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pol ymers havi ng discrete el astoner particles and/or cross-Iinked

el ast onetd dieinds ebMaking StfghotRick Ren@mprasiidiedt anigteronat inj i catiitydir all
useful for a range of applications including food packaging, office
suppl i esh¥pgdEsnt - of - pur chase signs and di spl ays, housewares and
consuner goods, building insulation, and cosnetics packagi ng. Such
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{0002] Not applicable.

REFERENCE TO A MICROFICHE APPENDIX
10003} Not applicable.

BACKGROUND

Technicai Field
[0004] The present disclosure relates generally to styrenic polymer compositions and more
specifically to improved methods of making styrenic polymer compositions and using same,
Background
[0065] Elastomer-reinforced polymers of monovinylidene aromatic compounds such as
styrene, alpha-methylstyrene, and ring-substituted styrene have found widespread commercial
use. For example, elastomer-reinforced styrene polymers having discrete elastomer particles
and/or cross-linked clastomer dispersed throughout the styrene pelymer matrix can be uscful
for a range of applications including food packaging, office supplics, point-of-purchasc signs
and displays, housewares and consumer goods, building insulation, and cosmetics packaging.

Such elastomer-reinforced polymers are commonly referred to as impact modified or high




WD 2010/ 085409PCT/ US2010/ 020983 i npact polystyrene (HIPS) while a
styrene honopol yner may be referred to as general - purpose pol ystyrene
(GPPS). 100061During the production of styrenic polyner conpositions,
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with an antioxidant reactive conpound, and placing the reaction
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di scl osed herein is a nmethod conprising preparing a reaction m xture
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or calciumsalt of an organic acid, and an initiator; and placing the
react i onwanld thar desivabibe o clovettipt ingpreved untthddodogiosr fop ghopamag z@tdnenpdimirhe
styrene nononer to a styrenic polyner, wherein the sodium or cal cium
WO 2010/0854aMET/ US2010/ 020983 salt of an organic acid protects the
initiator such that the polynerization is carried out at a reaction
rate greater than woul d ot herw sesteMARYrate in the absence of the
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bl ock diaghaMntkur@wiRbhatio@laR taRak Y p@ird IREpHeing the reaction mixture under
conditions suitable for polymerization of the styrene monomer to a styrenic polymer wherein
the polymerization occurs at an overall reaction rate that is increased by equal to or less than
20% when compared to an otherwise similar polymerization process carried out in the absence
of the reaction rate improving additive,
[0008] Also disclosed herein is a method comprising preparing a reaction mixture
comprising a styrene monomer, an clastomer, an antioxidant, a sodium or calcium salt of an
organic acid, and an initiator; and placing the reaction mixture under conditions suitable for

polymcrization of the styrenc monomer to a styrenic polymer, whercin the sodium or calcium




DETAI LED DESCRI PTI ON [ 001111t should be understood at the outset that
al though an illustrative inplenmentation of one or nore enbodi nents
are provi ded bel ow, the disclosed systens and/or nethods may be
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or in existence. The disclosure should in no way be limted to the
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equi valents, [0012] Di scl osed herein are nethods for the production of
a styren‘?%oiﬂ?ﬁ%}‘c%@mosi tion. In an enbodi ment, a nethod of
preparing a styrenic palyner conposition conprises contacting a
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ARCs will be described in nore detail l|ater herein. In such an

ermbodi mdPR10] t heFigree hod: blass dlagwm af agnethod of pagesie pabRCe$ pol yreri zati on
of the styrene nononmer when conpared to an otherwise WO
20101085409PCT/ Ug2010/ 02098 3DET MU DEEERIEdIPcki ng a RRIA. I n ot her
enbodi nents, the nmethod results in an increased amount or

avai | abilDatly oflt shoirlklibatodergtedduas the priestitigit alghcagh amplngtvk ingfaanepfation of
pol ynmeri zati on) when conpared to an otherw se simlar nethod | acking
a RRI A dreweoaf dndfodinenstayr povidedoladiopneiie diahpaod sxtsicon apd/oaduetbatisusdyrig
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wei ght percent by total weight of the SPCGX (wm.%, alternatively

