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I.MPACT·MODIFIED POLY(VINYL CHLORIDE) EXHIBmNO IMPltOVED 

LOW-TEMPERATURE FUSION 

The present invention relatH to a. te>ughened weatherablo blend of 

poly(vinyl chloride).(}>VC) with a specific acrylic copolymer rubber-based 

corelabell impact mocWier, which blends exhibits improved low-tomperature 

fusion performanee durinl the conversion of the admb1ed startinr coniponents 

into the blend. 

Impact·modiied poly(vinyl cbloricle) for usea euc:h as pipe, sutters, :tiding, 

window profiles and the like. has quite acceptable impact .. and appeata~­

retention peribrmanm in outdoor applicationa where 1t is oxposod to natural 

elements such as sunlight, rain. hail, alaet, or water sprays. Impact modifiers 

for weatherable PVC have been oommercially available tor over 20 yelll'I, nnd 

are comm.only based o:o. core/shell (often referred to as multi-stage) (meth)acrylic 

polymers with a rubbery core baaed on a l'\1bbery poly(alkyl acrylate), usual.ly 

pob'(n-butyl acrylate). 
A problem with such modi.Aers when blended with .PVC has been that the 

fusion characteristics on compoundiq the physical blend of powders or other 

statti.ng materials into a fused, intimate and cohesive melt blond have required 

.10111 times and high temperatmea, which deoreaaes tho output -rate of tho · 

blended material, i.e .• increases the overall thermal history of the blend and so 

ofCera more opportunity fo'f thermal degradation of the PVC. Althou1h this can 

ho compensated ibl' somewhat by the presence of processing aide and lu.bricanta, 

or addition of additional costly thermal atabilizera, it is still desirable to cause 

the pb1si~ blend to "flux-' faster or ma. at lower te:mporaturos and with lower 

enera requizeme:nta, without compromising the properties or the resultant 

blend. Solution of this problem .for toughened blends, i.e., thoao containing 

impact modifie1"11, can enable cohesive )lelleta. cubes, moldings, extrusion8, and 
the like t.o be prepared with leaa thermal expoaure than normally poaelblc wlth 

conventional impact modiae:te. 

Teeqi.e at.iL, EUf0)1ean Unexamined Patent 117,397 have b.tught that 

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

PVC/acrylic polymer blend can be accomplished ai low l:emporuturea by wo-rking 
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witb. sol'tor acrylate compoaitions,-but his additive compositions O.l'O soft and 

dillicult to work with in powder lotm, designed for ease of admixing with the 

PVC pelleta, powder, or beads. Moreover, such additiveij usually aub1tantially 
decrease the melt viscosity of the ?Multing fused blend, changing &he proc:a1•in1 

behaviOl'. 

Meunier., U.S. Patents 4,842,186 and 4.567,234 has taught a softer 

copoqmer (relative to methyl methacrylate homopolymer) outor shell for a 

core/shell bnpa<.t modi.6er based on a butyl acrylatelbutadiene copolymor core. 

but have not taqbt or dieclosed that improved low tem.pel'aturo fusion reauU:ed 

when tho bJanda were prepared. Earlier patents, such o.s by Ryan, U. 8. Patont 

3,878,133 have taught similar ao:lttr copolymer (rol&.ti\re to me~hyl methacrylate 

hom01>olyme?) outer shell for a core/abell impact modifier based on a butyl · 

aci'flate polymeric core, but also have not taught or discloaed that improved low 

temperature Cusion resulted when. the blends were prepared. 

I have now unexpected)J &und that a narrow compositional range for the 

1hell of core/sholl impact modiften baaed on cons of homopolymel'8 of butyl 

acrflate or copolymer& otbut)'l acrylate with higher alkyl actYlatea (as defined 

henin), preferably al8o containing a multi.functional monomor, when followed 

by a flna1 shell polymerizat:ioD of a copolymer ot methyl methacry~te with 

appreciable quantities ot a lower alkyl a.crylate. yleld a readily isolated powdery 

m.odiliel" which un.expeet.eclly impute impwved low-tom~ra&ure fusion to 

woatho.rabJe loi:muJations of PVC. Mora apeeiftcally. I have discovered a proce11s 

tor tba fusion into an intimate bland of a composition compriaing 

(a) 100 part1 of a polymer of vinyl chloride; 

(b) &:om. O.lS to 10 part. of at leaet one stabilizo.r againet the.rmal 
deoompoaition of the homopolym.er of \'hu'l chloride: 

(c) from 1 to 2a parta of a core/shell polymer comprieing: 

(i) from. 60 to 90 pans. based on '100 parts of the coN/sholl 

polymer, or a core of a copolymer of butyl acrylate ot the composition. based on 
100 parte of the core. of 

a) 60 to 99.9 part. of pol,merized unita or a-butyl 

aer.ylate; 



-3 -

b) &om O ~ 89.9 parts of polymorizod unita of an alkyl 

acr)'late other than n- butyl acrylate, the alkyl sroup 

containing 2 to 8 carbon atoma; 
c) from 0.1 to 2.t5 parts of polymeriRd umta of at least 

one non .. conjupted po]Junsaturatcd monomer; 

{ii) g01ieapond:ingly1 from 10 to 40 puts, baead on 100 partH of 

the core/shell po)fmnr, ol a shell of copolymer of the composition, based on 100 

parte of the shell. of 

a) from 60 to 90 parts of polymerized units of methyl 

metbacrylate; 

b) :hm 10 to 00 parts of polymerized units of at least one 

alkyl acrylate, the alkyl group containing 2 to 8 catbon 

atoms; 

wherein the tuaion is charactmized by 

1) a p:re-fUaion torque valua at loaet 15'6 higher 

than that for a control «nnposition equivalent in all respects except that the 

composition of the shell is at leut 911 parts of polymerized units of methyl 

Dlethac17late, based on 100 parta of the shell; 

· 2) a time to fu.aion torqu.A no longAr, and pmfal"fthly 

aho.rter, than for the control compotition: 

8) · maintenance of colar at loast equivalent to that 

ol the control oompoaiti~ the process c:ompriaing 

1) comhinin.1 the polymer ol vinyl chloride, the 

stabilizer, and the core/shell poJtmer into a non-compacted blond; 

2) heatinc and admixing with shour tho non-

compacted blend to convert it to a fused, intimate, cohesive but non·homoaonous 

melt; 

3) melt-processing and then cooli111 the melt to 

form a ueefol object in the form of an extruded object, an injection-molded object, 

a calendered 1heet or ·.tllmt a com.p:resaio.n-inolded object, an extruded chopped 

atrand, or re- p:roceaaable -pellets. 

