1 INPACT MOD FI ED POLY( VI NYL CHLORIDE) Thi's invention relates to a
toudhened weat her abl e bl end of poly(vinyl: chlorlde) mnth a specific acrylic
copol ymer. rubber-based core/shell inpact nodifier. g bl end exhibits
unexpect edl y good .inpact resistance. |npact- nDd|Fl1ﬂfﬁﬁSIiﬁthj chl ori de)
(PVC) for uses such as pipe, gutters, siding and wi ndow profiles, has quite
" acceptabl e i npact- and appearance-retentj on performance in outdoor
applications where it is exposed to natural elenents such as sunlight,
rain, hail, sleet, or water sprays. |npact nodifiers for weatherable PVC
have been comercially avail able for over. 20 years, and are commonly based

on multi-stage (meth)acIMPACPMODINED POLY(VINVE'CHEORIDE)ased on a
rubbery poly(al kyl acrylate), usually poly(n-butyl acrylate). A problem

wi th such nodifiers when bl ended with PVC has been a decrease in inpact

resi stance of tle blend at wer test erat.ur
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physi cal é’&b%&%eg&ﬂg?w«ag%‘f1 Déé,&ggsé%%{'ng "have been nmade to alleviate this
probl em by use -of rubbery stages based on hi gher alkyl acryl at es, such as
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acryl ate, crossl| ked ]tgr} from 8 % %/ Qjﬁ %) :
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pol yner i zafmeth)acfylizqpolymersithia mbdeE;) stage based gt nubbery polyfalkyt aaghite)g
i m 1 o el B R I 0 ent doee mot teach or suggest
that higher levels of 2-ethyl hexyl acrylate are |ess satisfactory, and does
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0°C., and/or a need for high levels of relatively expensive impact modifier to attain
acceptable impact resistance, but with some sacrifice in modulus, heat distortion
temperature, or other desirable physical properties of the blend. Attempts have been
made to alleviate this problem by use of rubbery stages based on higher alkyl acrylates,
such as those containing from 8 to 12 carbon atoms, which polymers are known to have
lower glass temperatures than poly(butyl acrylate). Such attempts have led to polymers
of poorer impact performance in PVC blends than those based on poly(n-butyl

acrylate).

US-A-3,969,431, has shown that an emulsion copolymer of 50 to 70 % butyl

acrylate and 30 to 50 % 2-ethylhexyl acrylate, when crosslinked with from 0.2 to 10 % by

‘weight of a polyfunctional crosslinker, is useful as a substrate for the suspension
polymerization of poly(vinyl chloride) to a toughened product, teaching better impact
than when less than 20% 2-ethylhexyl acrylate is employed in a similar composition.
However, the '431 patent does-not teach or suggest that higher levels of 2-ethylhexyl -
acrylate are less satisfactory, and does not teach or suggest application to a multi-stage
emulsion polymer of much smaller particle size and with a C1 to C4 alkyl methacrylate
final stage. Further, these modifiers require a separate polymerization of vinyl chloride,
which requires pressﬁge__gguipment and extensive safety controls.
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fimal stage. Further, these nodifiers requiré a separate pol ynerization of
vinyl chlori:de, which requires pressure equi pment and extensive safety
controls. 2 Thus, a solution to the problem of achieving inproved inpact
strength or nore efficient utilization of a multi-stage (neth)acrylic

i npact nodifier for PVC has not been previously specifically defined. W
have now found that a narrow conpositional range of copol yners of butyl
acrylate with higher alkyl acrylates (as @efined herein), preferably also
contai ning a nmul ti-functional nononmer and preferably also of snaller
particle size than normally taught in the art, are useful as first-stage
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1. from wel g percent of units rived frombutyl acrylate, 2.
from20 to 40 wei ght percent of units derived froman al kyl acrylate
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a. 100 parts of a polymer comprising at least 80 weight percent of units
derived from vinyl chloride;

b. from 2 to 30 parts of a multi-stage impact modifier, wherein the first stage
of the multi-stage impact modifier comprises from 75 to 95 weight percent, preferably
80 to 95 weight percent, more preferably 85 to 92 weight percent, of the total stages, and
wherein preferably the first stage is a copolymer having a particle size diameter less
than 400 nm, comprising

1. from 60 to 80 weight percent of units derived from butyl acrylate,

2. from 20 to 40 weight percent of units derived from an alkyl acrylate
wherein the alkyl group contains from 8 to 12 carbon atoms,

3. optionally, up to 5 weight percent of units derived from a
monomer containing at least two non-conjugated copolymerizable carbon-carbon
double bonds;

and wherein a final stage of the multi-stage impact modifier is a copolymer containing
at least 50 weight percent, preferably at least 80 % and more preferably substantially
100 weight %, of units derived from a Cy to C4 alkyl methacrylate, preferably methyl
methacrylate.



and wherein a final stage of the nulti-stage inpact nodifier is a copol yner
containing at |east 50 weight percent, preferably at |east 80 % and nore
preferably substantially 100 weight % of units derived froma ClL to C4

al kyl methacryl ate, preferably nethyl nethacrylate. 3 The toughened-

bl end exhi bits superior resistance to inpact in conparison to control

bl ends of identical conposition and partigle size, except that the
first-stage of the nulti-stage inpact nodfier of the control blend
contains substantially 100 meight percent of units derived from butyl
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divinyl benzene Purther contains from 0.05 to 1.0 weight percent of units derived from a
mercaptan chain transfer agent, such as an alkyl mercaptan and a mercaptoester.

It is further preferred that the monomer containing at least two non-conjugated
copolymerizable carbon-carbon double bonds contains at least two carbon-carbon
double bonds of the following acrylic or allylic structure:

CH,==CH— C(0)—0—, CH,==C(CHy)—C(0)-0O, or CH,==CH—CH,—0—

Examples of such monomers are 1,3-butylene glycol diacrylate, 1,4-butylene
glycol diacrylate, trimethylolpropane triacrylate, allyl acrylate and allyl methacrylate.
Other polyfunctional monomers may also be employed, such as dxvmylbenzene and
1,3-butylene glycol dimethacrylate.