from5 w.%to 99 wt.% alternatively from10 w.%to 95 wt.% In an
enbodi nent, the styrenic polyner conprises the bal ance of the SPC X
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reaction process. Nonlimiting examples of such contaminants include aldehydes, ethylbenzene,
ketones and phenols, acetophenone, benzaldehyde, propylbenzene, alpha-methylstyrene, and

benzoic acid. Unreacted styrene monomers such as those obtaimed from a recycle stream are



3.0 I MPACT PROPERTIES Falling Dart, in-Ib lzod, ft-1bs/in, notched
D- 3029 D256 n/a n/a TENSILE PROPERTI ES Strength, psi_ Mdulus, psi
(10) El ongation, % D638 D638 D-638 7,300 4.3 n/a FLEXURAL
PROPERTI| ESwsthengsdy psi Modul us, psi (10) D790 PCT/US2010/020983

commercially available and are described in more detail in U.S. Patent No. 6,162,880, which is
incarporated by reference herein in ifs entirety.

[0015] In an embodiment, the styrenc may be a mixture of virgin styrene monomers and
unrcacted styrenc monomers. In such an cmbodiment, the ratio of virgin styrene
monomer:unreacted styrene monomer is from 8:1 to 2:1, alternatively from 5:I to 2.5:1,
alternatively from 4:1 to 2.5:1.

[0016] In an embodiment, the styrenic polymer is present in an amount of from 1.0 to 99.9
weight percent by total weight of the SPC-X (wt.%), alternatively from 5 wt.% to 99 wt.%,
afternatively from 10 wt.% to 95 wt.%. In an embodiment, the styrenic polymer comprises the
balance of the SPC-X when other ingredients are accounted for.

[0017] In some embodiments, the styrenic polymer is a styrenic copolymer comprising
styrene and one or more comonomers. Examples of such comonomers may include without
limitation a-methylstyrene; halogenated styrenes; alkylated styrenes; acrylonitrile; csters of
{meth)acrylic acid with alcohols having from 1 to 8 carbons; N-vinyl compounds such as
vinylcarbazole, maleic anhydride; compounds which contain two polymerizable double bonds
such as divinylbenzene or butanediol diacrylate; or combinations thercof. The comonomer
may be present in an amount effective to impart one or more user-desired properties to the
composition. Such effective amounts may be determined by one of ordinary skill in the art
with the aid of this disclosure. For example, the comonomer may be present in the styrenic
polymer in an amount ranging from 0.025 wt.% to 99.9 wt. %, alternatively from 1 wt.% to 90
wt.%, alternatively from | wt.% to 50 wt.%.

[00£8] In an embodiment, the SPC-X prepared by the methodologies described herein is a
styrenic homopolymer, which is also referred to as a GPPS or a crystal grade polystyrene. In
an cmbodiment, a GPPS which may be prepared by the methodologies of this disclosure has a

melt flow ratc of from 1 g/10 min. to 40 g/10 min., alternatively from 1.5 g/10 min, to 20 g/10



D790 14,000 4.7 THERVAL PROPERTI ES Heat Distortion, F. Anneal ed
D- 6481 WD 2010/ 085409PCT/ US2010/ 020983 Vi cat Softeni ng, FD 1525223
[ 0020] I n sonme enbodi nents, the SPC-X is an inpact polystyrene or a

hi gh 1 npaGto pRbyeigr ene (H PS) that further conprisesp@iuh@st@seEric
material. Such H PS nay contain an el astoneric phase that is embedded

in the pal ystyren tri esul ti n the co tion havin
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formed fromthe polynerization of a styrene nononmer and a
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a conjugated diene. Nonlimting exanples of conjugated di ene nonomers
sui t abl denpibr modidusi of o] D008 epide 99%009%1 glteguagieln dowr20,000 psi to 450,000
2-met hyl - 1, 3- but adi ene, 2-chloro-1, 3 butadi ene,
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the HI PS conprises an aliphatic conjugated diene as the el astoner.
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but adi ene copol yners (e.g., styrene butadi ene rubber (SBR)).
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[0022] In an alternative enbodiment the SPC-X is a H PS wherein the
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properties. Such effective amounts may be determ ned by one of
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Table 1
CX5229/GPPS [ ASTM Test | Typical Value