1iirii1i11nr 
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ln the specmcation and claims, we use the following definitions, which are 

bolieved to be consistent with tlwir \lie in the current etate of the art 0£ 

processing and impact-modifying PVC. Def'initiom: 

(a) non-compacted blind: a blend of the ingredients mixed under 

conditions where no fusion occurs of practical consequence, as evidenced by the 

Mable and non-cohesive nature of the resulting blend . 

(b) fused, intimate, and coheaive melt: the melt behavos as a 

rheolopcal liq\lid, the particle• of the vari.oua compooenta aro clispel!eed in the 

melt, and ibe melt on cooling appear• aa a con.tinuou• non-triable blend. 

(c) non·homopnoue melt: the melt on cooling will still show 

orystallinity resiaining in the poly(vinyl chloride). and the residual structure of 

the as-polym.eri?.ed poly(vinyl ohloride) can still bo detected t:o some dep-ee. 

Typically, PVC is proceesed sou not to be converted ta a homogenous molton 

blend (a blend which is uniform OD a molecular scale, and which shows no 

reeidual structure from the as-aynthelized PVC). Sueh a process of 

hom.opnization iequiree eo much heat and ahear that tho poly(vtnyl chlol'ide) 

will have delJ'Bded appreciahq. 

(d) control composition: thro\llhout the specification and claims o£ tbie 

application, the term "contiol compoaition" refers to oither tho pre-(usod 

adm,jxture or the fu.sed blend of a composition containing.PVC. a stabilizer, and a 

coielahell impact modifier, where the t;ype a:ad amount of PVC and stabilizor are 

tlte 1am• as in the novel com.positions or procasaes claimed or deacribed in the 

present invention. Further the amount of core/shell modifier, the amount of the 

core in the core/ahell moditier. and the composition of the core in the core/shell 

modilier are tho samo as in the novel compositions or procosacs. The only 

variant in the total control composition f'tom the inventive compositions is the 

ratio or amount of polymeric unite. comprising the shell of tho core/shell modifier, 

which "controln shell is at leaet 96 parts of polymerized units or methyl 

methacr,.late, baaed on 100 puts of the shell. 

In a aeparate aapect of th• invention, the core/shell impuct; mod.iftsr with 

the oopolfmeriM<l alkyl acrylate ill the shell may be replaced by a corelahell 

polymer cmnpriaing: 
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(i) f.rom 60 to 90 parts, baaed on 100 parts of tho core/ahell 

polymer. of a core of a copolymer of butyl acrylate of the coinpositionJ basod on 

100 p•rts-olthe core, of 
a) 60 to 99,9 parts of polym•rized units o! 11-butyl 

&C17'Jate: 

b) from. 0 to 89.9 parts of po)ymer:izod unite of an alkyl 

acrylate other than n· butyl acrylate, the alkyl 11i:oup 

contail:Un1 .2 to 8 carbon a.toms; 

c) from 0.1 to 2.5 parts of po)ymerbed units of at leut 

one non-conjugated polyunsaturated monomer; 

(ii) correapondinlb', from 10 to 40 p&.rta, based on 100 parts of the 

core/shell po]ym.e:r. of a shell of copolymer of the compoaition, based on 100 parts 

otthe shell. of 
a) from 50 to 81i parts of polymerized units of methyl 

metbam)'late: 
b) from SO to 60 parts of polymeri2od units ot at .least one 

alkyl meiha.crylate, the alkyl group co.itaining 4 to 12 

carbon at:oma, such as n·butyl. 

Tho invention further ancompaaaea the process tln<l composi~ns wbere 

the shell contain& both copolymeriaacl pobrm,erio units ot alkyl acrylate and. alkyl 

mathacrylate. within the boUDdary conditions taught above. 

It is pzefarred that the at least one non.conjupted polyu11111turated 

monomer ia selected from the iroup c:onsiatiD1 of allyl methacrylato, allyl 

acrylate, diallyl fwnarate, diallyl maleate, cliallyl itaconate, and. glycol or polyol 

ettara of acrylic or methacrylic acid. It ia separately preforrod that the at least 

one stabilizer is from 1 t.o 4 parts of an organotin eater or a calcium salt of '1 long 

clwin orpnic acid. It is further and separately preferred that the core polymer 

contain 97 .6 to 99.9 weight percent of polymerized units of butyl acrylate,· and 

that the alkyl group or the polymerized unit of al'.bl acrylate or •lb'l 

mechacqlate in the shall composition b• n·butyl. Eepecially.prefer:nd is 11.·butyl 

acrylate. 

I have farther diaa>vend a melt-blended com.position comprieing: 
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(a) 100 parts of a polymer of vinyl chloride; 

(b) from 0.5 to 10 parts of at least one atabilile.r n.gainst thermal 

decomposition of the homO])olym.er of vinyl chloride: 

(c) 11'0111 1 to 23 parts of a co~ahell polymer comprisina: 

(i) from 60 to eo part&, based on 100 pal'ta of the core/shell 

polymer, ot a core al a copo)yn"Aer of butyl aceylata of the composition, buod on 

100 parts of the core, of 

a) eo to 99.9 parts or polym.emed units of 11-b~tyl 

acrylate; 

b) from. O to 39.9 parts of pol,vmerized units of an 

alkyl acrylate other than n· butyl acrylate. the 

alkyl s:roup containing 2 to a oarbon o.tomsj 

c) from 0.1 to 2.5 parts of polym.eri~ed u$t& ol at 

least one non-conjup.ted polyunsaturated 

monomu; 

(ii) correspon&t)J1 from 10 to 40 parts, based on 100 parts of 

the core/shell pclymerJ of a 1hell or copolymer of the com.position, based on 100 

parts of the ahell. of 
a) from. 50 to 90 parts olpolymorized units ef 

meth,1 m.ethacrylate; 

b) lrom. 10 to 60 parts of poqmerbcd units of an 

alkyl &C2flate, the alql aroup containing 2 to 8 

4afbol1 atODLlt 

wherein the composition is characterised durintr melt-blending by 

1) a pze .. fusion torque •~tlue at least llS% higher 

than that for a control compoaition equivalent in all respects except that tho 

composition of the shell ta at leut 85 parts of polymerized units or methyl 

metbacrylate, baed on 100 put. of the shell; 

2) a time to Naion torque no longer than mr the 

control compoaition; 

8) maintenance of color at least equivalent to that 

or the control. composition. 