For reasons of aiding isolation by coagulation or spray-drying by having present
a shell of high glass temperature as well as conferring compatibility of the outer shell
with the PVC matrix, it is preferred that the final stage of the muiti-stage impact
modifier is a homopolymer of methyl methacrylate, which may also contain a
polyfunctional monomer, the polyfunctional monomer preferably present at levels of
0.3 to 1.0 weight % of all monomers in the stage polymerization, as defined above.



1, 3-butyl ene gl ycol dinethacrylate. For reasons of aiding isolation by
coagulatlon or spray-drying by having present a. shell of high glass
tenperature as well as conferring conpatibility of the outer shell with the
PVC matrix, it is preferred that the final stage of the multi-stage inpact
nodi fier is a honDponner of nmethyl nethacrylate, which may also contain a
pol yfuncti onal nononer, the polyfunctional nononmer preferably present at
levels of 0.3 to 1.0 weight % of all nonondrs in the stage pol ynerizati on,
as defined above. 4 In another preferred enbodi nent, the particle size
of the first stage is less than 150 nm and the first stage copol yner
conprises 85 - 88 weight percent of the total stages. Such nodifiers can be
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ethylene. When blended with poly(vinyl chloride) (PVC), the blend will also contain
one or more thermal stabilizers for PVC, such as organotin compounds, organolead
compounds, barium-cadmium organic salts and calcium-zinc organic salts. It may also
contain lubricants to aid release from hot metal surfaces, such as waxes, olefin
polymers, certain acrylic core/shell polymers, and also processing aids for promoting
fusion, such as high molecular weight copolymers of methyl methacrylate. It may also

contain colorants and fillers.

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

The blends of the present invention may also be useful as starting materials for
the preparation of injection-molded articles, as the blends will exhibit good
weatherability and good thermal aging properties.



temperature, and weatherability is desired. The uses include, but are not
limted to, vinyl siding for houses, vinyl profiles for building products
and vinyl foam for building decoration and pipe. Production of useful

obj ects is acconplished by techniques well- known to the vinyl industry.
The bl ends may be nmade directly from powder blends, or may be first
conpounded into pellets for nolding or extrusion. Conventional extrusion
equi pment for the profile of vinyl siding ® profile may be utilized; if a
foam ng agent is also enployed, good quality foamnay be formed from ,
appropriate foam extrusi on apparatus for vinyl. The bl ends of the present

i nvention may alBw folowing are examples of thg preparaiion and wse ofithepmedifiers ofotheof

i nj ection- s ifvdritdnes, as the blends will exhibit good weatherability
and good thernmal aging properties. The follow ng are exanples of the
preparation and use of the nodifiers LE®sent invention. EXAMPLES
Exanples 1 - 10 These exanpl es denonstrate the unexpected advantages of the

but yl acrylg@a#ﬂﬁgtlml hexyl acryl ate copol yner conposition of the

first-stage elastomer in a nodifier of particle size from250 - 300 nm and
20 wei ght - percent pol y(nef hyl net hacrt)r/ll ate) shell content. This preparation

i s Exanpl e 2 i n hese examples dgmpasirate the ungkpected adieaniegepafithe Buiyl agrylate/2n
e mél E iDZ n bk{hﬁhgiqtql dlcﬁylh' fRopdTA ﬁq co(nTIB@Ttt?oﬁ of ﬂrkifﬁﬁﬁ—éﬁg@blaét_%ﬁféi% thfdi@&iﬁ!’:f af e,
an is 1,3-bu ne gy | acr,yl.ate 0 an appyopriate.stirre
‘reactor fi tﬁﬂéﬁdﬁs i%‘ﬁr?gbf' gﬁbﬂﬂ‘ AB éh%%é%ﬁ?eﬁe?mfﬁﬁ{tﬂgtﬁxﬁ@ﬁwlaﬁ?gS‘Nﬂéns
+ for addi ngoontemters and initiators, is charged 1586 grans of dei oni zed
-water and 0.4 m. of glacial acetic acid which is heated to 45 [err]C.
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* f or mal dehy gweparetldn eimatlsion $Grthe follawirgBenipe b (B Tdnis trimetizylplpropane
triacrylate, and BDA is 1,3-butylene glycol diacrylate). To an appropriate stirred reactor
fitted with means for nitrogen sweep, a reflux condenser, and means for adding
monomers and initiators, is charged 1586 grams of deionized water and 0.4 ml. of
glacial acetic acid which is heated to 45 °C. while sparging with nitrogen for one hour.
The nitrogen is now adjusted to sweep the atmosphere over the reaction mixture and
1.6 grams of sodium formaldehyde sulfoxylate (SSF) (0.1 % BOM (based on monomer))
in 48 grams of water is added and stirred for 3 minutes. A gradual addition of an
initiator feed over a 15-minute period is begun; the feed is 0.24 ml. of cumene
hydroperoxide (CHP) emulsified in 54 grams of water with 1.1 grams of a 28 % solution
of sodium lauryl sulfate. Simultaneously or almost simultaneously there is added over
15 minutes 210 grams of an emulsified monomer mix (EMM) comprising 30.7 grams of
a 28 % sodium lauryl sulfate solution, 460 grams of water, 1107.6 grams of butyl
acrylate (BA), 478.4 grams of 2-ethylhexyl acrylate (2-EHA), 19.3 grams of BDA, and 60
grams of a water rinse. '

