A PR&SS FOR MAKI NG A POLY( ALKYL ( METH) ACRYLATE) RUBBER LATEX, WGS - mN“
POLY( METH) ACRYLATE RUBBER- BASED GRAFT COPOLYMER MADE THEREFROM ANB!%R{A
MO:DI NG COVPOSI TI ON CONTAI NI NG THE POLY( METH) ACRYLATE RUBBER- BASED Fﬁ'
COPOLYMER Fi el d of The Invention The present invention relates to a process
for maki ng a poly(al kyl (meth)acrylate) gubber latex, to a poly(al kyl

(met h)acryl ate) rubber-based graft copol yner nmade therefromand to nol di ng
conpositions containing the poly(al kyl (meth)acrylate) rubber-based graft
copol ymer. Background 5 Aqueous pol y(al kyl acrylate) rubber | ateces,
pol y(al kyl acrylate) rubber- based graft copol yners made from such | at eces
and the use of such poly(alkyl acrylate) rubber-based graft copolyners as
i npact nodifiers in nolding. conpositions are each known in the art, see

for _e>o<|arr_pl e, UAFROLIESS FQRIMAKING SROLY@ALICYL M’HH)&&@RM'M?M]B%ER
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of rubber parti GHEPOLY(METH) ACRMIAKERUBBER)BASEDaCRAFTUCOFOLYMEROT af t
copolyner that is useful as an inpact nodifier in nolding conpositions and
that provides inproved resistance theldwfTheilavention s al so desired. Sunmary
of the Invention

The present invention relates to a process for making a poly(alkyl
(meth)acrylate) rubber latex, to a poly(alkyl (meth)acrylate) rubber-based graft
copolymer made therefrom and to molding compositions containing the
poly(alkyl (meth)acrylate) rubber-based graft copolymer. |

Background

5 Aqueous poly(alkyl acrylate) rubber lateces, poly(alkyl acrylate) rubber-
based graft copolymers made from such lateces and the use of such poly(alkyl
acrylate) rubber-based graft copolymers as hﬁpact modifiers in molding .
compositions are each known in the art, see for example, U.S. Patent 3‘,(')_41,307.

Such impact modifiers are said to provide improved resistance to UV radiation



In a first aspect, the present invention is-directed to a process for
maki ng a pol y(al kyl (neth)acrylate) rubber |atex, conprising: 10

pol ymefi zing, in a continuous enul sion polynerization process, one or nore
(derr]-Cerr])al kyl (nmeth)acrylate nononers in an aqueous mediumin the
presence of a surfactant according to the formula: R SO3M wherein Ris

al kyl or al koxyl, and Mis a hydrogen radL&gI or a cation. 15 The
continuous process of the present invention provides inproved efficiency
relative to a batch process and provides inproved control of rubber

Gr i  copol yned Sedhg ARERIE ARGRLin R BREREHGe SR Pk g ablsed

rubber phase mtaobfq}égﬂ?&még&ﬁ{m&@stic resin phase, wherein the
pol y(al kyl (nmeth)acryl ate)_ rubber phase is made by the above discl osed

process of the preWhat id meedetiioa pracksaforl makingma paly(dlbyl (nfethjeerylatd) ast i c
resin phase is chemcally graffed to the poly(al kyl (neth)acgryl ate) rubber
phase. In a tmhi@r%ﬁméyf st Suprev e BRehe and canfiot bbb RaFifl®li ng 25
conposi ti o ripSd ' L1 . bisGls
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i nvention, whai 8hpact modifiet Renldink OANSIIBIS drft] hae peditidesinAprovedunt
effective to inprove the inpact resistance of articles nolded fromthe

nol di ng conporsisistance tTRE mdiation ipalsy desirethd nol di ng conposition of the

resent invention inpart i roved.weat herahj | jt .0 articles nolded from
the ol di ng TPart T OV € BNty of the InvénkiSn _

In a first aspect, the present invention is directed to a process for making a
poly(alkyl (meth)acrylate) rubber latex, comprising: '

10 polymerizing, in a continuous emulsion polymerization process, one or
more (Ci-Cro)alkyl (meth)acrylate monomers in an aqueous medium in the
presence of a surfactant according to the formula:

R-SOsM
wherein R is alkyl or alkoxyl, and M is a hydrogen radical or a cation.

15 The continuous process of the present invention provides improved
efficiency relative to a batch process and provides improved control of rubber
particle size.

In a second aspect, the present invention is directed to a graft copolymer,
comprising a discontinuous poly(alky! (meth)acryiate) rubber phase and a rigid

20  thermoplastic resin phase, wherein the poly(alkyl (meth)acrylate) rubber phase is
made by the above disclosed process of the present invention and at least a
portion of thermoplastic resin phase is chemically grafted to the poly(alkyl
(meth)acrylate) rubber phase.

In a third aspect, the present invention is directed to a molding
25 composition comprising a thermoplastic resin and the above disclosed poly(alkyl

(meth)acrylate) rubber-based graft copolymer of the present invention, wherein



5 conposition. Brief Description of the Drawings Figure 1 shows a plot of
rubber | atex nmean particle size versus the tine elapsed fromthe begi nning
of .the.-flow of a product stream from a continuous enul sion pol ynerization
reactor, as obtained under two different reaction conditions. 10

Figure 2 shows a plot of rubber |latex mean particle size versus the tine
el apsed fromthe beginning of the flow of g product streamfroma

conti nuous enul sion polynerization reactor, as obtai ned under three
different reaction conditions. Figure 3 shows a plot of rubber |atex nean
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a product streamerrtom us enul'si-on po _ OF,”
obt ai ned underretjéndé bf &ftRids rhekietli fEsmaRA endldBipScorkPdsitibed Description of
the Invention Process For Making A Poly(al kyl (meth)acryl ate Rubber Latex In
a preferred enbodi nihetgraft copelymercsebmeldingeompasitian ofthe presemt ifeardio0

streans of regctants and r,eactjon diia, I ncludi ter, a...

monoet hyl eni cAMBRT iaBRAYRd wertheRpiiey 0 arjcles P! FomHsmolding

pol yet hyl egi C%l’r}/?dé urated nonorer, a surfactant, and a pol ynerization
initiator are continuously fed to a reactor that is maintained under

emul si on pol ynerization condi t i Bief Destriptiohadghé Deawaigsy in the formof an

aqueous pol y(al kyl (et h) acryl at ez rubber 25 latex, continuously flows from
t he reactor. - 4 Figure 1 shows a plot of rubber latex mean particle size versus the time

elapsed from the beginning of the flow of a product stream from a continuous

emulsion polymerization reactor, as obtained under two different reaction
conditions.

10 Figure 2 shows a plot of rubber latex mean particle size versus the time
elapsed from the beginning of the flow of a product stream from a continuous
emulsion polymerization reactor, as obtained under three different reaction
conditions.

Figure 3 shows a plot of rubber latex mean particle size versus the time

15 elapsed from the beginning of the flow of a product stream from a conﬁnuous
emulsion polymerization reactor, as obtained under two different reaction
conditions.

Detailed Description of the Invention
Process For Making A Poly({alkyl gmeth]acrviate Rubber Latex

In a preferred embodiment of the process of the present invention, feed

20  streams of reactants and reaction media, including water, a monoethylenically
unsaturated alkyl (meth)acrylate monomer, a polyethylenically unsaturated
monomer, a surfactant, and a polymerization initiator are continuously fed to a
reactor that is maintained under emulsion polymerization conditions and a
product stream, in the form of an aqueous poly(alkyl(meth)acrylate) rubber

25 latex, continuously flows from the reactor.



In a preferred enbodi mrent of the process of the.present-invention, the
reactor is operated under "unsteady state" flow conditions during a reactor
start- up phase wherein the feed streans are introduced to an initially
enpty or partially filled reactor to forma reaction mxture, that i's, a
m xture of reactants 5 and reaction nmedia within the reactor, and the
internal volune of the reactor fills with Meaction m xture. After the

i nternal volune of the reactor vessel is filled with reaction m xture,
further introduction of the feed streanms results in flow of a product
streamfromthe regth efiddodeitienp 0P S
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invention, an initial charge of water, surfactant, monoethylenically unsaturated
alkyl (meth)acrylate monomer and polyethylenically unsaturated monomer is °
15  introduced to a reactor and heated under an inert atmosphere with stirring. An
initial charge of a polymerization initiator is then added to the he'a't'éd, stirred
contents of the reactor to bring the reactor contents to emulsion polymerization
conditions to begin emulsion polymerization of the monomers in the reaction
mixture. Preferably, the initial charge to the reactor occupies from about 25% to
20 about 75% of the internal volume of the reactor and contains from about 0.001
parts by weight (“pbw”) to about 5.0 pbw surfactant per 100 pbw more
monoethylenically unsaturated alkyl (meth)acrylate monomer, 0.01 to 5 pbw
polyethylenically unsaturated monomer.
One or more feed streams containing reactants and reaction media,
25  including, water, surfactant, monoethylenically unsaturated alkyl (meth)acrylate
monomer, polyethylenically unsaturated monomer and initiator are then

continuously fed to the reactor, which is maintained under emulsion



-5- polynerization reaction-conditions, to polynerize the nononers and-
thereby formparticles of poly(al kyl (neth)acrylate) rubber. Separate feed
streans of the reactants and reaction nmedia may be introduced to the
reactor or two or nore feed streans nmay be m xed together prior to being

I ntroduced to the reactor. In 5 one enbodi ment, oil soluble reactants, for
exanpl e, the nonoet hyl enically unsaturated_al kyl (neth)acryl ate nononers,
pol yet hyl eni cal | y unsat ur ated nononer and ﬁhltiator, are m xed together to
forman oil phase feed stream water soluble reactants, for exanple t he

surfactant, and water are m xed together to, form an agueous f eed
stream and t hBOWmRerAasion rapch %‘mﬂ%goxm om!sg’@elﬁ egp?%emsr%f@ Fherely

together to f I g)al?; ﬁ%ﬁ" eam
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flow conditions, wherein flow rate of the product streamflowing fromthe

reactor is eqfeed streamsanaybe mised togathemprionto befng imrodused tgtthemtmi dmi ng
into the rgactor st ead e flowrates of the feed s ags .and
product st eaﬂ?%?‘é‘-geapgﬁ?teﬂk{%{%fe%@@ ’E:?’faé‘?'Plﬁn dpen Y “éﬁagé(dy state
residence ti kddhd &t@%&h&@ﬁp&lﬂeﬁm&ﬁe@%&&ﬁ ahiited S

effective to rlvet rrerlza|onreact|o yconplete

conversion ofmdn@mmdﬁhﬂnam hi‘@nﬁﬁétttdg&&ldﬂwﬁ@mah@xlgﬁﬂaﬁé&édd/étream,
(meth)acrylate 20 rubber particles. In hi ghly preferred enbodi nent, the
conbi ned st eawt%'tsél\@lﬂ .dopexample; Q&Flgfﬁc nshwatesare mixey st at e

FLow ot e of LRt a5t 3SRl Bt 135 SR T o Cand it ) °
from aboufg 60phskse¥el SirEiths fre MBEELFBLHER S form a single combined feed stream
and the combined feed stream is introduced to the reactor.

Once the flow of product stream from the reactor begins, the reactor is
preferably operated under “steady state” flow conditions, wherein flow rate of
the product stream flowing from the reactor is equal to the combined flow rate of

16  the feed streams flowing into the reactor. The steady state flow rates of the feed
streams and product stream are selected so that the reaction mixture has a steady
state residence time under polymerization conditions in the reactor that is
effective to drive the polymerization reaction to substantially complete
conversion of the monomers in the reaction mixture to poly(alkyl (meth)acrylate

20 rubber particles. In a highly preferred embodiment, the combined steady state
flow rate of the feed streams and the steady state flow rate of the product stream
are selected so that reaction mixture has a residence time in the reactor of from
about 30 to 200 minutes, preferably from about 60 to 150 minutes, and even more
preferably from 90 to 110 minutes. Expressed in another way, the combined

25 steady state flow rate of the feed streams and the steady state flow rate of the

product stream are preferably each from about 0.3 to 2.0 reactor volumes per



preferably from90 to 110 m nutes. Expressed in another way, the conbi ned
25 steady state flowrate of the feed streans and the steady state flow
rate-of the product streamare preferably each fromabout 0.3 to 2.0
react o vol unmes per -6- hour, nore preferably fromO0.4 to-1.0 reactor
vol unes per hour, even nore preferably fromabout 0.5 to 0.7 reactor

vol umes per hour. In a preferred enbodi ment, the rubber particles nade by

t-he process of the present invention have 56'Wei ght average particle size of

50 to 800 nm nore 5 preferably, of from 100 to 500 nm even nore
preferably fr about 200, tq,300 n a asured,by light transm ssion. The
size of the r r"ﬁ?ﬂ’%@é@’%?@d’b@é&°§y&f€%m§rv8&‘éé§58 r#“l’i‘é"' gYeR e
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contained in the effluent product streamas the stream begi ns to flow from
the reactor artheqrasansinvenpsiondayieracweighd average perticje sizgof Pe te 860 nm, gtorehe

rubber partd cles.in,{he,prod eam gradual | v inc es and tyally
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pol yet hyl eni cal | y unsaturated nononer and surfactant is introduced to the

react or, wher enachanjcal pe cheminal agglomeratien ahtheayhber pasticles, ageerding toni ti al
charge is a n%ﬁ&ﬁﬁ?ec%g\xocijur& of up to about 0.5 pbw, nore preferably up to

10 Typically, the poly(alkyl (meth)acrylate) rubber particles that are
contained in the effluent product stream as the stream begins to flow from the
reactor are smaller than desired and the average particle size of the rubber
particles in the product stream gradually increases and eventually stabilizes
above a desired minimum average particle size. ‘

15 In a more highly preferred embodiment of the process of the present
invention, a reactor start-up procedure is followed wherein:

(a) an initial charge of water, monoethylenically unsaturated alkyl
(meth)acrylate monomer, polyethylenically unsaturated monomer and surfactant
is introduced to the reactor, wherein (i) the amount of surfactant contained in the

20 initial charge is a non-zero amount of up to about 0.5 pbw, more preferably up to
about 0.2 pbw, surfactant per 100 pbw of the monoethylenically unsaturated
alkyl (meth)acrylate monomer in the initial charge, and (ii) the volume of initial
charge is from 10 to 75%, more preferably from 20 to 50%, of the internal volume
of the reactor,

25 (b) the contents of the reactor are then heated to a desired reaction

temperature,



about -0.2 pbw, surfactant per 100 pbw of the nonoethyl enically unsaturated
al kyl (meth)acrylate nononer in the initial charge, and (ii) the vol une of
initial charge is from10 to 75% nore preferably from20 to 50% of the

i nternal volune of the reactor, 25 (b) the contents of the reactor
are then heated to a desired reaction tenperature, -7- (c) an initial
anount of a polynerization initiator is intyoduced to the heated contents
of the reactor to begin polynerization of ihe nononers, and (d) feed
streams of reactants and reaction nedia are then fed to the reactor,
wherein, for a first, tipe.period that begi ns when the flow of one or nore 5
of the feed streamsS) WW%&T@%‘E%&PQ%%“OPHQ{W W\ﬁﬁ%ﬁu?fdfqocfi@ﬁof a
product streamehy & DR fleHealRP 0 SlyiriePgattbh 6Ree1G anktS

oper at ed under e&rgegg{g%state felaow co%ﬁgﬁj%ngﬁt eﬁ\@éed strgggn@%gs?eanped
into the reactor afd) fiédd stheaineof rehctants drdmatide medimaresthen f&l gcthed so
that the length of the first tinme period is about equal to the desired
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of about 0.6 neatdady seate fioescqretitibns)ithe fdeestidaenstaraded itto ehle feaotortat énitial
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reduces the |en eac
10  steady state flow conditions. If, for example, the desired residence time for

operation of the reactor under steady state flow conditions is about 100 minutes,
an initial reactor charge occupies about 50% of reactor volume and feed streams
are fed to the reactor at an initial combined feed stream flow rate of about 0.6
reactor volumes per hour, then the time period from the beginning of flow of the
15 feed streams into the reactor to the beginning of flow of a product stream from
the reactor would be about equal to the desired residence time of 100 minutes.

The reactor start-up procedure reduces the length of the time from reactor
start-up to the continuous production of a product stream containing rubber
particles having an average particle size above a desired minimum average

20  particle size.

