12 Decenber 2003 CAPSTOCK COMPCSI TI ON AND PROCESS PROVI DI NG WEATHERABI LI TY,
REDUCED GLGCSS, AND HI GH | MPACT This invention rel ates tox9&gepsder ot wWhi ch
can be used as capstock as well as in other applications. These
conpositions are especially useful for extruding into articles and for
application to structural plastics such as 5 poly(vinyl chloride) to prepare
conposites. The invention also extends to nethods for manufacturing such
extrudé&P§FPF6I€§M8ﬁﬁlﬁéoﬁohggf?$Q@ii§cRﬁR%ﬁPINFh@W@ﬂﬂ@#ﬁBPéﬂ?FvinyI
chloride) reBFRUERBr €hPeer ABRY/AEIGHMBACHDI nati on of properties which
make it particularly suitable for use as a structural material. 10 In
applications in which inpact strength of the structural plastic is

i mportant, the PVC can be fornulated with inpact-nodifier resins which

i nprove t he Thippaiantiony wedgtes tofcommesitionsl whish ceansossed amcapstedk 48 gh

| mpact < Lt n he. readily_extrude of herw se
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t oughnessrudinly dritoedrtites dredlfokmpmithanhaslstanduslolastads quchpgy ties; for
exanmpl e as sidin? for buildings, shutters, technical profiles for w ndow
and’ do8PKY e shloride) te prepamegospasites. The. igventien alsoexpmdyttmnspout s), and
f enci ngg L O R G GAIROSHEIANE ONEKArRAYS L8l A ISl RAgL ugather abi |i ty
characteristics, particulaPl’y ‘poor color retention’l JArRer grade col ors
such ash&@fdomowns and bl ues. The color is inparted to the PVC conposition
for instanc he use of colorants such as pignents or dyes, but

., by. . .
exposure t osglfrﬁ%néﬁiFh@éﬁ?é§851ﬁr{§ﬁf)@éﬁrﬁ'§ Vihakhge £ qomhinatien|ddrs. Such
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| eadi nip hppbodniond irewhith amph arsackiny ocdinié etrudburak phasticcalimfpaiiante of t he
articles p& ared from sugﬂ ctgbrrpositions_. Thus, there 1is a need for
inprovﬁﬁag Cafehe frmp Mg tech wr G e Padirpedifir 186idR WeicRAmPrave thie remedy has
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t he resmpononapanberentdy eatmeridherabeiiisy fammebintb@ vaesty of
articles which have excellent impact strength, toughness and other desired
mechanical and chemical properties; for example as siding for buildings,
shutters, technical profiles for window and door frames, rain carrying systems
(e.g., gutters and downspouts), and fencings. l
Such PVC compositions however have relatively poor weatherability
characteristics, particularly poor color retention in darker grade colors such as
20 browns and blues. The color 1s imparted to the PVC composition, for instance, by
the use of colorants such as pigments or dyes, but exposure to sunlight causes
unappealing changes in the colors. Such unappealing changes are more severe

for darker than for light colors. Poor weatherability characteristics also causes

reduction in impact strength leading to embrittlement and cracking and/or

[
w

mechanical failure of the articles prepared from such compositions. Thus, there
1s a need for improving the weathering characteristics of such materials.

One remedy has been to incorporate stabilizing additives into the PVC
composition, for example UV absorbers, thermal stabilizers and titanium
dioxide. However, the resulting improvements to weatherability do not to meet

30 the stricter industry-wide standards (Vinyl Siding Institute, January 1999,

adopting ASTM D3679 performance specifications).




30 the stricter industry-wi de standards (Vinyl Siding Institute, January
1999, adopting ASTM D3679 perfornmance specifications). Jd2-Decameny2003 2
Anot her attenpted renedy has been to apply another resinous nmaterial over
the PVC to provide a surface that can wi thstand sunlight and ot her
environmental conditions. Such a surfa&cing material is called "capstock".
The capstock generally is nmuch thinner than the substrate plastic,
typically being 5 about 10 to about 25% of the total thickness of the
conposite (i.e. the capstock and substrate plastic). A suitable capstock

material nusfpdesedtempiedreameiychinbena forpRly ansthriresitgisnapeiali es and
othe! PRV 2 pyERSH-6Me ANLARYNELLE PERARLY fihnigr: AGdHsthRg except | onal

weat her i ng aracte CS such as excel color retentio and hi gh

| npact shvieaghbntdVroaditéins. thehcapatfacingahatemaist called dédpacockididesel y
those properties which make PVC such a wi dely used buil ding terial. In
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desi § abl g, doy 0o 5 ?@/ﬁﬂﬁ@’to@&f’ﬁﬂ&%ﬁ@s‘éoﬁﬂ& cB%‘nglggir e AV et dRtockor reduced

gl oss appearance. rious types nmer - conposi tions have been
di scl osend tabstutaee plasticapst ock, incl udi ng PVC- based conpositions and acrylic
resin based conpositions. A nunber of these pol yner-based conpositions are

descri bed i nA shitadPeedp stadlemiatApl intat boskeEPa esthin IsRbidatidn b | ncor por at ed
herein by reference for its teachi'ngloof capstock conpositions, This
publ i caPiasAsHnE Prerarsies and athps PBERCE sPoRitalonnd sasthiehic yopemiesnd of PVC

resin a acryli.c ¢ . . [ esence
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r ﬁs w t sahd higltuapdctvirad ighaNibidoyer, Vhe eapsiock aldtemaetrpos affeansiveesdy di ng to
this invention have a high glgss and therefore are _not approptiate for

cert ai nthgspiprergntiegsvlpish gnakphi CGeuphg widelygissed huldipg I%\?ﬁeé’r‘f‘?arh% hi gh gl oss
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conpl exity of
P appearance.

15 Various types of polymer-based compositions have been disclosed for use
as capstock, including PVC-based compositions and acrylic resin based
compositions. A number of these polymer-based compositions are described in
European Patent Application EP-A-473,379 which is incorporated herein by
reference for its teaching of cépsfock compositions. This publication discloses a

20 capstock composition containing a blend of PVC resin and an acrylic copolymer.
We have found, however, that the presence of PVC in capstock compositions such
as those disclosed in EP-A- 473,379 results in reduced weatherability. Moreover,
the compositions according to this invention have a high gloss and therefore are

not appropriate for certain applications (e.g., PVC siding and profile) in which a
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high gloss appearance is undesirable. Although this publication suggests that
appearance can be controlled by the addition of flatting or matting agents, the
addition of such components undesirably increases the cost and complexity of

preparing capstock materials having reduced gloss.

Thus there is a need for a cost-effective, weatherable, capstock material
30 having a high impact strength and adequate color retention, which also has a

reduced, preferably low, gloss.




preparing capstock materials having reduced gl oss. Thus there is a need for
a cost-effective, weatherable, capstock material 30 haviNgedrhbdiBobspact
strength and adequate col or retention, which also has a reduced, preferably
| ow, gl oss. 12 Decenber 2003 3 We have now di scovered such a capstock
conposition that is capable of providing the requisite inpact strength,
hi gh color retention, and reduced gl oss w thout requiring additional PVC or
flatting agents. This conposition contains a particular conbination of

"hi gh rubber cqge’ and "nedi um rubber core" acrylic 5 based "cqre/shell"
pol ymers. W hg&é h_gl"%SOHE%CW/%“FQ(TPF%&C‘"‘B?%&}EE%‘P ﬁlflﬂﬁ_tﬁ%tvﬁsﬁaﬁﬁclg%@ered
capst ock FRIIESE thoRuiditedn)ads bireSgth) hiEH GBI GRIdH, 284 re@ite@dIdseder)
wherein the _metering and nmelt tenperatures are carefully controll ed,

provi des avHhpst warringddigonnklY Equiflattiasnspatst His eergposition gintaivisar
retention, S ] ) Ltion of, PVC ar flatting
ngent's. THRr ol HERth NS AR tork B Bl nd ¥ asiie
capst ock lmsapdsire/sbellmiymersa parti cul ar conbi nati on of "high rubber core"

and "nmedium ruybber core".acrylic-based "core/shel|l"” polynmers capabl e of

provi ding the weeﬁaY%?‘%%_df%‘a%Fééh%@fgfw% _ el i SCEY SR FekpEoting r educed

gl 0ss Wi t houtpokiRnd 5o aGHhdticQ TordhinB\evRe (if.é.@al& bﬁ&uagxﬁmvﬁ?reﬁx g ther object is
e o

to provide a process for preparing a capstock capa provi di ng the
requi si t e Mmefgaee sdrmalytempenaghrasaire carefuldncorgngliealngroedrscechmgtarks  wi t hout

t he addi t iyQQ. of fl.atti agents. L Anpt her object .of the jnvention is
to provi deh%glrg‘y%}{%{gfl?ic’:mre engilp;acd;%ﬁ%x%& g‘bhz"ﬂ?"ﬁée{%’smé’ Apd Lgdyeg giosg)f a
~ reducen- glvaslsoutwhattéitivhl of PVCrpadkttimsagdndgt capstock conposition and a

second substra E‘I‘Eeg%/er of ,a thernmoplastic resin. These_and ot her objects, as
will become ap;& prsteres 7 APIeHECithe PEoReRy Inwmsionds te Brovide eapstesked by t he

N e e e e e
rubber core” acrylic-based “core/shell” polymers capable of providing the
requisite impact strength, high color retention, and reduced gloss without the

15 addition of PVC or flatting agents.

A further object is to provide a process for preparing a capstock capable of
providing the requisite impact strength, high color retention, and reduced gloss
without the addition of PVC or flatting agents.

Another object of the invention is to provide a synthetic resin composite

20 having a first layer of a reduced-gloss, weatherable, impact-resistant capstock
' composition and a second substrate layer of a thermoplastic resin.

These and other objects, as will become apparent from the following

disclosure, are achieved by the present invention.
STATEMENT OF THE INVENTION

25 In the present invention, the problem of providing a weatherable, impact
resistant capstock having low gloss is solved generally by providing a particular
combination of “high rubber core” and “medium rubber core” acrylic-based
“core/shell” polymers having high impact strength, high color retention, and
reduced gloss.

£ " Thus, in a first aspect of the pfcscnt invention is provided a capstock composition

for providing reduced gloss capstock materials, the composition including:




resi stant capstock having |ow gloss is solved generally by providing a
particular conbination of "high rubber core" and "nedi yap er2phs”
acrylic-based "core/shell" polyners having high inpact strength, high col or
retention, and reduced gloss. 30 Thus, in a first aspect of the present

I nvention is provided a capstock conposition for providing reduced gl oss
capstock materials, the conposition including: 12 Decenber 2003 4 (A) from
70 to 99 parts by weight of a first core/shell polyner including (i) from
30 to 70 parts by weight of a core polyner including 5(a) (b) 10(c) and 15
from45 to 99.9 parts by weight of units derived fromat |east one Cd - C8
al kyl acrylate nononer, fromO to 50 pgggs by wei ght of units derived from
at | east one ethylenically unsaturated copolynerizable nononer different
fromthe at |least one C - C8 alkyl acrylate nononer, and fromO0.1 to 5
parts by weight of units derived fromat |east one crosslinker or

graftli ngﬁre , p&{)rin)mft()(y?‘ &%?35?’9 VZ%%IR%%%TWCOY‘@&P@WPOWID& ig&]g&;ilngpol ymer grafted

to the c ol yner shel | pol yner "having a Tg above 20C, a

nctudi g (a) 0 r orke 0gog8 15 B ol 2 hotfnce BT B 100 at 1 cast
a - C8 al kyl h I f I 20 I gh
of uni ts dor ved f(bm droREadt PR TaR oLy L foaf dpfREk ohe B 41 O

copol yneri zabl e nnnorrercgimfkg,pg(_@ﬂgtef,ﬁ%{cﬂe at | east one C1 - C8 al kyl
nmet hacryl ate nononer; and

S ®) from O to 50 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from the

at least one C1 - C8 alkyl acrylate monomer, and
(© from 0.1 to 5 parts by weight of units derived from at least one
crosslinker or graftlinker,
10 and

(ii)  from 30 to 70 parts by weight of a shell polymer grafted to the core polymer
(A)(i), the shell polymer having a Tg a_lbove 20°C, a molecular weight in the
range of from 10,000 to 1,000,000 g/mol and including

@ from 80 to 99 parts by weight of units derived from at least one Cl-

15 C8 alkyl methacrylate monomer, and

(b)  from 1 to 20 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from the

at least one C1 - C8 alkyl methacrylate monomer;
and
20 (B) from 1 to 30 parts by weight of a second core/shell polymer including
)] from 70 to 92 parts by weight of a core polymer including

(a) from 50 to 99.9 parts by weight of units derived from at least one C1 -

C8 alkyl acrylate monomer,




20 (B) from1 to 30 parts by weight of a second core/shell polyner including

(i) from70 to 92 parts by weight of a core polyner incl.ugy mb50 to
99.9 parts by weight of units derived fromat |east one ?QQ&”&@%%E%

acrylate nmononer, 12 Decenber 2003 5 (b) fromO to 45 parts by wei ght of
units derived fromat |east one ethylenically unsaturated copol ynerizable
nononmer different fromthe at |east one C1L - C8 al kyl acrylate nononer, and
(c) from0.1 to 5 parts by weight of units derived fromat |east one 5
crosslinker or graftlinker; and (ii) from8 to 30 parts by weight of a shel
pol ymer grated to the core polynmer (B)(i) including (a) from50 to 100
parts by weight of units derived fromat |least one d - 10 C8 al kyl

met hacryl ate nononmer, and (b) fromO e 50 parts by weight of units derived
fromat |east one ethylenlcally unsat ur at ed copol yneri zabl e nononer
different fromthe at least one C1 - C8 al kyl nethacryl ate nononer, wherein
the second core/slig) | ranyero Hasparts byl Weighti ghtuniy eledyed dmnealleast waeght i n

th 15 f f 25,000 to 350,0 th
prgsent rﬁcgﬁt ?on r;) hmeF@‘Y?eé“cﬁpgPpmaggéﬂé}vﬁ‘éﬂz@&%gg&g‘%oﬂ%sﬁ%%}rﬁﬁﬁ e (eA)

from75 to 85 parts by K { gﬁlrﬁ% dyrrer including (i)
from35 to 65 parts bya{,\/\\ghgﬁmgl Zc%ﬂ‘z ald;'f’lymer |ncI uding 20 (a) from95 to

4.5 phrts by wel oft) of TG 0et dbe PERS PR PE YK RERVIE KR o e B 1€

unsatqir at ed copol ymer i gﬁ}ggmkepapgiaﬁhﬂka}ferent fromn- butyl acrylate, and
(c) from0.5 to 2.5 parts by weight of units derived fromallyl 25

nmet hacryl at e, and

() from 8§ to 30 parts by weight of a shell polymer grated to the core polymer
~ (B)()) including
(a) from 50 to 100 parts by weight of units derived from at least one C1 -
10 C8 alkyl methacrylate monomer, and

(b) from 0 to 50 parts by weight of units derived from at least one
ethylenically upsaturated copolymerizable monomer different from the

at least one C1 - C8 alkyl methacrylate monomer,

wherein the second core/shell polymer has a shell weight average molecular weight in the

15 - range of from 25,000 to 350,000 g/mol.
In 2 second aspect of the present invention, there is provided a capstock composition
including
(A) from 75 to 85 parts by weight of a first core/shell polymer including
(i) from 35 to 65 parts by weight of a core polymer including
20 (@)  from 95 to 99.5 parts by weight of units derived from n-butyl acrylate,

(b)  from O to 4.5 parts by weight of units derived from at least one

ethylenically unsaturated copolymerizable monomer different from n-
butyl acrylate, and
() from 0.5 to 2.5 parts by weight of units derived from allyl

25 methacrylate,



12 Decenber 2003 -6 and (ii) fromb55 to 65 parts by weight of a shel

polymer grafted to the core polynmer (A)(i), the shell pp}peBEmbSY0R8 a Tg
above 20C, a nolecular weight in the range of from 10,000 to 1 000, 000
g/nmol and including S (a) from90 to 99 parts . by weight of units derived
frommethyl nethacrylate, and (b) and from1 to 10 parts by weight of units
derived fromat |east one Cl1 - C8 al kyl acrylate nononer; 10 (B) from1l5 to
25 parts by weight of a second core/shell polymer including (i) from75 to
85 parts by weight of a core polymer including (a) from90 to 99.0 parts by
wei ght of units derived fromn-butyl acrylate, (b) fromO0.5 to 2.0 parts by
wei ght of units derived from trinethylglpropane triacrylate, and 15 (c)
fromO0.0001 to 0.001 parts by weight of°units derived fromallyl

met hacrylate; and (ii) from15 to 25 parts by weight of a shell polyner
grated to the core polyner (13)(i) including 20 (a) from95 to 100 parts by
wei ght of units dearnidved fromat | east one O - C8 al kyl nethacryl ate
nononer, and (b) fromO to 5 parts by weight of units derived fromat | east

one C1 - G g@hkyl fr@xﬁrﬂﬂ @tes ﬁﬁ@ﬁmelgﬁﬁoﬂ%ﬂﬁﬂhﬁﬂyﬁﬁ@aﬁch@etheIcﬁrdlitﬁymexcond
core/ shell polynmer has ht average nolecul ar weight in the
(A)(), the shell polymer having a Tg above 20°C, a molecular weight in the

range of from 10,000 to 1,000,000 g/mol and including

5 () from 90 to 99 parts. by weight of units derived from methyl

methacryléte, and
(b) from 1 to 10 parts by weight of units derived from at least one C1 -
C8 alkyl acrylate monomer; '
and |
10 (B) from 15 to 25 parts by weight of a second core/shell polymer including
1) from 75 to 85 parts by weight of a core polymer including
(a) , from90to 99.0 parté by weight of units derived from n-buty) acrylate,
() from 0.5 to 2.0 parts ‘by weight of units derived from
trimethylolpropane triacrylate, and
15 © from 0.0001 to 0.001 parts by weight of units derived from allyl

methacrylate;

and
(ii)  from 15 to 25 parts by weight of a shell polymer grated to the core polymer
(B)() including
20 (a) from 95 to 100 parts by weight of units derived from at least one C1 -
C8 alkyl methacrylate monomer, and

(b)  from O to 5 parts by weight of units derived from at least one C1 - C8

alkyl acrylate monomer,




range of from 50,000 to 350,000 g/nmol; and (C) fromO0.5 to 3.0 parts by

wei ght of at |east one Wlight stabilizer. 5 In a third aspgedmpdr 2008
present invention, there is provided a process for preparing a

reduced- gl oss capstock capabl e of providing the requisite inpact strength,

hi gh color retention, and reduced gloss including the steps of: (I)
preparing a mxture including (A) from70 to 99 parts by weight of a first
core/ shell polymer including 10 (i) from30 to 70 parts by weight of a core
pol ymer including 15 (a) from45 to 99.9 parts by weight of units derived
fromat least one C - C8 al kyl acrylate nononer, (b) fromO to 50 parts by
wei ght of units derived fromat |east opne ethylenically unsaturated

copol ynmeri zabl e nononmer different fromihe at |east one - C8 al kyl
acrylate nmononer, and (c) fromO0.1 to 5 parts by weight of units derived
fromat |east one crosslinker or graftlinker, and 20 (ii) from30 to 70
parts bywheieghthe abcandstret/shgibpglpmer basad tshell weighheverage mofashilanpyeight)igithe t he
shel | pol yner havip Tg .above 20C, a nolecular weight in the range of
from 10,@9@396ff9{"0?589@b@g§ﬁ7®ﬁgé%g including (a) from80 to 99 parts by

wei ght of units derived fromat |least one O - C8 al kyl nethacrylate
monomer, and @@ Decermber 2003 8 (b) from1 to 20 parts by weight of units

derived fromat |east one ethylenically unsaturated copolynerizable nononer
di f ferentC) f ripomtth® teaB.0l paats by oveightiof at ISt ank WV lightistabiligent e nmonomer; and