After a three minute hold, the reaction, now at ca. 52 °C., is treated with 0.48
grams CHP and 420 grams of the EMM over a 12 minute period, then 0.96 grams CHP
and 838 grams of the EMM over a 11 minute period, then 0.48 grams CHP and 420
grams of the EMM over a 4 minute period, then 0.24 grams CHP and 210 grams of the
EMM over a 5 minute period. At this point, the reaction temperature is ca. 92 °C. The
reaction mixture is held for one hour, then chased with 0.32 g. SSF in 10 grams of water
and 0.36 grams of CHP. After 30 minutes further, the conversion, based on expected



in 48 grans of water is added and stirred for 3 mnutes. A gradual addition
of an initiator feed over a 15-mnute period is begun; the feed is 0.24 m.
of cunene hydroperoxide (CHP) emulsified in 54 grans of water with 1.1
grans of a 28 % solution of sodiumlauryl sulfate. Sinultaneously or al nost
si mul taneously there is added over 15 m nutes 210 grans of an enulsified
monomer m x (EMVW conprising 30.7 grans of .a 28 % sodium | auryl sulfate
solution, 460 granms of water, 1'107.6-gramssof butyl acrylate (BA), 478.4
grans of 2-ethyl hexyl acrylate (2-EHA), 19.3 grans of BDA, and 60 grans of
a water rinse, After a three mnute hold, the reaction, now at ca. 52
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m nute period, then 0.48 grans CHP and 420 grans of the EMM over a 4 mnute
period, then 0.24 grans CHP and 210 grans of the EMM over a 5 mnute
period. At this This otossdinked eabbéryiater fipmreaor firstistage4970g.) scohajged tresimilar
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| experimental error and approximately equal, as would be expected from the small
amount of methyl methacrylate layered onto the large amount of acrylic polymer core).

The polymer is isolated from the emulsion by spray-drying at 140 °C. inlet and
60 °C outlet.

In a similar manner are prepared impact modifiers having varying compositions
of rubber core: Example 2 is a 70/30 ratio, Example 3 is a 50/50 ratio, Example 4 a
30/70 ratio, and Example 5 a 2-EHA homopolymer (except for the butylene glycol
diacrylate). Example 1 (BA homopolymer) is prepared in a similar manner except thata
small amount of an butyl acrylate seed is present in the first stage to set particle size,
and that TMPTA at 1.1 % concentration is employed instead of BDA.

In a similar manner may be prepared core/shell polymers where the SLS is
replaced as the emulsifier by an alkaryl sulfonate or a diphenyl ether sulfonate.

The impact modifier samples are summarized in Table I. The glass temperature
(Tg) of the rubbery first stage is calculated from the Fox equation, ignoring the small
amount of cross-linking monomer, where w1 is the weight percent of butyl acrylate, w2
is the weight percent of 2-ethylhexyl acrylate, Tg1 is -55 °C., and Tg2 is -85 °C. Inall



grans NaPS in 5 m. water are added and the reaction held at 60 [err]C. for
one nore hour. The polyneric enulsion is then filtered and cooled. The -
particle size is 274 nanoneters (although experinmentally smaller than the
starting rubber latex, the values are within experinmental error and

approxi mately equal, as would be expected fromthe small anopunt of nethyl
nmet hacryl ate | ayered onto the | arge anmount _of acrylic polynmer core). The.
polymer is isolated fromthe emul sion by sBray-drying at 140 [err]C inlet
and 60 [err]C outlet. In a simlar manner are prepared inpact nodifiers
havi ng varyi ng conpositions of rubber core: Exanple 2 is a 70/30 ratio,
Exanple 3 is a 50/50 ratio, Exanple 4 a 30/70 ratio, and Exanple 5 a 2-EHA
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and that TMPTA at 1.1 % concentration is enployed instead of BDA. In a
simlar manner may be prepared ci)}f/ shel |, .nol ymarZTV\here the SLS is
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the wei ght percent ofweéighfraticryl ate, w2 weightpencéntht per caxm of

2-ethyl hexyl acrylate, Tgl is -55 [err]C., and Tg2 is -85 [err]C. In all

7 cases, t first-st is 80 %of _the t t wo- st age nodifier, the
second staﬁ"'ﬂei ng mélﬁﬁzlo met hacry‘lséte ho% met-l 1/ Tg = V%FTgl +w2/ Tg2 .

Modi fi er BA/ 2- EHA, Tg Cross- i nker, Particle size,
wei ght rati i ght percent nmEx. 1 0/ O
_55 T2 1 g 7073059 BTeET, BDA g, 784 BDA,
1.2 274 _

Ex. 3 50/ 50 -70 BDA, 12 304

Ex. 4 30/ 70 -76 BDA, 12 290

Ex. 5 0/ 100 -85 BDA, 1.2 295

The modifiers are evaluated in a twin-screw siding formulation by milling and
compression-molding samples for notched Izod impact testing. The formulation
contains 100 parts of K-65 PVC ( homopolymner of medium molecular weight used in
commercial siding formulations), 1.6 parts of dimethyltin 2-ethylhexylthioglycolate
stabilizer, 1.3 parts of calcium stearate, 1.0 parts of a wax, 10 parts of titanium dioxide,
0.5 parts of a high molecular weight (about 1,000,000 daltons) methyl methacrylate/
ethyl acrylate 90/10 processing aid, 1 part of a butyl acrylate/styrene/methyl
methacrylate lubricating-processing aid, and X parts of the impact modifier, where X is
6,7,0r8. -

Notched Izod testing is employed, and the number of ductile breaks out of 10
bars measure at the indicated test temperature is measured, rather than averaging the
values between brittle and ductile breaks.