The temperature to which the contents of the reaction mixture are heated
in order to bring the reaction mixture to polymerization conditions, that is, the
reaction temperature of the process of the present invention, depends in large
part on the polymerization initiator used in process, in a manner that is well

25 understood in the a{t. In a preferred embodiment the reaction mixture is heated
to and maintained at a reaction temperature from 100°F to 180°F, preferably from

120°F to 160°F.



start-up to the continuous productien of a product stream containing rubber.
particles having an average particle size above a desired nm ni num aver age
20- particle size. The tenperature to which the contents of the reaction

m xture are heated in order to bring the rgaction mxture to polymnerization
conditions, that is, the reaction tenperature of the process of the present
I nvention, depends in large part on the polynerization initiator used in -

process, in a mann t | 2 upde d.in th rt.. In. a: ) .
preferred enbodi rreﬁ{ atﬁ%rf?g%dc\t%gnoﬁetn&r Ee}%l g 2 t%oggegagﬁguﬂg?ﬁfm%h%f?c a
reaction t enpBraabutee from100[err]F to 180[err]F, preferably from 120[err]F

to 160[err]F. In a preferred enbodi nent, the reactor is operated under
at nospheri ¢ pr essulrea praferxeg esthadirentthe diormethyleticalipunstthydted afia}ll v
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term nol ogy "(meth)acryl ate nononers” refers collectively t0 acryl ate
nononers and Tmoheethylemicallyunsaturatestidneans Having esiriglosicyyf ethylenic
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chemical compound or a chemical substituent group, means having a carbon
atom content of from x carbon atoms to y carbon atoms per such unit, for
example, “(C1-Cyg)alkyl” means a straight or branched alkyl substituent group
having from 1 to 12 carbon atoms per group and includes, e.g., methyl, ethyl, n-

15 butyl, sec-butyl, t-butyl, n-propyl, iso-propyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl and dodecyl. Suitable (C1-Cjo)alkyl (meth)écrylate monomers
include (C3-Cyo)alkyl acrylate monomers, e.g., ethyl acrylate, butyi ac;YIate, iso-
pentyl acrylate, n-hexyl acrylate, 2-ethyl hexyl acrylate, and their (C1-Cy2)alkyl
methacrylate analogs such as, e.g., methyl methacrylate, ethyl methacrylate,

© 20 propyl methacrylate, iso-propy! methacrylate, butyl methacrylate, hexyl '

methacrylate, decyl methacrylate.

In a highly preferred embodiment, the alkyl (meth)acrylate monomer

used in the process of the present invention is butyl acrylate monomer.

As used herein, the terminology “polyethylenically unsaturated” means
25 having two or more sites of ethylenic unsaturation per molecule. A
polyethylenically unsaturated monomer is used in the process of the present

invention to provide crosslinking of the poly(alkyl (meth)acrylate) rubber



15 butyl, sec-butyl, t-butyl, n-propyl, iso-propyl, pentyl, hexyl, heptyl,

octyl, nonyl, decyl, undecyl and dodecyl. Suitable (C[err]-Cerr])alkyl
(meth)acrylate nmononers include (Cerr]-Clerr])al kyl acryl ate nononers,
e.g., ethyl acrylate, butyl acrylate, iso- Bentyl acryl ate, n-hexyl
acrylate, 2-ethyl hexyl acrylate, and their’{Cerr]-Cerr])alkyl

net hacryl ate analogs such as, e.g., nethyl nethacrylate, ethyl

met hacryl ate, 20 . praopyl t hacryl ate, jso-propyl hacryl ate, hutyl
met hacryl at e, SR S&EWBE ,Me%scv}dmﬁé(&%%@mfwsasme@m Sreferred
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a 5 reactivity that is simlar, under the enul sion polynerization
condi ti ons usecaronamenehayingas teast onesitepekethlenicunsaturgtionthat have f t he

nmonoet hyl eni cal | y..unsat ur.at.ed, al k (et h)acryl ate monqmer. Preferred,.
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emul si on polynerization conditions used in 10 the process’of”the present
i nvention, to ardhat ledstidne athérydite(ofethylanicyirstiratioloheving a reactivity that is

substantially different, under the emulsion polymerization conditions used in the

process of the present invention, from that of the monoethylenically unsaturated
alkyl (meth)acrylate monomer, so that at least one unsaturated site per molecule
15 of graftlinking monomer reacts during synthesis of the rubber latex and at least
one other unsaturated site per molecule of graftlinking monomer remains
unreacted following synthesis of the rubber latex and thus remains available for
subsequent reaction under different reaction conditions. Suitable
polyethylenically unsaturated monomers include, for example, butylene _
20 diacrylate, divinyl benzene, butene diol dimethacrylate, trimethylolpropane .
tri(meth)acrylate, allyl methacrylate, diallyl maleate, triallyl cyanurate, triallyl

isocyanurate and mixtures thereof.

In a preferred embodiment of the process of the present invention, triallyl
cyanurate is used in the process of the present invention as both a crosslinking

25 monomer and a graftlinking monomer.
In a preferred embodiment, the reaction mixture contains from about 0.01

to 4 pbw, more preferably from about 0.1 to 1.5 pbw, polyethylenically



and at |east one other site of ethylenic unsaturation hawing a reactivity
that is substantially different, under the enul sion polynerization
conditjons used in the process of the present invention, fromthat of the
nonoet hyl eni cal | y unsaturated al kyl (meth)acryl ate nononer, "so that at

| east one unsaturated site per nolecule 15 of graftlinking nononer reacts
during synthesis of the rubber |atex and atjgl east one other unsaturated
site per nol ecule of graftlinking nonomer remains unreacted foll ow ng
synthesis of the rubber latex and thus remains avail able for subsequent
reaction under,di [ Wi 4 | L {cally
ineat ur at ed moRSapEte oAkl a0 100 e ibRBeupiirhalt fRaltited wEPl

di vi nyl benzer(g;eth)&gr[gtedhohoﬂieﬁet hacryl ate, trimethyl ol propane
tri(nmeth)acrylate, allyl methacrylate, diallyl nmaleate, triallyl cyanurate,
triallyl isocyanurdna prefernec emnbedimentefthe process pf thfeqpresentdmpantiore the of

br ocess of 1 honBReeBHlersR e ioH nethiactliAenaoms? sk ERBIsIeR o
Jont i ns. 1 Pom Bhou 1 PG RELEk FIRONIFE P rIPbe ARAAER ol tisBiton

pbw, pol yet hyltemipeeatuye (Tg) of Rss Hifedrédiiat to D) Medre PpREfealily Mdd¥ than or equal
nonoet hyl eni cal | y unsaturated al kyl (neth)acrylate nmononer. In a preférred

enbodi nent of toiGaodeyvenghoreprefarablyrless than or equal tbh30°6T. As referred to
thylenicglly, ted, al kyl th th | si [

56l ebt od ¢ Geptia ol gl BOUERFIS EhG hgE SUHOIVRFT PLBISaFaThg & of ass

Lransi 1 on ¢ eRREAMDolol i PLall AAbcly (Heafihg B IDC ArdleE! Wt T Value

preferably | ess
10  being determined at the inflection point).

Minor amounts, such as, for example, up to about 25 pbw per 100 pbw of
the total amount monomers, of other unsaturated monomers that are
copolymerizable with the alkyl (meth)acrylate monomer used in the process of
the present inventioﬁ may, optionally be included in the reaction mixture,

15 provided that the limitation regarding the Tg of the rubber is satisfied. Suitable
copolymerizable monomers include, for example, monoethylenically unsaturated
carboxylic acids such as, e.g., acrylic acid, methacrylic acid, itaconic acid, glycidyl
(meth)acrylate, hydroxy(C1-Cy2)alkyl (meth)acrylate monomers such as, e.g.,
hydroxyethyl methacrylate; (C4-C12)cycloalkyl (meth)acrylate monomers such

20 ase.g, cyclohexyl methacrylate; (meth)acrylamide monomers such as e.g.,
acrylamide and methacrylamide; maleimide monomers such as, e.g., N-alkyl
maleimides, N-aryl maleimides, maleic anhydride, vinyl esters such as, e.g., vinyl
acetate and vinyl propionate. As used herein, the term “(C4-Cy2)cycloalkyl”
means a cyclic alkyl substituent group having from 4 to 12 carbon atoms per

25 group and the term “(meth)acrylamide” refers collectively to acrylamides and
methacrylamides. Also suitable are vinyl aromatic monomers such as for

example, styrene and substituted styrenes having one or more alkyl, alkoxyl,



to O [err]C,~ and even nore preferably less than or equal to -30[err]C. As
referred to herein, the Tg of a polyner is the Tg value of polyner as
nmeasured by differential scanni'ng calorinetry (heating rate

20[err]C mnute, with the Tg value 1 0 being determined at the inflection
point). Mnor anpunts, such as, for exanplg;. up to about 25 pbw per 100 pbw
of the total anmount nononers, of other unsaturated nonomers that are _
copol ynmeri zable with the al kyl (neth)acrylate nononer used in the process

mxture 15 BrORETET ﬁ%‘la%hﬂf&n%?&%é irathod o pEBRomaal BRg RRRRR e 1
sati sfi ed. Suat,ﬁéﬁ-@v agh R OARYBtolidiel Pyl kplend X@iRethy]
nonoet hyl eni cal ura ed xyllc aci ds such as, e.g., acrylic acid,

met hacrylic asﬂydene,ibﬂ istyfene, dilompstyrens, di¢hltotastyreny) krogjostyrene, p-

hyd | Kyl (neth | h

hidﬁgiiéﬂi{r phmEbirane metpRy syreAny ey bty ed b aysed dftmiatic ring
20
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such as, e. g of%@lhydmﬂ@é Rlotbefss, hoRéthylERlcllfeesuraRlgigile Potsmess

vinyl esters such”as, vi nyl acet. ate and vinyl propionate. As used

herein, the tsudh as(ﬂS& ekmhrlﬁ, ecrylomisrilepmieklydctylonitrite, a- chlore ecxyilényitrile.

substituent group having from4 to 12 carbon atons per 25 group and the

term " (neth)acryl arhdgurfa@hRf Gs<lin @eiprotés of th@praseanini@AtiAds one or more
nmet hacryl am des. Al so suitable are vinyl aromati c nononers such as for

exanpl e, styremmpauddsatmdmgttedonnybeﬂés havi ng one or nore al kyl,

al koxyl , -11- hydroxyl or. hal o sub 7555 t group attached t t he
aromatchng, i ncluding, e.g., a- rretﬁg Wrene, p- met hyl styrene, vinyl

t ol uene, vi nylﬂl@(élgne trimet hyl
R is alkyl or alkoxyl, and

M is a hydrogen radical or a cation.
In a preferred embodiment, R is (Ci-Cso)alkyl or (Gi-Cag)alkoxyl, more
15  preferably (Ce-Cao)alkyl or (Cs-Cao)alkoxyl. '

In a preferred embodiment, M is a metal cation, an ammoniurm cation, an
alkyl ammonium cation or an alkoxyl ammonium cation. Suitable metal cations
include, for example, sodium, potassium, lithium and magnesium cations,
Suitable alkyl ammonium cations include, for example, diethyl ammonium and

20 tetraethyl ammonium cations. Suitable alkoxyl ammonium cations, include, for
example, diethanol ammonium and tetraethanol ammonium cations.

In a highly preferred embodiment, M is a sodium cation, a potassium
cation, an ammonium cation, a diethanol ammonium cation or a tetraethanol
ammonium cation.

25 Suitable surfactants include, for example, sodium lauryl sulfate, sodium

decyl sulfate, sodium 2-ethylhexyl sulfate, potassium lauryl sulfate, , ammonium



styrene, butyl styrene, chlorostyrene, dichlorostyrene, bronostyrene, p-
hydrioxystyrene, nethoxystyrene and vinyl -substituted condensed aronatic
ring 5 structures, such as, e.g., vinyl naphthal ene, vinyl anthracene, as
wel | as nixtures of vinyl aromatic nononers, nonoethylenically unsaturated
nitrile nmononers such as for exanpl e, acrylonltrlle met hacrylonitrile,
[err]- chloro acrylonitrile. The surfactang2used in the process of the
present invention is one or nore conpounds according to fornmula: (1): 10
R-SOerr]M (1) wherein: Ris alkyl or al koxyl, and M

i s a hydrogen ja@adi Qé‘lfat‘érdﬂﬂcaiﬂ 8fhmésiugn Rie{RiulRee, Qé’t’%éihé‘i&ﬂtamﬁohﬁzm
(CJerr]-Cerr])alkyl or (derr]- C[errgf)al koxyl nore 15 preferably

(Clerr]-Cerr ]latalyﬂ(yulfate,!( temydicaybsu xaatkengllsodium paptBneutfedatenbodi ment
Mis a netal catio

[ [ t | K t
al koxy! armoni um CE’E‘P efeStreernperifiat e EacHel ERRAD R DS Fora Lo S

sodi um pot assgy I 2”“%% n| um

cations inclu eb, ew}%ﬁs}%dé%qh gmm‘{lﬁ%h%&%%é%g tél'?(r) et hyl “amoni um

cations. Saitahdneo tl@hkhllﬁ%ﬁﬂuﬂ&fed%ﬂkﬁﬂ&eﬂh)ﬁdyﬂ&i@méﬁm@%aﬁp' e, diethanol
a

ammoni um and tetraethanol amonium cations. In a highly preferred
embodi ment, Mis a 13emraﬁer@dtambpqumté\ss:iramrmneomna&wsmdmn@m pedesth, a

dieth | t tetr
St tanla sur i S pESRIRaRich o slaiell Bom SR R e STl aniciators,m
decyl sul fat eg,a0dk Y8t SxBhpi4l eX¥arstbbihide RRABHHA @h&ﬁué Mbr Stirhpiee: -

amoni um
benzoyl peroxide, a persulfate compound, such as, e.g., potassium persulfate, an

10 azonitrile compound such as, for example, 2,2'-azobis-2,3,3-
trimethylbutyronitrile, or a redox initiator system, such as, for example, a
combination of a peroxide or hydroperoxide, such as for example, hydrogen
peroxide, cumene hydroperoxide or t-butyl hydroperoxide, an oxidizing agent,
such as, for example, ferrous sulfate, a chelating agent such as, for example,

15 tetrasodium pyrophosphate, ethylene diamine tetraacetic acid or a salt of
ethylene diamine tetraacetic acid, and a reducing agent, such as, for eﬁample,
sodium formaldehyde sulfoxylate or a reducing sugar.

In a preferred embodiment, the reaction mixture contains from 0.01 to 2
pbw initiator, more preferably from 0.05 to 1 pbw initiator, per 100 pbw of the

20 monoethylenically unsaturated alkyl {meth)acrylate monomer. |

In a highly preferred embodiment, redox initiator system, comprising a
combination of cumene hydroperoxide, ferrous sulfate, the monosodium salt of
ethylene diamine tetraacetic acid and sodium formaldehyde sulfoxylate is used
as the polymerization initiator in the process of the present invention. More

25 preferably, the redox initiator system contains from 0.05 to 0.5 pbw cumene
hydroperoxide per 100 pbw of the monoethylenically unsaturated alkyl

(meth)acrylate monomer, an amount of sodium formaldehyde sulfoxylate



--12- lauryl sulfate, diethanol.amoniumlauryl sulfate, tetraethano
ammoni um | auryl sul fate, sodium eicosyl sulfonate and sodi um paraffin
sutfonate. In a preferred enbodi ment, the reaction m xture contains from
0.01 to 5 pbw, nore preferably from1l to 4 pbw of the surfactant per 100
pbw of the 5 nonoethylenically unsaturategsal kyl (neth)acrylate nononer.
In a preferred enbodi nent, the one or nore initiators used in the process
of the present invention are selected froma conventional free radical
initiators su SR ' [ , as,. for
exanpl e, benzgglr peer{c()’g%5 . e, a %g?gﬁ#?g{"g@gﬁ%@ﬁ%g‘m@ﬁ%ﬁ@g@%@%hﬂ%gga@ggﬁm
persul fate, amndllr ratioof dboutd. 20 tp AL fsomi0.hso 10 pbweadthel ronosodium salt of
2,2' -azobis-2,3,3- trimethylbutyronitrile, or a redox initiator system '
such as, for etyhenediamine teiraatetismcid par b8 phwraimenahydoperoxidesand frob as

hyciroper ox e 1R 1Y FrrRpe gt PEr L0 e BRI RPher ot Yus sultare, a

chel ating ggent su?&rtg,g%g?'?{g‘egéag@éﬁ mﬂ(ﬁxretrﬁ%* @g@%&f%ﬂi’éﬂ&?@ﬁ.@ﬁb%ﬂ Rb¥ .

et hyl ene diam ne t or a salt ene diamne tetra

acid, and a refum ndeagsipte psaici10as pbiworalkyhripieth)asigdate Mniaticbaeh\Gigtble
sul foxylate or a reducing sugar. In a preferred enbodi ment, the reaction

m xture cont aglestrolydes dndudeo for pexemple: i tatrasodivey @ysephesphiaty dndnswiiom t o
1 pbwinitiator er 100 pbw of the 20 nonoethylenically unsaturated al kyl
(met h) acryl at@“lﬁﬁf omer. In a highly preferred enbodi nent, redox initiator
system conprghiCahbdigiaknati on of cunene hydroperoxide, ferrous sulfate,
t he nonosodi umsart of Nyl ene di am ne tetraacetic acid and sodi um

f or mal dehi@e sul f okrya s¢cenidaspectfdbe phesepbinyentioranonomers areqtolymietizedidn

process of the present inventj on. re 2 preferably, the redox initiator

system cont ai B¥ Rrﬁ&#ﬁcé.oéﬁof a{ky@ (fﬁﬁlva))é VR stides medsdy thewresesseit

the monoet hyl & ﬁr%.txlﬁ/t e & t?\gréy))%k-ma graft copolymer having a dispersed
poly(alkyl (meth)acrylate) rubber phase and a rigid thermoplastic phase, at least

(D} »4

a portion of which is chemically grafted to the poly(alkyl (meth)acrylate) rubber
15 phase.