MELT FLOW

Flow, g/10 nin,, 200/5.0 | D-1238 | 3.0
IMPACT PROPERTIES

Falling Dart, in-lb D-3029 wa

1zod, fi-Ibs/in, notched [D-256 n/a
TENSILE PROPERTIES

Strength, psi D-638 7,300

Modulus, psi (107) D-638 4.3

Elongation, % D-638 /a
FLEXURAL PROPERTIES

Strength, psi D-790 14,000

Modulus, psi (10°) D-790 4.7
THERMAL PROPERTIES

Heat Distortion, °F Annealed | D-648




melt flowrate of froml g/10 mn. to 40 g/10 mnalternatively from
1.5 9g/10 mn. to 20 W0 mn., alternatively from2 g/10 mn. to 15
g/10 mm as determ ned in accordance with ASTM D-1238; a falling dart
i mpact of vweé ewm/Gisiwel b to 200 in-tb, alternatively fropedisinnkdsi o
180 in-1IDb, alternatlvely from 100 in-1b to 150 in-1b as determined in
accor danee—y - 9,3 §

5 ft-10b

sde

| , :
accor dartbEOl ¢ iR ARG dssaR ey F’ﬁ L oG5 L8R e,
10, 000 | f 2,800 8, 000 | |
.50 Ty OB A 0 BRI A

rom2 ft-Ib

D-638; a, tensile nodul us o r 00 t o 500,000 , -

o e nartHIERSHT P 30 a8 P hagaigs e et Gerpestisn
250, 000 psi to. 380, psi .as determ in accordance with ASTI VI
D638; arjﬂa‘é‘f‘%h‘b‘éf"e@)ﬁ S’FpaFtrIB?ﬁt??C%%ltaB 3@8@ Mgt B RRTPFS SOMES #5896 lpgsd
70% alternatively from35%to, 60% as, determ ned in accordance with
ASTM D- essomcawme@mham%ﬁféﬁwv HORset q iggrimperdpelpyrenss 15, 000 psi,
alternatively from4,000 psi to 10,000 . alternatively from 6, 000
psi to 408db pdp aﬁ§mh@%r@mth%ap¢% laedﬂPgaﬁsé ifform eARIMVIU - PpbRcrigation
fl exural nodulus of from 200,000 psi to 500,000 psi, alternatively

f r om 230fE00ypEi meRPIPOGIOBD clgsipmerig comaames elnyaF eEPAKED! JHOC RIS
350, 000 psi as determ ned in accordance with ASTM D-790; an anneal ed
heat di stoprdngn ok doppasaBORN: 0 NRABRing [cxanres bﬁ/@}nyigﬁtﬁ@memmnpmcrb
210F, alternatively from 190F to 205F as determ ned in accordance

Wi t h ASTMtdDIcGAB; usa iVitbiatdisbbtre nind,3dfutagicom 2-06Hytb3-2@bdicne, 2-chloro-1,3
alternatively fromI|95F to 220F, alternatively from 200F to 215F as
det er m rvetidicne, a-oothghhd-butaditiz, ASTN-EHABAD-buatikna. glAdsmatbRlyofthd ridIRB30
to 100, alternatively from40 to 98, alternatively fromb50 to 95 as
det er m redpiises ac qopidaocenjugated BT Ms ThS2BstomdAND Without limitation, examples of
2010/ 085409PCT/ US2010/ 020983 [ 0024] Exanpl es of HI PS that nay be