Ex.. 3 50/ 50 -70 BDA, 1.2 - 304 Ex. 4 30/
70 -76 "BDA, 1.2 290 Ex. 5 . 0/100

-85 BDA, 1.2 295 The nodifiers are evaluated in a .
twin-screw siding fornulation by mlling and conpression-noldi ng sanpl es
for notched |zod inpact testing. The fornulation contains 100 parts of K-65
PVC (honopol ynmer of medi um nol ecul ar wei ght used in conmercial siding
formul ations), 1.6 parts of dinethyltin 298ethyl hexylthioglycol ate '
stabilizer, 1.3 parts of calciumstearate, 1.0 parts of a wax, 10 parts of
titaniumdioxide, 0.5 parts of a hiEgh nol ecul ar wei ght (about 1, 000, 000

dal tons) mdedlyl net hacrylB%E/ et hylExékryl at eE8@/ 10 proBodsing aiék51 part
of a butyl 'I%ﬁff[il,'ﬂhel styrene/ net hyl methacryl ate |ubricating-processing aid,
and X parts of the inpact nodifier, where Xis 6,7, or 8 Notched Izod
testing is enployed, and the nunber of ductile breaks out of 10 bars
measur e at 2BRE, 6 phir cat ed 8 est tenpdDature is3nmeasured,3rather tln

aver agi ng Eﬁ'&,\'féﬂﬁes be'ltEXvsﬁ)eén bri ttllEvad ducki | e breakf. 8 Test
: ) 5

Ex. 1 Ex.5 Ter%., phr [err]C, 6
phr g8 23°C,8phr 10 10 3 39 1 23 [er C, 7 phr
10 10 6 4 "0 23 [err]C, 8 phr 10
10 o 10 19 [err].C, 6 phr 4 10
0 1591(36P11I ¢ 19 [err]ég 7 phr b 7 1 10 0 2
4 196Cplkerr] C, B phr 1010 2 10 4 5 0 4
0 15 [err] 1 0 0 0 15
[err]C, 7 %afﬁ%hfo %o 5 10 0° b 0 o 15
[err]C, 8 phr 5 10 0 1 0

15°C, 6 phr 0 1 0 0 0

15 °C, 7 phr 0 5 0 0 0

15°C, 8 phr 5 10 0 1 0

Overall 60 84 28 30 0

% ductile

Example 11

This examples illustrates a method for preparing a similar core/shell polymer
based on a BA/2-EHA copolymer rubber, but with a smaller particle size and with 12 %
outer stage or shell. To a 20-liter stirred reactor fitted with means for nitrogen sweep, a
reflux condenser, and means for adding monomers and initiators, is added 5888.7
grams water, which is heated to 55 °C. with a nitrogen sparge. The sparge is adjusted to
a sweep, and then is added 87.4 grams of a 0.125 % solution of p-nitrosophenol with a
37.3 gram water rinse, followed by 75.9 grams of a 1.44 % tartaric acid solution and 17.3
grams of a water rinse, followed by 7.8 grams of a 28 % solution of sodium lauryl
sulfate, 86.6 grams water, and a 25.1 gram water rinse.

Shot feed of initiator, activator, and emulsified monomer mix (EMM) is now
begun. The initiator is t-butylhydroperoxide, the activator is sodium formaldehyde
sulfoxylate (5.7 grams in 86.6 grams water plus a 25.1 gram water rinse), and the EMM
is 3799 grams of butyl acrylate, 1628 grams 2-ethylhexyl acrylate, 38.3 grams ALMA (0.7
% based on total first-stage monomers), 3.4 grams sodium lauryl sulfate (added as a 28
% solution) and 1400 grams water. The EMM is added prior to the initiator.



overal |’ 60 84 28 30 . 0 %ductile

Exanpl e 11 This exanples illustrates a method for preparing a simlar.
core/shell polynmer based on a BA/ 2- EHA copol ymer rubber, but with a snaller
particle size and with 12 % outer stage or shell. To a 20-liter stirred

reactor fitted with neans for nitrogen sweep, a reflux condenser, and neans
for adding nononers and initiators, is added 5888.7 grans water, which is
heated to 55 [err]C. wi'th a nitrogen sparde. The sparge is adjusted to a
sweep, and then is added 87.4 grans of a 0.125 % sol ution of

p-ni trosophenol with a 37.3 gramwater rinse, followed by 75.9 grans of a
1.44 %tartaric acid solution and 17.3 grans of a water rinse, followed by
7.8 grans Shot#EBND sol uti-BHPof sodfiaie tosadd/! sul fate, 86.6 grans water,
and a 25.1 gramwater rinse. Shot feed of initiator, activator, and

enmul sified nononmer m x (EI\% IS now begun. The initiator is

t - but yl hydloper®ddie, t hed.9&t i vat orStars; adbtiactivator soditieh after indgtidtory| ate (5.7
grans in 86.6 grams water plus a 2 g@%}'ﬁ% kg Nfhida i's
3799 grans of butyl acrylate, 1628%%%2%35? thy ﬁ%ﬁlﬁﬁ?ggfa at e?é? MC\%/I gr ans
ALMA (0.7 % based on total first-stEAa@siaiehand)1424 gragmsavates sasete | aur yl
sulfate (added as a 28 % sol uti on) repRidd?QfEMINE Water. The EMM i s added
prior to the initiator. 9 Shot #EMM t - BHP Time to add 1

767. 2 0.98 Start; add activator solution after initiator. Add
153. 42 gra2s sofioBn | aur Y0.76ul f at e ExothéingpeaksplustlSrmirartes, teidl té 53r°Qys wat er
rinse to remai nder of EMM 2 64%.d§hs ot 0.76 Exot her m peak pl us
15 mnutes, cool to 53 [err]C., add's (glt ﬁ% 3 2924.5 3. 47

Exot her m peak plus 15 m nutes, cool to 53 [err]C.,

3 2924.5 3.47 Exotherm peak plus 15 minutes, cool to 53 °C.,
add shot #3

4 2088 3.1 Exotherm peak plus 15 minutes, cool to 57 °C.,
add shot #4 (with 91 grams water rinse for
EMM).

After the exotherm after addition of shot #4, the reaction is maintained for 3
minutes. The 0.91 grams of t-butylhydroperoxide, 0.6 grams of sodium formaldehyde
sulfoxylate and 37.2 grams of water are added and the reaction is maintained for one
hour before adjusting the temperature to 53 °C.