5 In a third aspect of the present invention, there is provided a process for preparing a
reduced-gloss capstock capable of providing the requisite impact strength, high color
retention, and reduced gloss including the steps of:

4] preparing a mixture including
(A) from 70 to 99 parts by weight of a first core/shell polymer including

10 ¢)] from 30 to 70 parts by weight of a core polymer including

(@ from 45 to 99.9 parts by weight of units derived from at least

- one C1 - C8 alkyl acrylate monomer,

(b)  from O to 50 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different

15 from the at least one C1 - C8 alkyl acrylate monomer, and
©) from 0.1 to 5 parts by weight of units derived from at least one

crosslinker or graftlinker,

and

(ii)y  from 30 to 70 parts by weight of a shell polymer grafted to the core
20 polymer (A)(i), the shell polymer having a Tg above 20°C, a
molecular weight in the range of from 10,000 to 1,000,000 g/mol and

including

(a) from 80 to 99 parts by weight of units derived from at least

one C1 - C8 alkyl methacrylate monomer, and




5 (B) from1l to 30 parts by weight of a second core/shell polyner including

(i) from70 to 92 parts by weight of a core pol yner inclﬂ%ygaﬂﬁﬁﬁzbb@n150 to
99.9 parts by weight of units derived fromat |east one - C8 al kyl
acrylate nmononer, 10 (c) and 15 (ii) from8 to 30 parts by weight of a shel
pol ymer grated to the core polynmer (B)(i) including (b) fromO to 45 parts
by weight of units derived fromat |east one ethylenically unsaturated
copol yneri zabl e nononmer different fromthe at |east one d - C8 al kyl
acrylate nmononer, and from0.1 to 5 parts by weight of units derived from at
| east one «crosslinker or graftlinker; (a) fromb50 to 100 parts by wei ght of
units derived fromat |least one ClL - CS al kyl nethacryl ate nononer, and 20
(b) fromO to 50 parts by weight of unis derived fromat |east one

et hyl eni cal | y unsaturated copol yneri zabl e mononer different fromthe at

| east one O - C8 al kyl nethacryl ate nonomer, wherein the second core/shel

pol ymer has a shell weight agemage I0petbyeweipti ghinitsiderivee fioangdest ofie om
25,000 to 350,000 g/nol; (11) feeding the mxture into an extruder including
a feed section and a meteri nefhgericalyn unsppurged copelymeogable monomer | diffggenkr j ng

and nelting the mxture to f ei lg&% | |.Qn has a

t enper at ure between 165C anﬁé@d&@%@?ﬁ%&ml@ Eﬂg}g a %cﬁ- lgtrgéﬁﬁirgéﬂ et ween
165C and 195C, (I\Q forming the nelt into a nelt layer; 5 (V) extruding the
melt layer; and 2nd

S (B)  from 1 to 30 parts by weight of a second core/shell polymer including
@) from 70 to 92 parts by weight of a core polymer including

(a) from 50 to 99.9 parts by weight of units derived from at least

one C1 - C8 alkyl acrylate monomer,

(b)  from O to 45 parts by weight of units derived from at least one
10 ethylenically unsaturated copolymerizable monomer different

from the at least one C1 - C8 alky! acrylate monomer, and

(c) fromO0.1to5 .parts by weight of units derived from at least one
crosslinker or. graftlinker;
and
15 (i)  from 8 to 30 parts by weight of a shell polymer grated to the core
polymer (B)(i) including

(a) from 50 to 100 parts by weight of units derived from at least

one C1 - C8 alkyl methacrylate monomer, and

()  from O to 50 parts by weight of units derived from at least one
20 ethylenically unsaturated copolymerizable monomer different

from the at least one C1 - C8 alkyl methacrylate monomer,

wherein the second core/shell polymer has a shell weight average molecular weight

in the range of from 25,000 to 350,000 g/mol;

(1) feeding the mixture into an extruder including a feed section and a metering section;




(M') cooling the nelt layer. In a fourth aspect of the present invention,
there is provided a synthetic resin conposite incIuding1§D§HQﬁgéq¥@ | ayer
of an extrudabl e thernoplastic resin, and a reduced- gl oss capstoc Fayer

di sposed thereon including a capstock conmposition of the first or second 10
aspects of the present invention. 12 Decenber 2003 9 The term "reduced

gl oss" used herein refers to a surface having an average gloss value of 60
or less as nmeasured with a 75 degree incident angle geonmetry gl ossneter.
The term "nedi um rubber” used herein denotes a core/shell polyner 5 having
from30 to 70 wei ght percent of a rubbery polynmer conponent, whereas the
term "high rubber” denotes a core/shell polyner having 70 or nore wei ght
percent of a rubbery pol yner conponent-8AFhe term "rubbery' used herein
denotes the thernodynam c state of a polynmer above its glass transition
tenperature. 10 The term"units derived fron used herein refers to pol yner

nol ecul es__ that are synthesized .according to kno olynerization techni ques
wherei n €D po!nﬁ??EPgé‘B%_lr%ﬁltt‘@ éﬁrﬁ‘?‘f‘%”%&rfo\’}@& ¥f ,nyﬁ?rggl %gﬁ%"{?r{’{%eﬁ?{’“ ﬁac?r’?er s.
The ter Weh&g}aﬁﬁdé'b%#wé@ﬁ' 1658 2HE 890 NET BldNhé RERMSs hQehp@atied Bitveay 867 TRand
nmol ecul ar I ght or polyner nolecules as determ ned by the gel perneation
15 chr on@35graphy nethod. The term "shell nol ecular weight" refers to the
wei ght average nol ecul ar wei ght of the sol uble polyner nol ecul es which are
obt ai ned(iyy dfcsmelovie gneltrintoenmbls layer;of the core/ shel | pol yner particles in a
suitable solvent (e.g., THF) and then separating (e.g., by filtration) the
sol ubke gpl ynBirlifacht aiticflaym ddae 20 insol uble pol ymer fraction. The weight
average nol ecul ar wei ght of the soluble polymer is then deternined by gel
per meat i 6) c heooting dwrmplhiayes gi ve the shell ol ecul ar weight. The term
"graftlinker” used herein.r rs to Lt - fungti I r of
form ng nul tilﬁl 8 @ngz’éﬁ?ab nglg %rgfﬁﬂ%ﬂ)lgw’ng}&%o?&%gs of ?yéquiéeﬁg%kﬁ
composite including a substrate layer of an extrudable thermoplastic resin, and a reduced-
" gloss capstock layer disposed thereon including a capstock composition of the first or second

10  aspects of the present invention.




25 type with polyner nol ecul es of another type. The term "crosslinker" used
herein refers to multi-functional nononmers capabl e of f?iﬁb{?_%nﬂé’r'ido gl e
coval ent bonds between pol yner nol ecul es of the sane type e term "al kyl
(meth)acrylate” used herein refers to both alkyl acrylate 30 and al kyl

met hacryl at e nononmer conpounds. The tefm "stage" used herein is intended to
enconpass its broadest possible neaning, including the neaning conveyed in
prior art such as U S. 12 Decenber 2003 10 Patent 3,793,402, U S. Patent
3,971,835, U S. Patent 5,534,594, and U S. Patent 5,599,854, which offer
vari ous neanﬂ‘hbaérmchéeudedgglbﬁ’a@ed hepoinyrss. toﬂwﬁutfarerma\pagtasi'amege herein
Is intended to nmean "parts ght" Unl ess ot herw se stated, "total
parts bglassivghee 010 ﬁbtlesﬁeaée@%%%‘}rw gl at > degyee incigaat prgle SeREIGRY per cent
used hergin ntended to nean "parts per hundred" wherein the total parts
add to fgd& %Eer‘]Al LED DESCRI PTI ON OF THE | NVENTION It has now been found t hat
a particul ar Thertbrmdimeadiuaf rebler? ased hesinmenoteskecdres&stelll gotyhased
core/_sh%1a pol ymer and a second "hig rubber" crylic-based 0 corel/shell
pol yirer DRY¥IREEEE €0 69 /BeTsighprocent e rabkarg R I GRRPRBERLFECIERDact

resistag M“R{g’ﬁ d{}ﬁo‘ﬂg?giiéﬂﬁeé &AkTSRAL b 1§§J1ﬁ Giobr AbANwERIHR

retentlon and 0SS appear ance. e capst ck conposi tions of the
pr esent pemeambfarrubbamepcbhymermnipmn@ﬁt preferably from75 to 95, and nost

preferably 75 to 85 parts ight of a first "medi umrubber” _.core/shell
pol yner and Pﬁﬁf’llmt ’Beréfa %‘X\% 13 depatesying t?"reﬁﬁogy?ﬁmé‘bsmgﬁaf?mst

preferaB[)}_,é,n;e'Sr é%v%ﬁtﬁg 148 tRAYnd \(\gblglggmﬁgra%u?@cond “hi gh rubber" core/shell

pol ymer he first um rub core/shell polynmers of the present
i nveation caﬂ‘hectermémmm‘srdmmx&d &m?ﬂsecbhefeena'bfe;rsto pnly3fen moBa@ulﬁnd nost

prefera g/fro rts of .a rubpe core mer and from
B0°to! e diateraiBeg tad et hace Bpbatuidagiqh S bhites KRRl By wel gh
of a sheblyrR IREIG" '%fn‘iﬁchetrﬁfeﬁrf?om@ Ks€oRSt Vit monomers.

The term “molecular weight” used herein refers to the weight average,
molecular wéight of polymer molecules as determined by the gel permeation
chromatography method.

The term “shell molecular weight” refers to the weight average molecular
weight of the soluble polymer molecules which are obtained by dissolving an
emulsion of the core/shell polymer particles in'a suitable solvent (e.g., THF) and
then separating (e.g., by filtration) the soluble polymer fraction from the
20  insoluble polymer fraction. The weight average molecular weight of the soluble

polymer is then determined by gel permeation chromatography to give the shell
molecular weight.

The term “graftlinker” used herein refers to multi-functional monomers
capable of forming multiple covalent bonds between polymer molecules of one

25  type with polymer molecules of another type.

The term “crosslinker” used herein refers to multi-functional monomers
capable of forming multiple covalent bonds between polymer molecules of the
same type.

The term “alkyl (meth)acrylate” used herein refers to both alkyl acrylate

30  and alkyl methacrylate monomer compounds.
The term “stage” used herein is intended to encompass its broadest

possible meaning, including the meaning conveyed in prior art such as U.S.




Such rubbery core polyners can contain from45 to 99.9, preferably from 80
to 99.5, and nost preferably from94 to 99.5 parts by vvefzg[b%cé;,ﬁbé,ngbw
derived fromat |least one Cl - C8 al kyl acryl ate nononer rom0 to 35,
preferably from0O 25 to 20, nost preferably fromO to 4.5 parts by wei ght of
units derived fromat |east one ethyignically unsaturated copol ynerizable
nononer different fromthe at |east one ClL - C8 al kyl acrylate nononer, and
fromO0.1 to 5, preferably fromO0.5 to 2, nost preferably fromO0.5 to 1.5

parts [y f.r sk S

graftli ﬁ%rnt%j)ggﬁ?%mg I%% %7& %ﬁ %}GEI‘JP%&[ %%rgrégsgﬁlgjr%d%ﬂemt hyl -
et hyl -, 5 Bo9®B4- , whidhbiffey lvariee heind for dcﬁidwzbglfs}tbgecﬁépﬁlytners hexyl , hept yI
n- octyl , and 2-ethyl hexyl - acrylate, n- but%/ acrylate and e acryl ate

mononer s ar el pe &4 rRRFLS 125q}5eb@i~?%lls pgended e@&bPér‘@r%g’P} er s or
graftl 'ﬂFx e{)s% otﬂ e P sl e ) %‘ﬁ% vfb‘f%}?(ﬂ% otdlet @arﬂp%td%clrdd at e,

al kanepo yacry ates or ane yrret acrylates such as

et hyd ene gI y'cpé te&hinf Ew i ghit e r&drty heed hgtemab 1nﬂélnﬁed haatedmatpartdpdry| ene gl ycol
di acryl ate, oligoethyl ene glycol diacrylate, 5 oligoethylene glycol
di met hawgdzeds w errPWeE]fF%/‘foéii yanddded@yl ate, trimethyl ol propane

di met hacryl ate, t{HpEAfEe ﬁﬁ@@&ﬁﬁfﬁ(ﬁ@@f?aﬁﬁﬂlmy}ﬂow

trimethyl ol propang trTnetnacryt at e, and unsatuarated car boxylic acid allyl

esters suchltdssatdw beet lfQﬁ.irB:I thatdi phttydulanteabmatmmdofia ﬁfﬁr“atd@;uml |yl
thacryl ate, As _|ang ore polyney renaing.rubb ore pol ymer

may al sthbbey’ é‘é‘ﬁ(ﬂlért}%sagﬁi)%q/%ﬁ’;l PRAFFRES 2Rt # §8LPIy fﬂwlafufé%fs

eth ; Ql&éa&h@fﬁbw 4cl@e a -

R e S R S g A e

aromat i msmanmlsstock hyizmgmhsacwnssu@dmmmcbemkugth alaghsmlmn@tmrtson amd

" LIRSl AL NG M WIS S oL, LTS8 Sl T O
butyl -ngihagbi @@ %@ 9§e%ié|fera'ﬁ%t h%&{ yb% ®5, 964 YhodTRkDRSENITPio B9 gapsef er abl y
met hyl nethacryl ate anpl s of vinyl aromatic nononers include styrene,
al pha- niex welighstofreefisst “nppatiammethiber” sargfsbrl podyoer endyramd, todthpartsol uene,
di braomSte)fera%?y from 5 to 30, and most preferably 15 to 25 parts by weight of a second
“high rubber” core/shell polymer.
The first “medium rubber” core/shell polymers of the present invention can
contain from 30 to 70, preferably from 35 to 60, and most preferably from 35 to
45 parts by weight of a rubbery core polymer and from 30 to 70, preferably 40 to
20 65, most preferably 55 to 65 parts by weight of a shell polymer grafted to the
core polymer.
Such rubbery core polymers can contain from 45 to 99.9, preferably from
80 to 99.5, and most preferably from 94 to 99.5 parts by weight of units derived
from at least one C1 - C8 alkyl acrylate monomer, from O to 35, preferably from O
25 to 20, most preferably from O to 4.5 parts by weight of units derived from at least
one ethylenically unsaturated copolymerizable monomer different from the at
least one C1 - C8 alkyl acrylate monomer, and from 0.1 to 5, preferably from 0.5
to 2, most preferably from 0.5 to 1.5 parts by weight of units derived from at
least one crosslinker or graftlinker.
30 Suitable C1 - C8 alkyl acrylate monomers include, methyl-, ethyl-, propyl-,
n-butyl, sec-butyl-, tert-butyl, pentyl-, hexyl-, heptyl-, n-octyl-, and 2-ethylhexyl-

acrylate. n-butyl acrylate and ethyl acrylate monomers are preferred.




tri bronostyrene, vinyl naphthal ene, isopropenyl naphthal ene, divinylbenzene
20 and the like. The d - C8 al kyl (neth)acryl ate nonone red in
view of their enhanced weatherability of acrylic units gggg&ﬁwggg?ﬁgr
nononers. Exanpl es of vinyl-unsaturated carboxylic acids nononers include
met hacrylic acid and acrylic acid. E{fnples of nitrogen-containing vinyl
unsaturated nononers include acrylonitrile, nmethacrylonitrile, d - C8

al kyl acrylam des, 25 and O - C8 al kyl nethacryl am des. The shell polymner

grafted to the core polynmer of the fjrst, "rredi(gm rLf ber™ %g‘r%e shel |
pol yners of Pwiablepreediakesnppsraitinkens inglds dxunt bergent i Edstain  from

80 to 9 r 0 }éﬁ g Jyom92 to 96 parts
by wei g%iy C@f(ﬁﬁé{t@ gtlérelzr‘{e\’/gl reg)%hg)z ’plog%gﬁi%ﬁées %rm%%{gg%% nmet hacryl ate 30
nmononer polgakthaomldtes 3ugb asprikylenakiycol dbrorglate, ethylemesglypolef erably from 4

to 8 parts_by weight of units derived fromat |east one.ethylenically
unsatur‘é‘lﬂéﬁfhﬂnﬁéﬁ%r%‘é}’le?é@éwﬁd%ﬁﬁ‘%ﬁﬂl}%&@e%ﬁmpgtﬁcﬁ ®nt fromthe

at lseasﬁéﬁé%}é&{lﬁ eg(i?CloqId%gthigg%giﬁlr%%%%ﬁlﬁggwne S4lctalte polymers for the

outer s rst cor require that they have a gl ass
t r ansi tirometleyiphrap ame d{thdgiacrdb oy erd hghdptdpemef torasrBlatay TNETACHot ai n one

onone: ESRaF SiSEe Gt HEREEA TR Rl e B3R Rl Rl BORG R ke
met hacréﬂ&t% amoe lateUdfa BN Ez?égﬁél, §Ri GRblcYabRSAlHIAL AthcePROd yTEr i Zabl e

nononers I n e on or nore of any of ‘the foll ow ng nononers: Cl1 - C8
al kyl (neth)Asilodgaeshe dfregolyhenirémpins, rubbehadhe|cone pelyinesr miayialsd benzene,

P - s AT s

napht hal ga6smasiz¥6lel magokbs AftereAf BOM (KOCT -@DhlkyaldeyylatdmRichbaery| at es such
as decyl "acrylate lauryl nethacrylate, lauryl acrylate, stearyl

met hacr sucat a5 C3t-¢38 plkydongtihareylatesobinm prometicaneyomers, vand-the |ike. The 15
0 i g SR 5 TRAGERLS LS AL e UL, e
acryl atgnsaturated monomers. Examples of the C1- C8 alkyl methacrylate monomers
15 are ethyl methacrylate, propyl methacrylate, butyl methacrylate, hexyl
methacrylate, octyl methacrylate, and preferably methyl methacrylate.
Examples of vinyl aromatic monomers include styrene, alpha-methyl styrene,
para-methyl styrene, chlorostyrene, vinyl toluene, dibromostyrene,
tribromostyrene, vinyl naphthalene, .isopropenyl haphthalene, divinylbenzene
20 and the like. The C1 - C8 alkyl (meth)acrylate monomers are preferred in view
of their enhanced weatherability of acrylic units over the other monomers.
Examples of vinyl-unsaturated carboxylic acids monomers include methacrylic
acid and acrylic acid. Examples of nitrogen-containing vinyl unsaturated
monomers include acrylonitrile, methacrylonitrile, C1 - C8 alkyl acrylamides,

and C1 - C8 alkyl methacrylamides.