In a preferred embodiment, the rigid thermoplastic resin phase comprises
thermoplastic polymer or copolymer that exhibits a Tg of greater than 25°C,
preferably greater than or equal to 90°C and even more preferably greater than
or equal to 100°C.

20 In a preferred embodiment, the rigid thermoplastic phase comprises a
polymer having repeating units derived from one or more monomers selected
from the group consisting of (C1-Cy)alkyl (meth)acrylate monomers, vinyl
aromatic monomers and monoethylenically unsaturated nitrile monomers.
Suitable (Cy-Cyg)alkyl (meth)acrylate monomers, vinyl aromatic monomers and

25 monoethylenically unsaturated nitrile monomers are those set forth above in the

description of the rubber phase.



(meth)acryl ate nmononer, an anount of sodi um fornmal dehyde sul f oxyl ate

-13- effective to provided a sodi um fornmal dehyde sul f oxyl at e: cunene

hydr operoxi de nolar ratio of about 0.9:1 to 1:1.1, fromO0.1 to 10 pbw of

t he nmonosodi um salt of ethylene diamne tetraacetic acid per 100 pbw cunene
hydr oper oxi de and from 0.1 to 10 pbw ferroud4sul fate per 100 pbw cumene
hydr oper oxi de. 5 . Optionally, the reaction nmixture may contain from
about 0.01 to 1.0 pbw of an electrolyte per 100 pbw al kyl (neth)acrylate
nmonomer. Sui tabl e &nadighly\preferrescernbediment, theaigitl shempaplastiap

rophosphat e and sodi um sul fate. af t ol ver 10. . {4n a second
ggpegt 01I‘O t he ﬁ@éﬁf’é 5ﬂ%8ﬁﬂ°5%?‘%§?ﬁ6ﬂ’é‘ﬁggi’9%%ﬁsy#8%‘?9‘8&"5‘}4at”ﬂ&‘ﬁ&rcesence
of pol y(al kyl Mﬁ;é@) e o 4 gﬁgﬁs : £19 he
pr egen%/(i nvgnt'o to thereby éftorm gogﬁééfitrﬁgg%% yneraﬁgg?ﬁg a g?‘é%&?@%

pol y(al kyl ( metvinyl@rginatie ynondmers. phase and a rigid thernoplastic phase, at
| east a portion of which is chemcally grafted to the pol y(al kyl :

(meth)acrylgte) rubpes phéferRbdtbodifeht the kRid Bk ti*%8din pHaSe F&))lxr%{g?m{a%at :

t hernopl astic resin phase conprises thernoplastic pol yner or “copo

exhibits a Tg afvinyleabmaticipaiyfsf bavihg firgtrepeatiig yniys detieed frbanons o itk t 0
90[err]C and even nore preferably greater than or equal to 100[err,]C 20

In a preferr ed"é‘ﬁﬂéﬂ‘i"ﬁé i€ manogners @_Pé g 850Rd Tepeatingnitsigsivesizom one

P "oy ook RSy A ol 0T e £ el ot ed

vinyl . The rigid thermoplastic phase is made according to known processes, e.g.,

10  mass polymerization, emulsion polymerization, suspension polymerization or
combinations thereof, wherein a at least a portion of the rigid thermoplastic
phase is chemically bonded, i.e., “grafted” to the rubber phase via reaction with
unsaturated sites present in the rubber phase. The unsaturated sites in the
rubber phase are provided, e.g., by residual unsaturated sites in those repeating

15 units of the rubber that were derived from a graftlinking monomer.

The rigid thermoplastic phase of the graft copolymer may be formed
solely by polymerization carried out in the presence of the rubber phase or by
addition of one or more separately polymerized rigid thermoplastic polymers to
a rigid thermoplastic polymer that has been polymerized in the presence of tiie-

20  rubber phase.

In a preferred embodiment, the rigid thermoplastic phase is made by an
aqueous emulsion or aqueous suspension polymerization reaction in the
presence of rubber phase and a polymerization initiator system, e.g., a thermal or

redox initiator system.

25 The amount of grafting that takes place between the rigid thermoplastic .

phase and the rubber phase varies with the relative amount and composition of



aremati ¢ nonomers and nonoet hyl eni cal |y unsaturated nitrite nonomers.
Suitable (C[err]-Cerr])al kyl (nmeth)acrylate nononers, vinyl aromatic
mononers .and 25 nonoethylenically unsaturated nitrite nononers are those
set forth above.in the description of the rubber phase. -14- In a highly
preferred enbodi nent, the rigid thernoplastjc phase conprises one or nore
vinyl aromatic polyners. Suitable vinyl aréfttic polyners conprise at | east
50 wt% repeating units derived fromone or nore vinyl aromatic nononers. 5

Vi ny1 " ormat | CHIRPREE DRSS ) ATe oL BRPMRERin ko (LI YLW B, BRRIORBIDT
one or o e moaDt o FERTREfT o AR e SRAR: PERET LR Budtfbd e O

thermopl asti ¢ pllbee phasaRe froat 20 6 IWwit%, breferably AOaE4GE 73wi%. of ke S
pol ymeri zation, enulsion polynerization, Suspension polynerization o

conbi nat i ons t thermoplaskin pheseremains I‘freet, thatis,noregraftedt he rigi d

t her nopl astic phase is chenmically bonded, i.e., "grafted" to the rubber
phase vi a reeacMglding Comipusitioni at ed sites present in the rubber phase. The

unsaturated sites in the rubber phase are provided, e.g., by residual

unsat urated sites imgﬁﬁﬁfag@%%éﬁﬁbs%ﬁth&@hﬁ§ngdﬁéﬁe HPh Rloll were

derived froma graftlinking “nmonone e rigid thernoplastic p e of the
graft copol ynecompgsitien tontaining al theymoplastit yesin andibh amotait of dee poly(alkyl he

ol yror | z0d 11 GREhIRSET AbpRRET basHl SRt OROTReT PAiTe PPk IO bty o
that has been gplyehb ﬁﬂgr&% &QWa@P?e@&?a&‘; of B molding composition.
10  Typically, an amount of the poly(alkyl (meth)acrylate rubbér-based graft
copolymer that provides a poly(alkyl (meth)acrylate rubber content of from 5 to
35 pbw poly(alkyl (meth)acrylate rubber per 100 pbw of the molding
composition is effective to improve the impact properties of the molding
composition. In a preferred embodiment, the thermoplastic resin is selected
15 from vinyl halide resins, (meth)acrylate resins, vinyl aromatic resins, |
polycarbonate resins, polyester carbonate resins, polyester resins, poljp‘henylene

oxide resins or a mixture thereof.

Vinyl Halide Resins
’ Vinyl halide resins suitable for use as the thermoplastic resin in molding

composition of the present invention are known compounds whose preparation
20  and properties are also known. Suitable vinyl halide resins include one or more

homopolymers of vinyl halide monomers, such as, for exarﬁple, vinyl chloride,

vinylidene chloride or vinylidene fluoride, as well as copolymers of vinyl halide

monomers with other copolymerizable monomers, such as, for example, any of

the ethylenically unsaturated monomers disclosed above. Poly(vinyl chloride) is

25  preferred as the vinyl halide resin.



20 rubber phase. In a preferred enbodi nent, the rigid thernoplastic phase
is made by an aqueous enul sion or aqueous suspension polynerization
reaction in the presence of rubber phase and a polynerization initiator
system e.g., a thermal or redox initiator system 25 The anount of
grafting that takes place between the ri gi_g,t()t_herrmpl astic phase and the
rubber phase varies with the relative anou and conposition of t he
rubber phase. In a preferred enbodinent, from10 to 90 wt% preferably from
25 to 60 wt % @i !H}e rli gl@ thernopl astic phase is chemically grafted to the
rubber phase W% preferably from40 to 75 wt % of the
rigid thernopl astic_phase remaing "free", that is, non-grafted. 5 Molding
Conposi tion In a tKMeihaspdate resins pritaldador wemsi tie thermoplastisdresin of the

ol y(al'kyt ( nanpiif FRRAsAID of thE S FVeRRE R S ol e poiose
composi 11 on. - B8 T P e Rar (STiae PGk Hery e FRfl"O

rubber - based dndfitle onpairymere pdigmers havihgsstauqtotay (mits derivedtfioracend 6t sore
rubber congent, _of from5 to 35 pbw poly(al kyl  (meth)acryl ate rubber per 100
pbw of thegnm(@m%u)%ufﬁbs{meﬂaﬁcw tef MARNOMEISy 9pttﬂs¢412wemtlﬁémgmtto 50 wt%

properties of dj c gt i I pr . odj nent .. t.he,
t her mopl asti ¢ s%%?lhg'g* shgg? e%&%S Q&Po m&\;‘l%ﬁylcgﬁ(gl&?rg%’zsgg nonoethylenically
(met h) acryl at Quris@firated dﬂdWﬂoxﬁé&U%ﬂiﬁaM@inﬁlﬂbﬂkyﬂcﬁﬁ&B at€ldiomer and

pol yester carbonate resins, (E)ol yester resins, polyphenyl efge oxide resins or
a m xture theKcegfonomers are

isclosed above.  Methyl methacrylate homopolymers,
copolymers having greater than 50 wt% structural units derived from methyl
10 methacrylate monomer and mixtures thereof are preferred as the (meth)acrylate

resin,

Vinyl Aromatic resins

Vinyl aromatic resins suitable for use as the thermoplastic resin of the
molding composition of the present invention are known compounds Qhose
preparation and properties are also known. Suitable vinyl aromatic resins

15 include one or more resins having structural units derived from one or more
vinyl aromatic monomers. Suitable vinyl aromatic monomers are disclosed
above and include, for example, styrene and alkyl-substituted styrenes such as a-
methyl styrene. .

In a preferred embodiment, the vinyl aromatic resin is a copolymer that

20  includes first structural units derived from a vinyl aromatic monomer and
second structural units derived from a comonomer, preferably a
monoethylenically unsaturated nitrile monomer. Suitable monoethylenically
unsaturated nitrile monomers are disclosed above and include, for example,

acrylonitrile.



Vinyl Halide Resins Vinyl halide resins suitable for use as the -

t hernopl astic resin in nolding conposition of the present invention are
known compounds whose preparation 20 and properties are al so known.
Suitabl e vinyl halide resins include one or nore honopol yners of vinyl
hal i de nononers, such as, for exanple, vinyl chloride, vinylidene chloride
or vinylidene fluoride, as well as copolyngi_ of vinyl halide nononers with
ot her copol yneri zabl e nononmers, such as, for exanple, any of the

et hyl enical ly unsaturated nononers disclosed above. Poly(vinyl chloride) is

25 preferred as thg vinyl haldde.,resin,. -16-. th)acrylate Resin
(Meth)acryl ate resi ﬁga b{ﬁfg%g?%f'exfrsfi e&i%o%g\epﬁéﬁ? Kgﬁxgﬁ?ﬁéﬁ? gespég Sr??%*e‘f he
nol di ng conmposa g;rgﬁ\e ' 31 _whose
preparati on angbg? %@% i es 'Eﬁe aﬁéwﬁfﬁeﬁﬁ?%%ﬁ' % mft&?gégyﬁt e resins
i ncl ude one or acrylaniprile yopolynieay and miktures tiexeofuni ts derived from one or

more 5 (Cerr]-Cerr])al kyl (meth)acrylate nononers, optionally including
up to 50 wt% s ] d from ot her copol yneri zabl e

(ot h) aerylat e monohbnafe PELsAHEREPLRsfs sitebRACEusChElE heRBbRlpae fon
met hacryl ats® hgnmRhYREA coxﬁgeﬂhbwm@gyéseﬁt i9EAGSH atd Ribwh cirifoRindgct ur al
units derived fromneth 10 net hacrylate nonomer and m xtures thereof are

preferred as twhoterprépanation amd preparties Wavey beety desatibed,rses, geneyally U8r omat i ¢
resins suitabl gagegg os. 3,?59,{51?4}45?,%82 Exlu? §E4|1i958,s e rgsfpez:tri]\(rae disclosures of which

are each incorporated herein by reference.

In a preferred embodiment, the aromatic polycarbonate resin component
10  of the present invention is the reaction product of a dihydric phenol according to
the structural formula (II):

wherein A is a divalent aromatic radical,
with a carbonate precursor and contains structural units according to the formula
15 ‘(III):
i
— (0 —A—0—C)— (i)
wherein A is defined as above.
As used herein, the term “divalent aromatic radical “includes those
divalent radicals containing a single aromatic ring such as phenylene, those
20 divalent radicals containing a condensed aromatic ring system such as, for
example, naphthlene, those divalent radicals containing two or more aromatic
rings joined by a non-aromatic linkages, such as for example, an alkylene,
alkylidene or sulfonyl group, any of which may be substituted at one or more
sites on the aromatic ring with, for example, a halo group or (Ci1-Ce)alkyl group.



nmol ding conposition of the present-invention are known conmpounds whose
preparation and properties are also known. Suitable vinyl aronatic resins
15 include one or nore resins having structural units derived fromone or
nore Vinyl aromatic nononers. Suitable vinyl aromatic nononers are

di scl osed above and include, for exanple, styrene and al kyl -substituted
styrenes such as [err]- nethyl styrene. In g.preferred enbodi nent, the
vinyl aromatic resin is a copolyner that 785 i ncl udes first structural
units derived froma vinyl aromatic nononer and second structural units

derived froma congpnoner referably a mnoeghyl enically unsaturated
nitrile ronomer. StadEete ﬁ@r%%@%d&. ent aremadic sadical accptdingde s

are discl osed hncl ude, for exanple, acrylonitrile. -17- In a
hi ghly preferf@%ﬂéﬁgggl ht, the vinyl aromatic resin is selected from

pol ystyrene, styrene-acrylonitrile copol ﬁgrs, a- met hyl styrene-
acrylonitrile copolyners and m xtures tﬁ%r of . Aromatic Pol ycarbonate Resin
Aromati c pol ycarbonate resins suit f Or: s the thernoplastic resin 5
of the nol ding conposition of the presen{ irnvention are known conpounds
whose preparation and properties have be€H3sdescrjiyed, see, generally, US.
Pat ent Nos. 3,169, 121, 4,487,896 and 5, 411,999, tYie’respective discl osures

of which are each BaRabledihydfic Pherdls ikludé&ifer &otRple] An@oPiREE6f BD-bis-(4-
enbodi nent, the aromatic pol ycarbonate resin conponent 10 of the present

i nvention $s hydrexyphenyl) propane ("bisphenel Aljd2,2dis(BSrdimetbylet-di ng to
hydroxyphenyl)propane, bis(4-hydroxyphenyl) methane, 4,4-bis(4-
hydroxyphenyl)heptane, 3,5,3',5'-tetrachloro-4,4'-dihydroxyphenyl)propane, 2,6-
dihydroxy naphthalene, hydroquinone, 2,4'-dihydroxyphenyl sulfone. Ina
highly preferred embodiment, the dihydric phenol is bisphenol A.

10 The carbonate precursor is one or more of a carbonyl halide, a carbonate
ester or a haloformate. Suitable carbonyl halides include, for example, carbonyl
bromide and carbonyl chloride. Suitable carbonate esters include, such as for
example, diphenyl carbonate, dichlorophenyl carbonate, dinaphthyl c'arBonate,
phenyl tolyl carbonate and ditolyl carbonate. Suitable haloformates include for

15 example, bishaloformates of a dihydric phenols, such as, for example,
hydroquinone, or glycols, such as, for example, ethylene glycol, neopentyl glycol.
In a highly preferred embodiment, the carbonate precursor is carbony! chloride.