This Sheet Has Been Replaced 

1101111 llUll llll Ill llll 
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I ful'ther have discovered a m.eli·blended compoeiti.on cDm}lrising 

(a) 100 parts of a pol3'mer of vinyl chloride; 

(b) from 0.5 CO 10 parte of at leaet one atabilizer against thermal 

decompoaition olthe homopolymer olvinyl <Jhloride~ 

(c) &om. 1 to 26 parts of a core/shell polymer wn1prisin.g: 

{i) ttonl 60 to 90 parts, based on 100 parts ol the core/shell 

polymer, ol a core ol a copolymer of butyl acrylate of tbe wdlpoeition, based on 

100 part.a olthe con, ot 
a) 60 to 99.9 parts of polymerized units of n .. butyl 

acrylate; 

b) from 0 to 89.9 p•rta ofpolymerind units of an alkyl 

acrylate other than 11- butyl acrylatot the alkyl group 

containing 2 to 8 carbon atomsi 

c) from 0,1to2.s parta otpolym.erized units of at least 

on.e non..eoD.jupted polyunsaturated monomer; 
(ii) c.omapondinciJ, from. 10 to -40 parts, based on 100 parts of 

the core/shell pob'mer1 of a ehell of oopoqmer of the composition,. based on 100 
parts of the shell, of 

a) lrom lSO to 83 parts of polymori~d units o( methyl 

methacrylate; 

b) from 20 to ea parts ofpolymerb:ed u11i.ts of at least one 

alkyl methacrylate, the alkyl gL"Oup containing 4 to 12 

c:ubon atom•• wherein the compoaition is 

characterized d,urin1 melt·blending by 

1) a pre-f\Won t.orque value at least 15% higher 

than that lbr a control compolition. equivalent in all respects e:n"Opt that the 

composition 0£ bhe shell is at leut 96 parts of polymerized units of rnethyl 

mnthacr,ylata. based Oil 100 p81ta of tlle shell: 

2) a time to fusion torque no longo.r than lbr the 

8) mainteaanee ot color at least oquivalent to that 
of the control composition. 
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n VJ .tu.rf:her noted that tJie time to £usion torquo 000\trring and e.lso tho 

time frott1 compaetion to pra-luaitm torque minimum value ia lessened for the 

presence o!the core/ehell polymers of the present invention relative to their 

analogues with a methyl methaorylate bomopo],ymer hard shell. This time 

differential is more dif&cult to quan~, but it directly relates to fusion oet.-urring 

at lower tomperaturea, ahlce less heat/time is required in both ~Gancee. 

Although the diacove:ry aa de.ftD.ed by a comparative constant temperature 

teat method daes not dir.ctl;v relate to an enhanced ability to achieve acceptable 

fusion at lower proceuinr temperatures, there has been independently showu. a 

direct correlation between the parameters defined here and tho ability to so 

process at lower temperatures in. operations such as compounding for pellets, 

extrusion of blends into uaet\11 objects, and th9 like. 

The iuvention i8 defined in terms ofperlbrm.anc:o in a. well-known test for 

fusion at poly(vinyl chloride) which aimulatee the performance in Jarp·ecalo 

processing equipment. The components ofthe blend, namoly. PVC, the impact 

inodifier; and appxopriate at.abilialra, lubrica.nts, etc. arc first dry-blended 

-without additional extemal heating (some :frictional heating to ca. 100 to 110 C. 

will occur). The powdered blend la then. placed in a heated bowl, such as that or 

a Haake mixer, with •tirrin&'· The mass ftret compacts, and the eorque on the 

mixing blade is reg.iatered at time • O. There is then a drop in torque to a 

_ minim.um value, detined &1 pre-fusion torque value; in a typical nm (see ~igure 

1), the time to thia vallay ia about 20 eeconds. but it will of oou1"He vary with the 

chosen mixing device, aample ebe, formulation and tompo:rature conditions. The 

torque thon rises to a shallow pa~ and then slowly declines. 'rhe point at 

which the declination begina is chosen u the time to A&aion torque, although the 

fueion torque is not strictly comtant. Eventually, the torquo will level to a 

plateau equilibrium value(uaualq measued a.t'ter ca. 10 minutes of mixing), and 

ftnaJJ:y tho stabilization effect will be overcome and the PVC will begin to 
deoompose and crosa .. Jink (with a rise in torque), but with appropriate 

stabilization present, this aspect ol the talion behavior is irrelevant to the 

present invention. 
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As seen in Figure 1, the values for pre.fusion torquo nnd tiJno to fuaio11 

torque can be determined, and con,ruted with appropriate controls. In Figure 1, 

the curves are given tor a masterbatch of PVC and other additives, but no impact 

modifier, for an. impact modifier whoae shell is paly(methyl methacrylate) and for 

an impact modiile1 of the same partiela size and core/shell ratio, but whose shell 

is 82/18 methyl '*'thacryJatel but)'l acr)'late copolymer. [t can be seen that the 

p.re-tusioo torque ia higher for the control impact modillei than tho unmodified 

maaterbatoh, but si.gniticantb' higher for the modifier with the copolymer sholl. 

Furthe.r,· the time to tu.sioo torque ts not lengthened, but is actually shorter for 

tha modifier with the copolymer shell 

The polymer of vinyl chloride mq be a homopolymer or mt.'1 be a. 

copolymer which is at least 85 weiaJU % of polymerized \.Ulits <>£vinyl chloride, 

the remaining units beina at least one ofvinylidene chlorido, vinyl a~tate. 

ethylene, o:r p.rcpylene. In separate 11retened embodinients to both the proeeaa 

and melt-blended compoeition inventions. it ii preferred tb•t the polymer of 

vinyl chJoricle is a homopolymer of vinyl chloride, or that the alkyl acr,vlate othe:r 

than butyl acrylate is 2·athy~l acrylat.e. or that the nt least one non· 

conjugated po.lyunaaturated monomer be presant at from 0.5 to 1.0 weight 

percent. Another possible embodiment is that the final shell polymet further · 

contains n"O:rn 0.06 to 1.0 weipt percent of units derived from a :mel'Captan chain 

transfer apnt, such aa an alkyl mereaptan, ·a mercaptoester, and the like. 