[89]
n

The shell polymer grafted to the core polymer of the first “medium rubber”
core/shell polymers of the capstock composition of the present invention contain
from 80 to 99, preferably from 85 to 97, and most preferably from 92 to 96 parts
by weight of units derived from at least one C1 - C8 alkyl methacrylate

30 monomer, and from 1 to 20, preferably from 3 to 15, most preferably from 4 to 8

parts by weight of units derived from at least one ethylenically unsaturated




mononers. The shell nol ecul ar weights of the shell polynmer are in the range
of from 10,000 to 1,000,000 and preferably in the range 00 to
500,000 g/nmol. 20 Controlling nol ecular weights in this1?§ﬁg%ﬂ§3ﬁ9§§
acconpl i shed by one of various nethods known in the art and is preferably
acconplished by preparing the outer shell polyners in the presence of one
or nore chain transfer agents. [Increasing the chain transfer agent anount

| owers the shell nolecular weight. The amount of chain transfer agent

present ! LANOE afe b 2t 143t 808 g efgraapllyy from 0.001 to
1.0, wel hlt&lgg?(%%tr)\%qg%se on s“ﬁef‘mﬁ% %/}?reer V\% ght . Thesgq%}rmunts are based
on usi ngethargiate maonorhemansf er agents such as the al kyl nercaptans; various

chain transfgr. agents havi ower chai ransfer caoefficients will require
a conconi t anguﬁtgg?éifz%mﬁﬁs Fﬂ%é#‘? Oé‘ﬁ%?khelr ﬂ} Vch'edé’ES%_tCBre/ %b‘?]f{ P&Y_I%eﬁeﬁeﬂuﬁ& ecul ar
vei ght . LIHEE WRYE 2051256 TIPS IR R AL SV abdel 2pe B8 tiaegasi ng the

pol ynmeri zation tenperature and/or with a gradual feeding of the nononers,
i ncreasimag 41b€cortiain ahebr heorelunifeddivngl font bchydéwelkchllymmsabratetbat 12

Decenber 2003 13 versus preenul sifying. the noners,. and b o] olling the

degr ee $POHRETZakle moppmers Y ’r‘i’rﬁrﬁé%}%ﬁﬁ?nq gg’ﬁnh eAOGAD foeygﬁair&ét ransf er

agent i?]#y?\éféthﬁ{?‘z??at@rﬂ@%om\@?i ght percent of the shell polyner weight then
r

t he she nol ecu wel ght may not be well controlled |leading to
vari abil ity $Suithble guheleaiddlhsundatihetedappdlymieBzatdeposidmens, inelvderagui ri ng

t f trolli | | | ight (i.e.,
or easPOR Pt RBY OF Cr Uy o8 e eio bl GF LR AR BTET 8P agent | ¢ 00
hi gy t h&&ytsdggtﬂﬁ,g Er?e%h%rry%rﬁ{tﬁler,‘aiﬂﬁﬁi Benshe! Lllﬂ}iy_-iﬁ@%lﬁyl' Syfadueasa. Conmon

charn tran r agents or mxtures thereof known in the art include the C4 -
C18 al kyletingrstapiren shlomestysenten vgmyditplwemet dibriongpstiieds, trilgromiistytearol s,

carbon tetrabrpom de, carbon tetra oride, and,the |like. They Y, e used

al one of"™¥ nﬁpﬁ{g?ﬂ@ée’tlﬁ%‘?ré@??w#‘@ien& FhEeRAS. lég%r gﬁr%;p (ngr%%fgt ans

i ncl udeg I Yih e tDREANARE sulB %% deBBY £@PIAB 1aBrfGh¥ihateyladd latryldRsylate,

mer capt an, lauryl mnercaptan. t-dodecyl mercaptan and n-dodecyl nercaptan

are.  pstedmrlmoethadniate sseaivhortlaten sfoboragemethamplateeand thiehke-cPmt s for

Conhf ol bll Ts alkyl (meth)acrylate monomers are preferred for their enhanced
weatherability characteristics. Most preferred are the C1 - C8 alkyl acrylate

monomers.

_ The shell molecular weights of the shell polymer are in the range of from
10,000 to 1,000,000 and preferably in the range of from 50,000 to 500,000 g/mol.
20 Controlling molecular weights in this range can be accomplished by one of
various methods known in the art and is preferably accomplished by preparing
the outer shell polymers in the presence of one or more chain transfer agents.
Increasing the chain transfer agent amount lowers the shell molecular weight.

The amount of chain transfer agent present can be in the range of from 0 to 5,

%]
(%3

and preferably from 0.001 to 1.0, weight percent based on shell polymer weight.
These amounts are based on using common chain transfer agents such as the
alkyl mercaptans; various chain transfer agents having lower chain transfer
coefficients will require a concomitant increase in their amount in order to
control shell molecular weight. Other ways of reducing molecular weight include
30 increasing the polymerization temperature and/or with a gradual feeding of the

monomers, increasing the initiator level, feeding in the shell monomers neat




15 nol ecul ar wei ght are found in The Pol ymer Handbook, 3rd Ed., Brandrup and
| mergut, Eds., WIley Interscience, 1989, pp. 11/81 - 114&@%ce#%£#§bohs

i ncorporated by reference to its disclosure of chain transter agents and
chain transfer constants. The second "hi gh rubber” core/shell polyners of
the present invention 20 contain fro 0O to 92, preferably from72 to 88,
and nost preferably from75 to 85 parts by weight of a rubbery core pol yner
and from8 to 30, preferably from 12 to 28, and nost preferably from15 to
25 parts by weight of a shell polyner rafted to the_core polyner._ Such

r ubber yvarsne ppednynisifying thamonpreys 5md gy gongollgrethe degroe pf gikpw ¢fo 25

99. 9, ar}xc% rgés{iozg%xgg(ﬁr Erin?.I %%t rg?%gg%g Ofyﬁ%gatlg t PRIk Qé’enf\@ﬁ% ?h(g%elft{)ha}g(i).bglder i ved

from at c € ‘nmonorer, referably

from 0 &eight perceitbf¥RS shell @obrmbt weldharohentthe ShpHrhelebylansvedht ofayuni t s
derived fromat |east one_ethylenically unsaturated cqpol yneri zabl e nononer
di f f er emet be wellicpatrodled|leadingdpeaciabulityg inthg Prorerjles©of the FRIEPSK and from
0.110 9 r ef.er abl rom 30 0. 3y .7 to 1.5 parts
by Viei gcfﬁmg snrd(r)lrll’tatsjmydlé‘%q‘i\}g}(ﬁfOrngarﬁé a r%%%}{sgg%%ée}[sgéfg%gﬂﬁnk%? gg% graftlinker.

It is phreleuladvbiat (.oeifdbheny ianisot Lvidd) cifithe a?2ithtlof chalnytmansfecont ai n
fromO0.0001 to 0,1 parts by weight total of uni}ti derived from _ at |east one
cross| i ageatt iafep high then therdeggeapf erafies of theshell pelymerss tedrcsd acryl at e

nononers inc - - - - - -
I LS i R e
acryl at gcliddotheyC4 a8 slkel andcgitayk, mersdpiad-grovmoorrasnargeaqdsf er r ed.

Sui t abl e crosslinker or graftljnker nononers. inglud i vi.nyl,.benzene,
but }A engugpkenals, carhen ketsabromide, %@Qﬁéﬁmaﬁéofﬁ%’ 9&5&?‘?; s prey may

a kanepgl xngﬁ%hm%%%ﬁseaméyg "fmEldidrene 3l vogk adiacryl ate, ethylene

gl ycol acryl ate, ene glycol diacrylate, oligoethylene glycol
di acryl mieecapthhgamdlhgé eneylghyrmiptat, eyl dlreaptpinaneqetyl ngreappanl gacspane

i e yRaERsRn FHTEL RATGHBRBp 40T B HEErSH 8P ™ ARiF U S b BRBT e
car boxy) itea6l d Nl h¥FoRSIBAS todHdlePBgedts ¥hdaskW @ethicigh Rty borttrbleiige,
15 molecular weight are found in The Polymer Handbook, 3t Ed., Brandrup and

Immergut, Eds., Wiley Interscience, 1989, pp. II/81 - I1/141, which is
incorporated by reference to its disclosure of chain transfer agents and chain
transfer constants.
The second “high rubber” core/shell polymers of the present invention
20 contain from 70 to 92, preferably from 72 to 88, and most preferably from 75 to
85 parts by weight of a rubbery core polymer and from 8 to 30, preferably from
12 to 28, and most preferably from 15 to 25 parts by weight of a shell polymer
grafted to the core polymer.
Such rubbery core polymers contain from 50 to 99.9, preferably from 80 to
25 99.9, and most preferably from 90 to 99.9 parts by weight of units derived from
at least one C1 - C8 alkyl acrylate monomer, from O to 45, preferably from O to
15, and most preferably from 0 to 5 parts by weight of units derived from at
least one ethylenically unsaturated copolymerizable monomer different from the
at least one C1 - C8 alkyl acrylate monomer, and from 0.1 to 5, preferably from
30 0.5 to 2, most preferably from 0.7 to 1.5 parts by weight of units derived from at

least one crosslinker and graftlinker. It is preferred that the rubbery core




and allyl nethacrylate. Al though trinethylol propane triacrylate ("TMPTA")

Is the preferred crosslinker and allyl nethacrylate is P
graftlinker, both 15 may be used interchangeably in the L%ﬁ%g%rﬁéeglzéﬁgl I

polymer. As long as the core polyner remains rubbery, the core polyner of
the second "high rubber” core/shell pslynmer may al so contain additional
units derived fromat |east one copol ynerizabl e nononers such as Cl1L - C8
al kyl  (nmeth)acrylate, vinyl aromatic nonomers such as styrene,

i nyl - r r ' i t haeryl éc_acid, and
Y oger biels ohiEin BRED BRI BB IONORRI S WEN SR R 46uC) O 2
Cl - C8 atl leybt ofereiolsslanked ik at kagt bhe gpafelinkéxed addi tional nononmers in view

of their superior_  weatherahility. The shell polyner grafted to the core
pol ynmer of tﬁ@ps?éé@ﬂd é%?@#ﬁ@&ﬁﬂér@ mopgmess ancHde) mEIXlnetay i ProREL-pr esent

| nventi a.rb&gnts@'b.%t Lo o p,g,r gfg&gﬁgcg{},ﬁ%o@eyff ArBcEA. tefhdlé’-gtl?}qﬂgxﬂmt

preferably from 98 uhirts ~derive rom-at | east
one L1 acxBatzl Kyiburel hayiatk ainel evhybaetylatEhmosbmkts armpededrad. Geitghle i s in

t he range of from 25,000 to 350,000, preferably in th range of from 50, 000
to 200, BOSSIE %F‘h‘b%"tafg%’g?eér%ﬁ?‘ifnf’f? mﬁlqeafﬁgwdﬁeﬂzw,%t@@@%@% 150, 000
g/ mol . hfmidecshatd méﬁ&;}&l%bﬁw%ﬂdtﬁ% f»iggbl%agl‘r@pbﬂé%ﬁlﬁ%ﬁ}&n&%%%ﬁa&fs grafting

i s considerably reduced. '1f" the she wei g is too high then the
aver agesygtlnss etigdeme glyicobdiacgHate] 2tidererighrcol 80BettmcHnlatd, bmoylecal ar wei ght s

can be controlled by yarious nethods..kno in. th rt, .the nost. preferred
met hod # C?%gﬁg’évqat Rligne et @ycggdéﬂfry}fn e, Rligoethslrmeseueol vty 005 t o
5. 040 pr gé 81 aR! Yriﬁ{e@g}d@lﬁéﬁéxﬁ? aieerl%'BQ, tgﬁﬁéth?,z'lﬁb%ﬁéﬂé’diniétﬁﬁ%zﬁdz%te? 020

wei ght percent based on s pol ymer wei ght during the she
pol ymer irzaetlmriolptopané briceryhateenr tageethyhdyrdpsnesetnethaconiatelandhe nol ecul ar

wei ght of the el | . pol.yner. .and.i s _inportant.for ovi di capst ock

Comosi BrettitafilieaPeTT 35t sdest PRt AR ol EsrShe e GRSl oss
appear agg@ allkf me@BacrildRn AtLOh: H"ﬁﬁﬂ@’éh;ﬂ@fﬁ%p‘éh@ia@gﬂﬁ@@@ﬁ‘@l?ﬁﬁ%ﬁ% is used
then the shell nolecul ar weight becones too high and the viscosity

i ncr east, prefeuredprosstinker agd iallygreedhagrylate is the preferred graftlinker, both

15 may be used interchangeably in the same core/shell polymer.

As long as the core polymer remains rubbery, the core polymer of the
second “high rubber” core/shell polymer may also contain additional units
derived from at least one copolymerizable monomers such as C1 - C8 alkyl
(meth)acrylate, vinyl aromatic monomers such as styrene, vinyl-unsaturated

20 carboxylic acids monomers such as methacrylic acid, and nitrogen-containing
vinyl unsaturated monomers such as acrylonitrile. The C1 - C8 alkyl
(meth)acrylates are the preferred additional monomers in view of their superior

weatherability.

The shell polymer grafted to the core polymer of the second “high rubber”
25  core/shell polymers of the present invention contains from 50 to 100, preferably
from 90 to 100, and most preferably from 98 to 99.9 parts by weight of units
derived from at least one C1 - C8 alkyl methacrylate monomer. The shell
molecular weight is in the range of from 25,000 to 350,000, preferably in the
range of from 50,000 to 200,000, and most preferably in the range of from 80,000
30 to 150,000 g/mol. If the shell molecular weight is too low then the degree of
grafting is considerably reduced. If the shell molecular weight is too high then

the average gloss becomes too high.




10 energy needed for processing. If the chain transfer agent anount is
greater than 5.0 weight percent then the degree of grafij Bgcéfﬁbe?%bé

pol ynmer beconmes too low resulting in degraded performance er ways of
reduci ng nol ecul ar wei ght during typical enulsion polynerization processing
I nclude: increasing the polynerizationdtenperature 15 and/or with a gradual
feeding of the nononers; increasing the initiator level; feeding in the
shel | nmononers neat versus preenul sifying the nmononers; and inproving the

degree of m xi ngocﬁf the reaction nedium Sujtable polymers for the outer
shel | of theShellgralesslaa/vesights ¢a hergontrolded by aras neﬁéydﬁgvewal@ ass

L ansi g STRELAHIRLLLT "Qneafe R €08 haitahoeelacs, Rl o contain
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nonomnmer am/dum;b ofirfeomi G.0@3 em6.(\, pmﬂﬁetddﬁya‘foxheh% told, agd mos(f&)mfdfybly

renoner S Lo ket sncahyt or S Sindy FurenBra el * 0y’
al kyk ggtsﬁiz%@ﬁ%@ﬁ €8 chazn waék%germhﬁav Bemggwk&wrwﬂeemo@cﬁ}&yl benzene

al pha- styrene, para- styrene orostyrene, viny ol uene,
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thereof known in the art inclu - C18 al kyl nercapt ans,

mer capt esplong-is dlegai dadhperdainizncet hi ophenol s, carbon tet rabr oni de, carbon
tetrachloride, and the like. They may be used alone or as m xtures thereof
Exanpl es of Ohheﬂdrays@ﬁﬁechichyg modecdat wesghtnbirimie tymitall emulsion

polymerization processing include: increasing the polymerization temperature
15 and/or with a gradual feeding of the monomers; increasing the initiator level;
feeding in the shell monomers neat versus preemulsifying the monomers; and
improving the degree of mixing of the reaction medium.
Suitable polymers for the outer shell of the second core/shell polymer
require that they have a glass transition temperature (“T'g”) above 20°C and
20 therefore may also contain one or more units derived from ethylenically
unsaturated copolymerizable monomers which are different from the at least one
C1 - C8 alkyl methacrylate monomer.
Suitable ethylenically unsaturated copolymerizable monomers include one

or more of any of the following monomers: C1 - C8 alkyl (meth)acrylates,

89
w

acrylonitrile, methacrylonitrile, divinyl benzene, alpha-methyl styrene, para-
methyl styrene, chlorostyrene, vinyl toluene, dibromostyrene, tribromostyrene,
vinyl naphthalene, isopropenyl naphthalene, as well as higher carbon (C9 - C20)
alkyl (meth)acrylates such as decyl acrylate lauryl methacrylate, lauryl acrylate,
stearyl methacrylate, stearyl acrylate, isobornyl methacrylate, and the like. The

30 C1-C8 alkyl (meth)acrylate monomers are preferred for their enhanced




mer capt an, hexyl mercaptan, n-octyl nercaptan, decyl nercaptan, lauryl 10
nmer capt an. t-dodecyl nercaptan and n-dodecyl nercaptan aqu@E%\E&r g The

i nvention al so enconpasses havi ng other or additional stages are

pol ynmeri zed after the formati on of the rubbery core stage. Such stages nmay

I nclude an additional rubbery stage oftéa poly(al kyl acrylate), or additional
outer stages of polyner mainly or exclusively polynerized fromClL - (4

al kyl 15 nmethacrylate. O her rmlti-staged core/ shell polyners are

envi si o 5}1@6@

pref errgfj‘%ﬂcl)%rr%% 11t1th§;él{alqra gfe‘?,{s?mél um r b%fee?pﬁc%#e she?l %ﬂkXEQLI S an acryl I C
resin pmepameersaccording to the free-radi cal enul si on poI erEI’I zat I on

procedur e deag’ré]l‘ bed in U.S Pat efnt No. 3,812,205, which |?1 orat ed.
herein by 20 &% AtRCHAIR trausiay agprisiae uﬁ%topqoe,saqa P aRPIBFUIZE  y I i ¢
cor e- sheddig RO HRBISHE11 JBN-BeE @kéh&éé%laﬁaeﬁlm Mblﬁ"rﬁééﬂemlé ﬁol%’ﬁ' R emul si on
polynerlzatlon t echni ques. he second rubber™ acr ased

cor efshélommehyhein tl@nafes'(ﬁgpna)alr edxbyrea théneeéknadnaalthp@lry merludatheon as
whi ch is incorporated for its

describ P:,A- 850, 74 y, refer en

di scl osS;%e ‘gﬁgﬁﬂg’lﬁ?%fﬁa}) 1S RGFa WogWOPBH%BFa’&é?%/P? S ﬁﬁ Smodi fiers
made USicathoRNbekSHRBmRARd \aBEdrZ Btk AhloriRE, £ eheSHRb ! TB@kXHH Be MBYd AfodesSol at ed
fromthe enulsion in various ways, the preferred methods being spray-drying

or coag@¥ as rorturesdheret) wila mpdée of thl Ot e Clddalikybmergaytans intlade dnitplus

t ech d th It Pat.ent 4, 897, 462,
aFgombglﬂrgsff)?Ii’ %%r%l h@gﬁ%ﬁﬁ%ﬁl cfhgétia?(ﬁur%cgﬁtﬁnsgﬁgfsllzﬁﬁr%t%‘?c}gaw a spher oi dg}a g
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stages of polymer mainly or exclusively polymerized from C1 - C4 alkyl
15 methacrylate. Other multi-staged core/shell polymers are envisioned, i.e., hard-
core / rubbery shell / hard shell polymers.

In preferred form, the first “medium rubber” core/shell polymer is an
acrylic resin prepared according to the free-radical emulsion polymerization
procedure described in U.S Patent No. 3,812,205, which is incorporated herein by

20 reference for its disclosure on the preparation of acrylic core-shell polymeric
materials prepared with graftlinkers using emulsion polymerization techniques.
The second “high rubber” acrylate-based core/shell polymer is also prepared by a
free-radical polymerization as described in EP-A-850,740, which is incorporated
by reference for its disclosure on the preparation of high rubber acrylic impact
25 modifiers made using emulsion polymerization.