pr epar eduipplet Hephoet bogiohedidsc ofiorblcs Etlsdd O us &€5i didlet dechwast tioadiene
Limitation 825E, 680, 830, 935E, 975E, 945E, and 845E, all of which
are hi ghndnopas! BRhJSEHYEPOBmeGOTMIAE Glicakd yhag ol Bbliedf fob rekdipiialstyrene
Petrochem cal USA, Inc. In an enbodiment, the H PS (e.g., 825E) have
gener al Iyytalildfe @PYISMERI(e. B apesd lRRlicaetubbar(EBRI)N LTIakkse, mixtul@lok 8ledds825E
ASTM Test Typical Value MELT FLOWFl ow, g/10 nnit, 200/ 5.0 0-1238 3.0

| MPACT %Egg;ﬁﬁ]}gg@qtg@&khﬁgbp%g in-Ib lzod, ft-I bs/| n, notched D- 3029
D256 110 2.

[10022) In an alternative embodiment the SPC-X is a HIPS whercin the clastomer compriscs
a homopolymer of a diene monomer, alternatively, the elastomer comprises polybutadiene. In
an cmbodiment, the clastomer comprises a copolymer of a diene monomer; altematively, the
clastomer compriscs styrenc-butadiene rubber. Examples of commercially available elastomers
include without limitation 730AC, which is a styrenc butadicne copolymer commercially
available from Firestone; and SOLPRENE 1322, which is a styrene butadiene copolymer
commercially available from Dynasol. The elastomer may be present in the HIPS in amounts
cffective to produce one or more user-desired properties.  Such effective amounts may be

determined by onc of ordinary skill in the art with the aid of this disclosure. In an embodiment,




TENSI LE PROPERTI ES Strength, psi. Mdulus, psi (10') Elongation, %
0-638 D638 D-638 3,600 3 50 FLEXURAL PROPERTI ES Strength, psi
Modul us, psi (10) D-790 D790 6,900 3.2 THERVAL PROPERTI ES Heat

Di storti onwdnofNiaeas ed Vicat Softening, F D 648 D 152%cT1/Us2010/020983

the elastomer may be present in the HIPS in an amount of from 2 wt% to 18 wt.%,
alternatively from 4 wt.% to 15 wt.%, altcrnatively from 6 wt.% to 13 wt.%.

[0023] [n an embodiment, a HIPS prepared by the methodologies of this disclosure has a
melt flow rate of from [ g/10 min. to 40 g/10 min., alternatively from 1.5 g/10 min, to 20 g/10
min., alternatively from 2 g/10 min, to 15 g/10 min. as determined in accordance with ASTM
D-1238; a falling dart impact of from 5 in-Ib to 200 in-Ib, alternatively from 50 in-Ib to 180 in-
Ib, alternatively from 100 in-lb to 150 in-Ib as determined in accordance with ASTM D-3029;
an Izod impact of from 0.4 fi-bs/in to 5 fi-[bs/in, altcrnatively from [ ft-fbs/in to 4 ft-Ibs/in,
alternatively from 2 ft-Ibs/in to 3.5 fi-lbs/in as determined in accordance with ASTM D-256; a
tensile strength of from 2,000 psi to 10,000 psi, alternatively from 2,800 psi to 8,000 psi,
alternatively from 3,000 psi to 5,000 psi as determined in accordance with ASTM D-638; a
tensile modutus of from 100,000 psi to 500,000 psi, alternatively from 200,000 psi to 450,000
psi, alternatively from 250,000 psi to 380,000 psi as determined in accordance with ASTM D-
638; an elongation of from 0.5% to 90%, aitcrnatively from 5% to 70%, alternatively from 35%
to 60% as determined in accordance with ASTM D-638; a flexural strength of from 3,000 psi to
15,000 psi, alternatively from 4,000 psi to 10,000 psi, alternatively from 6,000 psi to 9,000 psi
as determined in accordance with ASTM D-790; a flexural modulus of from 200,000 psi to
500,000 psi, alternatively from 230,000 psi to 400,000 psi, alternatively from 250,000 psi to
350,000 psi as determined in accordance with ASTM D-790; an annealed heat distortion of
from 180°F to 215°F, alternatively from 185°F to 210°F, alternatively from [90°F to 205°F as
determined in accordance with ASTM D-648; a Vicat softening of from 195°F to 225°F,
alternatively from 195°F to 220°F, alternatively from 200°F to 215°F as determined in
accordance with ASTM D-15235; and a gloss 60° of from 30 to 100, alternatively from 40 to 98,

alternatively from 50 to 95 as determined in accordance with ASTM D-523.