This cross-linked rubbery latex "core” or first-stage (13817 g., 43 % solids) is
maintained in the reactor. A pre-emulsified mix of methyl methacrylate 745.3 grams,
26.6 grams of sodium lauryl sulfate and 941 grams of rinse water is prepared. This
EMM is added to the reactor kettle and stirred for 10 minutes, then sodium
formaldehyde sulfoxylate (1.13 grams) in 37.25 grams water and 37.25 grams rinse is
added and stirred for 3 minutes, followed by sodium persulfate (1.13 grams) in 37.25
grams water, plus 37.25 grams water rinse, is added. The reaction is allowed to
exotherm; at the exotherm temperature is added 0.38 grams sodium formaldehyde
sulfoxylate in 12.2 grams water and 12.2 grams water rinse, followed immediately by
0.38 grams sodium persulfate in 12.2 grams water and 12.2 grams water rinse. The
reaction is held for one hour, cooled, and filtered of gel, if desired. The final particle
size is 140 nanometers.



add- shot #3 4 = 2088 3.1 - Exot her m peak plus 15 m nutes,
cool to 57.[err]C, add shot #4 (with 91 grans water rinse for EM). After
the exothermafter addition of shot #4, the reaction is naintained for 3.
m nutes. The 0.91 grans of t-butyl hydroperoxide, 0.6 granms of sodium

f or mal dehyde sul foxylate and 37.2 grans of water are added and the reaction-
I s . mai ntai ned for one hour before adjusting the tenperature to 53 [err]C.
This cross-Iinked rubbery |latex "core" or18irst-stage (13817 g., 43 %
solids) is maintained in the reactor. A pre-enmulsified mx of nethyl

met hacryl ate 745.3 grans, 26.6 granms of sodiumlauryl sulfate and 941 grans
of rinse wixamples ¥ =l&red. This. EMMis added to the reactor kettle and
stirred for 10 m nutes, then sodi um formal dehyde sul foxylate (1.13 gramns)

in 37.25 grans ' | S: i Lfor

m nutes, followe ‘%&bglggfl%rznn g? g%%?éﬁe? ﬁléglg?ig%ﬁfm?%%ﬁ %gé'rqgérgre\ﬁgpé‘r In
pl us 37. 25 this semesstheamptntet sodiumdaery! suifaternresarit ah thedbeginning ds 9.85% for
exot her m - glost Bgne® iPnkly HeREsted hEhighe AEHR0 c Shidfk 9 RTeve atonBistency of
formal dehyde syltoxylate™in;12°2 gr water_ and 12.2 gra ter riCXse,_
fol loved | PAEIRBsEe ot W@Véﬁutggéwﬁspﬁmermﬁw Qgglby@%%cwtsrls
and 12. 2 g0 basédon ﬂh@m(ijgh“im bugdakiyldte pludigligl hethadrytatédn the fitPleedoreand
filtered Oft%eldﬁgif desired. t'Br;,e:;l,,flfnacli ci)ar icle gize <'isd14% anonet er s,.

10 Exanp! osEs.dndl thef FustreSenyt bofh of Ao @) mibncamien Rgadd wnth PAMRTAHEY 1o
in a 5-1it eronossertmix fok the $écondestages, t he anount of sodiumlauryl sulfate
present at the beginning is 0.05%for nost runs, being slightly adjusted at

hi gher EHA jgto achieve a consistency of particle size of 140 nm

t hr oughout S es. Further, the level of allyl nethacrylate is 0.7%
based on the wejght of hufyl acrylate plus allyl nethacrylate in the rubber
core 1s example }IYustratesythe 1‘isolalc%}on ancl te%ting procedu¥es. The polymer, sucR

as from Examples 11 - 18, is isolated from the emulsion by the following process:

A 0.575 % aqueous solution of calcium chloride is prepared (1200 grams), which
is heated to 40 °C. Provision for rapid stirring is made. Separately, the emulsion is
diluted to 30 % solids with de-ionized water, and 600 grams is separately heated to
40 °C. The heated emulsion is then added over a 60 second period to the rapidly
agitated CaCl solution. The mixture is then heated to 80 °C and held there for 15
minutes. The mixture is then cooled, the coagulated polymer is removed by filtration,
and the polymer washed further with water. The polymer is dried for 2 hours at 80 °C.
in a fluid bed drier for approximately 2 hours, prior to any evaluation in PVC.

The polymers from examples 11 - 18 are evaluated in PVC in the following
manner in a twin-screw siding formulation, which name refers to the formulation as
being suitable for extrusion in a twin-screw extruder into sheet and profile for outdoor
siding. A high molecular weight (Fikentscher K = 67) PVC homopolymer is employed.
All weights of materials are in PHR (parts per hundred parts of PVC resin).
Compression-molding samples for notched Izod impact testing are prepared as
described below. The organotin stabilizer (OTS) is mainly dimethyltin bis(2-
ethylhexylthioglycolate). The wax is believed to be a polyethylene wax. The acrylic
processing aid (APA) is a high molecular weight (above 1,000,000) 90/10 MMA/EA
copolymer used widely as a processing aid for PVC. The lubricating process aid
(LPA)for PVC is a core/shell polymer of a low MW (<400,000) butyl acrylate/styrene
core and a shell of approximately equivalent weight of a higher MW (>500,000) MMA
polymer. :



stage, and there is present 0.3 % of n-dodecyl nercaptan added with the

enul sified nonomer m x for the second stage. Exanple 19 This exanple
illustrates the isolation and testing procedures. The polyner, such as from
Exanples 11 -18, is isolated fromthe enulsion by the follow ng process: A
0. 575 % aqueous solution of calciumchloride is prepared (1200 grans),

which is heated to 40 [err]C Provision f4qr rapid stirring is nade.
Separately, the enmulsion is diluted to 30 % solids with de-ionized water,
and 600 grans is separately heated to 40 [err]C. The heated errulsion IS