The core-shell polymers may be isolated from the emulsion in various
ways, the preferred methods being spray-drying or coagulation, such as with
electrolyte addition. Any of the various techniques described in the literature,
such as U. S. Patent 4,897,462, may also be applied to the emulsion during

30 isolation to produce a spheroidal product which, when dried, exhibits
outstanding powder flow, low dusting, and higher bulk density than

conventionally isolated powders.




5 Edenbaum Ed.., Van Nostrand (1992) pp. 208 - 271, which is incorporated
herein by reference for its disclosure of WV |ight stabii%gg&&nbgrmgrred W
light stabilizers are of the HALS-, benzotriazol é-, and benzophenone-type
conpounds. These conpounds further enhance the weatherability of the
capstock conmposition. Many such conpouypds are commercially available from

Ci ba 10 Specialty Chem cals (Tarrytown, New York) under the TINUVIN
tradenanme. The capstock conposition may further contain fromO to 100 parts
by weight of at |east one polyvinyl chloride resin ("PVC'). Because total
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| i ght exposure such as titaniumdioxide (white), clays_(beige) and slate
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No. 5,346,954 which is incorporated by reference for its disclosure of
a maximum of 100 parts by weight PVC’to the capstock composition results in a

15 weight ratio of PVC to first and second core/shell polymers of 100:100, or about
50 weight percent. The addition of other components follows this weight fraction
protocol. Although the addition of PVC has a tendency to reduce the gloss of the
capstock, it also has the effect of reducing thé ability of the capstock to withstand

weathering.

20 The capstock composition may further contain from 0 to 20 parts by
weight of at least one pigment. Many suitable pigments are described in “Plastics
Additives and Modifiers Handbook, Section VIII,”Colorants”, J. Edenbaum, Ed.,
Van Nostrand (1992), pp. 884 - 954 which is incorporated herein by reference for
its disclosure of various pigments useful for coloring plastics. Examples include

25  organic pigments and inorganic pigments, and those preferred are resistant to
UV and visible light exposure such as titanium dioxide (white), clays (beige) and

slate blue pigment (blue).

The capstock composition may further contain from 0 to 15 parts by
weight of at least one matting agent. Suitable matting agents include relatively
30  large organic and inorganic particles (e.g., glass, ceramic and polymer) which are

used for altering the light scattering properties in plastic resins. Numerous




matting agents useful for blending with acrylic resins. The capstock
conposition nmay further contain fromO to 5 parts by wei gipecamsdr Znogowder
flow aid. Suitable powder flow aids may be incorporated in the spray drying
process used for recovering dry powder capstock composition. An exanple is
stearic acid-coated cal cium carbonate.1&l ow aids are further described in

U S Patent No. 4,278,576 which is incorporated by reference for its

di scl osure of flow aids useful for spray drying emrul sions of core/shell
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15 recovering emulsion core/shell polymers either by spray drying or by coagulation

followed by wet-cake drying. These core/shell polymers may be recovered

separately as individual powders which are subsequently mixed together using a

suitable powdér mixing device (i.e., ribbon blender) to prepare a dry powder

mixture. Alternatively, the first and second core/shell polymers may be blended
20 in the emulsion state and subsequently recovered as a mixed dry powder blend

by either co-spray drying or coagulation followed by drying.

Additional components in the capstock composition, such as UV
stabilizers, pigments, PVC resin, matting agents, flow aids, processing aids,

lubricants, fillers, and the like, may be blended in either powder or liquid form
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with the first and second core/shell polymers that comprise the base resin
capstock composition. Individual additives, i.e., UV light stabilizer, may be
emulsified, added to the core/shell emulsion polymers and co-spray-dried.
Alternatively, emulsified additives, such as pigment dispersion may be added
directly to core/shell polymer powder in a suitable mixing device which allows for

30 the addition of heat and the removal of water. Likewise, PVC wetcake may also

be blended with powder or aqueous-based core/shell polymers. Numerous




conbi nati ons of m xi ng enul si on-based additives and powders foll owed by
subsequent drying can be envisioned by one skilled in thf? Betembdr 2803
pelletized formof the capstock conposition is preferred for preparing
capstock film sheet, and other various articles instead of a powder (e.g.,
to avoid 5 dust), then the powder maygbe fornmed into pellets using any
suitable plastics pelletization equi pnent and net hods known in the plastics
processing art. This can be especially useful in conbination with the

m xi ng step. wherein the conponents of the capstock co sitiQn can be
corrpounﬂ‘éﬂg %t;@mor}%wn%émr@%lpz sagiaégl%‘fe_a?rﬂﬁi Ho‘ﬁﬂ%@%ﬁgwﬁﬁg’é’essi ng
equi preglpseldehf d84ial dah!b éms%é%%&eon@ il18d {£¢hd BE0 @ pl astics processing
devi ce, such as an extruder, V\)m ch i's wel nown to the plastics-processing
art. Typi cal Ifyg peltetizad foreof tha\ciapgtoak fcemgosiinni isrprafedred foetpgepaxgngection i s

utilized. Further details an be.found. in Principl es of Polynmer Processing,
by 7. THRRGI AR e, eRhetiet RaiAITIas B5Re St R iofue < ST doxt r uder
oper at i Agsth SIS Bl WRPdEXhal De Fbriibl Shtoli8letS ABRIONY, SO IIAQILscan be
processed efficiently to create a reduced gl oss “appearance while

mai nt ai péliefidtyin éqpactenstandnmethodimdvarth sl plashics peogeesiaglare. dhis he

extruder is adjusted so.that the pellet r powder of m xt.ur (1) do not
ol 1 antp be GRbee PRSPl i erpbidtan Bt BecPRERE R H IR E BF)  here 20 are
sonet i MesmPs b8 w8 tMd t:bﬁﬁtsagwm?&élﬁoﬁ%ﬁq;e doRt pBured (@xENtdntger, which is
exacerbated by relatively fast fusion (nelting) of the m xture (l) causing
t he nobeldatizedxusing standradiplagti¢aprocedsang eedipmgmdat . Fi ne powder forns of

I kes fgedin o the screw fli.ghts of the netering section difficult,
bt 11 cut ar 1 y b ER G AP el (Tt sl &R atted REPEASF e P Eh e veh A,
Reduci ngn theruldee drERE isGrlPRnb®ARS tAL Bl LtRBIFrodddsing@hte VIvatiesly hins probl em
and output is inproved, but the gloss, though reduced by the | ower

pr ocess¢¥ignden haviagpefest seetiomanga metemng Rectiopmgsutilazedn Flustlar dstadessi ng

t enper at ur are, needed. t.0 e re that the g | | .ow eRO this
causes éaa o%vfcflhnrdolﬁlgﬁﬁlﬁtc Lp;%?so IeOrL‘riY eﬁg%%eg?mlgo{)??cs&? eags%ort%nr(gggﬁg%ogg%’he fusion
of (1) dluidlde 1d9ebayed. 30 Optionally, addition of relatively small anount
of an external lubricant, such as an oxidized pol yethyl ene wax, helps to

i ncFease t heAridsaret ofextgnder gperating temperatures exists at which the

capstock composition can be processed efficiently to create a reduced gloss
appearance while maintaining high impact strength. The feed section
temperature of the extruder is adjusted so that the pellets or powder of mixture
(I) do not melt and stick in the feed throat In processing the mixture (I) there

20 are sometimes problems with feeding the powder form into an extruder, which is
exacerbated by relatively fast fusion (melting) of the mixture (I) causing the
molten mixture to back up into the feed throat. Fine powder forms of (I) makes
feeding onto the screw flights of the metering section difficult, particularly with

smaller extruders which have shallow flight screws. Reducing the feed section
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temperature partially alleviates this problem and output is improved, but the
gloss, though reduced by the lower processing/melt temperature can be too high.
Thus, even lower processing temperatures are needed to ensure that the gloss is
low enough but this causes a low throughput problem. In order to increase
throughput, the fusion of (I) should be delayed.

30 Optionally, addition of relatively small amount of an external lubricant,

such as an oxidized polyethylene wax, helps to increase the fusion time and to




12 Decenber 2003 20 reduce clogging of partially fused polyner in the feed
throat. The addition of an external |ubricant thereforeifpbismbé J003Vvi de a
hi gher output. It is inportant that during the step (lI11) of netering and
melting the mxture (1) in the nmetering section to forma nelt, the
tenperature of the 5 netering section2@ust be kept between 165C and 190C,
preferably between 170C and 185C, and nost preferably between 175C and 180C
. If the nmnetering section tenperature is too |ow then the capstock will
have pOQédlhd’éQﬂ@g'ingBfgﬂﬁﬁalﬂﬁmﬁqidlﬁﬁ&r@@mh@@édﬂ ih¥P&HVERE BHARIoS S &gt h, but
too high tenBeratures can lead to higher gloss. 10 The nelt tenperature
nust beekesnabbibricant thereiasdelns & pprvade pdbgher o@dMen 170C and 190C, and
nost preferably .het 8 I i ove 195C

t hen the gl ogtj’slséilgr%1 ro\ggag{e%sd% ggél?l&%né%c%g%‘? Q)IPte&enel\?Eeﬁ%mgeég%egP, %i t?’%t he nmel t

t enper amikesrel 3) inothel Matdri@Nsddidnviosfondi 4 yhedf, thBeem@sidaturdet ciies t oo gr eat
and the flowate through the plastics processing device nust 15 be reduced
to avoi SSIPEEESECRAERLIYR brrieph bgbveen rlgéug Pydrlé%u@egrqf?m fet®een cj ency.

The step~-g{d f1 g=0F ] Lt |1t <b Iy 4dhoe di ocated at the
end of ?ﬁg %P?ulggrérésg%%%?&%%mg I%t'jf@tea Ilgap?):@tdl 1085?) ?o'r !r[r%ﬁtr}flgf;e devi ce, such
as a duomstefiagissctidmpératiee & fooJew thdn,thelrapdtdck Whilehdverpuordinpactor
prepari gg 20 capstock it is pest to formthe nelt into i‘#thickness of from
0.1 to MigheftpmpeEkturesie RelsImRENvE impach sheagth Rt tag &igh f or  PVC bui | di ng
pr oduct . VG SiLdj RG 1 oI frames, fencing, decking, and rain
gutters?e.&g' %tg{ée%pcsgn(\egag?hé%mr ?%ég the nelt layer fromthe die and (VI) of
coolivng theThelutelt sympertues must dei kepttheewde 1658 ahdd IACWprefbedily cs

h. o PoFeegRer ot 190" Caid Moot PIAeF SREDERY St b 0L ARGl F e . |

wat er ) %mﬁiﬂ@ﬁre( s £bove Algh? CRAYA Rile BlodsGAPRREL EFa S lthfnfal:@é'rpl%QEieMelzélW to cause

t he capstock to harden. The tenperature of the cooling uird shoul d be kept
bel ow t hiowexedaftingmedtinipenpiratesesiis ¢oo gy thdén thhwispedipynedthe reesimponent havi ng
the hi gggggmc;rsgto%ngrggte éil'(l:(? %)eo ﬁ%%&é’t%‘ thﬁ%ugﬁ the plastics processing device must
15 be réduced to avoid viscous heating which deleteriously reduces process
efficiency.
The step (IV) of forming the melt into a melt layer in a die located at the
end of the extruder is done within a suitable plastics forming device, such as a
die, as is known in the art (_S_e_ge_ Id., Ch. 13, “Die Forming”). For preparing
20 capstock it is best to form the melt into a thickness of from 0.1 to 1.0 mm thick,
which is useful as protective layers for PVC building products (e.g., PVC siding,
window frames, fencing, decking, and rain gutters).

The steps (V) of extruding the melt layer from the die and (VI) of cooling

the melt layer after it exits the die are also known plastics processing steps.
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Cooling the extruded melt layer can occur by passing the melt layer through a
cooling fluid medium such as a liquad (1.e., water) or a gas (i:e., air) having a
temperature éufﬁciently low to cause the capstock to harden. The temperature
of the cooling fluid should be kept below the hardening temperature, i.e. Tg, of
the polymeric component having the highest Tg in the composition. As an

30 example, capstock compositions including core/shell polymers having PMMA
shells of a Tg of about 100°C and require a cooling fluid, i.e., water, having a

temperature of about 80°C or less.




30 exanpl e, capstock conpositions including core/shell polynmers having PMVA
shells of a Tg of about 100C and require a cooling fluidg,i ,
having a tenperature of about 80C or |ess. 12 Decenber %%8§€3Tb¥W§dﬁé
Alternatively from or in addition to using a cooling fluid, the nelt |ayer
can be passed and/or pressed between ghilled rollers which may be polished
snoot h and/ or have an enbossing pattern. It is particularly preferable for
capstock used for PVC siding applications to have rollers that provides an 5

enbossing pattern th roduces wood-grain effect into.the stock. O her
enbossi ng paﬁﬁ%ﬁrﬁgmﬁg‘é’ é?’%’o oémﬁgflmﬂé’dw B?lngﬁ’ecoé)ﬁ‘ﬂg!de 1d, e @thalg¥ tth as a
matte thRinehassbig BnWRR G reERidb Ve Lhalh fRld s wWHibh SihyehdpSIRIHMY pat t erns

also tend to further reduce the gloss of the capstock ‘and are therefore
parti culsaxdoyh dadiardizive arf embosengpatteencdolis pgrtstdarly wryfeodblpdepari ng
reduced- gl gss, weat her e.Lnpact-. 10. resi st ant gapstock. A.nmethod for making
synt nEEPRORE SRR B5as Gy W TR ieg taho 1o PONEd A AL PFUBRTB 8 ext r udi ng 4
pl ur al i e¥h Rk st dteRiredat Grodhdddsd RBo& LTRBUEEStaNREh tHRARApY¥IJE. t OeRaLt oget her
in a particular fashion. At |east one of the thernoplastic extrusion
conpounémhgssingtpattérmscap sdscnvsiopedifor the clidler dolieyst suahhas & mafte or 15
second aspect f th resent invention.and disposed upon at, | east, one other
* her nopRaNt OBt PSR ED Rt A AL S ALoars BALP s Roa BT 18 e

layer. Krthes réd & t@R\W16dsitate lchpbtobk andanstideke foRpogidul £ty dasirkbleext r uded
in multiple layers to allow for additional protection _on 'one or nore sides
of the Eompssin e orolipgisten (\CR9f Poetartag redudedgines weatheralgesmpagt-ck,
vvherlgzas ék}east rcgctt%rcﬁl 20 plastic can be about 0.8 to 1.2 mmthick for PVC
si difhg APPFICHPBRC  and from 1.2 to 3.0 nmfor. PVC profile applications
(e.g., PVC wi,ndow franmes,. fencin decking, and rain gutters ILf. .t he

capst ock and‘%’&ﬁ&?‘%{%’é I&‘?]émlgc?oﬁrgt?’@kmtrﬁ?ﬁ oséﬁeltlﬁ'?? se%ﬂBn%‘#ug!hé?}F om wil |
suffer 19@]08LettrGOy a YNEEERS of thdridfdplasite tRQubbhtonigdandsAe Wil | be

|l acking in strength. 25 The substrate |ayer may also be formed by an

ext r usi eppbfing thémmrtegpthestin@ parswiutar fasbiamheAnsishone of thesthermeplassicany of

the ext LY r%g{o% (Eo%}gontprpcisav%{ﬂ fe the capstock composition according to the first or

15  second aspects of the present invention and disposed upon at least one other
thermoplastic extrusion compound functioning as at least one substrate layer. It
is also envisioned that the capstock composition can be extruded in multiple
layers to allow for additional protection on one or more sides of the composite.

A typical capstock can be from 0.1 to 1.0 mm thick, whereas the structural

20 plastic can be about 0.8 to 1.2 mm thick for PVC siding applications, and from
1.2 to 3.0 mm for PVC profile applications (e.g., PVC window frames, fencing,
decking, and rain gutters). If the capstock and substrate are too thick then the
articles made therefrom will suffer too great cost, whereas if they are too thin

then they will be lacking in strength.

The substrate layer may also be formed by an extrusion of a thermoplastic

[E9]
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resin. The thermoplastic resin may be any of the extrudable thermoplastic
resins known in the art, examples of which are described in U.S. Patent No.
5,318,737, incorporated herein by reference for its disclosure of extrudable resins

and extrusion processes.

30 Preferred extrudable thermoplastic resins which are especially useful for

making building products, but which require protection from a capstock layer



resins known in the art, exanples of which are described in U S. Patent No.
5,318,737, incorporated herein by reference for its diSCHQE%E&mB r Sfiar udabl e
resins and extrusion processes. 30 Preferred extrudabl e thernoplastic
resins which are especially useful for nmaking building products, but which
require protection froma capstock |aygr 12 Decenber 2003 22 agai nst

weat hering and physical inpacts, include PVC, chlorinated polyvinylchloride
("CPVC'), high inpact polystyrene ("H PS"), polypropylene ("PP') and

acrylonitrile-butadiene-styrene, ("ABS"). lt.i S referred that the
ot} udaBFESh RIS ol RhYETe brers. i BN St BBt e | ayers adher e
to 5 ongyl ﬁiﬂ&&loh‘&eR"@WG@);%@é@ﬂn@ﬁ&ﬁg%r&ﬂ@(‘?H'E@?,iﬁlogypargg?fé%ieon can be

pr onot ed hrough sel ection of resins h are conpati b or miscible

with ofi@Pahandecrylenyrile-putadiendrgtyrane iatBSatle ibalsedrefosratsthatghe

chlorinated.resins). Various nethods known in the art, such.as surface
Creat nontie At R AR Be B et 4o¢ rabniook gl sk oSrake laoBes Mot ™

apply caghORn&fhedRo PRSIt R1aBi®a tiéh 6NMHeSioRmMesbifeOr Adayioy cag bkhe adhesion
bet ween the substrate and capstock | ayers of the conposite. Synthetic resin

conposi Pesneted thaveshsdatisan of resing whidf arencomxp atikigsing/on mesaible|vaski ¢ resin,

and a capstock | ayer of th apstock c osition accordin t he first
Sepeat o8 bR B P R E s AP et SR bR et b 121
formed Varioax andtheds RBrotwamniakidrg, Qichf 4F s@th@heeitindit withadsidvVC

structural plastic and the capstock together by thermal fusion or by
adhesi veronmters firedosgna digbrese) radisprplidatiopcfiansadhesiveadire he substrate

Y% AL B PV HLPRen R, RA0-AB5, uFT SLRkARb Y 0 £ARchosk | aver

has an “average degr ee 1 nci € geo ry of
| ess t hefitheQondfdsfeef erably [ ess than 50, and nost preferably bel ow 45.
Al so, the capstock layer is preferred to have a drop dart inpact strength

of greater tdHathediciresint®ndios?RS cadtaved HithdtPatP4896r of 4n bftratablepr ef erred
t hat. the capstock | ayer has a of value of 8.0 or less and a AL value of 2.0

or . | essthermeplagsooresburandot captetlelares¢f thecarrp¢ihepmpestighmgeerdingTM D4329
Cycle c;fo the first aspect of the present invention disposed thereon. The composites can

15 be formed for example, by laminating preformed sheets or films of PVC

structural plastic and the capstock together by thermal fusion or by adhesive.