Preferred example• of the non-conjugated polyunsaturated monomer 

exhibit the functional P.>UP• 

CH.z== a+- C(0)-0~ I Cffa== C(O\)-C(0)-0 I 01" CJ-\= Oi-OJ..i-O-

Exnmples of such monomers are l,3·butylene glycol diacrylate, 1.4-

butylene 1dycol diacrylate, trimethylolpl'OJ>ane triacrylato, allyl aeylate, allyl 

meth&C1'71ate, and the lib. Other polyfunctional mo.,,omers may also be 

employed, auch aa divinylbenzene, 1,8-butylene rlycol dimethacrylate, and the 
liko. 
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For teaaons ol aiding isolation by coagulation ol' spray-dryinf by bavin.1 
preaent a &hell of high glass temperature ae well ae eonfeni'OlC com.patibility of 

the outet shell with the PVC matrix, it is prefer~d that the aheU ol the multi· 

shell core/shell impact modilier contain no more than 86 parts of poJ,meric units 

derived lrom an alkyl acrylate wherein the alql poUJ1 contains 2 to 8 carbon 

atoms. The shell may a1eo contain a non-conjup.ted polylunct.ional monomor. 

the pol,ytunctiOnal monomer preferabb' present at levela of 0. a to 1.0 weight % ot 
all monomers in the shell polymerization. as defined above. Tho shell may also 

contain optionally small amounts of other monom.ers, such aH vinyl aromatic 

monomers. (meth)acrylonit:rile, and tha like. 

In another preferred embodiment, tbs particle aizo of tho first or core 

polymer is less than 400 nm. and the core of the core/shell copolymer com.prises 

60 - 88. more preferablY 75 • 86 weighl percent of the total core/shell poqmar. 
Such moditlers can be isolated by coagulation or S])ray-drying from their 

emulsion preparation to yield free-flowing powdera of outstandiq impact 

efficiency. 

The U.olu.tion of the oore/ehell polymer from emulaion by coqulatfon or 

spray.drying may be aided by co-isolation with a low levol of a polymer high in 

metbyl methac.rylata cont.ent, or by co·iaolation with a email amount of a 

particulate additive au.ch aa silica or oalcium steara.t.e-coatod calcium carbonate. 

The additive polymers are also uaalul_as impact modifiers for engineering 

resins, 811Cb as aromatic po]yestera, polycarbonate, and the like. For such uses, 

they may contain ~erm.al stabilizea, su.eh as hindend phenols, organic sulfur 

compounds. organic phosphitea, and the like, which may ho added to tJw 

core/shell polymer as it ii bein1 isolated from emulsion. For use in poly(vinyl 

chloride), there is little need for addition of stabilizers to the additive polymer, 

aince stabilizeN are required. in the p!'OCeued formulation for a varioty of 

reUOl'lS. 

Tho core/ahell polymen utilized in the present invention are inoet wsoful 
.lbr modiftcation of pob'(Yinyl ohloride) homo- and copolpio.rs. When blended 

with poly(vinyJ chloride) (PVC), the blend will alao contain 0.6 to 10 part.a of one 

or morv 'hermal stabiliser• fbr PVC, auch a11 or1anotin compounda, organolo•d 
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compounds, barium-cadmium orpnic salts, calcium-lino organic salts, and the 
like. It may also contain lu'bricants to aid release from hot mehl.l surlaces. Hl!ch 

aa wax~s, ole.fin polymers1 certain ae.rylic core/shell polymors, and ahto 
processing aids tor promoting 1U1ion and increaainc melt etrengtb, such as high 

molecular weiaht copolymers of methyl methacrylate. lt may also contain 

coloracta, Gllera, and the like. 

It il:a su119ated in the art that PVC processing aidl which contain acrylate 

esters copolymerized with methyl 111ethacrylate lead to improved fusion and 

other desirable rheological propert;jea. However, the prea.nce of processing aid, 

whether combined with the impact modifier on isolation, or present io. the overall 

formulation, can detract from the impact eft'ioiencyofthc impact modifier by 

diluting ita e:ftect as well aa leading to higher di.a 11well in axl..rwled 11h-ande, 

ahHts, profiles, etc. Therefore, it is desirable that the component which 

cont.iibutea to .f'usion at lower temperatuns be preeent only or predominantly as 

pan of the core/eh.ell impact modifier. Furthert the at1r.d.iee similar cc those 

nported heroin show that the desired efrect of fusion behavior is seen whon tho 
8Cf7late monomer is oopo]Jmerized in the shell, a• contrasted to increuiur the 

amount in the core, or prod.ucinr a separate layer of acrylate polymer. For 

example, an impact modifiei with 18" ~erized units otbutyfacrylate·in the 

shell and with 70 '6 or 80 96 core polymer is no leaa efticient in producing 

improved low tempe:r•tme fuilon (a.a Jud.pd by the teats specified herein) than a 

slmilar jmpact modi&r with 80 % cme; all three are moro efrLCient than at 

4i'1lilar modifier with 80 96 CMe and a methyl methacrylate homopolymer aholl. 

Tho p.ractical proeeellina of PVC is well·known t.o the ut, and may bo 

conduct.ad utilizing a variety of aquipm&nt. First, tho polymer otvin.yl chloride. 

the atabiliaer, and the oore/ehell :poly!ner an combined i11t.o a non-compacted 

blend, moat commonly by admixture without external heating in a blendiag 

apparatus. The componenta may b_e mixed all at 011Qe1 or soquea.tially. Next, the 

non•compactad blend is aubjected to heating and admbcin.g with shoar to convert 

it to a .fused, intimate, cohesive but noa .. homo19nous molt. Tbhl mixin1 may be 
do~e on a heated mill roll with shear mixing at the uip, in. the banal 0£ an 

extrude:r, in a Ban.bUl"1 mixer, or similar devices where tho heat and ahea.r 
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conditions may be varied, and where there exists a metuw for disoharged of the 

tused blend. 
Finally, the fused blend may be discharged u n atrand or milled &b....~t to 

be pelletized tor later proceasq, such aa injection molding, or to be compression 

molded. .Altetnativeb', the lueed blend may be processed throup appropriato 

dies, aiziDg equipment, take-up rolls, and the likeJ directly to a· film, calendered 

sheet, extruded profile. 1uch aa window framea, or an injoction·molded objea,. 