The mxture | s TRACHEEIBABAEN ﬁj“@? el PRlddiend th L) Sther Bbeciiad Hebilg.
m xture i gotlh@ ﬁCcm sdtabdmmmblagmram mpnpymsdag\drfé\nweqlnwaif IOM{ m&ado

gtndSE) h[eefﬁl% wfiﬁ{ N h@d%%&me?h@aﬁﬂeﬂﬁroﬂ the @yél8dt {sllse? hour s

r approxi na urs, .prior to any
eval uat i orfuita W@PW‘*M??FSF "é} Wﬁﬂ?‘@%‘é at mad 1‘Eig¥§pgt§ SRIOSPVC | n
the fol | ovhlagds @miahingdifferamtanicuresos thel saghe ienpac tﬁtodiﬂer,mhdiffemmrm aters

to the fornul eln sui.t ahl truder
into sheet™ 8?@["5? %Ttﬁaéa i‘?‘eg?"afﬁ’a‘%“h{ ﬁféfﬁp%\n Pgﬂv\g}c %ﬁﬂn@x
( Fi kent sc hepelment ) caP240 gmmq;ol ynmer is enployed. All vvel ghts of materials
are in PHR (parts per hundred parts of PVC resin). Conpression-nolding

sanples for notched |zod inpact testing are prepared as descri bed bel ow.
The organotin stabilizer (OTS) is mai n&&ﬂ&éﬁ&ﬁ%&lﬂﬂ bi s( 2-
et hyl hexyl t hi ogl ycol ate). The wax is believed to be a poI yet hyl ene wax. The

acrylic processing aid (APA) is a high nolecul ar e, 1, 000, 000)
90/ 10 MWW EA copol yner us@?&'%"ﬁ‘@l y as aP¥r ocessﬂ‘i@eﬁﬁgd for &Vef The

| ubricating process aid (LPA)for PVC is a core/ Taep.)°Cool yrieditief a | ow MV
(<400, 000) butyl acrylate/styrene core and a shell of approximately

equi val ent wei ght of a hi gher MN (>500,000) MVA pol yrer. The blend is
prepared by adm xi ng t R¥Ciiig6édi ents i n1@he or der 2peci fi ed,! heati ng

oTS 1.6 55 2

Calcium Stearate 1.3 65 3

Wax ' 1 65 4

APA 0.5 82 5

LPA 1 82 6

Impact Modifier VARIABLE 82 7

Tio2 10 93 8

The blends are individually milled on a heated two-roll mill, rolls approximately
15 cm. in diameter and 33 cm. in width. The width of the nip is ca. 0.3 mm. at the start
and is opened over the course of 4 minutes to ca. 0.64 mm. The front roll is turned at 26
rpm and the back at 20 rpm. The temperature is 180 °C. The blend takes ca. 1 minute to
flux, and 3 minutes for cutting and re-milling.

The hot PVC is cut from the mill, folded and pressed in such a way that the shear
or milling direction remains constant in all layers. After folding, the sheet is placed ina
metal mold, 3 mm by 165 mm by 254 mm and pressed in a heated Carver press or the
equivalent according to the following schedule:



to 110 [err]C. in a suitable tunbled or stirred apparatus, and then cooling
at | ow speed. Since the addition of the inpact nodifier cones near the end
of the cycle, it is also suitable to prepare a masterbatch w thout inpact
nodi fier, and then make various bl ends containing different anmounts of the
sanme inpact nodifier, or different inpact nodifiers at the sanme anount. The
total amount of powder used for each nilligg experinent is ca. 240 grans.

TSSF MASTERBATCH Conponent phr 127 Additi on Order of Tenp.,
[err]C Addition PVC, K=67 100 23 1 OrS

1.6 55 2 Cal cium Stearate 1.3 65 3 Vax
1 65 4 APA 0.5 82 5 LPA
1 82 6 | mpact Nbdiwrgﬂ%m 82 7

Ti Q2 10 93 e ends are individually
mlled on a heated two-roll mll, rolls approximately 15 cm in dianeter
and 33 cm in width. The W Tinb, Mihutdshe Npressis, iga. 0. 3 T&mp., &¢ the start and
is opened over the course of 4 mnutes to ca. 0.64 nm The front roll is

turned at 26 rpmand the back at 20 rpm The tenperature is 180 [err]C. The
blend takes ca. 1 mnute to flux, and 3 mnpnutes for cutting and re-mlling.
The hot PVC is cut fromthe mllﬁ fol ded 2 pressed i 1%uch a way that the
shear or mlling direction remains constant in all layers. After folding,
the sheet is placed in a netal 2m)ld, 3 m@{agxo 165 nmm by 1354 nm and pressed
in a heated Carver press or the equival ent according to the foll ow ng
schedul e: 12

5 63640 cool from 180 with cold
water in platens

From the milled stock, Izod impact bars (3 mm. by 13 mm. by 63.5 mm, notch
radius 0.25 mm) are cut in the machine direction (direction that the sheet was milled,
not perpendicular to the milling direction). Samples are tested at various temperatures
by ASTM D-256. Both total energy absorbed and the nature of the break (hinged or
ductile vs. clean) are recorded. '

1ZOD TEST CONDITIONS
Label Temp., °C. phr additive

13

11

13

-5 16
-10 16
15

15

19

I O nmmooo>»



“Carver Pressing Conditions Tine, mnutes pressure, Kkg. Tenmp., [err]C
3 - 9090 180 2 63640 - 180 5
63640 cool from180 with cold water in platens Fromthe m |l ed stock,
| zod inpact bars ( 3 Mm by 13 mm by 63.5 mm notch radius 0.25 nmm are
cut in the machine direction (direction that the sheet was mlled, not
perpendicular to the mlling direction). gﬁnples are tested at various
tenperatures by ASTM D-256. Both total er gy absorbed and the nature of
the break (hinged or ductile vs. clean) are recorded. |1ZOD TEST CONDI TI ONS