Suitable aromatic polycarbonate resins include one or more linear
aromatic polycarbonate resins, branched aromatic polycarbonate resins. Suitable

20  linear aromatic polycarbonates resins include, e.g., bisphenol A polycarbonate
resin. Suitable branched polycarbonates are known and are made by reacting a
polyfunctional aromatic compound with a dihydric phenol and a carbonate
precursor to form a branched polymer, see generally, U. S. Patent Nos. 3,544,514,
3,635,895 and 4,001,184, the respective disclosures of which are incorporated

25  herein by reference. The polyfunctional compounds are generally aromatic and



the structural formula (I1): HO A-OH (I'l') wherein Ais a

di val ent aromatic radical, with a carbonate precursor and contains
structural units according to the formula 1 5 (I111): [err] wherein Ais
defined as above. As used herein, the term"dival ent aronmatfc radical
"includes those divalent radicals containing a single aromatic ring such as
phenyl ene, those 20 divalent radicals coniglnlng a condensed aromatic ring
system such as, for exanple, naphthlene, se dival ent radicals containing
two or nore aromatic rings joined by a non- aronatlc I|nkages such as for

exanpl e, an al kyl ene,. al ne,.or sulfon roup, of which may be
substituted af® %i‘é“ﬁ?l Wt&?@“ﬁ? :&I,tqqrbq S‘Cexarrple a

hal o group or af:ﬁ}(; gh%f\ SUB és8th i ment
A is a dival ent rorrlélst'l 6%l ca*S accér di nréwftgrt heb% rf’t%ﬁfag f\‘??gxi Fﬂ?

Sui t abl e di hydﬂyhuﬁ(ﬂéryﬂmxygl@émyem lﬁzﬁa-mih ﬁé}rtﬁniélhﬁc -bis-(4-
5 hydr oxyphenyl propane i sphenol bIS 3 dlnethyl

hydr oxypheny| pphygede ﬂch&'ldrm

2. OSYE'Q?XLM%F?F{%W %%Lésﬁ‘s"%ﬂe'lf OM%VH T ﬁﬁ% ci"y' %%Opa”f"

a highly pref W%QMMdd,tﬁéﬂzgpﬁéﬁ%ﬁ&eMXﬂﬁ alic BBﬁft&Lhe%one-
tetracarboxylic dianhydride. The preferred polyfunctional aromatic compounds
are 1,1,1-tri(4-hydroxyphenyl)ethane, trimellitic anhydride or trimellitic acid or

their haloformate derivatives.

10 * In a preferred embodiment, the polycarbonate resin component of the
present invention is a linear polycarbonate resin derived from bisphenol A and
phosgene.

Ina pfeferred embodiment, the weight average molecular weight of the
polycarbonate resin is from about 10,000 to more than 200,000 grams per mole

15 (“"g/mole”), as determined by gel permeation chromatography relative to
polystyrene. Such resin typically exhibit an intrinsic viscosity of about 0.3 to
about 1.5 deciliters per gram in methylene chloride at 25°C.

Polycarbonate resins are made by known methods, such as, for example,
interfacial polymerization, transesterification, solution polymerization or melt

20  polymerization.

In a preferred embodiment, the molding composition comprises a
polycarbonate resin and a graft copolymer based on a poly(alkyl (meth)acrylate
rubber made by the process of the present invention using sodium lauryl sulfate
as the surfactant.

25 Copolyester-carbonate Resin

Copolyester-carbonate resins suitable for use as the thermoplastic resin of

the molding composition of the present invention are known compounds whose



10 . The carbonate precursor is one or nore .of a carbonyl halide, a
carbonate ester or a haloformate. Suitable carbonyl halides include, for
exanpl e, carbonyl brom de and carbonyl chloride. Suitable carbonate esters
i nclude, such as for exanple, diphenyl carlgnate, dichlorophenyl carbonate,
di napht hyl carbonate, phenyl tolyl carbonate and ditolyl carbonate.
Suitabl e hal oformates include for 15 exanple, bishaloformates of a

di hydric ph : | ,
For” examl o. - GFRDY 2400 5t proDerfekARleheat okl B0 pelally) B8 Parfii o
enbodi ment, t %1690 04480484 Aed14,487,896, tha réspevtivetiisdlobgires obwitiak age as@rat i ¢

pol ycarbonate resins include one or nore |inear aromatic polycarbonate
resins, branclinerpomated hergipbygefeasemetie resins. Suitable 20 |inear

aromati c pol ycarbonates resins, i nglude, e.qg... bj.sphenol A pol ycarhonate
resin. Suitable br%&’ﬁi@‘%ﬁ?ﬁ?ﬁﬁé@é@s 59’89%%%&&?5 rﬁ?‘é"‘%&ﬂ f3RFhedact i ng
a pol yfuncgi o Rkt Cortamnieating EbBndldBBIbE cRItRh onate
precursor to ?%Jr‘yn@g branched pol yner; seengllee:%r a?ﬂs, u. 9%‘.@%?1?@%%5.
3,544,514, 3, G36matb carbdcyclitProhiPd in ﬂ‘hte%olym@hﬁneixdwmtlém s6endfithe are
i ncorporated 25 _ herein by reference. The pol yfuncti onal congounds are
eneral |y ar ofarhonattgroups ageborded directly tq thesing earben ataros pbthd a i

g y TPrRALES

whi ch are car hoxyl carboxglic anhydri des, phenols, hal of ormates or

m xtures ther ﬁg,écgﬁl&grgg,f’ for exanple, 1,1,1-tri(4-hydroxyphenyl)ethane,
1,3,5, -tri hydroxy- pgazfeRrrel dniBbditidrit, 206 PbIydSter-LaiboRhtd fek hflor
trimellityl trichlori ?2, Zr-echl oroforrryT pht ﬁalyi@gte% anhydr!fegg‘,&%*)} 8%% tl?ft I C
aci d, pyr d@el lthe presditinkgnitionis, deritdd from acarbonatelpredursonahladst ore dityidsi ¢
aci d, benzophenponet etyacarboxyljc acid, benzophenone- tetracarboxylic

di anhydri de. PREnghan %trlséﬁfﬁeﬁﬁsﬂ#% 2cid O5 Higer Xydisg6isheauivalent. Ina

preferred embodiment, the dicarboxylic acids is one according to the formula

V)
O
HO ﬁ ! OH
—— — A( —— C —
| V)
15 wherein A’ is alkylene, alkylidene, cycloaliphatic or aromatic and is

preferably a non-substituted phenylene radical or a substituted phenylene

radical that is substituted at one or more sites on the aromatic ring , wherein each

of such substituent groups is independently (C:-Ce) alkyl, and the copolyester

carbonate resin comprises first structural units according to formula (IIl) above
20  and second structural ﬁnits according to formula (VI):

1 T

—(O—C —A'=O~

wherein A’ is defined as above.
Suitable carbonate precursors and dihydric phenols are those disciosed

above.



are-1;,1,1-tri (4-hydroxyphenyl)ethane, trinellitic anhydride or trinellitic
acid or their hal oformate derivatives. 10 In a preferred enbodi nent,
t he pol ycarbonate resin conponent of the present invention is a linear

pol ycar bonate resin derived from bi sphenol A and phosgene.-In a preferred
enbodi nent, the wei ght average nol ecul ar wei ght of the polycarbonate resin
is fromabout 10,000 to nore than 200,000 grans per nmole 15 ("g/nole"), as
determ ned by gel perneation chromatograph3d-rel ative to pol ystyrene. Such
resin typically exhibit an intrinsic viscosity of about 0.3 to about 1.5
deciliters per gramin nethylene chloride at 25 err]C. Pol ycarbonate resins
are made by known feitiblddicasbexylicacids iméudenimeexaimplerpmét acid, isophthalic

olyneri zation,, transesterif.i,cation, . sol utio qQl,ynerj zatjon or, nelt 20
Dol yior i 7at | ofcidh ferepirehcacid eyt ferrhthallc Sl oRats 2t FuPricgid.
conprises a : | .af L MTEh 00l al kyl
(rrerr}t)hl) acryl a!to gﬁﬁg&gg&?f&%ﬁ?ﬁ?ﬁ%@cﬁg %% tﬁgkpr'es%ér%?éﬁ(\i/g%\kte?aéggég ng Y

sodi um | aur yl sebacicedotd, atimiekieyl malbaid aid, 1, P dodannbicasids-d #-batehiexaResi n
Copol yester-carbonate resins suitable for use as the thernoplastic resin of

the nol di iy cdispdemyilisacist inane1dregclohexane dicarioxylic acida i hishesaoinkridhose
20 PP ol LRI PRS e S AR e S ARUSHRN oS e
of which are gagldd BSCHRMSEIEShHYIRIE) eftér bERRIE G&ivatives of the above
disclosed dicarboxylic acids, such as, for example, phthalic anhydride, dimethyl
terephthalate, succinyl chloride.
10 In a preferred embodiment, the dicarboxylic acid is an aromatic
dicarboxylic acid, more preferably one or more of terephthalic acid and
isophthalic acid. )
In a preferred embodiment, the ratio of ester bonds to carbonate bonds
present in the copalyester carbonate resin is from 0.25 to 0.9 ester bonds per
15 carbonate bond. o
In a preferred embodiment, the copolyester-carbonate copolymer has a
weight average molecular weight of from about 10,000 to about 200,000 g/mole.
Copolyester-carbonate resins are made by known methods, such as, for
example, interfacial polymerization, transesterification, solution polymerization
20  or melt polymerization.

Polvester Resins

Polyester resins suitable for use as the thermoplastic resin of the molding
composition of the present invention are known compounds whose preparation
and properties have been described, see for example, Kirk-Othmer Encyclopedia
of Chemical Technology, Fourth Edition,Vol. 19 at pp. 609-653, John Wiley &

25 Sons (1996). Suitable polyester resins are typically obtained through the

condensation or ester interchange polymerization of a diol or diol equivalent



Copol .yester-carbonate resins conprise linear or randomy branched 5 -

pol ymers that contain recurring carbonate groups, carboxylate groups and
aromati c carbocyclic groups in the polymer chain, in which at |east sone of
t he carbonate groups are bonded directly to the ring carbon” atons of the
aromatic carbocyclic groups. In a preferred enbodi nent, the

copol yest er-carbonate resin conponent of 10,,the present invention is
derived froma carbonate precursor, at |east“one dihydric phenol and at

| east one dicarboxylic.-acid or dicarboxylic acid equivalent. In a preferred

enbodi nent, the dicarboxyli.c acids. i ne ;according to the formul a .
Corry 1e " "Swifh 8 s ke diach igivalert A0 RoFR FornBrist fecoding S el phis
aromatic and i ubstituted phenyl ene radical or a
substituted ph?ﬁf}f@%?rﬁgﬁl calﬁm is substituted at one or nore sites on
the aromatic ring, wherei-n"each of such sulstitue@ groups is independently
(CJerr]-Cerr]) alkyl, and the copolyester ficarbondte resin conprises first
structural units according to‘l('@'mpa—(@lT)C‘a‘b%v'@% and s(g;qgnd structural
units according to fornmula (VI): [err] wherein A" is define s above.

Sui t abl e car bonglerei: ecur sors and di hydric phenols are those discl osed

above. -21- Suitable dicarboxylic acids, include, for examle, phthalic
aci d, isophPhall? zeprepents the residueefi the dielor dickgauivalent( dipl residne )aci d,

oxalic acid, ng toer}lalrgse%gs' e residue of the diacid or diacid equivalent (diacid residue”), and

each R; and R2 is independently a divalent acyclic hydrocarbon radical, a

divalent alicyclic hydrocarbon radical or a divalent aromatic hydrocarbon
radical.

10 As used herein, the terminology “acyclic hydrocarbon radical” means a
straight chain or branched saturated hydrocarbon radical, preferably containing
from 2 to 12 carbon atoms per radical, such as, for example, dimethylene,
trimethylene, tetramethylene, hexamethylene and octamethylene.

As used herein, the terminology “alicyclic hydrocarbon radical” means a

16 hydrocarbon radical containing one or more saturated hydrocarbon rings,
preferably containing from 4 to 10 carbon atoms per ring, per radical which may
optionally be substituted on one or more of the rings with one or more alkyl or
alkylene groups, each preferably containing from 2 to 6 carbon atoms per group
and which, in the case of two or more rings, may be fused rings, such as, for |

20 example, 2,2,4,4-tetramethyl-1,3-cyclobutylene, 1,4-cyclohexylene, cyclohexylene-
14-dimethylene, 1,4-cyclooctylene.

As used herein, the term “aromatic hydrocarbon radical” means a
hydrocarbon radical containing one or more aromatic rings per radical, which
may optionally be substituted on the one or more aromatic rings with one or

25 more alkyl or alkylene groups, each preferably containing from 2 to 6 carbon

atoms per group and which, in the case of two or more rings, may be fused rings,



succihic acid, glutaric acid, adipic acid, pinelic acid, suberic acid,

azel aic acid, sebacic acid, dinethyl nmalonic acid, 1,12-dodecanoic acid
cis-1, 4-cycl ohexane 5 di carboxylic acid, trans-1, 4-cycl ohexane

di carboxylic acid, 4,4 - bisbenzoic acid, naphthal ene-2, 6-di carboxylic
acid. Suitable dicarboxylic acid equivalents include, for exanple,
anhydride, ester or halide derivatives of -Phe above discl osed di carboxylic
acids, such as, for exanple, phthalic anhydride, dinmethyl terephthalate,
succinyl chloride. 10 In a preferred enbodi nent, the dicarboxylic

acid is an ar guel hs f6 é@'nbgbéyi,Q@@Wne@ﬁ%)lﬁhﬁe@kﬁbﬂ?l&gglé?{e, pgLe of
e

terephthalic acid and isophthalic acid. Ina preferre odi nent, the
rati o of estemapbtiudena2daphenstheylénmds present in the copol yester

carbonate resin is_.fr 0,.25 .1 .9 ester. bon r 15 arhonate bond. In
a preferred enbodi ﬁﬁﬁﬁoﬁet‘iﬂégé’&‘gﬁaﬁ3‘5&""3&‘%‘9@5&%?‘5?86%‘9 ethylene glycolnt
aver age nol ecylaa | f d )| .

Copol yost er - ooF HrAP A glfools 12D Byl BChirlafy A, 18R Ra dlof -
exampl e, i8&t ehbptanaldiplp il Brovtareadiol 1, 9-hoansediol 1, 10-dedane diols PN2idUecane

pol ymeri zation 20 or nelt polynerization. Pol gest er Resins Pol yester

resins suit abidiols glicyalis dielssueh asdeneximple 2 tatragethyilel Gedydlobmtane diol,
and” proper 11 o8I oRsaRReidlc] EpybibheRatadipe e TR R ey
Sl P 2 SRRSO PO AL Rl 3t P 505650
obt ai ned t hr oagmitiedpiseiehes; forexampds hisphendbA cnarigeimpgtitiviel Saliiabk of a
diol or d{ é) ! Siqolf Ieé/lg{v%gnts include corresponding esters and ethers, such as for example,
dialkyl esters and diaryl esters. '
- Suitable diacids include, for example, dicarboxylic acids, such as, for
example, phthalic acid, isophthalic acid, terephthalic acid, dimethy! terephthalic
acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic
.15 acid, suberic acid, azelaic acid, sebacic acid,.dimethyl malonic acid, 1,_12-
dodecanoic acid cis-1,4-cyclohexane dicarboxylic acid, trans;1,4-cycldl.1é;><'ane
dicarboxylic acid, 4,4'- bisbenzoic acid, naphthalene-2,6-dicarboxylic acid.
Suitable diacid equivalents include, for example, corresponding anhydride, ester
or halide derivatives, such as, for exampl;e, phthalic anhydride, dimethyl
20 terephthalate, succinyl chloride.
In a preferred embodiment, the first and second polyester resins each have
a number average molecular weight of from 10,000 to 100,000 g/ mole, more
preferably 15,000 to 50,000 g/ mole, as measured by gel permeation
chromatography using a polystyrene standard.

Polyphenviene Ether Resins

25 The polyphenylene ethers resins suitable as the thermoplastic resin

of the molding composition of the present invention are known polvmers



-22- wth a diacid or diacid equivalent and each conprise recurring
structural units according to fornmula (M l): [err] wherein: 5 D represents
the residue of the diol or diol equivalent ("diol residue"), E represents
the résidue of the diacid or diacid equivalent (diacid residue”), and each
Rl and R2 is independently a divalent acyclic hydrocarbon radical, a

di val ent alicyclic hydrocarbon radical or a divalent aromatic hydrocarbon
radical. 10 As used herein, the term4ol ogy "acyclic hydrocarbon
radi cal " neans a-straight chain or branched saturated hydrocarbon radical,
preferably containing from2 to 12 carbon atons per radical, such as, for
exanpl e, di et whose preparatien and prepernties armalsdikhewa, Suitebleet hyl ene and

oct anet hyl ene. sed, herein, the ternjnology "alicyclic hydrocarbon

radi cal " neanspéysyfg‘en}?w&%ﬁ%? &‘5’8? P9 Y%%‘ﬁgémfﬁg‘%ﬁekwﬁﬁb? sat ur at ed
hydr ocar bon ri lihe FRk 'QVﬂ@ from4 to 10 carbon atons per
ring, per radiggfdﬁﬁﬁgﬁﬁﬁggt%%tloﬁgFly e substituted on one or nore of the
rings with one or nore alkyl or al kybene groups, each preferably containing
from2 to 6 carbon atons per group a Ich, in the case of two or nore
rings, may be fused rings, such as, 0 . exanpl e, :

2,2,4,4-tetranet hyl -1, 3-cycl obut vl en 4-cycl ohexyl ene, cycl ohexyl ene-

1, 4-di met hyl ene, 1, 4-cycl ooctyl ene. qd herein, the term"aromatic

hydr ocar bon radi cal ™ nmeans a hydroc bonYadi cal ai ni ng one or nore
aromatic rings per radical, which may optionally be 'substituted on the one
or nmore ardnmatic riwhereintin eank souctsal unit indeplendlentiy:al kyl ene groups, each

preferably containi ena%hféi)g iledggex?de%%ryqowQOgen, primary or secondary lower

f

alkyl (i.e., alkyl containing up to 7 carbon atoms), phenyl, haloalkyl,
aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least
two carbon atoms separate the halogen and oxygen atoms; and

10 each Qzls independently hydrogen, halogen, primary or secondary
lower alkyl, phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as
defined for QL. |
| In a preferred embodiment, each Q! is alkyl or phenyl, more
preferably, (C1-Cq)alkyl, and each Q2 is hydrogen. .