Tho blends are uaelul in opaque applications where toughness. eepocially 

at low temperatme, and weatberabWty ts desired. The uses include, but aro not 

limited to, vinyl siding for bouaea. vinyl profiles for building products, and vinyl 

foam for building decoration, pipe, and the like. \Vinyr' is a. commercial 

abbreviation fol' fabricated products baaed on po)y(vinyl chloride).) Production of 

usafal abjects ia accomplished by technique• well· known to the vinyl industry. 

The blends m.ay be made ~from powder blends. or may bo first 

compounded into pellet& ot cubes for molding or extrusion. Convontitmal 

extrusion equipment b the production of vinyl sidinc or pro&lo may be utilized. 

If a £oamin1 agent ia a1so employed, good quality loani may be :formed from 

appropriate ibam extNSion apparatua tor vinyl. 

The blends of the preaant invention. when used with lowo:r·molecular 

weight poly(vinyl chloride), auah. aa that with a Fikentacher K value of gi, are 

also useful aa •tarting materials for the preparation ofinjcction~molded. articles, 

· as the blends will exhibit good weatherability and enhanced thormal aging 

propeftiaa. 

A further advantage of the impact modUlers taLlght heroin is that they 

cliapene well into bhe PVO matrix. When compared at equivalent processing 

conditions with the control modifier component, which contains n shell which is 

mainly polymerized \\nit.a of methyl methacrylate, the modifior11 with the 

modilled shell component produce a milled sheet or molded or ~Jttfuded article 

with a. lower content of pl, which leads to a better appearance and cleanor . 

surface tor the re1uUin1 article. The advantaae is that the mixiog' condliione 

may be lees severe to aceompliah aati.taetory dispersion. thus reducing hoat and 

mecluanical stress Qn the blend during proceuin1. There is not a direct 
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con'elation between good dispersion an.cl higher pre-tuaion torq,uo or the ability to 

achieve good fusion at lower tempetatures, aa certain commercial aarylie-based 
• 

impACt modillers with a shell w~b ia essentially poly(methyl methacrylate) will 

exhibit good dispersion dWr proceain1. yet do not exhibit the higher pre-Cuaion 

torque or good fusion at lo1'er p~ssing temperatures seen Cot the formulations 

discovered herein. 

Certain syn.them variations tor the shell structure of tho pNSent impact 

modifiers have resulted in adverse efrecta on fusion performance. Addition ~f 

m.ethaCl")"lic acid to the shell, crosslinkin1 the shell, such as witn a polyfunctional 

unsaturated monom.er1 an additional "chase» of methyl mothacrylate after 

formation of the core/aheU polfm.@r, adding th6 methyl m.ethacrylate and alkyl 

aceylate in separate ''ahota .. , or adding styren• to the shell all prod.w::t equivalent 

or lovtar pre-fusi.on torque values when compared to tho control with poly(mothyl 

metbacrylate) as the shell component. 

The following are examples of the preparation and use of the modtrwn in 

the PVC blends and proceaaea of the present invention. 

EXAMPLES 
FigUH 1 is illustrative of the :re1ponse curvea developed with the . 

commercial muterbatcb MB-2 at 187 "0., with no impact modifie, with the 

c:ore/ehell m.odifior with a po]1(methyl methacrylate) bomopolymer outei shell 

(Example IM-lA), and with a similar impact modifier oxoopt with 18 '6 of the 

polymemd units of the ehell being butyl acrylato (Example lM-C). These three 

curves olearly show the increase in pn-lu.aion torque as imps.ct modifier is 

added. and the further increase as butyl acrylate replaces motbyl methacrylate 

in the shell They further show that both the time to pre11£ueion minimum torque 

and to the peak time sipalin1 ~ attainment of the tu.eion torque region are 

decreaaed with the addition of the co-monomer to tho shell polymor. 

Figure 2 illustrates va:doua Javels of butyl acrylato in the shell o£the 

core/aholl impact m.odilier, from 0 to 46% (modiflars ID-lB, -.LC. -lD and .. 1E). 

an tbia comparison, tbr eome unlmown NUOD the sample (ID· lB) with 18.4 % 

BA does not behave in rep.Ma to lncrea1ad p:re-fuaion. t.orquo ws ie eeen f.or 
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samples olideutical eom.poeition in Fir. 1 or Fig. 5: the cause of thie single 

aberration is unknown). FilUff a illustl'ates similar results whoro the co­

m.onomer is butyl methacrylate (niodi!trs ID .. 2.A, ·2B, and ·2C). at levels from 0 
to 47.1 %. Ficure 4 illustrates the wse ol 2-ethylhexyl acrylaw Ut. the shell 

composition, at levels from O to 11.4 '6 (modifiers ID-3~ -aB, and .. aC). Figute 6 

illuetrates the coiisiateacy in improvemellt among five samples or the aamplo 

impact modifier aD-lA) with 18 % batyl aCJrylate copolymerizod in the shell, but 

isolated by spray-drying under various conditiona so as to vart thG particle size 

ot the resulting powder. All eamplea studied in Figures 2 to f5 were prepared 

with maaterb.atch :MB• 1. 

P;gprative Examples l · 8 and Cmttrpl 

Theee examples demonatrate the unexpected advantagos of softer shell 

copo}Jmer composition of the corelshell modUle:r of particle &if'.e aa. 260 nan. and 

20 weight.percent shell content, a1 QODtruted to a similar compoaii:ion. with o. 

poly(metbyl metbacryla.te) homopol,m.er eh.ell. 