Label Tenp., [err]C phr additive A ' 13 6 B

11 7 C 13 7 D -5 16 E
-10 16 F 15 6 G 15 7
H 19 6 13aBfBHE ||| Exanple # % EHA IN SLS in

IZCD_A, % I_ZCD B, % I_ZCD C, % I_ZCD D % I_ZCD E, % CORE first stage
ductile dighides % EUEIN | SLsin dUFDOD L% 18068l % 200, &Y. 1z68DM% 1ZODE, %

CORE first stage ductile ductile ductile ductile ductile

' (energy,

kJ/m)
1 30 0.05 75 95
12 0 0.05 0 7 82

13 20 0.05 38 44 93 86 0(4.9)
14 30 0.05 19 38 86

15 40 0.05 7 75 93 100 0(6.1)
16 - 50 0.05 0 32 - 93
17 70 0.07 0 0 25

18 100 0.12 : 0 14 0 (4.5)

It can be seen that, although there is some inconsistency at different levels of
modifier or test temperatures, that there is consistently better performance for the
copolymers over the homopolymer of 2-EHA or the homopolymer of butyl acrylate.
The advantages of the 20 - 40 weight level amount of 2-ethylhexyl acrylate in the
acrylate core feed is evident. The good impact values and processability of the PVC
blends are excellent predictors for good performance in commercial siding and profile
applications.

Examples 20 - 22

By variants of the process for Examples 12 - 18, further variants in composition
(BA/ EHA ratio), core and shell ALMA, were prepared. Particle size was controlled by
a grow-out process beginning with a smaller number of particles formed in the
initiation step. n-Dodecyl mercaptan was present at the 0.4 % stage, and was added to
the monomers charged as neat material (non-emulsified). There was no multifunctional
monomer in the second stage. Again, the advantages of the copolymeric core
composition over the homopolymer of 2-ethylhexyl acrylate are demonstrated.



11. " 30 0. 05 75 - 95 12 0 0. 05

0 7 82 13 20 0.05 38 44 93
86 0 (4.9) 14 30 0. 05 19 38 86 15

40 0. 05 7 75 93 100 0 (6.1) 16

50 0. 05 0 32 93 17 70 0.07 0
0 25 18 100 0. 12 14 | 0 14

0 (4.5) It can be seen that, although there is sone inconsistency at
different levels of nodifier or test tenperatures, that there is
consistently better performance for the copolyners over the honopol yner of
2-EHA or the h rq_J'vmer of butyl acrylate. The advantages of the 20 - 40
wei ght | evel anpount of 2-ethylhexyl acrylate in the acrylate core feed is

evident. The gog ){nglrrgact%vEﬁAéﬁs 3&LARL 0CE; K:Ftﬁ;ol i (alt hﬁé?V&: P! ﬁg&%ﬂ Q/Te
0

excellent predic S 'for "ggge per nq;sg‘an a
applications. Exanples 20 - 22 Bygy | ant’s pngp F i

-18, further variants in conposi t| o (BA/ EHA & 0), core ﬁis(hg?’lgpgi'l_m
were prepared. Particle size was controlled by a growout pr ocess begi nni ng

with a smaller nunher of p tlcles orrred4|nthe tiati 61 ep = gg)cyl
mer capt an was pre nt at t 0)) tage ded f 3 ;
charged as neat leri al n emJI f| ed) The hnch&% 2)
nononer in the se d stag Agai n," the ant ages, of the c ol yneric_core
conposition over t e hormp rrer of" 2 et hexyl cryI ate &% denmonstPat ed.
14 TABLE IV Exarrpl 9/oAL part| e |1z0OD % I ?D G
% | ZOD H, % CHRE i flrs S|ze27ﬂm duct I e Lctile
ductile

Examples 26 - 35

These examples further illustrate the trend of improved impact strength for these
copolymeric materials with variations of the polymers made in a manner similar to
Examples 20 - 25. Here again the percentage of ALMA in the first-stage (core) is varied,
as is the particle size. In two cases, additives with 80 % rubber content, rather than 88 %

are shown.
JABLEV
Example # %EHAIN %ALMA patticle I[ZODF,% 1ZOD G, % 1ZOD A, %
CORE in first size, nm ductile ductile ductile
#=80% stage (energy, J/m) (energy, J/m) (energy, J/m)
core
26 40 0.3 140 45 65
27 100 0.3 140 10 20
28 40 1.1 90 100 70
29 100 11 90 55 50
30 40 0.3 90 0 20
31 70 0.7 115 83 35
32 (#) .40 1.1 150 20 80
33#H 40 1.1 90 75 45
34 40 1.1 140 100 60

35 -100 1.1 140 50 85



stage (energy, J/m) (energy, J/m) (energy, J/m 20 100

0.7 140 0 (3.9 100 (23.8) 100 (26.9) 21 40

0.7 140 85 (4.1) 100 (26.9) 100 (29.2) 22 100

0.7 300 o . 0 ' ' 0 23 _ 40 0.7
300 0 _ 30 80 24 100 1.1 300
0] ' 0 ' 15 25 795 0.9 270 . 0

20 60 Exanples 26 - 35 These exanpl.es further illustrate the

trend of inproved inpact strength for these copolyneric materials with
variations of the polyners made in a manner simlar t_oum ! IIEI“EWHU“}
Here again the percentage of. ALMA in the first-stage (¢ Bgm lllas
is the par t@ﬂﬂgsg ze. In.two cases, additives with 80 %rubber "dontenf,

rat her than oare shown. TABLE V Example # % EHA IN % ALMA particle

|ZOD F, % 1ZOD G % | ZOD A, % CORE in first size, nm ductile
ductile duct - : B tink € ,
3m (enerlgg, %@ﬁ%@%ﬁ?\d, pre?éﬁﬁglom the fombpgar( %?é’&o%rﬁ@choﬁ%ﬁﬁf&ﬁ

65 27 arfige,gomprisings 3 140 10 20 28 40
1.1 90 100 70 29 100 1.1
28 31 55 78 100 Ban% S’P a polyper cofln%risin%ét lgas% 80 weigh%ergﬂtﬁx}f umtg 40
1.1 Hefived from vittyl chloride; 80 33(#) 40 1.1 90

75 45 34 40 1.1 140 100
60 35 100

1.1 140 , 50 o DB
b. from 2 to 30 parts of a multi-stage impact modifier, wherein the first stage
of the multi-stage impact modifier comprises from 75 to 95 weight percent of the total
stages, comprising

1. from 60 to 80 weight percent of units derived from butyl acrylate,

2. from 20 to 40 weight percent of units derived from an alkyl acrylate
wherein the alkyl group has from 8 to 12 carbon atoms,

and wherein a final stage of the multi-stage impact modifier is a copolymer comprising
at least 50 weight percent of units derived from a C1 to C4 alkyl methacrylate.