Preferred extrudable thermoplastic resins used as the substrate layer
include PVC, CPVC, HIPS, PP and ABS. Preferably, the capstock layer has an
average gloss measured at a 75 degree incident angle geometry of less than 60,

20 preferably less than 50, and most preferably below 45. Also, the capstock layer
1s preferred to have a drop dart impact strength of greater than 25 in-lbs at 23°C
according to D4226. It is also preferred that the capstock layer has a AE value
of 8.0 or less and a AL value of 2.0 or less after 1000 hours of accelerated
weathering according to ASTM D4329 Cycle C.
EXAMPLES
APPARATUS AND GENERAL PROCEDURE

In the following Examples, the core-shell polymers were prepared using a

~
w

free-radical polymerization process in an appropriate kettle equipped with a,
stirrer, means for controlling the reactor temperature, means for dropping the

30 formed polymer emulsion to a container, means for recording temperature,




25 EXAMPLES APPARATUS AND GENERAL PROCEDURE I n the follow ng Exanpl es, the
core-shell polyners were prepared using a free-radical pohURELL&HJ03N
process in an appropriate kettle equipped with a, stirrer, neans for
controlling the reactor tenperature, neans for dropping the 30 forned

pol ymer enul sion to a container, neang,for recording tenperature, 12
Decenber 2003 23 neans for addi ng emilsifier solution, neans for adding
initiator, and neans for adding nononers. Particle size of the emulsion
particles was neasured using a Nanosizer Bl- 90 (Brookhaven Instrynents,

Hol t svi feans mdcbnz)e.m@smgrmti%\me%s i adding PHEBHOT ABGrBEARS ¥ t he

spray-dgyi.n o described in U S. Patent 4,278,576; fromO to 3% by
wei ght %‘%’ lggclg{grg?%%ss'car bonate flow aid was optionally added to the emul sion
during sprayPsghtydlé1gize JPaeE em ylsiohi ireickiszess weaeursehesingd Nanogjizer Bbul t er
Laser Particle Size_ Analyzer, Mdel LS 130 instrument (Beckman Coul ter,
Inc., P9 (Braokhavep Inghrpments dioltsyille JygHe¥erklere nmixed to formdry powder

m xtures wt ' ' ' | g | ) ! pQader mixtures
vere mel bl%ﬁgén&@gﬁ’&ndgég%%%%?’??ﬁaﬁ%{&?%ﬁ? ot %égw%rlyl% B ent abri k.

Al chachdesCeibed iy )U.8t Pat&a 4,208,5765 fromut es3% baysweighagfiesaleeum prepar ed usi ng
a Reliable Press (Reliable 15 Pres .,,Cevel and, OChi o) operating at a

t enper ataspengte Hogpeld was %’F’é’é@ﬁﬁgadsd@ggﬁ’épﬁ?ﬁl Skl ‘%‘&Fni@s%’fﬂg&?ydflgs m nut es,
follo ?H%g ; hdauh F8eRgLd od (room
tenpe\rl\ggﬁvrpgsgg%h%éts{oz%&ls aqugﬁa(g?guggu%%Iogwég}%dsggghspegi mens for QU
accel er ahalyzesdibéeli n$r 180adhytxusmearntdBackmhadCdwdtet, InaypBEullegbnengt h ( ASTM
D256 t@glt ng. (6.5 x 10 x 1/8 inches) and for Drop Dart 20 Inpact Testing
(6.5 x 1 rE“ﬁn) (ASTM D4226A). QUV accel erat ed weat heri ng was done

according t %@%@é@&e@ﬁh&&o &Qntl;&? %gv%léxj @ikt setiou ndditingour s 11 ght

, four hours Fk wth condensati on

using a high intensity mixer. Dry powder mixtures were melt blended using a
Collin Mill (W.H. Collin GmbH Maschinenfabrik, Aichach, Germany) at 175°C
for 7.5 minutes. Test plaques were prepared using a Reliable Press (Reliable
15 Press Co., Cleveland, Ohio) operating at a temperature of 190°C. The pressing
operation applied 10 tons for 3 minutes, followed by 70 tons for 2 minutes and a
3-minute cooling perioci (room temperature) at 70 tons. Plaques were cut to
produce specimens for QUV accelerated weathering analysis and notched Izod
impact strength (ASTM D256) testing (6.5 x 10 x 1/8 inches) and for Drop Dart
20 Impact Testing (6.5 x 10 x 1 mm) (ASTM D4226A).
QUV accelerated weathering was done according to ASTM D4329 Cycle C
(Q-UVA 340 light source; eight hours light , four hours dark with condensation
at 50°C).
Color-hold was measured by determining changes in light transmission

and color as a result of the QUV accelerated weathering using a Hunter Lab
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colorimeter (Hunter Associates Laboratory, Inc., Reston, Virginia) to measure
the AE, AL, Aa, and Ab values. The procedure for determining these values are
provided in Instruction Manual: HUNTERLAB TRISTIMULUS
COLORIMETER MODEL D25P-9 (rev. A). Measurements were made every 500
30 hours of QUV exposure up to 5000 hours total exposure.
Average gloss values were measured using a 75 degree incident angle

geometry glossmeter (BYK-Gardner USA, Chicago, Illinois).




Col or-hol d was neasured by determ ning changes in light transm ssion 25 and
color as a result of the QUV accel erated weat hering usin y e b
colorinmeter (Hunter Associates Laboratory, Inc., Rest on,fb\lﬁ?gl nlez)zotbg
nmeasure the AE, AL, oa, and ob values. The procedure for determning these
val ues are provided in Instruction M¥ual: HUNTERLAB TRI STI MULUS

COLORI METER MODEL D25P-9 (rev. A). Measurenents were made every 500 30 hours
of QUV exposure up to 5000 hours total exposure. Average gl oss val ues were
neasur ed usi MhedollSw ROV 1CI0AE Rire 3R46P16ye DREPIML éx4rgplagSNEt €1 ( BYK- Gar dner
USA, Chicago, _LIL1inoi 529@ 12 Decenber 2003 24 The follow ng abbreviations are
enpl oyed in Mléxfaﬁ%}’ ethagrxlate al |yl methacryl ate BA = butyl acrylate
TMPTA = tri mptyhyl r triacrylate 5 MVA = nethyl nethacrylate pMVA =
pol y( net hyl ”%@hgglﬁ%%#ggy%e pBA = poly(n-butyl acrylate) CHP = cunene

hydr oper oxi dEMINMMA= itk shyflblpdopmitotidcrifiatture 10 nDDM = n- dodecy!
mercaptan tDDM = tert-dodecyl nercaptan SFS = sodi um f or mal dehyde

sul foxyl at e MYAs methyl %Wﬂﬂt?ate rpm= revolutions per mnute 15 In the

description e glgeg' | ; Lpgle slash ("1") inplies a copol yner,
nunber s sepaggltl\;e bg s?‘{ﬁﬁ Iléw%haagﬁﬁé\n&?hi n parentheses indicates the -
copol ymer wepBAt= palyi(n-batyltdieylast i cul ar stage, while a double slash ("/P")

inplies a sggﬁjrgte stage.. The general format for describing the core-shell
pol ymer conpbéitt FoHEene hyrdreperozide conposition" // "shel | conposition".

Nunbers ref eEMM=3191u?§¥‘1E&n?&ho‘é§élgﬁﬁxﬁQg don't necessarily sumto 100. The

anmount of chain trans
10 nDDM = n-dodecyl mercaptan

tDDM = tert-dodecyl mercaptan
SFS = sodium formaldehyde sulfoxylate
NaPS = sodium persulfate
rpm = revolutions per minute
15 " Inthe description of the compositions, a single slash (“/’) implies a
copolymer, numbers separated by ,a single slash within parentheses indicates the
copolymer weight ratio of the particular stage, while a double slash (“//’) implies
a separate stage. The general format for describing the core-shell polymer
compositions is thus “core composition” // “shell composition”. Numbers refer to
20  parts by weight and don’t necessarily sum to 100. The amount of chain transfer
agent used during the polymerization of the shell polymers is also indicated in
the composition as parts by weight.
Examples 1 (a-c)
Preparation of first “medium rubber” core/shell polymers
Example 1la
Preparation of 40 (99 BA /1 ALMA) // 60 (95 MMA / 5 BA / 0.002 nDDM),
a first core/shell polymer having 60% MMA-co-BA shell polymer, shell molecular

8]
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welight about 115,000 g/mol, grafted to 40% graftlinked pBA core polymer: Stage

1. A first-stage monomer emulsion was prepared by blending 200 parts of butyl
30 acrylate, 1.8 parts of allyl methacrylate, 1.85 parts of dioctyl sulfosuccinate (75%

solution in ethanol), and 50 parts of de-ionized water. A reactor containing 370

parts of de-ionized water and 0.074 parts of acetic acid was heated to 62°C while




agent used during the polynerization of the shell polyners is also indicated

in the conposition as parts by weight. Exanples 1 (a - ¢ pBe&mBércddoan of
first "medi umrubber” core/shell polyners 25 Exanple |a Preparation of 40

(99 BA/ 1 ALMA) // 60 (95 MMA/ 5 BA/ 0.002 nDDM, a first core/shell

pol ymer havi ng 60% MVA-co- BA shell poRymer, shell nolecular weight about
115,000 g/nmol, grafted to 40% graftlinked pBA core polyner: Stage 1. A
first-stage nonomer enul sion was prepared by bl ending 200 parts of butyl 30

acryl at g C&ﬂ%lﬁ?%&g QE f%e'dyémﬂ%%%)i'f@{ ?0 ng;ﬁlg%’ Pakt §2Qf @i?gtaﬂs of

sul f osucci nat e tion in etha 0 parts 'of de-ionized water.
A react snrdumnfcamald@ﬁl?eosulﬁanyﬂa;eahssiﬂved)m 2 pdrisatecionived Wa@r44Part s of

t h d t.o 62C whi l De 03 25 t ent
Cpar 0o P RERMEPD GRR SeE 1030 AP AU B S LA S 2%, £ SE e 6L LbP PRRUF LY
formal dghyde. SdthhiR¥od Bkéx B35 Pokatet By %fe@é'ﬁtt 9. (Yjﬁrﬂnﬁﬂ' Badistaledf (4%

sol ution) "were charged to the reactor; | owed by the addition of 11.5
part$ opolaretlpdlawwlat&enmhmthml mmbacx(sf%%(p%%e’i’hbynmlb’hpI;epar@iio mm

consi stin 5 | yet h | at e t nmet ha r e (50/50). The
initial P’;?%B ﬂ'&%ls %?1%478? t306 ﬁ%la‘rgy‘é }Bydfﬁp"pféi’?‘f t“ﬁEYYVI Br oper oxi de
initiat %pa%féy?&ﬂhto%ﬁ@%é&%ﬁ/v@&@l bdr6 0 Hﬁnﬁ%Ct’FH%an?ﬁﬁz@iza%éﬁr 60

m nutes. The pol ynmeri zation reaction reached a peak tenperature, which was

t hen adfasstiod reacl8Sic apak Hemperatuge, wvhhrwashleen adigisted to $3°6F af duds. To
conplete theg . first-stage core 10 rizat arts of sodium
per ut 1 v BFiRe frdiaief dnera: fater By Bt RbleRt By BR AR Bfhei d for 10
M Ny esSpol¥hfritidnCo. @375 Ré@tsfo sobfurh Pe@s@fate RPaL AL to fHai leetileratigsstage was
145 - 155 nm Stage second nmononer m xture for preparing the shell

pol yrrerapgghe peaéwméwlﬁfmbl@ mmgeas Themartisleosizel obthe tors @t iths gadiofat e

solutio LS of i h net hacryl ate, 14.8 parts of butyl acrylate,
and 0.5 lgsjérS t& Wad‘5 (14]5(%yirE ﬁécapt an. After the stage 1 conpletion, 29

parts of SOCEM@‘efZ)rMb&ﬁfwﬂ@noﬁiﬂrfrﬁﬁ&hﬁd &)rqﬂép&mag the ¥hély pw@zﬂélt whe water)
was added to the reactor at 85C.
prepared by blending 5.2 parts of dioctyl sulfosuccmate solution, 283 parts of
15 methyl methacrylate, 14.8 parts of butyl acrylate, and 0.59 parts of n-dodecyl
mercaptan. After the stage 1 completion, 29 parts of sodium formaldehyde
sulfoxylate solution (2% by weight in water) was added to the reactor at 85°C.
This addition was followed by gradual feed of the second monomer mixture and a
cofeed of 28 parts of t-butyl hydroperoxide solution (8.5% in water) over 2.5
20 hours. The reaction was maintained at 85°C and held at this temperature an
additional 30 minutes at the end of the feeds. The reaction mixture was
subsequently cooled (reaction cooldown). The total solids weight fraction was 49

- 50%, the final particle size at the end of the second stage was 180 - 200 nm, and
the pH was 2.7 - 3.0.

[0
w

Example 1b
Preparation of 40 (99 BA /1 ALMA) // 60 (95 MMA / 5 BA/ 0.002 nDDM), a
first core/shell polymer having 60% pMMA-co-BA shell polymer, shell molecular
weight about 130,000 g/mol, grafted to 40% graftlinked pBA core polymer: A
two-stage polymer latex to prepare a first core/shell polymer was produced in the
30 manner described in Example la with the following exceptions: The second
monomer mixture was prepared as above with an additional charge of 13.25

parts of de-ionized water. Additionally, a sodium persulfate chase solution




This addition was foll owed by gradual feed of the second nononer m xture and

a cofeed of 28 parts of t-butyl hydroperoxide solution ol y%ogr) over
2.5 20 hours. The reaction was mai ntained at 85C and hel ?326%@?%
tenperature an additional 30 minutes at the end of the feeds. The reaction
m xture was subsequently cool ed (reagsi on cool down). The total solids

wei ght fraction was 49 - 50% the final particle size at the end of the
second stage was 180 - 200 nm and the pHwas 2.7 - 3.0. 25 Exanple |Ib

Pr epar atj (95 [.5.BA. 0. 002 nbi a
1 ror BT Osdftabteloutral VootV IR 1t M¥EiohizBa St PR aflipd bo
mol ecul ahe keetlglat 85b0Oult th8@nAGd thé B18-ho@f ehige® feed 40% graftli nked pBA core

polymer: A two- s%g&;e pol ymer |latex to prepare a first core/shell polyner
was produced Fagt PheligGorpdshad} pelemerilptex was sxkaegrently spravrdried intd fow ng

tigns: - i xt 5.0
id L1 ol PO ARGHBBIMEE, Tht Bl SRS AT B Rl iy
sodi um pedshdd ah avelmgeCoulter panicle size o€ BB m2d0Rs.26 (0. 037 parts sodi um

persul fate dissolved in 1 part de-jonized water) was added to the kettle at
85C at the end of the 2.5-hour stgg]@nzﬁ%éﬁ. Part of this core/shell polyner

|atex vas subseqiaiidosR @ BAYIALILS Ao ¢y sAANELY 11 3B 4PEERbed above.

The resulting dry powder was somewhat y an average Coul ter
parti cl éD8IME aofirs33ofe/shell polymerxteaihe 60% F¥dparcatBAasholl pdlyhof) sBAI/ 1 ALMA)

/1 60 (88..5 /.11.5 BA/, 0.002 t , first core/shell polynmer having
60% vaRE%‘E‘g%‘AW& t %&ﬂ%@%;o%%/mf’% o Ww&r@@ﬁ%mhﬁga%l%?ooo g/ nol |

gr afiped % 8 | : ' | pol ymer
o Br OB R L R B B e Tl a8 o e B th The
fol | owi BgamadedtdfdAS 3,91k20aweth thar follopuhy arceptimmsc Apdaeek afrea core pol yner,

cont ai nj 40% by wei ght, of 100 rts butyl. acr te and 1 part of allyl
net hacr ??%Pée,r %ﬂ%c%mgﬁ%qdl O’{?of‘ifﬁé’l%%é%ﬁ’f SOHAYRE 68 Ei// Wi het ﬁ?o BHS parts
net hyl H&?ﬂﬁ&i’ﬂa@é 8nandpart of aB@! b tREdlat8CANA ldell polymer containing

60% by weight of 88.5 parts methyl methacrylate and 11.5 parts butyl acrylate.

15 This latex was spray-dried into a dry powder.

Examples 2 (a-b)

Preparation of second “high rubber” core/shell polymers

Example 2a _
Preparation of 79 (98.9 BA /1.1 TMPTA / 0.0003 ALMA) // 21 (100 MMA/
20 0.005 nDDM), a second core/shell polymer having a 21% pMMA shell polymer,
shell molecular weight about 130,000 g/mol, grafted to 79% crosslinked and
graftlinked pBA core polymer: Stage 1: To an appropriate stirred reactor fitted
with means for nitrogen addition, a reflux condenser, and means for adding

monomers and other ingredients, was charged 49.3 parts of deionized water and
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0.021 parts of glacial acetic acid and heated to 45°C while sparging with
nitrogen. The nitrogen was then adjusted to sweep the atmosphere over the
reaction mixture. 0.100 parts SFS in 2.33 parts of deionized water was prepared
and added to the reactor. 12.6 parts of an acrylic seed emulsion was added to the
reactor. 10% of an EMM (containing 1.43 parts of a 28% aqueous mix of SLS,

30 21.8 parts of deionized water, 78.2 parts BA, and 0.867 parts trimethylolpropane
triacrylate), was added to the reactor and rinsed with 0.699 parts of deionized

water. 0.110 parts of CHP was then prepared and added to the reactor. The




15 This | atex was spray-dried into a dry powder. Exanples 2 (a - b)
Preparation of second "high rubber” core/shell polyners 1Btsudeh®el8003
Preparation of 79 (98.9 BA/ 1.1 TMPTA / 0.0003 ALMA) // 21 (100 Mw/ 20
0. 005 nDDM, a second core/shell polynmer having a 21% pMVA shell pol yner,
shel | nol ecul ar wei ght about 130,000 27nol, grafted to 79% crosslinked and
graftlinked pBA core polyner: Stage 1. To an appropriate stirred reactor
fitted with nmeans for nitrogen addition, a reflux condenser, and neans for

addi ng g@%gf%'ﬁ%&&n&ﬁgﬁ%ﬁ? Ir&?{alm 3 %ﬁre‘ﬁ@%x&hﬁ‘iﬂﬁdhﬂg stmB&f h?arﬁferde' oni zed

wat er an 1 parts o acetic ac and heated to 45C while
spar gi ngwwiatidition 4l rEiah anE[KH-IH ichrogrenvewesad deeh thel sesinedompriseskqf 20e

t h th t) ] 0. 100 2.33 t
el ont 26t b SPaRt G shths CHb shitsrsdbstrbadahad. db e aRpaee 5 *an
acryli c,pees tﬁ@lﬁlﬁwanﬂ’%@"/ﬁgﬂﬁ% @HPt heor fHeeLeth add Hnal MNEM1€1%ﬁnt ai ni ng

1.43 parts of a 28% aqueous m x of SLS, 30 21.8 parts of deionized water,
78. 25 patherdtairng 30786 the iV wrasmeodified) bY@}d@im 01023amarys aﬁ@l}yl was added

to the reator an nsed 0. 69 r zed water 0 parts
of b ethe et hasuitoge AP has e dsdthute Jaadttr e e RSt BRI 2005 27
added 1 iy $4,@¢ oP@é&%ﬁgzeHh:?at%?aPEé 84 Hinsh 13294 6f SOCHE Was ktRed agiled | ar

manner, two additional EMM and CHP charges wer e added: the second conprised

of 20% Strfget Pre Afkav exvdhaBobny thméabaﬂpmﬂam@ewaﬁe@dﬁdb@éo%@Me the third
conprised of 400/ of. the EMM and ,39% of ..t he f nd final
EMM addP’E‘%P@ﬁamBnto%ﬂ%ee??&Pﬂ‘iiﬁba%o i ﬂ]énﬁwﬂ)/r%sp%%ﬁf’%%&(ﬁ F’hg 0.023
parts of j glﬂa}ijts of@&@ﬁﬂeﬁ%@é@r%@ partd vy NV Wasd B QrtE%fh@Dl\/P%E@r Thi s

was rinsed 1n wt 2.69 part’s of dei oni zed water. The remai ning 32% of the
CHP wasaddeh BhemdwersStiaged tn with atotex of Bedlnpargs of Heidrizek watel. sTleen was

| ed 5C t f d t Af t 0.023
Cort o obSaB e Lat Ne By Yidtonrt i L 1 I B S AG oR bR S s B ot o of
MVA, - angh Q¢dr RAE ESo108 tH3BEM m@qaneaqﬁ@aclem@@e«awue 2884t iaddwheh a total

of 2.31 parts of deionized water. Then
solids fraction was 52 - 55% by weight. Part of this second core/shell polymer

15 latex was subsequently spray-dried into a dry powder.
Example 2b
Preparation of 79 (98.9 BA/ 1.1 TMPTA / 0.0003 ALMA4) // 21 (100 MMA/
0.00005 nDDM), a second core/shell polymer having a 20% pMMA shell polymer,
shell molecular weight about 500,000 g/mol, grafted to 80% crosslinked and
20 graftlinked pBA core polymer: A two-stage polymer latex to prepare a second
core/shell polymer was produced in the manner described in Example 2a with
the exception that the amount of nDDM chain transfer agent used in the second
stage was 1/100 as the amount used in Example 2a. Part of this second
core/shell polymer latex was subsequently spray-dried into a dry powder.
25 Example 3a
UV stabilizer incorporation into Example 1b: To a solution containing 7
parts of sodium dodecyl benzenesulfonate (23% solution in water) and 15 parts of
de-ionized water was added 6.3 parts of TINUVIN 571 and 1.85 parts of
TINUVIN 123. The components were mixed in a blender using 1500 rpm mixing
30 with a stainless steel propeller blade for 10-15 minutes. The mixture was slowly

added to the reaction flask containing the latex polymer described in Example 1b

at a temperature above 60°C during reaction cooldown.