15 Both homopolymer and copolymer polyphenylene ether resins are
included. The preferred homopolymers are those containing 2,6-
dimethyl-1,4-phenylene ether units. Suitable copolymers include random
copolymers containing, for example, such units in combination with 2,3,6-
trimethyl-1,4-phenylene ether units. Also included are polyphenylene

20  ether resins containing moieties prepared by grafting vinyl monomers or
polymers such as polystyrenes and elastomers, as well as coupled
polyphenylene ether resins in which coupling agents such as low
molecular weight polycarbonates, quinones, heterocycles and formulas

undergo reaction in known manner with the hyvdroxy groups of two



atons per group and which, in the case of two or nore rings, may be fused
rings, -23- such as, for exanple, 1,2-phenylene, 1, 3-phenylene,

1,4- phenyl ene, 2,6- naphthal ene, 2,7-phenathrylene. Suitable diols include
acyclic diols such as, for exanple, ethylene glycol, 1,3-propylene glycol,
1, 4- butane glycol, 1,5-pentane diol, 1,6-hexane diol, 1,7- 5 heptane diol,
1, 8-octane diol, 1,9-nonane diol, 1,10- decgﬂf diol, 1,12-dodecane diol;
alicyclic diols such as, for exanple, 4-tetranet hyl -1, 3-cydobut ane
diol, 3,4- cyclopentanediol 1, 4- cycl ohexanedi net hanol , including cis-1, 4-
cyclohexanedlnet

1, 4- | oh dj et h d a ti
di ol s such as, p?g'lp 9& FS re%?ésdﬂghﬂ%i ZRodicr iﬁ%ﬁ an an Orr?ol Cdi ol

equi val ents in wg@e C B&aééél% P%or‘? xanpl e,
di al kyl ester sﬁg C,{-I dv‘;&éeas?tgg{rls ul tablpé5 I ac fﬁéé?nﬁég{dglﬁ or exarrpl e,
di carboxylic acids, Thelpblyphenj?leneeﬂfeméﬁns ai‘dﬂy@idaﬁ?rqmphredixyﬂhbhw ic acid,

‘terephthalic acid, dinmethyl terephthalic acid, oxalic acid, malonic acid,
succi ni ¢ aci d, 0’@}#9@&? F@uldmg:pf %dﬁaﬁt @naén@no bymxy@romshc gempoundisechc aci d,

czelalc acigh, ARG TR blaadh FEEHSRLRE, BBt svdedEar BRGNS 0,201 ¢,
acid, 4,4 - bigh muqoagu&cd@mgga{m?oaﬁ %ﬁamam&tg)hxégi ggSu' table

di aci d eqU|vaIen s “i ncl ude cor espondlng a ester or

hal i de deri vatm@pompolundssnchas aetnpppt emrggmlesémoc(ﬁ:ahmdm;ﬂmndjl met hyl 20
t erepht hal at e, In a preferred enbodi ment, the first and

inyl chloride,
second pol yest'é?“ énﬁen@mh%whafmath%rm&g@ Isspl ecul ar wei ght of from
10,000 to 100,000 gﬁ@h@dldﬁ%r fomposition of the present invention may, optionally, also

10  contain one or more conventional additives, such as:

(1) antioxidants, such as, e.g., organophosphites, e.g., tris(nonyl-
phenyl)phosphite, (2,4,6-tri-tert-butylphenyl)(2-butyl-2-ethyl-1,3-
propanediol)phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol
diphosphite' or distearyl pentaerythritol diphosphite, as well as alkylated

15 monophenols, polyphenols, alkylated feaction products of polyphenols
with dienes, such as, e.g., butylated reaction products of para-cfésol and
dicyclopentadiene, alkylated hydroquinones, hydroxylated thiodiphenyl '
ethers, alkylidene-bisphenols, benzyl compounds, acylaminophenols,

_ esters of beta~(3 5-di-tert-butyl-4-hydroxyphenol)-propionic acid with

20 monohydric or polyhydric alcohols, esters of beta-(5-tert-butyl-4-hydroxy-
3-methylphenyl)-propionic acid with monohydric or polyhydric alcohols,
esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl) propionic acid
with mono-or polyhydric alcohols, esters of thioalkyl or thioaryl
compounds, such as, e.g., distearylthiopropionate, dilaurylthiopropionate,

25 ditridecylthiodipropionate, amides of beta-(3,5-di-tert-butyl-4-
hydroxyphenol)-propionic acid;



preferably 15,6000 to 50,000 g/ nole, as neasured by gel perneation

chromat ography using a pol ystyrene standard. Pol yphenyl ene Ether Resins 25
The pol yphenyl ene ethers resins suitable as the thernoplastic resin of the
mol di ng conposition of the present invention are known pol yners - 24-
whose preparation and properties are also known. Suitable pol yphenyl ene
ethers are those polyners cenprising a plupglity of structural units of the
formula (MI1) [err] 5 wherein, in each structural unit

i ndependently: each QL is independently hal ogen, primary or secondary | ower
al kyl (i.e., aIkyI nt | y | oal kyl ,

am noal kyl , hydrocar ongg‘gaﬁg‘#&rﬁ[%&gg m%%’%& S?&g Q[2 east two

carbon atons separ diyrirbkgplalybebensitdazolys QHpawXy -berizdphnones; (nl) e@fiﬁf‘o@z

i s independently hy rogen halogen primary or secondary | ower Kk

phenyl , hal oal kyl , mmubshmmdabmpmrdmﬂu&ycxa&atas»f(wr)mkebr QL.
In a preferred enbodrnent each Is al kyl or phenyl, nore preferably,
(derr]- C[err])alkfp Iﬁﬂﬂ“@ach |s hydr ogen. 15 Bot h honopol yner

and copol yger pol yﬁo)gnwrﬁ&ﬁl &ée{}:ﬁ"vaf&% éﬁgh% eeh% s NQS ?ﬁ:ﬁh@fa@{]drcﬁgnud

honopol yners are t e containing 2 ene et unr
Sui t abl e copol ynerﬁ-smyhgéammwnmmt)kprers cont ar ni ng for exanpl e, such

units in conbination with 2,
peroxxde scavengers, such as, e.g., (C10-Cop)alkyl esters of B-
tlﬁodxpropxomc acid, mercapto benzimidazole;
(5) polyamide stabilizers;

10 (6) basic co-stabilizers, such as, e.g., melamine, polyvinylpyrrolidone,
triallyl cyanurate; urea derivatives, hydrazine derivatives; amines,
polyamides, polyurethanes;

(7)  sterically hindered amines such as, e.g., triisopropanol amine or the
reaction product of 2,4-dichloro-6-(4-morpholinyl)-1, 3, 5-triazine with a

15 polymer of 1, 6-diamine, N, N'-Bis(-2, 2, 4, 6-tetramethyl-4-piperidenyl)
hexane;

(8)  neutralizers such as magnesium stearate, magnesium oxide, zinc
oxide, zinc stearate, hydrotalcite;
(9) fillers and reinforcing agents, such as, e.g., silicates, TiO, 'glass_

20 fibers, carbon black, graphite, calcium carbonate, talc, mica;

(10) other additives such as, e.g., lubricants such as , e.g.,
pentaerythritol tetrastearate, EBS wax, silicone fluids, plasticizers, optical
brighteners, pigments, dyes, colorants, flameproofing agents; anti-static
agents; blowing agents.

25 The molding composition of the present invention is made, for example,

by melt blending the above described components using , for example, a two-roll

mill, a Banbury mixer, a single screw extruder or twin-screw extruder.



trimethyl -1, 4- phenyl ene ether units. Al so included are pol yphenyl ene 20
ether-resins containing noieties prepared by grafting vinyl nononers or

pol ymers such as pol ystyrenes and el astoners, as well as coupl ed

pol yphenyl ene -et her resins in which coupling-agents such as | ow nol ecul ar
wei ght pol ycar bonat es, qui nones, heterocyck2® and fornulas undergo reaction
in known manner with the hydroxy groups of two -25- pol yphenyl ene et her
resin chains to produce a higher nol ecul ar wei ght polymer, provided a
substanti al propor t The mélding eofdpogitivnpsf theprésent Theedivrny phre el ittt Beb
resins are typically prepared by the oxidative coupling of at |east one
nmono hydroxy avasfak adiclesnbyp arvarialy lof knayen precessasesush asy for example, injection,

2,3,6-trinethyl | . t al t , | I d f h
2,5 {11 ot L ghenel ooEl 5k LRSSy SpQBRSE Y Oy for Sueh
a copper, ”ﬁnga“esemé.ﬁcg?g{dg g%ﬁ{?&?i{{bgv of‘g%;ﬂé"[ﬁré!se‘n@ GO Gd rﬁ‘é&lgﬁa{«r’eﬂus

other materials. The no osition he present 1 nventl on

optional | y.5 al suitetifor @piplicatireerequirimg eveadtarabilitpand ingdtt ieéBtanceUshricles
(1) antioxidants, such as, e.g., organophosphites, e.qg., tris(nonyl-
phenyl ) phosphigush w,mga-qmcnvgws-wwopwﬁgﬂ putdesar furnituge,hgnd icadstruction

pr opanedi ol ) phosphite, his 4-di -t~ but enyl ) pentaerythritol diphosphite
or distearyl d@ﬁ%&@ﬁ%y?ﬁ&??%?%ﬁ”ﬁ%@lﬁhYlf‘Q é}gg"%lﬂ | as al kyl ated 15 :

monophenol s, @ﬂ__mgq@m@b&yﬁﬁgvgmgﬂgcﬁx@ucts of pol yphenols with
di enes, such as; e.g utyT a reactton proaucts of para-cresol and

di cycl opent adiwyl ated hydroqui nones, hydroxyl ated thiodi phenyl

Example 1 illustrates making an aqueous poly(alky! (meth)acrylate)
rubber latex by the process of the present invention. _

10 A one gallon continuous reactor equipped with an agitator was charged
with 1082 grams (“g") of demineralized water, 245.3 g of a surfactant solution
containing 2.0 pbw sodium lauryl sulfate, 0.15 pbw tetrasodium pyrophosphate
and 135 pbw water (“Surfactant Solution 1”), 159.2 g of buyl acrylate, 19.7 gof a
solution of 0.25 pbw of triallyl cyanurate in 10.5 pbw butyl acrylate (“TAC

16 Solution 1”) and 27 g of an activator solution containing 0.09 pbw sodium
formaldehyde sulfoxylate, 0.012 the monosodium salt of tetraacetic acid
(NaHEDTA), 0.006 pbw FeSO.7H0 and 15 pbw water (“ Activator Solution 1).
The reactor contents were purged with N2 while the reactor contents were heated
to 140°F with continued agitation.

20 In order to initiate polymerization, 0.395 g of cumene hydroperoxide was
introduced into the heated, stirred contents of the reactor, which resulted in an
exotherm within about two to ten minutes following the introduction.

Twenty minutes after the exotherm, feed streams were infroduced to the
reactor. Feed streams of butyl acrylate (at a rate of 478 grams per hour (“g/hr")),

25 cumene hydroperoxide (at a rate of 1.15 g/hr) and TAC Solution 1 (at a rate of



et hers, al kylidene-bisphenols, benzyl conpounds, acyl am nophenols, esters
of beta-(3,5-di-tert-butyl-4-hydroxyphenol)-propionic acid wth 20
monohydri c or polyhydric alcohols, esters of beta-(5-tert-butyl-4-hydroxy-
3- net hyl phenyl ) -propioric acid with nonohydric or pol yhydric al cohol s,
esters of beta-(5-tert-butyl 4-hydroxy- 3-net hyl phenyl) propionic acid with
mono- or pol yhydric al cohols, esters of thioahkyl or thioaryl conpounds,
such as, e.g., distearylthiopropionate, dilaurylthiopropionate, 25

di tridecyl thi odi propi onate, am des of beta-(3,5-di-tert-butyl 4-

Stabil pers such L8/ §eRietios fuaeRusgdh e AR HGE B ftapinbel and feed
2- Hydr oxy- benz ogthesinnesSurfadtanteSuletion 2f(asa bt of us@gém) an%&klﬁa%f ?ﬁsl)ﬁﬁon 1

benzoic acids, (iii) acrylates, (iv) nickel conpounds;
metal deacti vat @it 8 ratefildsg/hy) were rach fag toreeserbnd atixpotanditiei andrfiow from

3-salicyloylampo-1,2 d-trigzole, .(4) eroxi de scavengers, such as, e.g.,
( C10- C20) al kyl @’ftng%mg?“f%&r a—‘s‘!leﬂit&fhﬁf%ﬁt%i c acid, nercapto .

benzi m dazolge; (5) ] e v £0d) .basi.c
co-stabilizers, suchA?g?ag&gs@%arﬁr{e?%ndﬂné%%gl yVi rtll;‘l?lbeﬂ:trocgl %5?1 ‘g‘ﬁsf?lyaﬁ:ﬁ yl
cyanurate; ur eantiextey aftervfiow df Yl foetdiiered s ined theaeactdofwas begliR! TREKSIGE
pol yur et hanes; (7) sterically hindered am nes such as, e.g?f,?
triisopropanol ams Were then centiniouslp fedi ke theaeactor through the two mixpots,

2, 4-di chl oro- 6-&@&1&&0 rréglcéogugs_x{tamﬁmgagx{ o ipggrn\{mértlzgn%n condijtions and a
product stream containing poly(butylacrylate) rubber particles continyously
10  flowed from the reactor.
The mean particle size of poly(butyl acrylate) rubber particles in the
effluent product stream was monitored using a Spectronic® 20
spectrophotometer and is plotted in Figures 1 and 2 versus the time elapsed from

the beginning of flow of the effluent product stream.

Example 2
15 The process of Example 2, was analogous to that of Example 1, except that

the amount of triallyl cyanurate in the triallyl cyanurate solution was adjusted
from 0.25 to 0.75 pbw triallyl cyanurate per 100 pbw butyl acrylate.
Example 3

The process of Example 3 was analogous to that of Example 1, except that
a surfactant solution containing 2.0 pbw sodium paraffin sulfonate, 0.15 pbw

20  tetrasodium pyrphosphate and 135 pbw water was substituted for Surfactant

Solution 1.

The mean particle size of poly(butyl acrylate) rubber particles in the
effluent product stream produced by the process of Example 3 was monitored
using a Spectronic® 20 spectrophotometer and is plotted in Figure 2 versus the .

25  time elapsed from the beginning of the flow of the effluent product stream.



15 : pol ymer of 1, 6-diamine, N, N-Bis(-2, 2,64,

6-t et ranet hyl - 4- pi peri denyl) hexane; (8) neutralizers such as nagnesi um
stearat e, nmagnesium oxi de, zinc oxide, zinc stearate, hydrotalcite; (9)
fillers and reinforcing agents, such as, e.g., silicates, Tierr] glass 20
fibers, carbon black, graphite, calciumcarbonate, talc, mca; (10) other
additives such as, e.g., lubricants such aspg.e.g., pentaerythritol
tetrastearate, EBS wax, silicone fluids, plasticizers, optical brighteners,
pi gnents, dyes, colorants, flaneproofing agents; anti-static agents;

bl ow ng agent sgxzfapie 4 The nol di.ng conposition of the present invention
is made, for exanp fe‘,"' by nelt blending the above descri bed conponents -

usi ng, for exanpl e, The pravessxdfl Exzinhple 4owanamalogous tocthat af Exargple 35 exeapt that
extruder or tw_,n-screw extryder. -27-. The | di ng conposition of the
present i nvent {sprpagn %ﬂ anﬁfﬁea@&wnaaﬁ Maﬁﬁ@‘m waspdpstechown

processes such ﬁl S 1) ' Al A S hon, and bl ow
nol di ng and thferrgf‘r%?'g??rqﬁ'gs emr?lo di %ﬂl@%@&@?ﬁ%?u{)ﬁé@}%@em i nventi on
is particul arl goniplarative Bxtichglé EPr applications requiring weatherability
and inpact resistance 1n articles such as, e.g., autonotive exterior parts,
out door furniture, TnelprsassofiCemparativedivample Gluwas amalogaus xthapoe, vi nyl
si di ng. EX les 1-4 and Conparatiye Exanple Cl-C2 EX le 1 anple . 1
| T ustr at 68 hebRarpledt, SHERS At 3RS rARH SOTHHAT OGN 5 Pow sodiumt dodecyl

benzene sulfonate, 0.15 pbw tetrasodium pyrphosphate and 135 pbw water was

substituted for Surfactant Solution 1.