202 215 OTHER PROPERTIES d oss, 60 0-523 70 [0025]In an enbodi nent,
a reaction mxture for the preparation of an SPC-X further conprises
an antioxidant. The antioxi dant may be included in the reaction

m Xt ure aswgnom@ddihd ve or nay be present in the conmerpeirakzoeio/020983
formul ati ons of other reagents for use in the production of the
SPC- X. For _exa rmerC| formyl atj ons, of el astoners (e.g.,
For use R4l PRI TES LGy b ri’éepé‘ﬁ .bési‘wdalﬁ@%%%aﬂsﬂﬁéfﬂf iRk
an enbodi nent, the antjoxidant is E &%n t?

conbi nat IHE b Bats) SRIBAEP GRPdHRE 4?5&*@ g ek afcehigh
iron or zinc) or metal conpounds present |n the reaction m xture
(e.qg. |wctopolwbﬁ@wt:c9ﬁmaierﬁ1% vembbu fiers) ToNoffteriaifly (EXanBfesitofn
ant i oxi dants suitable for use in this disclosure include

tri s- nongmipkewt sivddiBhiee. 2PRiPRye egnceli the ehysical prprertas s fordriny rblphenol
(BHT); octadecyl 3,5-di-(tert)-butyl-4-hydroxyhydroc nnamate which is
comercially avail able as 12GANOX 1688 % rom G ba;

4-bi sKoctylthio)nmethyl|-o-cresot which is WO
2010/ 085409PCT/ US201835B20983 conmer ki al | v ASTAI Tesbl e as | | RGARKDical Gl

from G bMELGFLEMWD| nati ons_thereof | n an enhodinent, the SPC X nmay

cont ai nlarfleanellorpind3efyS4 n anmpunts of from AXH3Ppom t a 5000 ppm 3.0

al t er nap INRAYT PROFERBESH om t 0 4000 _ppm _al ter nativel y from 750 _ppm to

3000 ppm Febiog2By) ilan enbodi nent, the SPC—)@éQ?ﬁprl ses in AR A 1Hhe

RR1A mal_badt frbs/agpoichesk an or gani-c_hcid |t \ﬂé a

b
sodi um Mﬁﬁ@&@ﬁ%_d—an_m#arwx h-petal—salt (e

\""!9
cal ci um o?f“’eﬁ;ls p an |c acid, an alkali or a lé% ine earth matalg’?%lt
50

of | act I Pivates t her eof , pr conbi ons thereof;

al t er napgy .‘“’“ ’*“”"Pl"; 9 stearoy—tactate—al terfati-vety-eateum-stcaroy
L‘@ﬁR‘KIF E& A et +. = RRA Py f"C‘I o «dl ola

| act at e T e oot et —thRe—ThRrA IB — oW H-eth 16:9900

wi dely to ocﬁﬂ %LI@() avai I abI e, may pe obtai e by combii ning | aghic

. e
acid ang PRk ALLPWEK'I%%‘ then—reacting the pi UUUL,L wrth—calcium

hydr oxi gre—{ o H&LGFA G crunmrsat——Overphgsed fornmg—such ag;t ose

that |imtythe d.gyebs of acid may al 5o be enphgyed. A nonlimtiRg

exanpl e[ BirygrpROPERIEPI € fOr use ih this dirsclosure includes

PATI ONI C S5 _gphi Ch TS commercial tyravaiT'abhe,from Caravan 70

| ngr edi ents Co. [00271rnm an enbodi ment, the RRIA TS present in the

reacti onjggea(t ur g LOEmPIdRR&H: 24 ir QB meh@e FGh& prdpailor@BDMNEPOTX filrdier
200 ppmto 2500 ppm alternatively from 250 ppmto 1500 ppm

al ternat bwluesf Jnognt.ﬂ%dr@pmﬁcodnam&npm@ b Mu@hlm RRMY@loH asix&ilafLsh
herein by weight of the reaction m xture unl ess otherw se indicat ed.