0.023 parts of NaPS dissolved in 1.13 parts of deionized water was added.
The reactor was cooled to 35C. The final particle size nm and
the solids fraction was 52 - 55% by wei ght. Part of thi??gg%ﬁgérc%drég/shell
pol ymer 15 | atex was subsequently spray-dried into a dry powder. Exanple 2b
Preparation of 79 (98.9 BA/ 1.1 TMPTZ8/ 0.0003 ALMA) // 21 (100 MWAI

0. 00005 nDDM), a second core/shell polynmer having a 20% pMVA shel |l pol yner,
shel | nol ecul ar wei ght about 500,000 g/nol, grafted to 80% crosslinked and
20 graftlinked pBA core polyner: Exhipletage pol ymer latex to prepare a
second core/shell polyner was produced in the manner described in Exanple
2a Wi th t hePespeeptipnnf tivatathhmideweadtcedf glnBDiMpshedkcompnsstfien watfepte-used in

th d, .st .1/ 100 t h t d.i.n, Ex f thi
second SBeeReRdry SEhilAd e Sbok el BlstiE Al by Eoiant ST N EERn ary
powder . 1 3% faradof EINEGVIN $1@RINd 885 JaRePé R dilzb@BoyBHad dikaBlehbatelo a

solution containing 7 parts of sodium dodecyl benzenesul fonate (23%
sol uii otp 72 Guerhile)stiamihglBophr ustibh clape-heltiwasdfonmedr AMaB2°fddéd pagdsparts of

TINUVI N 571.and, 1. 85 parts ofi. TILNLVIN 123, The ca nts _wer I xed in a
ol ender ReAGRTisg5 o T R R oG it S AT e RRRR g St F P i ace ror
10- 15 niwRile&Sirrihi3eatm 500 WEhe Sle8Wlting @dded; @ uldién KeaGtiresd hhask

contai ning the | atex polymer descri bedg in Exanple Ib at a_tenperature above
60C durthltm@abﬂomnc@%d@mmh%m@e‘éﬁm’ede-m&%ma@aﬁ@ added préparati on of

a weat her abl,e reduc | 0ss capstock co hdAon,wth pre- enmylisified W
RS s R R e g R Dy T S
of T NLJMiMng €Be cédldownlfhasa il she paadtiinzgte HR¥bebeY i Exwmplonbheated 5 to 72C
while stirring slowy until a clear nelt was formed. At 72C, 14.2 parts of

sodi um dodecyl benzenesul fonate (E%%Pu‘tﬁ on) were added to the nmelt slowy
e S Rk R MR RGBT OR KRBT 00
Dry Powder Mixture: The core/shell polymer latex of Example 1b was blended
Wifh the emulsion form of Eiample 2a (55% polymer weight) in a ratio of 80:20
15 pax"ts by polymer weight. This latex blend was spray-dried into a dry powder
having an average particle size of 56.3 microns. This dry powder blend was less
dusty and had better handling properties than the dry powder of Example 1b.
Example 4b
Preparation of UV-Stabilized, Impact-Modified, Weatherable, Reduced _
20 gloss Capstock Composition: The latex prepared in Example 3a could be blended
with the emulsion form of Example 2a in the 80:20 solids weight ratio just
described. This UV-stabilized blend can then be co-isolated by spray drying.
Example 4c
Preparation of UV-Stabilized, Impact-Modified, Weatherable, Reduced
25 gloss Capstock Dry Powder Mixture: 80 parts of the first core/shell polymer
powder in Example 1b were blended with 20 parts of the second core/shell
polymer powder described in Example 2a, along with 0.7 parts of TINUVIN 328,
and 0.2 parts of TINUVIN 770 using a high intensity mixer to prepare a dry
powder mixture for preparing a weatherable reduced-gloss high-impact capstock
30 material.

Example 4d




stirred another 20 m nutes at a tenperature >60C. The m xture was added 10
during the cool down phase of the reaction type described Qg, @gp,lﬂ)obb
Exanpl e 4a Preparation of Inpact-Mdified, Watherable, I1-2 uced gl oss
Capstock Dry Powder M xture: The core/shell polyner |atex of Exanple |Ib was
bl ended w th the emul sion form of Exggmple 2a (55% pol yner weight) in a
rati o of 80:20 15 parts by polynmer weight. This | atex blend was spray-dried
into a dry powder having an average particle size of 56.3 mcrons. This dry

powder bl end s _les dust h bet,t er han rt|e than the dr
powder of Exé%?% ts %t%(Q 8r ?%Sﬁpé?% P‘ﬁ\ﬂ%%bl’??l vt 6.7 d
| npact - b@ﬁmm;vmam%apb@,pﬁemm qrzos&@@&imﬁ Kler@esid i on: The

| atex prepared in Exanple 3a could be blended with the enulsiqn form of
Exanpl epmlwca at vy 18OV Ry mbvtuge fanargparipgta weptharablecreduced-glossigh-

UV-st abj | | ze bl en en be co-isolated by spray drying. Exanple 4c

Pr epar a’tm%%c PP gt ag{'qu ged | npact - Modi fi ed, Wat herabl e, Reduced 25

gl oss Capstock Dry Powder MxtureExaﬁl;ﬂard;@ of the first corelshell pol yrer
powder in Exanple | b were_blended with 20 parts of the second core/shell

pol ymer pode?eP@éé‘@Pn@éW'ﬁt@%dé@ﬁaCtaM@ﬁ’éi » Yeagherahle Redicedr NLW N 328,
and 0. 2:pal téaep%}o&ﬂ LD MSENG- o7 emgf{%gﬁaa{fggvga%mnmwﬁ a dry

powder m X arlng a weat herable re I gh-1

capst octhe &ﬁum&zefomi of Examplle 24d53% ﬁaeme‘ﬁaare@m)ana?a 6@ g1dr(W&nabfil he
powder from Exanple 4a was further m xed wi.th part TI NUVI N 328 and 0. 2
parts TFNGA RP'P?@'CLPS?W 40; rlr%BéﬁS@D’eﬁ?&éF W%ghbr’ghlfc]ét%?‘ lend SEatIBRTAF xt ur e

Lo 01 SHAEABPcR, MECHAROEDL LU SR AEon A vl phopeongl ot ol
Reducedpowder blend had even better handling properties than the dry powder of
Example 4a.
Example 4f .
80 parts of the first core/shell polymer powder in Example 1c was blended
15 with 20 parts of the second core/shell polymer powder described in Example 2a,
along with 0.7 parts of TINUVIN 328, and 0.2 parts of TINUVIN 770 using a
high intensity mixer to prepare a dry powder mixture for preparing a
weatherable reduced-gloss high-impact capstock material.
Comparative Example 4g
20 80 parts of the first core/shell polymer powder in Example 1c was blended
with 20 parts of fhe second core/shell polymer powder described in Example 2b,
along with 0.7 parts of TINUVIN 328, and 0.2 parts of TINUVIN 770 using a
high intensity mixer to prepare a dry powder mixture for preparing a
weatherable reduced-gloss high-impact capstock material.

Example 5a

N
(v}

Preparation of Capstock Containing a First Core/Shell Polymer, a Second
Core/Shell Polymer, a UV Stabilizer, and Pigments: A dry powder mixture was
prepared containing 75 parts of the first core/shell polymer powder of Example
1b, 18.8 parts of the spray-dried second core/shell polymer of Example 2a, 0.2
30 parts TINUVIN 770, 0.7 parts of TINUVIN 328, 4 parts of white TiOz pigment
and 1.3 parts of blue pigment (Penn Slate). This dry powder mixture was

blended using a Collin Mill at 175°C for 7.5 minutes. Plaques (6.5 x 10 x 1/8




G oss Capstock Dry Powder M xture: The latex of Exanple |Ib was bl ended with
the emul sion form of Exanple 2a (55% pol yner wei ght) and 43 fdeWnal 8003
(Wnnofil "F, ICl) inaratio of 80:20:1.3 parts by solids weight. This

| at ex bl end was spray 10 dried into a dry powder having an average particle
size of 61 mcrons. This dry powder #1 end had even better handli ng
properties than the dry powder of Exanple 4a. Exanple 4f 80 parts of the
first core/shell polynmer powder in Exanple |c was blended 15 with 20 parts
of the ehesdvery lephedd updlc\nRelipbladRresseperdthedat o téxpopdterdaf al ong with
0.7 parts of TINUVIN 328, and 0.2 parts of TINUVIN 770 ysing. a _high

i nt ensi 18P°- xEhe pressing aperasiogappivdakl t%sxff)ﬂ?énﬁﬁ%ftei)rf@ﬂa?? Y0 A0St her abl e

reduce I i.gh- . - eni ' Bgse 20 80
part s apP ety el ¥id P 3ihiARR btz BBHEL (Rom FABRIRU ORI M ed it
20 par tsamé pldipieswasndt twope/dsibe khmpdésy forbopbwierheddzod itnpdct andedndl e 2b,
along with 0.7 part%of TINYVIN 328, and 0.2 parts of TINUVIN 770 using a

hi gi i rRSAeralpdVRather e %S a dry powder nixture for preparing a

weat her abl e -hi ghs 1 c [ | e 5a
Preparation %{ﬁg%g%@%%#%&aﬁé;ﬁ%% m)ng)e}rae/ %g{ckaéggl%ﬁgrﬁ?@rgp Second

Cor e/ Shel | Habyg farpaca Sthéngthli23iQerl,.9 fintbsRngne misgedtbmbakspowder ni xt ure was

prepared containing 75 Ear,ts of the first care/shell polsd:mar powder_ of
Exanpl e | b, A8V avenihes tastingraftamn Q0 henesy Alecold e dre7 <hep Mgl -Oir of

Example 2a, 0.2 30 parts TINUVIN 770, 0.7 parts of TINUVIN 328, 4 parts of
white T102 pignment and 1.3 parts of blue pignent (Penn Slate). This dry
powder m xture was blended using a Collin MII at 175C for 7.5 m nutes.

Pl aques (6.5 x 10 x 1/8 12 Decenber 2003 30 inches) were prepared using a
Reliabl e Press operating at a tenperature of 190C. The pressing operation .
applied 10 tons for 3 mnutes, followed by 70 tons for 2 mnutes and a

3-m nute cooling period (roomtenperature) at 70 tons. The




sane plaque was cut to produce sanples for both notched |zod i npact and QUV

5 accel erated weat hering analysis. Test results for this,pj
stabilized capstock are as follows: 1zod Inpact Strengt Fli)ng%%&%ogw

ft-1bs/in, no hinged breaks. QUV weather testing after 1000 hours: AL =
-0.37, Aa = -0.03, Ob = -0.02. 12 Decgnber 2003 31 Exanpl e 5b Preparation of
Capstock Containing a First Core/ Shell Polyner, a Second Core/ Shell

Pol yner, and a Pol yvinyl Chloride Resin: MIled and nol ded pl aques
containing a blend of first and cond.caqre/shell polyners and a PVC resin
and 5 UV stabilizers were prepar aplgdbyys. To 40 parts of the first

core/shel |  pQLY e oReNd8pstdbk TWIReLidih & X X §CbR/SRe NEBIARHELS S&opdr t s Of
PVC powder and 10 parts of the second core/shell polynmer powder of Exanple

2a. TheCeptedghed] Polysngr, epdraeBolyyimg GlderideviResintMeltetl agd amel dpd pdai ey

conditions as desGri bed..i anpl e 5a., .Test results ar esented in Table
TonTo! Siaiies Sead Rl Rrtand Bnd sfkiendb holvBRegs Ll B BN S e o
50 par tgVadtaBiliZe SRREE bAd afe @Ak IbM&Ws. UYo sl0ahi dth 2echABAtGbaIMhal powder resin
(GELOY 1020, GCE Plastics) blended with 50 parts PVC as the capstock pol yner

was al skelymeepawddr ahthined frogn Example d cwerseagddasha® parissifdly € pewdender

bl endi n 15 preessing condithopns as descri,bed.n Ex | e~ba. ;These

o] queoa g op RS BR Pt B e e e P ek B B AR B TR ARG T gt .
Resul t Swaé rdij£6& Risah fel déﬁbl@ﬁ&ir;ﬁ; dnd FriRRai AbdneRtibNaEP H@sé@be‘élsirﬁ
conparison, a dry powder blend containing 50 parts of PVC resin and 20 50

parts ofxamelesiohestcrssulisiaar pressinpedin dablechnpl e 2a was prepared and
cond 11 ons' e desori bed | n EXAIPatE BOBHER 28 T ot o for thess PVC
cont ai ni ng sa@kesparioh] sded pbedernbidhdlcvlltinking B tslof a
commercially-obtained UV-stabilized ASA granular powder resin (GELOY 1020,
GE Plastics) blended with 50 parts PVC as the capstock polymer was also
prepared and tested. Plaques were prepared using the powder blénding and
15  pressing conditions as described in Example 5a. These plaques were tested for
their % hinged breaks and notched impact strength. Results are presented below
in Table 1.
Comparative Example 5d
As a comparison, a dry powder blend containing 50 parts of PVC resin and
20 50 parts of the second core/shell polymer of Example 2a was prepared and
tested. A plague was prepared using the powder blending and pressing

conditions as described in Example 5a. Izod impact results for these PVC-

containing samples are listed below in Table 1.

Table 1
Various resins and % Notched Izod Temp.
Ex. PVC (50 /50 parts by Hinged Impact ©0)
weight) Breaks | (ft-lbs/in of notch)
First and Second 100 14.28 23
5b Core/Shell Polymers
(40/10) and PVC
Comp. | ASA Resin and PVC 0 2.32 23
5¢
Comp. | Second Core/Shell 100 5.23 23

5d Polymer and PVC




Various resins and%Not ched |zodTenp. Ex.PVC (50 / 50 parts byHi ngedl npact (C)
wei ght ) Breaks(ft-Ibs/in of notch) First and Second10014. ?§é§céﬁggf"ﬁ hel |

Pol yners ('40/10) and PVC Conp. ASA Resin and PVC02. 3223 5c¢ np. Secon

Cor e/ Shel | 1005. 2323 5dPol ynmer and PVC 25 12 Decenber 2003 32 The results in
Table 1 show that the blend of first gnd second core/shell polyners wth
PVC (Ex. 5b) has superior notched |zod inpact strength in conparison to
previously-known bl ends such as ASA ("CGELOY 1020") / PVC (Conp. Ex. 5c) or

such bl ends ntai ni n d, onl ore/ heII o r as

pr epar ed acc@%@ T MP@%Q%‘%%‘“%@BQ@% O%fcgi ¢§§°‘§’ ﬁf Pr ocessi ng
Veat her 3B]y8n dHisGhith TRAC (ECaHS) t19§§<s Sddeb1dy 18dR \E;giéc%treﬁ ﬁ?d d oss
Appear ance (Unpi gnent ed) Exanp a 10 The dréAr( m xture as descri bed

i n Exanpbmpétisomso emmudsalat knutvm hlendsanlhbraab‘l dAUEO H0UE'I/ BVEh- i npact
capst ock.shee

25m it Iesnﬁéa? B e ALt g pR G oty EPr ekt e Rt fof |

Cor ps, ﬂ‘%%@i’é@ﬁ?{aorair{gtEQaiﬂ'plé"Zé‘(@OmbnE& wide die. After exiting the
6-i nch WI e d| e he sheet was passed between 15 chrone polished take-off

rolls to produce a snoot h non- dizampdes 6(af-xdk. The extrusion conditions
: 19gkg/cmz
el t

were as p | o
melt presst

t enperature; extr udemeaaeeer@togse&ppéé%né@r(ewmukneﬂ&m f eed

Example 6a

d.
)

t3 B

10 . The dry powder mixture as described in Example 4d was extruded into a
weatherable reduced-gloss high-impact capstock sheet having a thickness of
about 0.125 mm to about 1.00 mm from a 25mm KMDL conical counter-rotating
twin screw extruder (Krauss Maffei Corp., Flo_rence, Kentucky) fitted with a 6-
inch wide die. After exiting the 6-inch wide die the sheet was passed between

15 chrome polished take-off rolls to produce a smooth non-embossed surface. The
extrusion conditions were as follows: 30 rpm screws; 5.2-5.6 extruder amp load;
172-190 kg/cm? melt pressure at die entry point; 30 inch Hg vacuum at vent;
185°C melt temperature; extruder temperatures: 140°C screw oil; 155°C feed
section; 175°C metering section; 182°C die zone. At these conditions the sheet

20 had an average gloss value of 45.