2. The blend of Claim 1, wherein the polymer of vinyl chloride is a homopolymer of
vinyl chloride. '

3. The blend of Claims 1 or 2, wherein the alkyl acrylate comprises from 8 to 12
carbon atoms in the alkyl group is 2-ethylhexyl acrylate.

4, The blend of any one of the preceding claims, wherein the first stage of the multi-
stage impact modifier further comprises up to 5 weight percent of units derived from a
monomer having at least two non-conjugated copolymerizable carbon-carbon double
bonds.

5 The blend of claim 4, wherein the monomer having at least two non-conjugated
copolymerizable carbon-carbon double bonds is present at from 0.5 to 5.0 weight
percent.



15 CLAI M5 1. A toughened bl end, preferably in the formof an extruded or

i njection-nolded article, conprising: a. 100 parts of a pol ymer :
conprising at | east 80 weight percent of units derived fromvinyl chloride;
b. from2 to 30 parts of a nulti-stage inpact nodifier, wherein the first

stage of the nulti-stage inpact nodifier conprises m 75 to 95 wei ght
percent of the total stages, conprising 1 from GJ(SL'[CWI’TW

of units derived frombutyl acrylate, 2. 6t om 20 timmmﬂ nt of
units derived froman al kyl acrylate wherein the alk umwmﬂ 8 to
12 carbon atons, and wherein a final stage of the nult'i-5§tage 4 npac

nodifier is a copol ymer conprising at |east 50 weight percent of units
derived frdn a Cﬂlethlex@oﬁdzlkm\s 4ot Sacherei the rﬁonom&imvhrhgaaﬂeaﬁt twoaion-1,

wherein the | | I e.
3.  The bl enﬁl %E?{fog;ongin ? gk%ﬁ%&%ﬁ#&f?g&{m acry 5t \éﬂi(%gr%po(rﬂléscgéﬂ(g‘r' om
8 to 12 carogobprad@nhlebnndwé S@JC@mup is 2-et hyI hexyl acrylate. 4. The
bl end of any one of the preceding clains, wherein the first stage of the
mul ti- stage inpact nodifier further corrpri ses up to 5 wei ght percent of
units derived froma nononer having at |east two non-conjugated

copol ymer i L2Hj=e= Ch-boQ{OR-®r  d €)== 6l — GO)-Theobl etll,s+= Clilat GH4—O—
wher ei n the nononer having at ‘| east two non-conj ugat ed copol yneri zabl e

car bon-carbon double bonds is present at fromO0.5 to 5.0 wei ght percent.

6. The blend of clains 4 or 5, wherein the nononer having at |east two

hon- 7.  Theblend of any one of the preceding claims, wherein the final stage of the
multi-stage impact modifier is substantially a homopolymer of methyl methacrylate.

8 The blend of any one of the preceding claims, wherein the final stage of the
multi-stage impact modifier is a polymer of methyl methacrylate with a co-monomer
comprising at least two non-conjugated copolymerizable carbon-carbon double bonds
present at from 0.3 to 1.0 weight percent.

9. The blend of any one of the preceding claims, wherein the particle size of the first
stage is less than 400 nm, and wherein the first stage copolymer comprises 85 - 92
weight percent of the total stages.

10. Theblend of any one of the preceding claims, wherein the final stage further
comprises from 0.05 to 1.0 weight percent of units derived from a mercaptan chain
transfer agent.



conj ugdt ed copol yrrerizabl\i;)on%aar bon doubl e bonds includes-at- | east one
car bon- - car bon-doubl e bond of the-structure:=ferr] = CH- CO-0O, CHerr]
= C(CHerr])-C(O-0 or CHerr] = CHCHerr]-O 7. ~ The blend of any one
of the preceding clains, wherein the final stage of the nulti-stage inpact
.nmodi fier is substantially a honopol ynmer of nmethyl nethacrylate. 8 The

‘bl end of any oné of the preceding clainms, wherein the final stage of the-
mul ti-stage inpact.nodifier is:a polymer of nmethyl nmethacrylate with a

co- nonomer conprising at |east.:two non-conjugated copol yrmerizabl e

car bon- carbon .doubl e bonds present at fromO0.3 to 1.0 wei ght percent. 9.
The bl end of “any one of the preceding clains, wherein the particle size of
the first stage is less than 400 nm and wherein the first stage copol yner
conprises 85 - 92 weight percent of thaggyf@Acytages. 10. The bl end of any
one of the preceding clains, wherein the final stage further conprises from
0.05 to 1.0 weight percent of units derived froma nercaptan chain transfer
agent. IMPACT-MODIFIED POLY(VINYL CHLORIDE)

Poly(vinyl chloride), when impact modified with a core/shell impact modifier
whose shell is predominantly formed from a Cj to C4 alkyl methacrylate and whose
coreis a copolymer of butyl acrylate and a specific compositional range of certain
higher alkyl acrylate monomers, exhibits improved toughness, especially at lower use
levels of the modifier or lower test temperatures for the blend, than when the core of
the impact modifier is either substantially formed from butyl acrylate alone or
substantially formed from the higher alkyl acrylate alone.