[ 0028] I n, fifiv 8P grﬁ%rﬁmbcﬁthﬁ tﬁ@@&ﬁrh&ﬁalnﬁoﬁﬁiﬂﬁtﬁmt QF ofhtCR cﬁE'fQﬁus@f tehe
SPC- X may conpris Al'ternatively, the ARC may be introduced

tot he. pg%&“&ﬁ&ﬁ ?f'hl §I%‘3%SSF-0 QIanRagn a r%ﬁctog?r%eﬁil e 1a§5)1% (%eﬁgtbr%rs gcog for

peIIetlztlono e SPG-X In RC conprises an

aci d neut s % H mcﬁ)(a‘l: P&{eai &%agt M%taﬁh&ar E;( &iﬂ%ﬁﬁ’&ﬁ? ?ﬂe%gtl(gjlddﬂt

pol yrer reS|ns y neu r |2|ng acidic sit ) es o
neutrali lzsear 1en0 gos Wte QUSmt\memoEéa h'telﬁroti @?Eﬁadnt o%d?;&t? ?f{a trga%t \%Hﬁ; bne?’ﬁs
zinc steara MM sfeara

Synt het I hyd()r O(t)EaZICI te (%al Cconigllln a 1eqer1? 1M e lchti()l'l Eue {EbOdll rTenI't Zii’lg he
SPC- X co i B8Oy W@t IT‘? §’fn(?ar at P TSR A FPAQN TARF TS Slch

mi;?: Llaﬁf()i[&a?l]all?{;a%gflslpor{l?lxs) %lon limifing %xgrn?plr gs of ldgi?()sxieddll%x sult:[ﬂt; 80P Bse in this

disclosure include tris-nonylphenylphosphite (TNPPY;, 2,6 ditertiarybutyl-4-methyl phenol

(BHT);, octadecyl 3,5-di-(tert)-butyl-4-hydroxyhydrocinnamate which is commercially

available as IRGANOX 1076 from Ciba; 4-bis{(octylthio)methyl]-o-cresol which is



WO 2010/ 085409PCT/ US2010/ 020983 enbodi nent, an acid neutralizer may
be present in the reaction m xture for preparation of the SPC-X in
amounts of fromO ppmto 3000 ppm alternatively from 100 ppmto 2500

ppm al t er qatdowakssued rom 400 ppmto 2000 ppm with all peposwabeess
stated herein by weight of the reaction m xture unless otherw se

i ndicated. [0029]1n enbodi , e. SPC. X conprises an initiator
or 't ho. byEPBHGENS BHa iAok 1eldi e b e oty fafso
function as ARCs. Initiators, sometjnes referred to as . accel tors,
are conpBPRIEMEhle YHinduTegitonainep antosidrrdn oyl EOREQAPE @ HOLREBY o
the polynerization of styrene. In an epbodjnent, any initiator

capabl e 8feraigddy framiPBAprd i 4089 PR Ateartivelydiont (39we P ARy ner i zat i on
of styrene may be enployed. Such initiators are well known in the art
and i ncl (M&6lby ety cotrodinapipthe SBREK sontrheryn Rk ¢ 2k R onipabs the salt of an
per oxi des. Exanpl es of organic peroxides useful for polynerization

i nitiati omatinetidde alljal ﬁ@u«? sqlf (gt sedivm oiap@(ganis apigxingiisine carth metal salt
per oxydi car bonat es, nonoper oxycar bonat es, peroxyketal s, peroxyesters,
di al kyt freg-oxicdes of by odizaperdskiad@kali or alsdi entt negplssalt pbleetsfacidaderivates
nonlimting exanple of an initiator suitable for use in this