Comparative Example 6b
Capstock formulations extruded into non-embossed sheet wherein the
metering and melt temperatures are too high: Example 6a was repeated except
that the extrusion conditions_ were: 30rpm screws, 6.4-6.8 extruder amp load,

196-214 kg/cm? melt pressure at the die entry point, 30 inch Hg vacuum at vent,

[
W

195°C melt temperature; extruder temperatures: 165°C screw o1l, 175°C feed
section; 190°C metering section; 182°C die zone. At these conditions the sheet
imparted an average gloss value of 66.
Example 6¢
30 Capstock formulations extruded into embossed (wood-grain effect) sheet
using a larger extruder: Example 6a was repeated except that the extruder was

a 35 mm counter-rotating twin screw extruder (CM-35) having a 6-inch wide




section; 175C netering section; 182C die zone. At these conditions the sheet
20 had an average gl oss val ue of 45. Conparative Exanpl e

formul ati ons extruded i nto non-enbossed sheet wherein thg@Qﬁ%%@?%ﬁ%&E%d mel t
tenperatures are too high: Exanple 6a was repeated except that the
extrusion conditions were: 30rpm screws, 6.4-6.8 extruder anp |oad, 25

196- 214 kg/cnR nelt pressure at the die entry point, 30 inch Hg vacuum at
vent, 195C nelt tenperature; extruder tenperatures: 165C screw oil, 175C

f eed 0 net eri.n ection; e zone. t t.he ondi tions the
Cheot  Shesrdle A0 e Brdlf BEE 18P nat S bimoeh A rubhe a8 TS ok
formul at}ons aev\ﬂ)édjgﬁﬂn' a{btp‘éa?ém%??ﬂle( WA Rl dh®h kBoth pBESked #6511 NY @

| ar ger extruder: anpl e 6a was repeated except that the extruder was a 35
nm countemta:camgtthag)OLthm sucfacewbite shbet. (Kxrgsiontcandidons GeraidOwae 12

Decenb 3 33. sh t d h d_bet
enbosst M PHFYERs™ dpeuh ledagad oD Pt pimears At HEOR SR Potlft 206 and a
smooth pedH H%%chﬂhl at GORt, AP Oand1b eeRpb iAW S UEKBARID tefndpersfte6es weEéﬂ rusi on

condi tions were: m notor rotation, 15 anp |oad, 3200-3500 psi nelt
pressur @38tC dcw“emlr !/ @61 feed sectian, W&ﬁCHgnv@czmm ASZ e metegg Gepon,

t enper a Extrude te rat 138C | d section,
177C ceﬁl?éfc ﬁlbéhéc,mef Ed%gggﬁpﬁg g‘géﬁeecondi%%@ e zg(rele}lgd(%r?ggelfa lips). At
t hese cgnggwbgm§o£@¢ sheet had an average gloss value of 47. Exanple 6d 10
Capstock fornulations extruded into enbossed (wood-grain effect) sheet

using a larger extruder at a hi ghBxameple 6d enper at ure: Exanpl e 6¢c was
repeated w f ng . con diti trus By 400r pm
ot ol ot at CaRets Brptsihs e CET gRob el ociCRh bBRZ) WEkE: 1T

poi nt, 36ideng bargkly emﬁidumaah hdgnén mbm:zm@rhtm@rrpmmpreeec Wk repkerted

terrperatures were: 15 150C screw oil, 160C feed section, 182C center zone,
182C meath e gpé]@wlgg conditions: Extrusion conditions were: 400rpm, motor

rotation, 12 amp load, 3100 - 3300 psi melt pressure at die entry point, 30 inch
Hg vacuum at vent, 190°C melt temperature. Extruder temperafures were:

15  150°C screw oil, 160°C feed section, 182°C center zone, 182°C metering section,
193°C die zones (body and lips). At these conditions the sheet had an average
gloss value of 53.

The results of the above extrusion process conditions are summarized in
Table 2. Inspection of these results indicates that the average gloss is most

20  sensitive to the metering section and melt temperatures; average-gloss values

below 60 (“reduced-gloss”) are obtained when the metering section temperature

is kept below 190°C, and the melt temperature is kept below 195°C.

Table 2: Unpigmented Capstock Gloss versus Process Temperature

Extrusion Process Temperature, °C

Ex. Feed Metering Melt Die Zone Average
Section Section Gloss
6a 155 175 185 182 45
6b (Comp.) 175 190 195 182 66
6¢ 120 182 182 185 47

6d 160 182 190 193 53




193C die zones (body and lips). At these conditions the sheet had an average
gl oss value of 53. The results of the above extrusion pr bdd0ns are
summari zed in Table 2. Inspection of these results indi ggtﬁ}?eﬁﬁgftq%g
average gloss is nost 20 sensitive to the netering section and nelt

t enper atures; average-gl oss val ues beBaw 60 ("reduced-gl oss") are obtained
when the netering section tenperature is kept below 190C, and the nelt
tenperature is kept below 195C. Table 2: Unpignented Capstock G oss versus

Process Tenperature Extrusion Rspg @%eg’%ejgg ure, C Ex.Feed Metering
Mel t Di e ZoneAver age Secti onSectT Ol 7518518245 6b
(Conp.) 1763964884 ﬂﬁﬁpﬁsﬂﬂﬁﬁsmﬁﬂi&%rﬁ hﬁg_ﬂﬁmm&xﬂcﬂobédamag 2003 34

Exanples 7 (a - 0) ) ther Cont ai.ni ng Pi gnents and/ or
Matting Agents and/ & SSIRBAIESs capst ock

conposi ti ons fo%sfééﬁgwcﬁtcgga_fy%ft{brg'ﬂ%%?muﬁ'@ﬁeH'v?ﬂh% Qa8 m g and

processi ng aids as own in Table 3. 100 parts by weight base capstock
f or ntil ahgems, €O, amd popceddng apitsrasshﬁwm i Mable 80160 phaetd bypweiglerhases. 7

t f d / shel | .pol Tl 770DF, Y t
TN Newsoch F A eng o iR e bR BB St oprel PDREPd: o de
D OB T B . 56000 oML bat: TINEYAKe)70K (27apay LS of ol ay

10 pignent (Hol cobatch d ay, Ho 'and 'Col our's Americas, I'nc. Richnond,
| ndi anaTINMEVEN @23, 0l3epaiss glywerol mdrbasnte dtagedb O paFteetitoibimdiokate of t he
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10 pigment (Holcobatch Clay, Holland Colours Americas, Inc. Richmond, Indiana)

were dry blended in a ribbon blender. The combination of the titanium dioxide
and clay pigments gave a beige tone to the capstock. Additional parts of matting
agent, processing aid., and PVC were added to the 100 parts base capstock
f(_)rmulatiohs as indiéated in Table 3 to prepare capstock compositions. These

15 compositions were subsequently extruded into 1.0 mm thick capstock according
to the process described in Example 6¢ and/or Example 6d as shown in Table 3.
Commercially-available ASA and acrylic resins were similarly formulated into
capstock compositions and extruded into capstock and tested as comparisons.
The drop dart impact strength and average gloss of all of these capstocks were

20 measured and recorded in Table 3

The results in Table 3 indicate that the core-shell polymers of Examples

4a, 4e, and 4f are best at providing both high impact and reduced gloss capstock
than either the comparative core/shell polymer blend of Comparative Example
4g or the commercially available ASA and acrylic materials. The results in

Table 3 also show that addition of PVC to the core/shell polymer blends of

)
wn

Example 4e not only reduces the average gloss values but also substantially
increases the drop dart impact strength of the capstocks, which is not observed
for either the ASA or Impact Modified Acrylic commercial resins. Also, the
addition of matting agent into the core/shell polymer blends is shown to

30  substantially reduce the gloss without reducing the drop-dart impact strength.




agent, processing aid, and PVC were added to the 100 parts base capstock
formul ations as indicated in Table 3 to prepare capstock4g gﬁ{bgfm These
15 conpositions were subsequently extruded into 1.0 mmthick capstock
according to the process described in Exanple 6¢ and/or Exanple 6d as shown
in Table 3. Commercially-available ASB and acrylic resins were simlarly
formulated into capstock conpositions and extruded into capstock and tested
as conpari sons The drop dart inpact strength and average gl oss of all of
t hese ¢ RS gedgdts in
Tabl e SaIIQ‘?\lg cate gttaltgﬁe cor?E%W%%8$Xﬁgg%®§g%§%§ ﬁ%’gné% and 4f
are best(Bmg@)b.@minm’ﬁhbdt ICakpsj,bckaact and reduced gI 0SS capstock t han
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Tabl e 3 ST ma Pve QL0 orerstret of btengds of
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i ncreaspes th gRclart inpact strength of the capstpcks, which is nog
observed fqQroghdiBgbnl he ASA or I|npact Mdified Acry|ic conmercial repins.

Al'so, the ad@abitebk OfMARIHd[N®vagqdnbrdgdartl PaveatisisSBldp DAY BBE. BbeNs is
shown tp 30 |sulrskant i pAfantr=qduce hergp£ss W t hout reduspsg {he drop-dart
i npact Strengt$ouri@ Decenber] 2003 |35 idad e B: | npact| anelkd oss Properties of
Vari ous| Embgssert. £ gnented |(Bei gq¢) 1.8nm Thi cksCapsiocks Pi gnent-ed
Capst ockExt fudeg. s@endj tions [Used o pasi tioh Exed00 PartsAdditi onal
Part sExpnpl ¢ ogkxanplle 6d BgseoCapst ock Forjrul agg on Capst ocklat t sngPVICDr op
Dart Avgl A ¢sSDrop Daft A¥g. |d @SS [ResipAgent al m,)act npact 51
Sour ce: | Nl BSIN-FDS 5 0 27 28 . 40
7f “ 0 10 49 28
7g 0 20 52 22
7h 0 30 59 17 . -
Ti Ex. 4f 0 0 - . 54 60
Comp |Comp.Ex. 4g ¢ 0 0 : : ‘ 38 71
7 :
Comp ASAd 0 0 - 65
7k
Comp “ 0 10 21 23 - -
71
Comp “ 0 50 23 17
Tm
Comp Impact- 0 0 18 47 - -
Tn Modified
Acrylice
Comp « 0 10 15 46
70

a PARALOID EXL-5136 matting agent, Rohm and Haas Company

b Contains 1.5% by weight resin PARALOID K-175 Processing Aid. Rohm and Haas Company

¢ “High rubber” second core/shell polymer having a shell molecular weight of about 500,000 g/mol
4 GELOY 1020 resin (GE Plastics)

e TUFCOAT 4600 resin (ICI Acrylics)




7aEx. 4a003951-- 7bEx. 4a b002848-- 7cEx. 4e002748-53 7d11302932-51
7e502728- 40 7f0104928-- 790205222-- 7h0305917-- 7i Ex. A4f 2%&% SoJgRsonD. Ex.
4g C003871 ConpASA d00-65-- 7k Conp0102123-- 71 Conp050 t}

Conpl npact - 001847-- 7nModi fied Acrylic e Oorrp0101546-- 70 a PARALA D
EXL-5136 matti ng agent, Rohm and Haas ggonpany b Contains 1.5% by wei ght
resin PARALO D K-175 Processing Ald. Rohm and Haas Conpany C "H gh rubber"”
second core/shell polymer having a shell nolecular weight of about 500, 000

g/ nol d GELOY 1020 resin (CE PI 3 e UFQOAT 4600 resin (I Cl Acrylics)
12 Decenber 2003 36 Exanples 8 M—Mt herability Testing of Various
Dark Bl ue QUay Wegtk&fility Testing of Various Dark Blue Gray Pigmented
Capstock Compositions
The compositions formulated as indicated in Examples 8 (a - f) were
5  extruded into 1 mm thick test specimens and subjected to accelerated
weathering for up to 4500 hours (ASTM D4329 Cycle C) and the color-hold was
measured. Results are shown in Table 4.
Example 8a
A pigmented, UV stabilized capstock composition was prepared with 94.4
10 parts of powder from Example 4c, 0.3 parts of glycerol monostearate, 4.0 parts of
titanium dioxide pigment, and 1.3 parts of a slate blue pigment (Penn Color,
Doylestown, Pennsylvania).
) ' ~ Example 8b
A pigménted, Uuv .stabilized capstock composition was prepared with 48.75
15 parts of powder from Example 4c, 48.75 parts of a pigmented PVC resin
formulation [PVC 100 parts, TM-181 1.0 parts, calcium stearate 1.3 parts, Wax
165 1 parts, AC629A 0.1 parts, titanium dioxide pigment 10.0 parts, PARALOID
K-175 processing aid (Rohm and Haas Company, Philadelphia, Pennsylvania)],
and 1.3 parts of slate blue pigment.
20 Reference Example 8c
As a reference, a pigmented PVC resin was formulated with 97.3 parts of
the PVC resin formulation described in Example 8b having an additional 5.0
parts of PARALOID KM-377 acrylic impact modifier (Rohm and Haas Company,
Philadelphia, Pennsylvania), and a total of 2.7 parts of slate blue pigment.

[0
h

Comparative Example 8d
As a comparison, a pigmented capstock composition was prepared with
94.7 parts of an impact-modified acrylic resin (TUFCOAT 4600, ICI Acrylics,
Cordova, Tennessee), 4.0 parts of titanium dioxide pigment, and 1.3 parts of

slate blue pigment.




Capst ock Conpositions The conpositions fornulated as indicated in Exanples 8
(a - f) were 5 extruded into 1 mmthick test specinens ' to
accelerated weathering for up to 4500 hours (ASTM MSZQQ&%EHB)EP%n t he
color-hold was neasured. Results are shown in Table 4. Exanple 8a A
pi gnented, Wstabilized capstock conp ;ition was prepared with 94.4 10
parts of powder from Exanple 4c, 0.3 parts of glycerol nonostearate, 4.0
parts of titanium dioxide pignent, and 1.3 parts of a slate blue pignent
(Penn Col or, Doylestown, Pennsylvania). Exanple 8b A pignmented, W
stabi |l i zed capstock conposi Gasnpasstivedbsamplgide 48. 75 15 parts of powder
from Exanpl e, 4¢, 48. 75 parts of i . i I I: [ PVC 100
bar 5. T 1545 F et e nte LTRPUE ot oubBE P p A RA AL | O
AC629A 947 mattt of ahiASWiredh AGEAIOE 1020N6HE Pl3tRspare partBARALOhIMK- 175 .
an

processing aid éRohm and Haas Conggn%/é Phi | adel phi a, Pennsyl vania)],

1. 3 par fwxide BPEP @igngat. mngnkAarspolelate blee pmemsiite 8c As a reference, a
pi gnented PVC resin was for ' s of the PVC resin
formul ati on described in Exarer{riprﬁé’%gf}%‘;ae\%%é"g%ﬁgéd%i tional 5.0 parts of
PARALO D KM 3£4 cetfijyddison, Bpeginemoed tapytoflRedmpaditiohiaess fimppasd with

Phi | adel é)hi a, Pennsylvania), and a

| f 2.7 f | b i .
brceenab s nmas GRL Ry afrdoa® Riisfihanbas ears bt BEEoos ) on

25 Compé
was prepatc | - 94, 7 L, ipact - L.E C | q UFCQAT
a0, | e donthblaciolodsefiBEd fn Falh LRSS Pk RN Bl
pignment, and 1.3 parts of slate blue pignment. 12 Decenber 2003 37 5
‘CO 63‘ "4 IaY)?e Ei(a&l\‘; E?:Ef\)osure Test Results of Pigmented (Blue) Capstocks
Hours of QUV Exposure
1000 2000 3000 4500
Ex. Capstock |AE | AL |AE | AL | AE | AL | AE | AL
Resin Base | . .
8a Ex. 4c 74118170]13|73] 15175 | 1.8
8b Ex. 4¢c/PVC}72|18]7.1113}]76]| 14 | 86 1.5
(50/50)
Reference 8c PVC 8.6 4.21]10.0} 3.9]10.7] 4.1 ]10.3| 3.6
Comparative Acrylica 76122731976 20|76 | 2.0
8d
Comparative ASAb 75]1047199{0.1]10.0| 0.1 |11.3}| 1.2
8e
Comparative | ASAb/PVC | 7.6 | 1.4 |10.4| 1.1 }10.7| 1.0 {125 0.1
8f (50/50)
a TUFCOAT 4600 (ICI Acrylics)
> GELOY 1020 (GE Plastics)

The results in Table 4 show that the capstocks of Example 8a and 8¢, have
the lowest combination of AE and AL values over 4500 hours of QUV accelerated
weathering testing. Therefore, capstock compositions prepared with the

15 compositions in Example 4c provide better color-hold properties than capstock

compositions prepared with commercially-available acrylic and ASA resins.




As a conparison, a pignmented capstock conposition was prepared with 94.7
parts of an ASA resin (CGELOY 1020, GE Plastics), 4.0 par{spgerhbdr20bgm

di oxi de R960 pignent, and 1.3 parts of a slate blue pignent. Conparative
Exanpl e 8f As a conparison, a pignented capstock conposition was prepared
with 49.35 parts of an ASA resin (GELOY 1020, CGE Plastics), 49.35 parts of
the PVC resin formulation described in Exanple 8b, and 1.3 parts of a slate
bl ue pignment. 10 Table 4: QUV Exposure Test Results of Pignented (Bl ue)
Capst ocks Hours of QUV Exposure 1000 2000 3000 4500

Ex. Capst ockAEALAEALAEALAEAL Resin Base 8aEx. 4c¢7.41.87.01.37.31.57.51.8
8bEx. 4c / PVC 7.21.87.11.37.61.48.61.5 (50/50) Reference

8cPV(C8. 64. 210. 03. 910. 74. 110. 33. 6 Conpat-ative Acrylic
a7.62.27.31.97.62.07.62.0 8d Conparative ASAb7.50.49.90.110. 00. 111. 31. 2 8e
Conparative ASAb / PVC '7.61.410.41.110.71.012.50.1 8f(50/50) a TUFCOAT 4600
(1Cl AcCyAIeS) b GELOY 1020 (CGE Plastics) The results in Table 4 show that

th t ks of le 83 i : q
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composition comprising:

(A)  from 70 to 99 parts by weight of a first core/shell polymer comprising
(i) from 30 to 70 parts by weight of a core polymer comprising

(a) from 45 to 99.9 parts by weight of units derived from at least one Cl-

C8 alkyl acrylate monomer,

b) from 0 to 50 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from the at
least one C1 - C8 alkyl acrylate monomer, and

©) from 0.1 to 5 parts by weight of units derived from at least one

crosslinker or graftlinker,

and

(i)  from 30 to 70 parts by weight of a shell polymer grafted to the core polymer (A)
(i), the shell polymer having a Tg above 20°C, a molecular weight in the range
of from 10,000 to 1,000,000 g/mol and comprising

(a) from 80 to 99 parts by weight of units derived from at least one C1 - C8

alkyl methacrylate monomer, and

() from 1 to 20 parts by weight of units derived from at least one

ethylenically unsaturated copolymerizable monomer different from the at

Jeast one C1 - C8 alkyl methacrylate monomer;

and

(B)  from 1 to 30 parts by weight of a second core/shell polymer comprising

@ from 70 to 92 parts by weight of a core polymer comprising




weat hering testing. Therefore, capstock conpositions prepared with the 15

conposi tions in Exanple 4c provide better color-hold prop rdécg&pr%m
capstock conpositions prepared with comrercially-avai l ab e acrylic and ASA

resins. 12 Decenber 2003 -38 CLAIMS 1. A capstock conposition for providing
reduced gl oss capstock materials, said conposition conprising: (A from70
to 99 parts by weight of a first core/shell polynmer conprising (i) from 30
to 70 parts by weight of a core polyner conprising (a) from45 to 99.9 parts
by wei ght of units derived fromat |east one Cl - C8 al kyl acryl ate nononer,
(b) fromO to 50 parts by wei ght of ung s derived fromat |east one

et hyl eni cal | y unsaturated copol yneri zabl'e nononer different fromthe at

| east one O - C8 al kyl acrylate nmononer, and (c) fromO0.1 to 5 parts by

wei ght of units d rlveg_ a§ east one, cross]inker or graftlinker, and
(ii) from30 to 7&par tien gana YR tParss by veiadt of BRits drsved from atleas mR& lcor e

polymer (A) (i), the @g% le Q&BM%OM ng a Tg above 20C, a nol ecul ar
wei ght in the range of from 10, 000 to 000, 000 g/ nol and conprising (a)

from80 to 99 par byl gh e [ - t one, Cd - C8
al kyl methacryl at gﬁrmnogrr@rg to 33 g‘?{s rom%b%oggénggr“?gv%@%ﬁt legit Offit s
derived from at | east nhﬁcmeﬁlbydmnﬂmﬁdloppaymaiwaaiﬁdn&ﬂ@mwfémﬁﬂ #a&h!g= gononer
different fromthe at Ieast ne. d C8_al kyl nethacryl ate nononer; and
(B) from1l to 30 part s pgﬁtcso?lkﬂasré(éaé%@c’{%‘ﬁ?"él%ll pol yrer corrpri si ng
(i) from70 to 92 parts by weight of a core polynmer conprising 12 Decenber
2003 -39 (c from” 0.1 to 5 parts by weight of units derived from at least one

crosslinker or graftlinker;
and
(ii)  from 8 to 30 parts by weight of a shell polymer comprising

@) from 50 to 100 parts by weight of units derived from at least one C1 -

C8 alkyl methacrylate monomer, and

(b) from O to 50 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from the at

least one C1 - C8 alkyl methacrylate monomer,

wherein the second core/shell polymer has a shell weight average molecular weight in the
range of from 25,000 to 350,000 g/mol.