* The mean particle size of poly(butyl acrylate) rubber particles in the
effluent product stream produced by the process of Comparative Example C1
10  was monitored using a Spectronic® 20 spectrophotometer and is plotted Figures
1 and 2 versus the time elapsed from the beginning of the flow of the effluent
product stream.

Comparative Example C2

The process of Comparative Example C2 was analogous to that of
Comparative Example C1, except that the amount of triallyl cyanurate in the
15  triallyl cyanurate solution was adjusted from 0.25 to 0.75 pbw triallyl cyanurate
per 100 pbw butyl acrylate.
Referring now to Figures 1 and 2, the mean particle size of the
poly(butadiene) latex of Example 1 oscillates between an upper mean particle
size of about 2900 Angstroms (“A”) and a lower mean particle size of about 27504
20  and the mean particle size of the poly(butadiene) latex of Example 3 oscillates
between an upper mean particle size of about 30504 and a lower mean particle
size of about 29004, while the mean particle size of the poly(butadiene) latex of

Comparative Example C1 oscillates over a comparatively wide range, that is,



rubber | atex by the process of the present invention. 10 A one

gal l on continuous reactor equi pped with an agitator was charged with 1082
~grans (."g") of dem neralized water, 245.3 g of a surfactant solution
containing 2.0 pbw sodium |l auryl sulfate, 0.15 pbw tetrasodi um

pyr ophosphate and 135 pbw water ("Surfactant Solution 1"), 159.2 g of buyl
acrylate, 19.7 g of a solution of 0.25 pbw of triallyl cyanurate in 10.5
pbw butyl acrylate ("TAC 15 Solution 1") M 27 g of an activator solution
contai ning 0.09 pbw sodi um for mal dehyde sul f oxyl ate 0 012 t he nonosodi um
salt of tetraacetic acid (NaHEDTA), 0.0Q06 bw FeS 7H20 and 15 pbw
water ("ActivabeiweenlayRper mean particlesize of abani28 A;a adower geanparticlrp
while the reactor re heated to 140[err]F wi th continued

agi tation. Pobq‘ﬁ%ggre to initiate polynerization, 0.395 g of cunene

hydr oper oxi de mgmsrgjglgﬁatdﬂqgﬁattmmg%gcﬁdacgd contents of the
reactor, which rn_an ermw tnin about two to ten mnutes

foll owi ng the Examplafeti on. Twenty minutes after the exotherm feed streans
were introduced to the reactor. Fee stre bu yI rylate (at .a rate
of 478 grams per homee@ém yme;zs @ %@qeapwmoof
1.15 g/hr) andle?ﬁ‘m?@aﬁE romaﬁ‘rit Q#y‘f ofdfrile mox(gjtﬁx‘nex‘ré7 feegpés)enx@oﬁl{eed to

a first m xpot € over m X sStreans Of

Sur fact ant gSol gé 79&@1 é@ylaae)rx@wepﬁazﬁ%fesq{ahiﬁ @m&aﬁqiarﬁate@{ze%lzswmmak (at

a rate of 81.1 g/hr) were each fed to a second m xpot and the overflow from
t he second ni xjad beansccﬂkesrtetdcbettwgenéathoursa@d%hours of continucus polymaerizasipm

toflowfromtherg or a émate 33 minutes after flow of the feed
streams into tF@dpPythgpr E f eed

A reactor was charged with 175 pbw water, 0.73 pbw sodium lauryl

sulfonate and 62.1 pbw poly(butyl acrylate) rubber particles (in the form of an
10 aqueous poly(butyl acrylate) rubber latex containing about 39 wt% solids) and
The contents of the reactor were heated to 140°C and 26.67 pbw styrene
monomer, 13.3 pbw. acrylonitrile monomer, 0.2 pbw cumene hydroperoxide and
an activator solution containing 0.6024 pbw FESO47H:0, 0.012 pbw of the
disodium salt of ethylene diamine tetraacetic acid (Na;EDTA), 0.22 pbw sodium
15 formaldehyde sulfoxylate and 5 pbw water were each fed into the reactor at
substantially uniform respective rates over a time period of 110 minutes. The -

- reactor contents were continuously agitated and were maintained at 140°C .
during the introduction of the reactants and for 1 hour following addition of the
reactants. The reactor contents were then coagulated by the addition of 3 pbw

20  CaCl: per 100 pbw graft copolymer particles (dry basis) at a temperature of from
195 to 205°C and then dried in a fluid bed dryer at 165°C.
The composition of the graft copolymer of Example 5 was analyzed by
Fourier Transfer Infrared Spectroscopy (FTIR) and found to be 58.5 pbw butyl
acrylate, 28.3 pbw styrene and 13.2 pbw acrylonitrile, based on 100 pbw of the
25 graft copolymer.



streans were then continuously fed to the reactor through the two m xpots,
whil e the reactor was mai ntai ned under polynerization conditions and a
product. stream cont ai ni ng pol y(butyl acryl ate) rubber particles continuously
10 flowed fromthe reactor. The nean particle size of poly(butyl acryl ate)
rubber particles in the effluent product streamwas nonitored using a
Spectronic[err] 20 spectrophotoneter and is plotted in Figures 1 and 2
versus the tine el apsed fromthe beginning-Bf flow of the effluent product
stream Exanple 2 15 The process of Exanple 2, was anal ogous to that
of Exanple 1, except that the amount of triallyl cyanurate in the triallyl
cyanur at e sol uEkamples adjusted fromO0.25 to 0.75 pbw triallyl cyanurate

er 100 pbw butyl | at.e. ampl e The ocess of ampl e 3 was

el ogous to that ofhEREEeepolyies SLExamAls s made it BaHe RiosRse
containing 2.0 ' fasakhd , i:
pyrphl)slphgte aﬁ%pr%%&g w wat er vglgszgxaése&@ fﬂlgja? gg&%?“@%%%ﬁ%k@%%@% 1.
The nmean parti Bé\ﬁngiaztﬁeﬂi partichd $iwé wf 287504 tadt Bhdrbebh eoll@réed betwaseni 50 idigs

ef fluent product stream produced by the process of Exanple 3 was nonitored

usi ng a Spect ramd 6 bouts ofEontinuous palymerizationdnttheprotessiof Example 3 ware 2
versus (16 28 LU SLRBRG, IO Nebealon pgal bt fow of he ol uent
that of Exanple 3, PHEERhpb&Rbn of the graft copolymer of Example 6 was analyzed by
FTIR and found to be 60.2 pbw butyl acrylate, 25.8 pbw styrene and 14 pbw
acrylonitrile, based on 100 pbw of the graft copolymer.

Example 7
The graft copolymer of Example 7 was made by the same process

10  disclosed above in Example 5, except that poly(butyl acrylate) rubber particles
having a mean particle size of 3110A that had been collected between 11 hours
and 25 hours of continuous polymerization by the process of Example 3 were
used as the substrate in the graft polymerization reaction. .

The composition of the graft copolymer of Example 7 was analyzed by

15 FTIR and found to be 59.4 pbw butyl acrylate, 27.5 pbw styrene and 13.1 pbw
acrylonitrile, based on 100 pbw of the graft copolymer.

Example 8

The graft copolymer of Example 8 was made by the same process
disclosed above in Example 5, except that poly(butyl acrylate) rubber particles
having a mean particle size of 2920A that had been collected between 50 hours

20  and 65 hours of contiruous polymerization by the process of Example 4 were
used as the substrate in the graft polymerization reaction.

The composition of the graft copolymer of Example 8 was analyzed by
FTIR and found to be 60.3 pbw butyl acrylate, 25.8 pbw stvrene and 13.9 pbw
acrylohitrile, based on 100 pbw of the graft copolymer.



the amount of triallyl cyanurate in the triallyl cyanurate solution was
adjusted fromO0.25 to 0.75 pbwtriallyl cyanurate per 100 pbw butyl
acrylate. Conparative Exanple Cl The process of Conparative Exanple Cl was
anal ogous to that of 5 Exanple 1, except that a surfactant solution
containing 3.1 pbw sodi um dodecyl benzene sulfonate, 0.15 pbw tetrasodi um
pyr phosphate and 135 pbw wat er was substitq%gd for Surfactant Solution 1.
The nean particle size of poly(butyl acrylat’€) rubber particles in the

ef fl uent product stream produced by the process of Conparative Exanple Cl

10 was noni tog usi n!g ; Sgegt Qni c[err] 20 spectrophotoneter and is

pl otted Figure 2t € € time el apsed fromthe begi nning of the

flow of the effl uentryar, ' e.process of

Conpar ati ve Exanpl e ﬁgs%gﬁgbogo?g §o %ﬁ%ﬁ%ﬁ%ﬁ@%ﬁ%@%& €ggme

except t hat thq)remudﬁschisédraba{rémEﬁamgw&teﬁcépl thAepdIp(butyl MME?%BBHE ate
r

solution was adjusted fromO0.25 to 0.75 pbw triallyl Tyanurate p 100 pbw
butyl acryl at e Pariieles havipgdoneanpartisle size of 20i@Axthat had beancqilectedcbatweend 0of

bart ol o o 7o U 2 beBte i SfRafiots PAbmeritrtion e Frecsws pLCaraparatvec
of about 2760A R Ay AS¢1IVMEreTREA aB B bfberatd FPURIerhI SRR AN AL AL | 2t ex

of Exanple 3 oscill'ates between an upper nmean p srze of a 3050A
and a | ower nean paifhecbmpoiitionodf thbgraft 29Slfmenidf Conipigative@Bxanple 3 Waissi ze

of the poly(butadien I x of Conparative Exanple Cl oscillateS over a
conparati vel y @pglgzgﬁ?qaﬁﬁm fpynd to be 59.6 pbw butyl acrylate, 27.8 pbw styrene and

12.5 pbw acrylonitrile, based on 100 pbw of the graft copolymer.

Comparative Example C4

The graft copolymer of Comparative Example C4 was made by the same
10 process disclosed above in Comparative Example C3, except that poly(butyl
acrylate) rubber particles having a mean particle size of 27004 that had been
collected between 50 hours and 65 hours of continuous polymerization by the
process of Comparative Example C2 were used as the substrate in the graft
polymerization reaction. | |
15 The composition of the graft copolymer of Comparative Example C4 was
analyzed by FTIR and found to be 60 pbw butyl acrylate, 26.4 pbw styrene and
13.6 pbw acrylonitrile, based on 100 pbw of the graft copolymer.
Examples 9-10 and Comparative Example C5

The graft copolymers of Examples 5 and 7 and Comparative Example C3
were used as impact modifiers in the molding compositions of Examples 9-10
20  and Comparative Example C5 by combining the graft copolymers with the
following components:
SAN-1 Styrene-acrylonitrile resin (75 pbw styrene/25 pbw
acrylonitrile, based on 100 pbw copolymer and
having a molecular weight of 80,000 g/mole),



-30- between an upper nean particle size of about 2800A and a | ower nean
particle size of about 2450A. Exanples 5-8 and Conparative Exanple C3 and
CA Exanple 5 The graft copol yner of Exanple 5 was made by the aqueous
enul si on pol ynerization of styrene and acrylonitrile nononmers in the
presence of the 5 poly(butyl acrylate) rubber particles having a nmean
particle size of 2810A that had been coll ectgd between 10 hours and 25
hours of continuous pol yrmerizati on made by ¥He process of Exanple 1. A
reactor was charged with 175 pbw water, 0.73 pbw sodium lauryl sulfonate

and 62.1 pbw poly(b &} acryl ate) bber particles, (in the formof an 10
aqueous pol y(butyl g)(t:‘ | at e) rubbeﬁ%‘aﬂ‘é‘i“gfiﬁfi&i?ﬂqlg about 39 wt % sol i ds)
b

and The contents of BripAss or mﬁ?ﬁﬁ%&iﬁ@%@@%{ﬁﬂ%@aﬂﬁ'ﬁ?ﬁww

styrene nononer, 13."3 pbw acryl onitri nononer cunene

hydr oper oxi de and an acti-vator sol %ﬁ@ﬁn@?ﬁmdﬂﬂﬁﬁz&%&h@?&nﬁbasmcialty
FESO err].7H err] O, 0.012 pbw of the disodiumsalt of ethylene dianne
tetraacetic acid (Na2EDTA), 0.22 pihemidals@aporationeaiddihphle AndX®@PPH18 e
and 5 pbw water were each fed into the reactor _at substantially uniform

respective Pates over a time peri o@ngpxident andd2 pbw Allanox@-24frantioxidants
were continuously agitated and were kNt aned at ~140] er.r ur. ng the

i ntroduction of the reactants and Fg{:ﬁi%%ﬁbg C?‘Sﬂ%?/;ﬁ%segé&ﬁqb&hﬁf t he
reactants. The reactor contents weigDbiEIvEpagul ated by the addition of 3
pbw 20 CaC [err] per 100 pbw graft copolyner particles (dry basis) at a

t enper at ur e of ifitberd86ve ampahfszbajed eme0d pbw aof therhadlding dompasitien) sdt forth at
165[err] C. Ther@mosh}f&mf the graft copolynmer of Exanple 5 was anal yzed
by Fourier Tra W I Spectrascopy (FTIR) and found to be 58.5 pbw

gﬁﬁvyl.,f act i@t e, 28. SR HHRREng Wrripbst RS EMAN 8-i6 bfic CRBERRe1 00

Example C5 was compounded using a twin screw extruder at a stock
temperature of 450°F. Pellets of the compositions of Examples 9-10 and
Comparative Example C5 were molded at a stock temperature of 450°F and a
mold temperature of 150°F to make specimens for testing.

15 The notched Izod impact performance of each of the compositions was
tested according to ASTM D256. The falling dart impact properties were
measured using an instrumented impact apparatus (Dynatup) with a %2 inch
diameter dart. The melt flow index of each of the compositions was measured
using a 5 kilogram weight at 260°C. Gloss properties at 20° were measured

20 according to ASTM D523. Specimens molded from each of the compositions
were also subjected to Xenon arc accelerated weathering using inner and outer
borosilicate (Type “S”) filters and 340 nm light at an intensity of 0.77 Watts per
square meter (“W/m?"). The black panel temperature was maintained at 70°C
and dry bulb temperature was maintained at 45°C. Color shift was measured on

25 theL, aand b scale for color measurement and reported as a “delta b” value,

with a higher value of delta b indicating a more pronounced color shift, with a



25 graft copol yner. -31- Exanple 6 The graft copol ynmer of Exanple 6 was
made by the sane process disclosed above in Exanple 5, except that

pol y(butyl acrylate) rubber particles having a nean particle size of 2875 A
t hat had been col |l ected between 50 hours and 65 hours of continuous

pol ymeri zation by the process of Exanple 2 were 5 used as the substrate in
the graft polynerization reaction. The conpggition of the graft copol yner
of Exanple 6 was anal yzed by FTIR and found“to be 60.2 pbw butyl acrylate,
25.8 pr/styrene and 14 pr/acronnltrlle based on 100 pbw of the graft
copol ynmer. Exanp}e. 7 Th r co mer_ of Exa le,7 s made. b samnme
process 10 di fgrseét& ggg\géﬁ; héi@ﬁﬂ?{gr?ter %?reg%sﬂwx%ﬂ? Tat e)
rubber particl ggipaving a nean particle size of 3110A t hat had been
col l ected between 11 hours and 25 hours of continuous polymnerization by the

process of Exanpl e Reseiteofthedesting fre setifoath belowi ﬂmrtﬂxengﬂeé@ andlgamdi zat i on
reaction. The conposition of the graft_copol i\]mer of Exanple 7 was anal ém!d

by 15 FTI R and-ompaative Bxample ©C5pind ABLY|! ag dNqirhed1zogimpagh gxpressed &n

oot -cEpnSHEH AR CR Rl BB el R ©

above i n Exanpliesph")eXfebiRloW ideR Bnprbised lin pEL10 HiRBRS g%’ltween 50

having a nean parti ¢l'e size of 2920A that h&d beén col [ ecte
hour s - Gloss at 20° and in TABLE I as Delta b versus cumulative exposure, expressed in

kiloJoules per square meter (“kJ/m?2").