di scl osutherecbfiok wokebingtionh thgteof i aitbmnathviehnsoLUPERGXO2 38:tatd. 2B Yativeltii colsivis
et hyl 3, 3-d(t-butyl peroxy)butyrate commercially available from
Arkema. Fheodeheat i(GRLDf I mint craltodimenn dthe fREGAL isvESanpUnl, which idepdid
on nunerous factors (e.g., tenperature, reaction tinme) and can be
chosen byomnacisky hladablé, mdyHe abkdinedibyhrotnhiairgi lectiofactdhing sehuga hoixs arrdethto
neet the desired needs of the process. For exanple, the initiator may
be presenrfcting tRnpradi ith ahicfuromdthx@R o Wiad¥ed the Qalbinmnt salfy Cakt-esabbimel y
fromO0.005 wt.%to 0.1 w.% alternatively from0.01 wt.%to 0.1

W . % al tehnathovelhy Ifnfiome Gevll daclbhgy DsoSbewdmigyedl erontitniting loyanhp®sSst a
than 0.1 wt.% [0030] In an enbodi nent, the SPC- X contai ns ot her

addi ti vesst OsltdARakdr e Sh reid dMaMsire dhcl O PATIORE. UG hwiish i beHieasieldy

gl oss or color. Exanples of additives include without limtation

st abi |'i zgfgani& heth Tatah @B QlicROEHL S, antioxidants, UV stabilizers,

| ubricants, plasticizers, ultraviolet screening agents, oxidants,

anti - oxi gaR¥s, & Unecndb@iveft, BIRRUS is pldsbdt AVl BEtidh it urcaBSRERRAbSf thd T €
retardants, processing oils, mneral oil, nold rel ease agents,

col ori ngspg8niSin am\é\%%@ﬁr%%?ﬂ&%'?&Bob’%ﬁﬂ,l%ﬂ%ﬂéef?@ﬁo;ﬂizg%m%{j R8P pm,

filters, and/or other suitable additives. The aforenentione

addi ti ves e?mvéf_ﬁﬂﬁeﬁog%ﬂ%rméé | & ) E}(m L RuGARRLNREd OBy 4 lé)t?&ﬁ&e

. t
various formulations of the stytenic pol yneric conposition.

exanpl e, Ll L.zer S1.Qr . S. L] zatjon agents may be enployed to help
pr ot ect Fﬁé%@ﬁ%@ﬁgfégﬁ?ﬁiﬁgggg'%%%Ldue to exposure to excessive

tenper at Hﬁﬁﬁ an n/ %rem%:g;%iiéngei{tl 81'0 ?(%agtllc%ngrxgi%frt {eT{)ﬁég%??aqgh%f t‘ﬂ@ng—%/ I%llpjg cso.mprise

i ncl uded" ' n'amounts € ive esired proper

et AL IR h 8 P BOTER0REs e MREEH 0eE) B8 e
I e R S A
R T M ne M T

m xture cqonprising styrene, an RRIA anp el astoner, fornyl ati on hayvi ng
at | east *ofie sitft FHRRIG fw%ﬁcqnﬁtf%ersaﬂﬁwg V&Fhaua}ﬁ?ifﬂa%fnr:@wﬁ@ﬁ*es such as
addi tives as described herein previously, In an enbodi nent, a .
react i onZiff xHERE: f8lcivhstopatd sethgis sutraliresprck feajynesHp iveetstenPgo
Ww.%to 99.9 wt.%styrene, fromO0.001 wt.%to 0.1 w.%initiator,,
from 0. Ogompitinaprsgh@edis Ingn wgbrmant e FPC-oqmprisgirimeplis gete yuch as zine
addi ti onal conponents as needed to inpart the desired physical