Thia preparation is Example 1.A in. the following 'rables. A multi.stage 

polJmer ia prepared in emulaion by the tollowiq recipe. (DA is butyl acrylate, 

MMA is meth,1 methacrylate, TMPTA is trimethJlolpropane triac.rylate, and 

BDA is 1,3-butylene glycol diacrylate). To an appropriate stirl'Qd reactor 5.tted 

with means for nitrogen sweep, a ?eflux ~ondenser, and means for adding 

monomers and initiators, is chaqed 720 giams of deionized water. 258.45 gtams 

of a 4Ci t6 solids emulsion ol a 108 um. p.a. latex ot BAJMMA/methamylio acid 

= 62146.711.8, 0.38 ml. of glacial acetic acid, and 33 g. of rimo water. 'l'he m.ix is 

heated to 4~ 00. while apugiq with mt:rogen lor one hour. Tho nitropn ie. now 

adjuated to aweep the atm.osphew over the reaction mixture and 1. 75 grams of 

sodium formaldehyde sulibxylate (SSP) (0.1 % BOM (based on monoiner)) ln 63 

ll'&m& or war.er ls added 111d etined tor 8 minu.tea. A gradual addition oi an 

initiator feed over a 1&-mia.ute petiod. is ~gun; the fGM ia 0.23 ml. of cumette 

bydroperoxide (CHP'> emulsifted iD lS4 gram1 of water with l. t grams of a 28 % 

solution ot sodium lauryl aultate. Simultaneously or almost aimwtu.eoualy 

there is addod over 16 m.iuutee .810 pams of an emulsified moa.omor mix (EMM) 

c:omprisinr 25. 78 lfam& of a 28 96 sodium Jauryl sulfate solution, 460 crams of 
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watel", 1413.49 grams of butyl ~late (BA), 15.71rams ofTMPrA, and 35 

creme of a water rinse. 

After a three minute hold, the reaction, now at ca. 52 ·•C., is tnated with 

0.41 grams CHP and S77 pa•a of the EMM over a 12 minute poriod. then 0.81 

grams CHP ud 764 pama of the EMM over a 11 minute period. then 0.150 · 

grallla CHP and 848 P'&ml otthe EMM aver a 4 :minut.o period, then 0.42 grams 

allyl methaerylate. At this point, the N&ction temperature is <.-a. 92 °0. The 

reaction mature is held tor 90 minutes; the conversion., based on o:xpected solids, 

is 97 .8 %. Tho reaction mixture is cooled. The convemon is 99.3 %, baaed on 

ftna1 aollda, and. the particJAa si• 241 nm.. 
Thil Cl'OSS·linked rubbery latex 11core11 or tirst-stap (970 g.) is charged to a 

similar reactor and heated to 52 a(J. while sparajng lightly with nitropn.£or 46 

minutes. The nitropn is adjuated to a sweep, and a monomer mix of 4.0 grams 

of 18 % sodium lauryl sullate solution, 811 grams of methyl metbacrylate, 68 

pams of butyl acrylate, and 1.8 ml. (0.004 '6 BOM) n-dodecyl mercaptan is 

added all at once and atined for & minutes. Then is added SSF (0.09 grams) in 

80 ml. water with a 10 ml., rinae, 1tininc is continued l>r 84 minutes, and then 

sodium persulfate (NAPS) (O.M grams) in 80 mL water with a 10 ml. rinse is 

added. A!te:r 2tJ min11ta11, the temperature haa peaked, and the m.bllure 

temperatul'e is adjusted to 60 °0. Additional ~LS ie added (7.45 grama of a 28 % 

solution) for emulsion stabilization. The pol1JD•ric emulsion is then :flltend and 

cooled. The particle aize ia ea. 280 nm. The polymer is iaolated .from tho 

emulsion by epray-dryin1afi160•0. inlet and 75 °0. outlet; 2.5 weight percent ol 

calclum. atea:rate·coated calcium carbonate i& added to enhance the ieolation 
ptoperties. The &ample ie designated. IM-lA, with 82 % polymorimd units of 

methyl m.ethaC!)"late a:o.d 18 9' of D· butyl acrylate in tho shell. 

A control is made in a similar manner but with no n-butyl 1J.CZylate i11 the 

shell, and 878 gra.ota of methyl 111ethacrylat.e. The sample is designated :O,f .. c 
Other aamplea in the IM -1 aeriea an prepared in a Himilar manner, but 

with vacyin1 a.mounts of butyl acrylate (or of other (meth)acrylate co-monomers) 

in the shell Figure Z delCl'ibe theae. Additional ... ., ar& shc>wn in. Fipre 8 for 

varioua amount of eopolymerized. butyl methACl'Ylatet in Figura 4 ibr various 
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amounts ol copolymerized 2·ethylhesyl acrylate, and ln Figure 5 ror variOus 

amounts ot ethyl acrylu~. For these variants, ieolation was by coagulation with 

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

Table 1: Identification of Po.111119ra Represented in Curves: All Are 80 '6 Core, 

and of SimUar Particle Siu 

Po);ymer Woitht%MMA Weifbt'6 Weight% Waight% Z· 
ID in Shell Butyl Butyl Ethylhexy\ 

Acr)rlat.e in Meth.acrylate ;\c;l'Ylate in 
si..11 in Shell Shell 

ID-C 1Cl0 
tcONTROLl 

TI- Q 'A 

11 .. ~ lA 

• ~ • l!J Q 

- ~ , •IQQ 

.1 :.ii. ~ 

1 \,.ii " A !J~ A 

1 '•IJI a..l':" lll• II 

rn,. ! 111'1 c AIJ.1 
TT'IL .Cl! l~ U\.'7 
rn Jl.,j ... 
Tl • 

., IA 11 L4' 

The fusion curvee trom which tbe det;ermination of p:ro~fusion t.orque, time 

to Nelon torque, and color was macle an senerated as follows: 

In a Haake mixer equipped with a bowl •• atirting paddle, and a de~ ~ 

measur.inv torque. the bowl bein1 maintained isothermally at 125 °C and etirrod 

at SO rpm, is placed 60 11"am• ~f charp ot a fo:mulation (MB-1) which is 

de.signed for iztjec:tion-molding and therefore utilizes a PVC of low lQOlecular 

weicht. (In later experiments, formulation and/or mixing conditions may be 

chanpd). The amount of impact mcdiler may be varied; a typical valuo is 8. 7% 

basad on total formulation ( 10 parte per 100 parts of PVC rosin). 