2. The capstock composition according to claim 1 further comprising from 0 to 5 parts by
weight of at least one UV light stabilizer.

3. The capstock composition according to claim 1 further comprising from 0 to 100 parts

by weight of at least one polyviny! chloride resin,

4, The capstock composition according to claim 1 further comprising from O to 20 parts

by weight of at least one pigment.

5. The capstock composition according to claim 1 further comprising from 0 to 15 parts

by weight of at least one matting agent.




(a) from50 to 99.9 parts by weight of units derived fromat |east one C -
C8 al kyl acrylate nononer, (b) fromO to 45 parts by meig%Peg&anhk@3derived
fromat |east one ethylenically unsaturated copol ynerizabl e nononer
different fromthe at |east one C - C8 al kyl acrylate nononer, and (c)
from0.1 to 5 parts by weight of units derived fromat |east one

crosslinker or graftlinker; and (ii) from8 to 30 parts by weight of a
shel | polyner conprising (a) from50 to 100 parts by weight of units derived
fromat |east one ClL - C8 al kyl nethacrylate nonomer, and (b) fromO to 50
parts by weight of units derived fromajgl)east one ethylenically

unsat urated copol yneri zabl e nononer different fromthe at |east one d - C8
al kyl met hacryl ate nononer, wherein the second core/shell polynmer has a

shel | weight erage pol ecular weight in the  r .frem 000 to

350, 000§ ol THS-ReR BaBEY R AEirRk | i L bRl Bl PO e Y Gty
conpri si Rgidht oM PowderFlomadids by weight of at |east one UV light stabilizer.
3. The capstock conposition according to claiml further conprising fromO

to 100 parts TRy c¥ab&Httondt Miml EaBbreRBcRALY Welpht atdMRl holBcull@Sh&gnidr dide
capstock conpositioh according to claim1 further conprising fromO to 20

parts byeaned gire/shfll polyetaistin teaangegiérom 5&000Ties200 08 tgdodd. conposi ti on
according to claim1 further conprising fromO to 15 parts by weight of at
| east on@. nat Thegormpmition dfZlddmck wherei?he 3held Geight Tleeageapasltoddc wagpadithe on

according to ,claim 1 further conprisi fromO t arts by weight of a
powder f FerRnd Fere/shell Ff‘ﬂé‘“‘é"o‘?rb‘b&?tr ‘%ﬁﬁoé?‘%& éﬂ’&}olwvﬁgi’gﬁﬁ/’f‘ e shel | wei ght

aver age @ol ecyl ahsia inoStiod Benpra@pond core/ shell polyner is in the range
of from 20, 000 B 200,0%"0 g/ ol e e conposition of claim1 wherein the

shel | We'(ﬂf't YA A4G Swaﬁg Ugl Weig%&@ﬁrs?éor&/@ﬁell polymer comprising

(1) from 35 to 65 parts by weight of a core polymer comprising

(@  from 95 to 99.5 parts by weight of units derived from n-butyl acrylate,

(b) from O to 4.5 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from n-

butyl acrylate, and
(c) from 0.5 to 2.5 parts bﬁf weight of umnits derived from allyl methacrylate,
and

(i)  from 55 to 65 parts by weight of a shell polymer grafted to the core polymer
(A)(i), the shell polymer having a Tg above 20°C, a molecular weight in the
range of from 10,000 to 1,000,000 g/mol and comprising

() from 90 to 99 parts by weight of units derived from methyl methacrylate,

and
()  from 1 to 10 parts by weight of units derived from at least one C1 - C8
alkyl acrylate monomer;
and

(B)  from 15 to 25 parts by weight of a second core/shell polymer comprising




second core/shell polymer is in the range of from 80,000 to 150, 000 g/ nol .

9. A capstock conposition conprising: (A from75 to 85 I igght of a
first core/shell polyner conmprising (i) from35 to 65 pg?t%eégﬁx\?\ﬁ@g(%t of a
core polymer conprising (a) from95 to 99.5 parts by weight of units derived
fromn-butyl acrylate, (b) fromO to 4.5 parts by weight of units derived
fromat | east one ethylenically unsaturated copol ynerizabl e nononer
different fromn- butyl acrylate, and (c) from0.5 to 2.5 parts by wei ght of
units derived fromallyl nethacrylate, and (ii) from55 to 65 parts by

wei ght of a shell polyner grafted to t%f core polymer (A) (i), the shell

pol ymer having a Tg above 20C, a nolecllar weight in the range of from
10,000 to 1,000,000 g/nol and conprising (a) from90 to 99 parts by weight

of units derived fromnethyl nethacrylate, and (b) from1l to 10 parts by
wei ght of uniids dEpMVEIOEShataDY Weight obheorepolymeBCompIiSiig acryl at e nononer ;
and (B) from15 to 25 parts by weight of a second core/shell polyner

conpri sing 12 Decé&rber ra@®® to 89.0(ria)ts by oveight of wnigSlepvad: fsory-tweil ghtylas, a core
pol ymer conprising (a) from90 to 99.0 parts by weight of units derived from
n-butyl acryl ate, (b)(b)frémdns @ K0tpart2by woeisht ef unjts Weiiytdt frarh imethglotpeopamed fr om
trimethyl ol propane triacrylate, and (c) from0.0001 to 0.001 parts by

wei ght of units deri ve‘éllaF’B’i;"r‘ﬁ’éP?iyl met hacryl ate; and (ii) from15 to 25
parts by weight of a shell polyner conprising (a) from95 to 100 par
wei ght of units deé)iveldomr @80e% tp 1AL pauds by we ‘é’fl&W“n@?Wﬁ‘ér@‘P’%t%{

nononer, and

b
i
methacrylate;
and

(i) - from 15 to 25 parts by weight of a shell polymer comprising

(a) from 95 to 100 parts by weight of units derived from at least one C1 -

C8 alkyl methacrylate monomer, and

(b)  from O to 5 parts by weight of units derived from at least one C1 - C8

alkyl acrylate monomer,

wherein the second core/shell polymer has a shell weight average molecular weighit in the

range of from 50,000 to 350,000 g/mol;

and

(C)  from 0.5 to 3.0 parts by weight of at least one UV light stabilizer.

10. A process for preparing a reduced-gloss capstock comprising the steps of:

D preparing a mixture comprising
(A)  from 70 to 99 parts by weight of a first core/shell polymer comprising
) from 30 to 70 parts by weight of a core polymer comprising

@) from 45 t0 99.9 parts by weight of units derived from at least one
C1 - C8 alkyl acrylate monomer,




(b) fromO to 5 parts by weight of units derived fromat |east one d - C8
al kyl acryl ate nmononer, Wierein the second core/shell pojypeEerisst 2aoshel |

wei ght average nol ecular. weight in the range of from 50,000 to 350, 000
g/mol; and (C) fromO0.5 to 3.0 parts by weight of at |east one UV |ight
stabilizer. 10. A process for preparing a reduced-gl oss capstock conprising
the steps of: (1) preparing a mxture conprising (A from70 to 99 parts by
wei ght of a first core/shell polyner conprising (i) from30 to 70 parts by
wei ght of a core polymer conprising (a) from45 to 99,9 parts by wei ght of
units derived fromat |east one O - al kyl acryl ate nononer, 12 Decenber

2003 -42 (b) fromO to 50 parts by vveflggt of units derived fromat |east one

et hyl eni cal ly unsaturated copol yneri zabl e rmnorrer di fferent fromthe at

| east one C - C8 al kyl acryl ate nononer, omO0.1 to 5 parts by
wei ght of units derivéd fr&emad 9 83 Partphe WC&IE%I“PH%Q?“W et 1935keRe  and

(1) from 30 to 70 parts busehelly Qhuduihe! boRidrer,er flonbdel Gilibeucor e

polymer (A)(i), the shell having a above 20C, a nol ecul ar weight
in the range of from 10, 00&0ﬁnhe1atﬂ%t0ﬁhocgﬁ 08| alleyh dcry ipmomsinmey, 4@ from 80 to
99 parts by weight of units derived fromat |east one C - C8 al kyl

nmet hacryl ate nononer, @nd ﬁbhdnqmslpah@ by Owdighitt o units \derigddt froh auiéabisomter i ved
fromat |east one et hyl eni c unsat urat ed copol yneri zabl e nononer
different fromthe at Ieasltos%!ﬂée goftligketyl net hacryl ate nononer; and (B)
froml to 30 parts by weight of a second core/shell polyner corrprlsi ng (i)
from70 to 92 parts byndwei ght of a core polyner conprising

(i)  from 30 to 70 parts by weight of a shell polymer grafied to the core
polymer (A)(i), the shell polymer having a Tg above 20°C, a molecular
weight in the range of from 10,000 to 1,000,000 g/mol and comprising
(a) from 80 to 99 parts by weigﬁt of units derived from at least one

C1 - C8 alkyl methacrylate monomer, and
()  from 1 to 20 parts by weight of units derived from at least one

ethylenically unsaturated copolymerizable monomer different

from the at least one C1 - C8 alkyl methacrylate monomer;

and
(B)  from 1 to 30 parts by weight of a second core/shell polymer comprising
() from 70 to 92 parts by weight of a core polymer comprising

(a) from 50 to 99.9 parts by weight of units derived from at least one
C1 - C8 alkyl acrylate monomer,

(b)  from O to 45 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different

from the at least one C1 - C8 alkyl acrylate monomer, and

()  from 0.1 to 5 parts by weight of units derived from at least one

crosslinker or graftlinker;




(a) from50 to 99.9 parts by weight of units derived fromat |east one Cl-

C8 al kyl acrylate nononer, (b) fromO to 45 parts by wei ggbeggmug,ii@:;deri ved
a

fromat |east one ethylenically unsaturated copol ynerizabl e nononer

different fromthe at |east one C - CS al kyl acrylate nononer, and (c)
fromO0.1 to 5 parts by weight of units derived fromat |east one

crosslinker or graftlinker; 12 Decenber 2003 -43 and (ii) from8 to 30
parts by weight of a shell polyner conprising (a) from50 to 100 parts by
wei ght of units derived fromat |east one Cl - C8 al kyl nethacrylate
nmononer, and (b) fromO to 50 parts by3wei ght of units derived fromat |east
one ethylenically unsaturated copol yneri zabl e nononer different fromthe
at |east one C - C8 al kyl nethacryl ate nonomer, wherein the second
core/shell polynmer haga@ shell weight average nol ecul ar weight in the range
of from 25,000 to 350,000 g/mol; (I1) feeding the m xture into an extruder

conprising a feegiSeckbang &h felBlySididf of £ Sl '1y,ﬁérlcbﬁﬁﬂﬁg§r;n9 and mel ting

the mxture to forma nelt, wherein the nmetering 'sectio t enperature

bet ween 165C and 190C,and &og! 5 d
195" (1V) formng o Hb el e 100 B By EIRELAY: Selfed i of e G
| ayer; and (VI) cooling th€lrEBtalkydyrethaciylate hbsonmrpaelss according to claim9
wherein the nmetering tenperature is between 170C and 185C and the nelt

tenperature is betwee(b)l70&omrdiol P partslBy wlighly 6f BEitsi derived iffont aRas! doe.
conprising a substrate |ayer conprising an _extrudable thernoplastic resin,

and a reduced- gl oss capst odhylenisAlly spsafBated eapelvasRZAYhpRPRIREY differpdt ock

conposi tion conpri sing: from the at least one C1 - C8 alkyl methacrylate monomer,

wherein the second core/shell polymer has a shell weight average molecular weight in
the range of from 25,000 to 350,000 g/mol;

(I)  feeding the mixture into an extruder comprising a feed section and a metering section;

(IIl)  metering and melting the mixture to form a melt, wherein the metering section has a
temperature between 165°C and 190°C, and the melt has a temperature between 165°C and
195°C;

av) forming the melt into a melt layer;
(V)  extruding the melt layer; and
(VI)  cooling the melt layer.

11.  The process according to claim 9 wherein the metering temperature is between 170°C
and 185°C and the melt temperature is between 170°C and 190°C.

12. A synthetic resin composite, comprising a substrate layer comprising an extrudable
thermoplastic resin, and a reduced-gloss capstock layer disposed thereon comprising a capstock

composition comprising:
(A)  from 70 to 99 parts by weight of a first core/shell polymer comprising

i) from 30 to 70 parts by weight of a core polymer comprising




(A) from70 to 99 parts by weight of a first core/shell polynmer conprising
(i) from30 to 70 parts by weight of a core pol ymer conp{j pbfsmidet Joggenber
2003 -44 (a) from45 to 99.9 parts by weight of units derived fromat |east
one C - C8 alkyl acrylate nononer, (b) fromO to 50 parts by wei ght of
units derived fromat |east one et hyl eni cal | y unsaturated copol yneri zabl e
nononmer different fromthe at |east one C1L - C8 al kyl acrylate nononer, and
(c) from0.1 to 5 parts by weight of units derived fromat |east one
crosslinker or graftlinker, and (ii) from30 to 70 parts by weight of a
shel | polyner grafted to the core polyger (A)(i), the shell polymer having
a Tg above 20C, a nol ecular weight in the range of from 10,000 to 1, 000, 000
g/ nol and conprising (a) from 80 to 99 parts by weight of units derived from

at |east one O - at e nqner, .an 0 parts
by wei ght of unit@ derff%ﬁftggh\ é’ds‘t’“%é’ U&%Q?Té\fﬁdég‘%qlﬁt ffﬁ%taot“ﬁ

copol yneri zabl e nonongfg £ gt he at  least one C1 - C8 al kyI

nmet hacryl ate m)nomarerE %k; gﬁ%om 110 30 parts by weight of a second

ot Conoct L (oRlh 9 badl W Wich bR AR HEO 186 Bacr ©

pol ymer conprisin (a) S by weig of “uni erived from
at least one d - C8 &Jtﬂwém@uy )ah@n&ammm@wmer(zbmcﬁmnmrﬁr tidfedent rramt the lay

wei ght of units derived fro eﬁ%’i) one eth n ally unsaturated

copol ymeri zabl e nonongfasHPRe *eﬁ? f‘ﬁri’lﬁté"éﬂn one d - C8 al kyl

acryl ate nononer, and 12 Decenber 2003 -45 gc) fromO 1 to 5 parts by weight
of units derived ® omfmam|Qhse drarts by welgh of units derived from at least one

crosslinker or graftlinker,

and

(i)  from 30 to 70 parts by weight of a shell polymer grafted to the core polymer
(A)(D), the shell polymer having a Tg above 20°C, a molecular weight in the
range of from 10,000 to 1,000,000 g/mol and comprising

(a) from 80 to 99 parts by weight of units derived from at least one C1 - C8

alkyl methacrylate monomer, and

b) from 1 to 20 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from the at
least one C1 - C8 alkyl methacrylate monomer;

and

(B)  from 1 to 30 parts by weight of a second core/shell polymer comprising
i) from 70 to 92 parts by weight of a core polymer comprising

(@)  from 50 to 99.9 parts by weight of units derived from at least one C1 -
C8 alkyl acrylate monormer,

(b) from O to 45 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from the at

least one C1 - C8 alkyl acrylate monomer, and




crosslinker or graftlinker; and (ii) from8 to 30 parts by weight of a shell

pol ymer conprising (a) from50 to 100 parts by wei ght of {yhdsfberby@s from
at least one d - C8 alkyl nethacrylate nononmer, and (b) ?romo to 50 parts

by wei ght of units derived fromat |east one ethylenically unsaturated
copol yneri zabl e nononer different fromthe at |east one C1 - C8 al kyl

nmet hacryl ate nononer, wherein the second core/shell polynmer has a shel

wei ght average nol ecul ar weight in the range of from 25,000 to 350, 000
g/nmol. 13. The synthetic resin conposite of claim12 wherein the capstock

| ayer has an average- gl oss neasured_gt_a 75 degree incident angle geonetry
of less than 60. 14. The synthetic resin conposite of claim 12 wherein the
capstock layer has a drop dart inpact strength of greater than 25 in-1bs at

23 C according tg ASTM D4226. . _The syntheti.c resin conposite of claim12
wherein the cgpst(@ck %ﬁ%ﬁ']hé%]ip@ 3’@0 ¥7§1g8$ ofga_notsoc#enlvgg?%(]ataleﬁg V4l ue of
2.0 or less after 100Q..baiksr Rfora@nkesr at ed weathering according to ASTM
D4329 Cycle C

and
(ii)  from 8 to 30 parts by weight of a shell polymer comprising

@) from 50 to 100 parts by weight of units detived from at least one C1 -

C8 alkyl methacrylate monomer, and

(b) from O to 50 parts by weight of units derived from at least one
ethylenically unsaturated copolymerizable monomer different from the at

least one C1 - C8 alkyl methacrylate monomer,

wherein the second core/shell polymer has a shell weight average molecular weight in the

range of from 25,000 to 350,000 g/mol.

13.  The synthetic resin composite of claim 12 wherein the capstock layer has an average
gloss measured at a 75 degree incident angle geometry of less than 60. |
14. The synthetic resin composite of claim 12 wherein the éapstock layer has a drdp dart
impact strength of greater than 25 in-Ibs at 23°C according to ASTM D4226.

15.  The synthetic resin composite of claim 12 wherein the capstock layer has a AE value of

8.0 or Jess and a AL value of 2.0 or less after 1000 hours of accelerated weathering according

to ASTM D4329 Cycle C.