20 and 65 hours of continuous polynerization by the process of Exanple 4
were used as the substrate in the graft polynerization reaction. The
conposi tion of the graft copolymer of Exanple 8 was anal yzed by FTIR and
found to be 603 pbw butyl acrylate, 25.8 pbw styrene and 13.9 pbw

acrylonitrile, based on 100 pbw of the graft copol yner. -32- Conparative
Exanpl e C3 The graft copol ymer of Conparativg Exanple C3 was made by the
sane process disclosed above in Exanple 5, &XCept that pol y(butyl acryl ate)

rubber particles having a nmean particle size of 2610A that had been

col l ected between 10 hours and 25 hours O&Mgnuous pol yneri zation by the
process of Conparative 5 Exanple Cl were S the substrate in the
graft polynerization reaction. The conpggi tion of t aft copol r Of
Conpar ati ve Exanpl e 3 was anal yzed by FTTR and foun be 59.6 p%ﬁ&ﬁoyl
acrylate, 27.8 $AN-ktyrene and 12.5 pbvg5sacrylonitril es5 based on 10Ggbw of
the graft copol rr§r. Conparative Exanple C4 The graft copol yner of

Conpar ati ve Exag?i) e 4 was nmade by the 4ame 10 process discl osed akBove in
Conpar ative Exggpye C3, except that poly(butyl acrylate) rubber particles
having a nean particle size of 2700A that had been cotl ected between 50
hours and 65 hd@ER Q¥ continuous pol ynmeLi zation by the process of 45
Conparative Exanple C2 were used as the substrate in the graft

pol yrreri zati on HiQaction. 15 The 1@onposi ti on ofi2t he graft copol ymer
of Conparative ‘ﬁé@ was anal yzed_by FTIR and found to be 60 pbw butyl
acryl ate, 26.4 ne and 16 1.6 : 1.6
Properties
Notched Izod Impact 34 29 25
(ft-Ib/in) ’
Dart Impact (ft-1b) 13.8 11.7 9.9
MFI (g/10 min) 184 18.9 20.7

Gloss, 20° ' 89 94 90



13.6 pbw acrylonitrile, based on 100 pbw of the graft copol yner. Exanples
9-10 and Conparative Exanple C5 The graft copol yners of Exanples 5 and 7
and Conparative Exanple C3 were used as inpact nodifiers in the nol ding
conposi tions of Exanmples 9-10 20 and Conparative Exanple C5 by conbining
the graft copolynmers with the follow ng conponents: SAN-1
Styrene-acrylonitrile resin (75 pbw styrene/25 pbw acrylonitrile, based on
100 pbw copol yner and having a nol ecul ar wei-§6t of 80,000 g/ nole), - 33-
Tigerr] Ti t ani um di oxi de, and ADDI Tl VES 47 pbw Ti nuvin
328 UV stabilizer and 22 pbw Tinuvin 770 UV stabilizer, each from G ba
Specialty Chemi cals Corporation and 19 pbWABDEIPP- 18 5

anti oxi dant and 1 bw. Al kanox. 240 _anti oxi dant, each from Eni chem Co.,
based on 100 pbw %ﬁﬂ%@ in the tive anount £1B8ased on 10& Bo@Sof

t he ol di ng conposig, et forth in TABLEA ,.1, 0 E of the
nol di ng conposi ti or%kg@&arrpl es Q-ﬁ) H)Wd Conpar ama—gxarrpl e CSaﬁgga—E’-
conpounded using a fkf/m%crew extruder at a stock tenperature of 450[err]F.

Pell ets of the conmpositions of Exanples 9-10 and Con(gar ative Exanpl e C5
were nol ded at a stoclpterrperature of0 450[ err] F and nmol d tenperat@re of

150[err] F to make speggigrens for test_il.%g. 1.2 15
1137 17 14 1.7
231.6 -1.7 -14 . -1.7
641 -1.7 -15 -14
1012 ' -1.3 -1.0 -0.8
1176 -1.1 -07 -04
1338 -0.6 -0.3 0.3
1392 -04 -0.1 .05
1454 04 0.3 1.2
1697 1.0 ' 0.5 15
1909 1.3 0.9 1.7
2142 1.6 1.2 2.1
2382 15 1.2 21
2529 1.5 1.2 20
2743 1.7 14 23
2894 1.7 14 23
3128 1.6 1.2 21
3289 1.8 13 23
3607 1.6 1.1 21
3826 1.6 1.2 22

4042 1.7 1.2 24



15 "The notched |zod inpact performance of each of the comnpositions
was tested according to ASTM D256. The falling dart inpact properties were
measured using an instrunented inpact apparatus (Dynatup) wit-h a 1/2 inch
dianeter dart. The nelt flow index of each of the conpositions was neasured
using a 5 kilogramweight at 260[err]C. doss properties at 20[err] were
measured 20 according to ASTM D523. Speci medé nol ded from each of the
conpositions were al so subjected to Xenon arc accel erated weat heri ng usi ng
i nner and outer borosilicate (Type "S") filters and 340 nmlight at an
intensity of 0.77 Waflhe rpssltsafdbe acaebrated wedthering festingBebfdrtlaink TABLE 11

t t ' i ned at 7 d.d byl h t t
i ht &y ned at - 4shew et tespatposiians didsanupiens and ofl exbiBiiendmprousd selos
i gher vl u. of "AEnRah EORar L ERGRISEiAN & CoRpaA Mo gl ' | 7

hi gher val ue of _ ng a more pronoun , Wwth a
di fference of Oﬁaﬂlégnpmmu afd Quirtpakitivedixa @K% dered as a significant

color shift. Results of the testing are set fort el ow for Exanples'9 and

10 and Conpar ati ve BElhagrait gzpolymersaef ExamplesiGo and Comparativg Fxemple fidewersd
in foot 5 d f . ' ("ft-l1b/in"), Dart | t d i.nfoot
bounds. f or oo (- 164 B A rRoRtiets i e modig SRbhes R oL RERBHRS 18 Sptdat oo
"g/ 10 min" : ng : | i
Sxposur o, " expr o ind (HipRlaied ERRREIE COAR) dortbindy HRlgrt SolOTyBites SRS Ly ©

following components:
SAN-1 Styrene-acrylonitrile resin (75 pbw styrene/25 pbw
_ acrylonitrile, based on 100 pbw copolymer and
10 having a molecular weight of 80,000 g/mole),
PC-1 Polycarbonate resin derived from bisphenol A and
phosgene and having a molecular weight of 140,000
g/ mole,
PMMA-1 Poly(methyl methacrylate) resin (Metablend P552
15 resin, Elf Atochem),
PMMA-2 Poly(methyl methacrylate) resin (Plexiglas® V920

resin, Atohaas Co.), and
ANTIOXIDANTS 33.3 pbw Anox® PP-18 antioxidant and 66,7 pbw
Alkanox® 240 antioxidant, each from Enichem Co.,
20 based on 100 pbw ANTIOXIDANT,
in the relative amounts, based on 100 pbw of the molding composition, set forth
below in TABLE III.
Each of the molding compositions of Examples 11-12 and Comparative
Example C6 was compounded using a twin screw extruder at a die temperature
25  of 550°F. Pellets of the compositions of Examples 11-12 and Comparative

Example C4 were molded at a stock temperature of 500°F and a mold



TABLE | Ex9 Ex10. C ExC5 SAN-1

55 . 55 50 Ex 5 - 45
_Ex 7 _ 45 _ CExC3
- 45 Ti2 ' 12

12 12 ADDI Tl VES ag. 1.6 1.6
1.6 Properties Notched |zod | npact ?4 2.9

2.5 (ft-1b/in) Dart Inpact (ft-1Dhb) 13.8 . 11.7

9

.9 MFI (gl 10 o
G oss. 20[err] ®@hperature of 150°F é@ljcﬁa‘}nold residence,gf aoul 80 seconds fog‘gak . 36-

TABLE |1 Cunul spéciaens for physidak p8o testing. Pelfdts
Exposur e Deltao pysIEp pet&es § %ealsomoléie&ug?%%re”]) 0

0 “abugjve moldmg conditions(, ehegein the mold re51denl:e51me was mcreased & 2
1.5 118.7 e gl -1. 4 -1.7 231. 0
-1.7 2efon -1.7 641 -1.7

-1.5 - g - Fhé notched Izod impact performance, falling dart impact performance

melt flow index and gloss of each of the compositions was measured as
described above in Examples 9 and 10 and Comparative Example 5.
Results are set forth below in TABLE I11, as Notched Izod Impact,
expressed in foot pound force per inch (“ft-Ib/in“) Abusive Molding Notched
10 Izod Impact, expressed in foot pound force per inch (“ft-Ib/ in“), Dart Impact,
expressed in foot pounds force(“ft-1b"}), Melt Flow Index, expressed in grams per

10 minutes (g/10 min) , and Gloss at 20°.



1012 -1.3_ -1.0 - -0.8 1176

-1.1 -.07 -0.4 1338 -0.6

-0.3 _ 0.3 1392 -0.4 -0.1

0.5 1454 0.4 0.3 1.2.1697

1.0 0.5 1.5 1909 1.3

0.9 1.7 2142 1.6 1.2

2.1 2382 1.5 1.2 -39 2.1 2529

1.5 1.2 2.0 2743 1.7

1.4 2.3 2894 1.7 1.4

2.3 3128 1.6 1TABLE III 2.1 3289

1.8 1.3 2.3 3607 1.6

1.1 2.1 3826 Ex11 1.6 EX12 1.2 C6

2.2 4042 ' 1.7 - 1.2 2.4 -37-. The
results of the %Igéll erated weat heri ?16'5'[ esting set 8Pt h in TABLE Il%jshow

that the conposiygons of Exanples 9qpgd 10 exhibited i nproved col or_
retention conpared to the conposition of Conparative Exanple C5. Exanpl es
11 and 12 and @Gxarative Exanple C6 The graft copa¥gners of Exanples 6, 8
and Conparative anple C4 were 5 used as inpact nodifiers in the nol ding
conposi tions ofC anples 11 and 12 -

PC-1 45 45 45
PMMA-1 5 5 _ 5
PMMA-2 15 15 15
ANTIOXIDANTS 0.3 03 0.3
Properties .
Notched Izod

Impact (ft-1b/in) 7.0 6.4 6.2
Abusive Molding,

Notched Izod _
Impact (ft-Ib/in) 3.7 1.9 21
Dart Impact (ft-1b) 374 37.8 41.2
MFI (g/10 min) 355 30.6 26.1
Gloss at 20° . 85 85 86

The results set forth in TABLE III show that the composition of Example
11 is more resistant to the abusive molding conditions than the compositions of
Example 12 and the composition of Comparative Example C6.
Examples 13 and 14

Example 13
5 A two gallon continuous reactor equipped with an agitator was charged

with 4363.3 g of demineralized water, 1017 g of a surfactant solution containing

2.275 pbw sodium lauryl sulfate, 0.15 pbw tetrasodium pvrophosphate and 135



and Conparative Exanple C6 by conbining the graft copolymers. with the

foll owi ng conponents: SAN-1 Styrene-acrylonitrile resin (75 pbw
styrene/ 25 pbw acrylonitrile, based on 100 pbw copol yner and 10

havi ng a nol ecul ar wei ght of 80,000 g/nmole), PC1 Pol ycar bonat e
resin derived from bi sphenol A and phosgene and havi ng a nol ecul ar wei ght
of 140,000 g/ nole, PMVA-1 Pol y(net jyl nethacrylate) resin

(Met abl end P552 15 in, EIf Atochem, PMVA-2

Pol y(nmet hyl nethacrylate) resin (Plexiglas V920 resin, Atohaas Co.), and
ANTI OXI DANTS 33. 3 pbw, Anox PP-18. a | n 66, 7 bw Al kanpox 240

anti oxi dant, eﬁbW‘f"g %ﬁ'ﬂél %ﬁ) éfj}géSQ?%“}'l*“11')’ at r814&)8§%8° lgkiongo
bw ANTI OXI DA

pow ANT! O DAL 0 5 bl it o TS BB pu RSB0 CPACRRIR SASIELEA A,
of Exanpl es 1loflZn aRivAtorsnassn Yéentaitaip 01380 Ebﬁﬁsda?ﬁm%ﬁﬂie@\yﬁésuﬁoky\la?e

screw extruder at a die tenperature 25 of 55 F. Pellets of the

conposi ti ons 00.02k NmEE?JAl 0.085 phmiiFeSEH 7D and 1 mpwgtw(” AetivatopBdbdiont a

tock t 500 t f 15 F,
W th a o ® redladfeatamoEprntenBove acd it N EIRE rsclor eantpiparers
B operty tcot | Al Witk Bothraed BLAb I der

In order to initiate the reaction, 0.99 g of cumene hydroperoxide was

introduced into to the heated, stirred contents of the reactor, which resulted in an
exotherm within about two to ten minutes following the introduction.
10 Twenty minutes after the exotherm, feed streams of butyl acrylate (at a
rate of 1975 g/hr), TAC Solution 2 (at a rate of 244 g/hr), cumene hydroperoxide
(at a rate of 2.99 g/hr), Surfactant Solution 2 (at a rate of 3051 g/hr), and
Activator Solution 2 {at a rate of 337 g/hr), werefed to a rrﬁxpot and the mixpot
overflow was introduced to the reactor. A product stream began to flow from
15 the reactor approximately 34 minutes after flow of the feed streams had been
started
The temperature of the reaction mixture was maintained at 140°F and feed
streams were fed through the mixpot to the reactor for a time period of greater.
than 10 hours while a product stream containing poly(butyl acrylate) rubber
20 particles flowed from the reactor.
The mean particle size of poly(butyl acrylate) rubber particles in the
effluent product stream was monitored using a Spectronic® 20
spectrophotometer and is plotted in Figure 3 versus the time elapsed from the
beginning of flow of the effluent product stream.
Example 14
25 A two gallon continuous reactor equipped with an agitator was charged

with 2202 g of demineralized water, 1.3 g of a 29.6 wt% aqueous solution of



"abusive nol ding conditions", wherein the nold residence tine was increased
to 600 seconds. 5 The notched | zod i npact performance, falling dart

I mpact _performance nelt flow index and gl oss of each of the conpositions
was neasured as described above in Exanples 9 and 10 and Conparative
Exanple 5. Results are set forth belowin TABLE IIl, as Notched |zod

| npact, expressed in foot pound force per in ("ft-1b/in") Abusive Ml ding
Not ched 10 1zod Inpact, expressed in foot d force per inch
("ft-1b/in"), Dart Inpact, expressed in foot pounds force("ft-Ib"), Melt

Fl ow | ndex, expressed, in er m nut e /10 nmin)_ and d gss at 20.
T39- TABLE |11 edim! aury? tﬁﬁer%é@? w tettasodivrt Pyrmqgma&er and 375 gofa

_17 = solut z)g%)f Q.S pbw triallyl cfaﬁu;at%n 9.5 pbw butyl acrylatel;‘ké réctor
- contents were phrged with N> whitétHe reactor contents were heatétPto 140°F
45 45 PMVA- 1 5 S
5 PMVA- 2 with continuedagitation. 15

ANTI OXI DANT PFO ertjes
Not ched | zod®I npact I}Pr(fesi?whatether?aﬁ:omhgofanach%atgrs&uhonco tainingg -

0.1320 pbw sodium formaldehyde sulfoxylate, 0.025 Na2;EDTA, 0.005 pbw
FeSQ;-7I_-I§O and 15 pbw water (“ Activator Solution 3”) was introduced into to
the heated contents of the reactor, which resulted in an exotherm within 3
minutes.

10 Ten minutes after the exotherm, feed streams of a solution of 0.5 pbw
triallyl cyanurate in 99.5 pbw butyl acrylate (at a rate of 2248 g/hr), cumene
hydroperoxide (at a rate of 3.03 g/hr), a solution of 0.15 pbw tetrasodium
pyrophosphate in 129.6 pbw water (at a rate of 1620 g/ hr for the first 90 minutes
and at a rate of 2916 g/hr thereafter), a surfactant solution containing 2.275 pbw

15 sodium lauryl sulfate and 4.5 pbw water (at a rate of 172 g/hr) and Activator
Solution 3 (at a rate 341 g/ hr) were fed to a mixpot and the mixpot overflow was
introduced to the reactor. A product stream began to flow from the reactor
approximately 100 minutes after flow of the feed streams had been started.

The temperature of the reaction mixture was maintained at 140°F and feed

20 streams were pumped through the mixpot to the reactor for a time period of 10
hours while a product stream containing poly(butyl acrylate) rubber particles
flowed from the reactor.

The mean particle size of poly(butyl acrylate) rubber particles in the
effluent product stream was monitored using a Spectronic® 20

25 spectrophotometer and is plotted in Figure 3 versus the time elapsed from the

beginning of flow of the effluent product stream.