Table 2: Components of Maatubateh MB-1 
I 

Component Pam per 100 pazts Tradenamo 
ofPVO 

PVChom 'II 1r. K=Sl 100 Goon 110X477 
Metltvl tin atabilise.r 1.0 'fM·181 
G]Jcerol moaoetearate i.7 Aldo MS . 
e:zternal lubricant 
Oxidized polYeib.Ylene 0.8 A0829A 
internal lubricant 
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As the powder blend i1 artirred and heated, ooinpaction cccurs with a sharp 

:rise in torquo (compaciion peak): thie part of the curve is generally not recotded 

because olthe excesaive variability. The point of compaction is taken at timo 
t=O, and the torque ia then plotted as a fanction of tlm.e. In a typical curve 

(Figu:re 1), the torque decreuea prio% to twdon, and the torque (designated the 

pre.fusion torque) is meaaured at the :minimum of the curve. With further 

mixing. fusion occurs, the toique rise• and then levels out at the :fusion torque. 

The time to reach this fUeion tcmiue is l'ecorded. Equilibrium torque and 

dep-•dation values aH not plotted. 

A second oommereial muterbatch (MB-2)1 designed for proftla e:xtru.aion, 

contains the following, but ratiol are not known. In general, 6. 7 phr ot impact 

inodiler ie employed. 

Table 3: Component• of Maatema.tch MB-2 

hample2 

This example preaente evaluation of various bowl parameters and of 

impact strength l>r sneral oon/ahall moctiAers to show equivalence of 

pwlormance in impact behavior and desired chanps in torqUG behavior. In 

Table CS an recorded value1 of impact strength and .fusion bohavio1 (Haako bowl) 

for two teet conditions Au 10 part& per hundred (Form.ulation A) or 5 parts per 

hundred (Formulation B) ol wn/ahell modi!.e:la of the composition IM .. c, IM-IA, 
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Qt.td JM. JC. Equih'brium torque is meaaured at 10 minutes &om whon powdor is 

charged top the bowl. 

Fotniulation A is the MB·l maatarbatch deecdbed above, Formulation B · 

ia a window profile master batch (MB-3). described in Table 1. 

Table 4: Components of Maaterbatob MB-3 

Com oneot Amount 

l 
10 
a 

1.6 

1.0 

In the Izod impact teat, a •rie• 0£ notched bars is broken at a test 

t.m,peratlll"8 and those exhibiting ductile breab (with hich brou value• !tr the 
individual sample. > 1080 joules/ met.er) are measured as a perce.ntqe of the 
total sa1nples. Sample& are oomprellion molded into standard bars with a 10 

mil notch and 10 aamplea imputed at each temperature. All reported aamples 

have a ductlle·brittle traneition temperature in the range 18 - 20 °C., within the 

accuracy of the Izod teat measure of+/- I oC. 

Table ts: Teat Valuea. l11clwiin1 lm.paot Performance for Impact Modifiers with 

Butyl .Acrylaie in Shell 

Teet '1'1• IM-C JM-L\. IM·lC 

A 
A 
B 
B 
B 
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1. A p.roceae for the AleioD into &D bitima.te blend or a composition comprising 

(a) 100 parts of a pobmer of vinyl chloride; 

(b) from 0.5 to 10 pans of at leaet one stabilizer against theJ'mal 

decomposition al the homopolymer of vinyl chloride: 

(c:) from l to 25 parts of a col'elahell polymer comprising: 

(i) from eo to 90 parta, based on 100 parts of the cote/shell 

polymer, 0£ a core of a copolyna•r of butyl acrylate of the composition, based on 

100 part& of the core, of 

a) 80 to 99.9 parts olpolymemed unite orn-butyl 

acrylata; 

b) trom. 0 to 39.9 parte of polymuized u..U.ts of an alkyl 

acrylat;e other than 11- butyl acrylate, the alkyl group 

containtq S to 8 carbon at.oms; 

c) f'rom 0.1 to 2.G parts of poly010rizod u.aitll of at least 

one ncm..ccmjup.tad polyunsaturated monomer: 

(ii) correapondinl!1, from 10 to 40 parts, bast.ad on 100 parts of 

the core/shell polymor, of a 1hell of copo4'met of the composition, baaed on 100 

parts otthe eh~ of 

a) from 50 to 80 pana otpolypl.erized units of meth.yl 

methacrylate; 

b) from 10 to 60 parts olpolyinerizcd units of at loast one 

alkyl acrylat.e, the alkyl group containing 2 to 8 carbon 

atoma; 

wherein the fusion is characterized b7 

1) a pre-fusion torque value at least 15% higher 

than that for a contml c:ompoeition equivalent in all respect& except that the 

composition of the ahell is at least 96 parts otpo)ymerized units of methyl 

m•thacrylat:e, baaed on 100 puts of the ahell: 

2) a time to fwlion corque no lunger than tor the 

COllt:rol compoaition; 

' \11111\ \1\11\ 1111\ \11\11\ \Ill 
* C L M S * 
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3) maintenance of color at loa6t equivalont tu r.hat 

of the control coin.position, 

the process comprising 
1) combining the polyme:r of vinyl chloride, the 

stabm.r1 and the core/shell polJ.m•r into a non-compacted blend; 

2) heatin1 and admixing with shou the non• 

compi\Otod blend to convert it to a &Used. intimate, cohesive but non-b.omopnous 

melt; 
3) melt.p!CICU'ling and then cooling the melt to 

torm a ueef'u.1 object in the form of an extruded object, an injection-molded object, 

a calendered sheet or film, a compreaion·mold.ed object, an extruded choppod 

atnnd., or re-proceHable pellets. 

2. A prooees for tlw t'ulion into an inthnat.e blend of a composition compnaing 

(a) 100 part1 of a polymer ot vinfl cl11oride; 
(b) fmm 0.5 to 10 parte of at 1eaat one stabilizer againat therm.al 

daaompoaition of the homopolymer 0£ vinyl chloride: 

(c) t'iom 1 to SG parta ot a eore/ahell pol)'mer comprising: . 
(i) from 60 to 90 parta,. 'baaed on 100 parts of the eoru/1hell . 

polJm.er, of a oore of a copolymer of butyl aciylate of the com.position, based on 

100 parts of the core, of 

a) 60 to 99.9 pa:rtl of polymerized units of A-butyl 

acqlate; 

b) from 0 to 39.9 parte o:tpolymeri?.ed units of an 

alkyl acrylate othe:r than n· butyl acrylate. tho alkyl 

group containiq 2 to 8 carbon atoma; 

c) from 0.1to2.3 parts ofpobrmerized units of at least 

one non•ccm;iQSated. poqun&aturated aLOl\OlJlGr; 

