stabilizer .. -l81.6Calcium etearate eaternallu ' eatL9~ Paraffin
wex ieeernal ubricaatZ i In the Ixod impact test, a aeries of notched baxa
is b~rokan at a feet t~naperatuxe and those exhibiting ductile breaks (with
high brook ralues for the individual sample, > l080 joulesl meter) are
measured a9 n percentage of the total samples. ~amplea are compression
~aolded into standard bars with r~ lU mil Notch and 1.6 samples it~apacted
at each temperaturo. A11 roported samples havo a duerilebrittle
trarteiti~on temperature in the tango 18 - 20 ~C., within the accuracy of
the Izod test measure of +I- 1 ~C. Tablo l~: Test ~'aluee, Iueluding Impact
Performance far ImpE~ct Madi~ers with Butyl Acrytate in Shell TeesTeat o
'doelhf-C1M-lAlbt-1Cfb Bu 1 Late in Shell ~4810F'tuion limo scc.A468?_
3,3P~ n to ue m .A1960~i0ZfilOFueioct rime sec.8T7B5~JPre~I,uion be iw
mB1?.if0160DLfl6'um ue mH176at?ZOL?Qt? I a 9i ductilQ hreQlcaTe4t'~m .
~C1987606.,i _ _ _X91009??31300loo_ ~_1C0100~J3   28 August 2002 - 19 I
claim: I. 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 therrsa.l decomposition 5 of the
homopolymer of vinyl chloride; (c) from 1 to 2~ parts of a core/shell
polymer comprising: (i) 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 



10 a) 60 to 99.9 parts of polymerized units of n-butyl acrylate; b) fI0I11
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 15 non-conjugated
polyunsaturated nnonomer; (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 I00 parts of the shell, of a) tom 50 to 90 parts of
polymerized units of methyl 20 methacrylate; , b) from 10 to 50 parts of
polymerized units of at least one alkyl acrylate, the alkyl group
containing 2 to 8 carbon atoms; wherein the shell polymer excludes
crosslinker; wherein the fusion is characterized by 25 1 ) a pre-fusion
torque value at least 1 ~% 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) a time to fusion torque no longer than for the
control 30 composition; 3) maintenance of color at least equivalent to that
of the   28 August 2002 -20 control composition, the process comprain? 1)
combining the polymer of vinyl chloride, the s"abilizer, and the core/shell
polymer into a non-compacted blend; 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 exuded object, an injection-nolded
object, a calendered sheet or film, a compression-molded obj ect, an
exmided chopped strand, or re processable 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 homopolyrner of vinyl
chloride; 



1 ~ c) from 1 to 25 parts of a core/shell polymer comprising: (i) 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 polyuierized 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)
firom 0.1 IO ~.J parts of polymerised units of at least one non-conjugated
polywisaturated monomer; 25 (ii) correspondingly, tom 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   28 August 2002 -21  a)
iicm 50 to 30 parts of polymerized units of methyl mefhacrylate; b) from 20
to ~0 parts of polymerized units of at least one alkyl metrhacrylate, the
alkyl group containing 4 to 12 carbon 5 atoms; wherein the shell polyazer
excludes crosslinker; wherein the fusion is characterized by 1) pre-fasion
torque value at least 15% higher than that for a control composition
equivalent in a11 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 10 shell; 2) time to fssioa 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 ~ 1 ) combining the
polymer of vinyl chloride, the stabilizer, and the corelshell polymer into
a non-compacted blend; 2) heating and mixing with shear `~he 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 20 useful rigid
object in the form of an extruded object, an injection-molded object, a
calendered sheet or film, a compression-molded object, an extn:ded chopped
strand, or re processablc pellets. The process of Claims 1 or ? wherein .he
at least one non-conjugated 



25 polyunsaturated monomer is selected from the group consisting of allyl
methacrylate, allyl acrylate, diallyl fumarate, diallvl maleate, diallyl
itaconate, and glycol or polyol esters of acrylic or methacrylic acid. 4.
The process of Claims 1 or ? where the at 1 eas t one stabilizer a present
at from 1 to 4 30 parts, and the stabilizer is an organotin ester or a
calcium salt of a long chain or?anic acid.   28 August 2002 -22 5. The
process of Claims 1 or 2 wherein the core comprises fiom 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-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 homopolymer of vinyl
chloride; (c) from 1 to 25 parts of a corelshell polymer comprising: (i)
from 60 to 90 parts, based on 100 parts of the core/shell polymer, of 10 a
core of a copolymer of butyl acrylate of the composition, based on I 00
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 15 containing 2 to S carbon
atoms; c) from 0.1 to 2.5 parts of polymerized units of at least one
non-conjugated polyunsaturated monomer; (ii) correspondingly, from IO 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 par~s of polymerized units of methyl methacrylate; b) ?~om 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 lesst 15/o lLgher than that for a
control composition equivalent in all respects except that the composition
of the she!1 is at least 95 parts of polyTnerized units of methyl
methacrylate, based on l00 pa_~ts of 30 the shell; 2) a time to fusion
torque no longer than for the   28 August 2002 



- 23  control composition; 3) maintenance of color at least equivalent to
that of the cont:ol composition. 5 7. A melt-blended composition
eomprisin.g (a) l00 parts of a polymer of vinyl chloride; (b) from 0.5 to
10 parts of at least one stabilizer a~ai.,-ist thermal decomposition of the
homopolytner of vinyl chloride; (c) Lom 1 to 25 parts of a core/shell
polymer comprisin': I O (i) f`om 60 to 90 pans, based on 100 parts of the
core/shell polymer, of a care 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 n-butyi 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;
(ii) correspondingly, from 10 to 4o 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 SO to 30 parts of polymerized units
of methyl methacrylate; b) om 20 to 50 parts of polymerized units of at
least one alkyl methacrylate, the alkyl group containing K to I2 carbon 5
atoms; wherein the shell polymer e~.cludes crosslinker;   28 August 2002 -
24  wborein tho composition is characterized during malt-blcndlng by 1) a
pre-fusion torque value st l8ast 15~ highor thB.a that for a coatrol
campaeition equivalent in Q11 rospect8 exaopt that thv composition of the
shell ie at least 96 parts of polymerized units of mothyl methacrylate,
i~aaed on goo ~drt~ of the shell; 2) a time to fttsion torque no loagar
than for tho control composition; 



3) ~udtinteaan~ce of color tit loabc enuivglent to that of the control
comgosition. .A.Ah.A& .A3Y.AU3?.A.A..AA.An.A5.Anr.A..As
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