Abusi ve Mol ding, Notched I|zod Inpact-(ft-I1b/in) 3.7 1.9

2.1 Dart Inpact (ft-1h) 37.4 37.8 41. 2 MFI
(g/10 m n) 35.5 , 30.6 26.1 doss at 20
85 85 86 The results set forth in TABLE I

show that the conposition of Exanple 11 isgsyore resistant to the abusive
nol di ng condi tions than the conpositions of Exanple 12 and the conposition
of Conparative Exanple C6. Exanples 13 and 14 Exanple 13 5 A two

gal | on conti nuous ctor i d . w an_.agi t.at o ,was .charged wth 4363.3
g of deminerali zeaé%mg nﬁ%&ggﬁe\%at‘gw?’&ﬁ%ﬂ%e géﬂlﬁﬂ%@éﬁfﬁ latex75
pbw sodi um | Pyarheld BSRdl :

-40- pbw water (" §E§:‘bg§%l§ {&ééoléafi on gle; 65%&%‘:8{!)@9 uy ac%?aq&é%églA g
of a sol uti onparticle sizd rangk) thiat isy abom 25604 withirbabguy 2duduts ofi ey indtistidn SAC

Solution 2") and 112.2 g-of an activator sol ution containi ncgﬂgo. 1320 gbw
sodi um f or el BeFGEI0, W g particle sizs of she.pely frwtyl agrylnte) lptey produced b
FeSO err] .«/H gr.r Fa. [ TACH] . tipn. 5.2"). .The reactor
cont ent s V\sle_r egf #&%Q\%If %W%%@%%’%é%’?@%%@ﬁt@ﬁ%? B a%%?i? &t o
140[err] F wi tﬂangemm@tﬂs&x Biokiad AfRer inttatRIr6f the fedcfiohi IR B@es‘é%j?%chgﬂaleo- 99
g of cunene hydroperoxide was introduced into to the heated, stirre
contents of tHethuegprovides ihpudvedeaflitieady,iin temmsafdidibtimeind prodiwtytieldpo to
Lon mnutes gl e HE prodets SHS e 1

The continuous process of the present invention provides improved

10 efficiency relative to a batch process and provides improved control of rubber
particle size.
The impact modifier and molding composition of the present invention
impart improved weathérability to articles molded form the molding

composition.



10 . Twent y m' nut es after the exotherm feed streans of bufyl -acryl ate

(at.a rate of r TAC Solution 2 (at a rate of 244 g/hr), cunene
hydroper of 2.99 g/hr), Surfactant Solution 2 (at a rate of
3051 g |\zat®r Solution 2 (at a rate of 337 g/hr), were fed to a
mxpot and t e m xpot overflow was introduced to the reactor. A product

stream began to flow from 15 the reactor afroximately 34 m nutes after
flow of the -feed streanms had been started The tenperature of the reaction
m xture was naintained at 140[err]F and feed streans were fed through the .
m xpot to the CEAIMS for a tine period of greater than 10 hours while a
product stream contai ni ng poI y(butyl acryl ate) rubber articles flowed
fromthe react b . TAeProsess fpnimaking a poly @Rybenﬂfmylat@cmb latex, ubber
particles in the effluent product streamwas nonitored using a

Spectroni c[errfo% trophotorret er and is plotted in Figure 3 versus the
tinme el apsed fromt gmi;ﬁ% v !ﬁ,{g :#ﬁtoc

Exanpl e 14 25 p % t wo rﬁoérzz%rﬁ)ntl r}%o%;sln?ﬂe(g{:%b qué%g%g .%sr%ﬁnalky 1
agi tator was c{methdatrylaté xﬁaﬂé?mgrah alnmqlmoalslmedmmtmd ifh. theg présencd9of a
wt % aqueous_ sol ution of sodi um | aur sulfate, 2.8 g pbw tetrasodi um

pyr ophosphat e, m@v@cgo@nat%&qﬁom)f@f 0.5 pbw triallyl cyanurate in
99.5 pbw butyI acrylate. The reac'zg tents were purged with N2 while the
reactor contents were heated to 1 F’Qr%RTF wi th continued agitation. 5
In.order to iniwherdift R #3QlkyI2ed Mis 2%Alidgeh radicAldria@iioh. sol ution

contai ning 0.1320 pbw sodi’'um for mal dehydé sul f oxyl ate, 0.025 Na2EDTA, 0.005
pbw 2. The process of claim 1, wherein the continuous emulsion polymerization

is carried out in a reactor and wherein feed streams of reactants and reaction
media, including water, the monoethylenically unsaturated alkyl (meth)acrylate
monomer, the surfactant, a polyethylenically unsaturated monomer and a
5 polymerization initiator are fed to the reactor while the reactor is maintained
under emulsion polymerization conditions and an aqueous product stream,
comprising an poly(alkyl(meth)acrylate) rubber latex, flows from the reactor.
3. The process of claim 2, wherein the reactor defines an internal reactor
volume, the feed streams are fed to the reactor at a combined flow rate, on an
hourly basis, that is equal to the product of a factor of from about 0.3 to 2.0
multiplied by the internal volume of the reactor.



FeSO err].7H err} ©-and-15 pbw water ("Activator Solution 3") was introduced

inte to nts of the reactor, which resulted in an exotherm
wi t hin ’3’! l llil Ten m nutes after the exotherm feed streans of
a sol ut 0% iallyl cyanurate in 99.5 pbw butyl acrylate (at a .

rate of 2248 g/ hr), cunmene hydroperoxide (at a rate of 3.03 g/hr), a

sol ution of 0.15 pbw tetrasodi um pyrophosph#fe in 129.6 pbw water (at a
rate of 1620 g/ hr for the first 90 mnutes and at a rate of 2916 g/ hr
thereafter), a surfactant solution containing 2.275 pbw 15 sodium | auryl
sul fate and 4. % pbwThepeecesaiof dain2ewdierdifi2priohto inttixtingcfiowasfohe RS S
(at a rate 341 %gt]rl)gg%gr fed to a,mxpot and the m xpot overflow was
introduced to thES Erthe Feactor s broughitopalbmerization renditionsbyhe. r eact or

approxi mat el y 100, i) kfibdBbicila iiithal beof S8 SRR NadobesT Sar] o0

The tenperature of e reactl m xture S mal n

feed 20 streans weunsaturaedalidyl (ueth)a ldfé’ﬁitfﬁorﬁ&éﬂ@?p?l ?ﬁéf? i atine
period of 10 hours while a rodugf‘ st)réel(gm cont ai ni ng po 3 té/rfi%!,yr yl at e)
rubber part?cles flﬁmu#art@fmm\@m@ewttberem, mean particle size of

i ygbmél ihd atg@:}l}]‘?ﬁbgﬁrﬁéﬁ%" ial g isQOE?e%s%”' e prfké'OdflTJ!;iég{e;‘Segn@ttsd
moni tored using a r e
in Figure 3 versus aé&eaiﬁfgc&gqa% thipdNahAe begi nning of flow of the

42- R@gr"’f fehd

ef fl uent product stream erring nowto Figure 3, the particle

si ze of the pol y(bL(c)/Ichatgilygaﬁﬁﬁhhqamﬂymfuﬁeﬁo%éﬁ&tﬁhqwo{)ﬁo 'E@g_arrpl e
at is,

-
-~

14 reaches the Iovxﬁ; limt of the desired particle size range,
about 2500A, wit hi. gordents @f sheyreactar. i nitiati on of
5. The process of claim 4, wherein, initial charge to the reactor comprises less

than 0.5 pbw surfactant per 100 more monoethylenically unsaturated alkyi

(meth)acrylate monomer.



t he reactlitlmm Imlﬁuﬂuzumrt icle size of the.poly(butyl acrylate) |atex
pr oduced of .Exanpl e 13 reaches the lower Iimt of the
desired pafticl é sf'zeSrahge nore than 5 hours after initiation of the
reaction. The .process of Exanple 14 thus provides inproved efficiency, in
terms of both.time and product yield, compgsed to the process of Exanple
13. The continuous process of the present invention provides inproved 10
efficiency relative to a batch process and provides inproved control of

rubber particle si %g}%%@g\%ﬂ%*% and nol di ng conposition of the

present invention i érabi.lity to articles nolded form

the nolding c & volitfie of the ifiitial ChAtddis From 10MPY5% @F $hd Riter Rk ¥BHurfe of the
pol y(al kyl ( h)acryl ate). rubber |atex, conprising; polynerizing, in a

continuous enméatam pol ymerization process, an alkyl (meth)acrylate nonomer
the' Tor mul 5t ANSHSITOLRS ihGrasmeieRzPd B A GHot Sk PO 3¢ Roghns JOTFT Bameat or
PS8 ognd B b SEER: sk eko AURLELE | hepgostd A ARLET
reactants andfloeétid prodiRtstRearh it of tidreactor begink andbyacidtvhatifalpeyiod
unsaturated al kyl (net h%;;r yl ate nmononer, the surfactant, a P
pol yet hyl eni cthatpeginsaviwnuthedlow of aproduct siream out of the reactor begins,
: (m) for at least a portion of the second time period, the feed streams are fed into
the reactor at flow rates effective to allow the reaction mixture to remain in the
10  reactor for a desired residence time, and
(iv) for the first time period, the feed streams are fed into the reactor at initial
flow rates that are selected so that the length of the first time period is about
equal to the length of the desired residence time.
7. The process of claim 6, wherein the desired residence time is from about
30 to 200 minutes.
8. The process of claim 1, wherein the alkyl (meth)acrylate comprises butyl
acrylate. |
9. The process of claim 1, wherein the surfactant is selected from 'the group
consisting of sodium lauryl sulfate, sodium decyl sulfate, sodium 2-ethylhexyl .
-sulfate, potassium lauryl sulfate, ammonium lauryl sulfate, diethanol ammonium
lauryl sulfate, tetraethanol ammonium lauryl sulfate, sodium eicosyl sulfonate
5 and sodium paraffin sulfonate and mixtures thereof.
10.  The process of claim 1, wherein the surfactant is sodium lauryl sulfate of
sodium paraffin sulfonate or a mixture thereof.

11.  The process of claim 1, wherein the polyethylenically unsaturated

monomer comprises triallyl cyanurate.




5 polynerization-nitiator are fed to the reactor while the reactor is
mai nt ai nedml nul si on pol ymeri zation conditions and an aqueous product
.=

stream co ’ ﬂmwyl(math)acrylate) rubber |atex, flows from
the reacto s of claim2, wherein the reactor defines an

i nternal reactor voI une’, t'he feed streans agge fed to the reactor at a
conbined flowrate, on an hourly basis, that is equal to the product of a
factor of fromabout 0.3 to 2.0 mJItipIied by the internal volune of the

reactor. - 4fp. 4. The protesd6REGHE1, Aheleft ménm&ﬁé&ngﬂﬁés%{réd%x'xﬂﬁa't&“ ng

flow of the feed strea to the reactor t he reactor rough

pol ymer i zat i orsystem), saidneddxyinitiatpr syntemd:omprg;mglcumene hydrdgmr@adefanﬂat er,
surfactant, nonogt hyI eni d’;\l |y unsaturated al kyl (neth)acryl ate nononer and
pol yet hyl eni ¢ ehydg sulfoxyatesd nononer to the reactor, (b) heatl ng

temper at ure, o’ a§ L S B e RN R
o whorei n, tn‘f‘“?.b?f?’;'ﬁ‘a”r‘ﬁ?%?;‘ t‘ﬁ‘é“’?‘é*;’é“?fr“@?éﬁﬂf e R faim
sur f act ant per(mﬂh)mlete)mﬁarmhasa iscahtly by thaprocassof ciiiky1l a(uimt bastayl ate
TONOMET - 45portxon of rigid thermoplastic phase is chemically grafted to the poly(alkyl

5 (meth)acrylate) rubber phase.

14.  The graft copolymer of claim 13, wherein rigid thermoplastic phase

3-1()

comprises a polymer having repeating units derived from one or more
monomers selected from the group consisting of (C3-Cy9)alkyl (meth)acrylate
monomers, vinyl aromatic monomers and monoethylenically unsaturated nitrile
5 monomers. '
15.  The graft copolymer of claim 13, wherein the rigid thermoplastic phase
comprises a styrene-acrylonitrile copélymer, a o-methyl styrene-acrylonitrile
copolymer or a mixture thereof. .
16. A molding composition, comprising a thermoplastic resin and a graft
copolymer according to claim 13, wherein the graft copolymer is present in an
amount effective to improve the impact resistance of articles molded from the .
ni‘olding composition.
17.  The composition of claim 16, wherein the thermoplastic resin is selecfea
from the group consisting of vinyl halide resiné, (meth)acrylate resins, vinyl
aromatic resins, polycarbonate resins, polyester carbonate resins, polyester

resins, polyphenylene oxide resins and mixtures thereof.



6. The proc “Eereln (i) the volune of the initial charge
is from10 to %mm“mlﬂmmnu vol ume of the reactor, (ii) the process
is characterized by a'fiPstStime period that begins when flow of 5 one or
nore of the feed streans to the reactor is begun and that ends when a fl ow
of a product streamout of the reactor betfbns and by a second tine period

t hat begi ns when the flow of a product stream out of the reactor begins,
(tii) for at least a portion of the second tinme period, the feed streans -
are fed int d8 he Treswmpositiod bbulaim s wiieteia thy thekmopldsauredif cbﬁgﬁiée %

m xture to remain in the 10 reactor for a desired re5|dence ti and (iv)
for the firdtyrengeacpdenistle copelymer ast-methyl styrereatrylonitrildeopatagicd orat
initial flowr tes,that are selected so that the length of the first tine
period is a (S:f& 10 the length of the desired resi dence tine. 7.

o ! : f bout 30
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(met h) acr y| anixtwergfra elgcdrbonteaesin a(metifacrylatd i‘@u@éﬂ&ﬁ%ﬁy&ﬁem aim 1,
wherein the surfact ant 1s selected fromthe group consisti’ng of sodi um

lauryl sul f ac@lonigdlanesidecyl sulfate, SOdI um 2- et hyl hexyl sul fate,
pot assi um | at e nium | aur .sul fate, . di et hanol amoni um
| auryl sul fgpeyu\%ﬁ;;e W Cﬂmﬂ ‘W é‘ﬂ’f‘%ig sodi um ei cosyl

sulfonate 5 ° and sodium paraffin sulfonate and m xtures thereof. 10. The
process of claim1, wherein the surfactant is sodium|lauryl sulfate of
sodium paraffin sulfonate or a m xture thereof. 11. The process of claim

1, wherein the polyethylenically unsaturated nmononer conprises triallyl
cyanur at e.



-46- 12. The process of claim1, wherein the initiator conprises a redox

i nitiator- system said redox i nitiator system conpri si ng cunene

hydr oper oxi de and sodi um f or mal dehyde sul foxyl ate. 13. A graft copol yner,
conprising a discontinuous poly(al kyl (nmeth)acrylate) rubber phase and a
rigid thernopl astic phase, wherein the polg(al kyl (meth)acrylate) rubber
phase is made by the process of claim1l and at |east a portion of rigid

t hernopl astic phase is chemcally grafted to the poly(alkyl 5 :
(meth)acryl ate) rubber phase. 14. The graft copolymer of claim 13, wherein

dth | agt. _
A o e T ﬁ%%hﬂaxsﬂgﬂzf%%;ﬁé
(Cerr]- qerr])ﬁbjbﬁ"rﬁ nﬁmeumz@;r%o:«bbﬁx 1@& frers: and

nonoet hyl eni cal -tuzumﬁtmmm@nﬁmﬁae RUBBERABABED- GREFT CO¥D ﬁ copol ymer
of claim 13, wherein the rrgid therrmpl asti.c phase conpri ses a

styrene-acrylonitrile copolyner, a Jerr]-nethyl styrene-acrylonitrile
copolymer or a mxture thereof. 16. A ol di ng conposition, conprising a
thernoplastic resin and a graft copol ymer according to claim 13, wherein
the graft copolyner is present in dbsirastiaf thefRisdosure to i nprove the i npact

resi stance of articles omthe di i, i 0

conposi tion of cI ai ﬁfﬂ’é’c"%&g{m M@%&K@s@%@éﬁ)ﬁg‘gﬁé@@& g“‘i‘?som

t he group cons ?nBL eh‘ﬁﬂb mﬁgg i vi nyl .

aromatic resi n ycagb%lniyat g@ggﬁyﬁs st er car ngt egsfsréglﬁns iyl

pol yester resi (hagﬂgaéxymeﬁ;dmmrdnlaﬁk&qmunm@ﬁuknrmxhelpﬂ&ehdfmfwéurfagtant
according to the formula R-SO3M, wherein R is alkyl or alkoxyl and Mis Hor a

§ cation provides improved control of rubber parﬁcle size. A graft copolymer

based on the poly(alkyl (meth)acrylate) rubber made by the process provides
improved weatherability when used as an impact modifier in thermoplastic resin

molding compositions.

FIGURE 1



47- 18. = The conposition of claim 17, wherein the thernoplastic resin

conprises a styrene-acrylonitrile copolyner, -a [err]-nethyl
styrene-acrylonitrile copolymer or a mxture thereof. 19. The conposition
of claim 17, wherein the thernoplastic resin conprises a mxture of a

pol ycarbonate resin, a (nmeth)acrylate resigyand a styrene- acrylonitrile
resin. 20. An artlcle nol ded fromthe conp05|t|on of claim17.
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