(li) co:reQOD~.b'. ftom 10 to 40 parts, basod on 100 parts of 

the cow/aheD polymer, ol a shell of copolymer ol the COUJ.position, baaed on 100 

part& ol the shell, of 

111111111111111111111111111111 
* C L H S * 
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a) from 50 to 85 put& of po)ymorizad units of methyl 

methacrylate; 
b) from 20 to 00 parts of polymetized units of at least 

one al.JQ'l methacrylate, the alkyl gro1.1p containing 4 

to 12 carbon atoms; 
wherein the fusion is charaotemed b7 

1) pre-fusion torque value at loaet 16% higher than 

that for a control composition equivalent in all reapeete 011Copt that the 

composition ot the shell is at; least 96 parts of polymeri•d units of :methyl 

mathacrylate, based on 100 parts ol the ahell; 

2) time to fusion torque oo longct than for the 

control compo1ition; 

8) maintenance of color at least equivalexat t:o !;hat 

ot the control compoaition, 
the proceas comprilinl 

l) combin.iq the polymer of vinyl chlo1'ide, the 

stabililer, and the core/shell polymer into a non..eom.pacted blend; 

2) heating and mixing with shear the non .. 

compacted blend to convert it to a fused, intiinate, cohesive but uon:homogenous 

melt; 

3) melt-proceHinr and theu cooling the melt to 

form a useful object in the :&um of an extruded object, an injecbion-molded object, 

a calendered sheet or film, a compression-molded object, a.n oxtruded choS)pod 
atrand, or re-proceeaable pellet.e. 

3. The procesa of Claims 1 or 2 wherein the at: least ono non-conjugated 

:pol,yun.aaturated monomer is selected from the 1roup consi&tin1 of allyl 

meth&L~late, allyl acrylate, diallyl !wnarate, cUallyl maleatu. diallyl itaconato, 

and glycol or pob'ol eatera of &Cl)'lic m methac:rylic acid. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \t" 
* C L· M S 
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4. The process of ClailDI 1 or 2 where the at le•t one ~tabilizer is preeent at 

from 1 to 4 parts, and the etabilizer is an Ol'Janotin ester or a calcium salt of a. 

Jona chain orp.nic acid. 

8. The pl'OC4l88 of Claims l or 2 wherein the core comprises trom 97 .5 to 99.9 

parts of 11.butyl acrylate, aa.d wherein. the alley! poup of the shell composition is 

n-butyL 

6. A melt-blended composition comprising: 

(a.) 100 parts of a polymer of vinyl cbloride; 

(b) from O.o ta 10 parts of at least one stabilizer against theimal 

decomposition or the homopolyme:r of vinyl chloride: 

(o) from 1 to 25 parts of a core/shell polvmer comprising: 

(i) from 60 to 90 parts, baaed on. 100 parts of the corelehell 

pol)'m•r• ola core of'a eopol.Jmer of butyl acrylate olthe composition, based on 

100 parts ot the core, of 

a) 60 to 99.9 part.a ofpol.)'memad unite ofn-but1l. 

&crl'late: 
b) from 0 to 39.9 parts of polymerized units'of an alkyl 

aorylate other than .a- butyl acrylate. the alkyl group 

c:ontaining 2 to 8 carbon atoms: 

c) lrom 0.1 to 2.fS pal"ta of polymerized units of at least 

one non-conjugated polyumaturated 111onome1: 

(ii) . coneepondinlJr, ftom 10 to 40 parts, based on 100 parts of 

the core/shell polymer, of a shell of copolymer of the comp0$ltion, based on 100 

parts of the ahell, of 

a) from IO to 90 puts of polymerized ~its ot methyl 

metluu:ryJate; 

b) from 10 to GO pArta of polymerized units ot an alkyl 

acrylat.e. tho alkyl 1~up contain•ns 2 to 8 carbon 

a tome; 

wherein the compoaition is characterized durinf melt·blending by 

111111111111111111111111111111 
* C L M S * 
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l) a pre·fusion torque v<llue at least US'6 high8l' 

than that for a control compasition equivalent in all respect• excopt that tho 

composition of the shell UI at least 95 parts olpo}Jmerized units of methyl 

metbac:rylate, based on 100 parts of the shell; 

2)· a tia\a.to fusion torque no longor than t°oJ' the 

control composition; 

S) maintenance of color at least equivalent ta that 

of the control composition. 

7. A m.olt·blended compoaition com.prisin&' 

(a) 100 parts ol a polymer of vinyl chloride; 

(b) from 0.5 to 10 parts of at least one etabilizer again•t thermal 

decomposition of the homopolymer oi'vin.yl chloride: 

(e) from 1 to 26 pll't& of a eore/shell polymer CK>m.p:rising: · 

(i) £rom. 60 t.o 90 parta, based on 100 pa.rta of the core/shell 

polyme:r1 ofa cote ota copob'mer of butyl acr,ylate of the oompoaition. baaed on 

100 puta ot the core, of 

a) 80 to 99.9 parta of polymerized units uf a·butyl 

acrylate; 

b) from 0 to 89.9 parts of polymerized unite of an allql 

aaylate other than ILM butyl aerylate, the alkyl 1roup 

containin1 2 to 8 carbon atoma; 

c) from 0.1 to 2.3 pane Qf polymeriaed -.inits o:C at least 

one non<e>nju1ated polyunsaturated monomer; 

(ii) correapo11dinal1, from 10 to 40 part&, based on 100 parts of · 

the core/1hell polymer, of a ab.ell ot copolymer of the compoeW.on, based on 100 

parts of the shell, of 

a) from 60 to 86 parts of polymerized units ol 

metlQrl methacrylate; 

b) from 20 to 10 pa:to of pol;ymerized units of at 

leat oae alk,yl methacrylat:&, tho alkyl group 

oontaining 4 t.o 12 carbon atoms; 

111111111111111111111111111111 . 
* C L M S * 
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who:rein tho compa.Uio.11 ia characterized during melt-blDnding by 

1) a pre.fuaion torque value at least 15% hil'her 

than that .Lbr a control (!Ompoeition equivalent in all respects excopt that tho 

composition ot the shell ie at least 95 parts of polymerized units of methyl 

. m.ethacrylate, baaed on 100 puts of the shell; 

2) a time to Ataicm torque no longer than tor the 

control composition; 

3) maintenance of color at leut equivalent to that 

·of the control composition. 