stcaratc. Such mctallic stearates may also aid in mold rclcase by acting as [ubricants. In an
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90C to 135C while the second reactor (e.g., CSTR or plug flow) my be
operated in the range of from 100C to 165C. [00351The pol yneri zed
product effluent fromthe first reactor nay be referred to herein as
t he prepol wikhiods&e®n enbodi ment, the residence tinme erileanmsat of
time the reaction mxture is held within the reactor system may range
fromO0.5 to 14 hours, altﬁ%natively from1l to 8 hours, aIternativEIy
from 2 t&nBodiBentgn gl iU aNEe SRS [FFraRt 1 EigdpRsHoR mEtye &qrpagparation of the
conversion, it may be passed through a heating device into a second
react or PBF-X tir ¥t 96 fipiie P ip s P 00 phia. HisTrphisty e M0gwicte 209 1Pgnt
fromthe second reactor may be further processed as is known to one
of or di nalfeynagikgly fromop emafe 208 apaexiel flbarin vifuepettaied horgin praveight of the
Literature. Processes and equi pnent for the production of a H PS are
di scl osetbatipnnigurepaieesnthongist indigttedn Serial No. 11/384, 737 entitled
"Reactor System for the Production of H gh Inpact Polystyrene" and
U.S. Pat 8829]Appln emcinbedi@enti dic $R-X199ngBi4es596 inglftdrt dreltie "bivpioilycen plakn
Boiling Plug Flow Reactor," both filed March 20, 2006, and are
i ncor por atitetbr sactief Sueniodiatver miynalsofutdtien rs RECH.r witiptor], @OBBImek refared to
enbodi ment, the SPC-X is produced by a continuous flow utilizing a
pr e- i nvesas h@nlera@as tagr componhdscthata fimodicnt asothe gburst pf dme rahcklsr wbbebledhe
pol ynmeri zed to a point below the inversion and then introduced into a
second spoelymatkatiandt stseact dn an Theodinsigpaiytiyitiabr tdpebls of fitd wdisaliforntalien
pre-inversion and in the second stirred tank reactor are closely
control | ed: foilifree thdpelymeetatitis ef statd iy lereapessd. dash fethtore &d Svell khowsn
process is disclosed in nore detail in U S Patent No. 4,777,210
whi ch i sides abynd 6 edar adyest cRymple bl eiieat haitdion ofdanic heroeidés Mxhivples
[0037] I n an enbodinent, the RRIAis present in the reaction m xture
prior tooPbrgeRRGRIkidaNtsoMItibr bAgmbitatied ugddion iffludnvitidGt dfeation diacyl
antioxidant. Wthout limtation exanples of ARCs include acid
neutral i 285:8dds€ pSroxydi@idhatsd QAsRb&S ycarbBates AbQbSyke@is! pedkyesters, dialkyl
conbi nations thereof. [0038]In an embodi ment, the ARIX may be
i ncl uded,d Beilenf®@ridxRRs, B xbMbRatiis GRr@Rt & Sorii SRRAPKIET dnZifkiken
reactor. In such an embodi nent, the reaction mxture conprises an
I ni tiat og, ;i & I8 iV ARELSR: A81.AR HRGuARdLEGREUPIROR 238 ;m@;s tybfeh is
portion of the antioxidant. As WD 2010/ 085409PCT/ US2010/ 020983 wi | |
be under o f J. Lk LD A r i -
the i t1afor ana AReRy PO ag by hREE REE AR LI bR abt
and the ar t of -nitiat L r ' Ny re. of .
it o ol Tt sad bt R | AR LGP AR €, KDhBEE Botion
wth which the initiator,functiens for jts i.nt . PUI i

P ) %nﬁecﬁuhk? B\ﬁosen b\T/_I tone § 12(:@ dn ttkge ‘fIJh‘éﬁh i a:[:"cpgﬁﬂm c})}t[cﬁo(rglzrg 6(? Ilng?tEiF% ,

enbodineﬁ?? g Pht ol reacti on m

|t ti | it ant i,th the int ductj f the ARC . )
it Ao e pEnGaf bt Mo bublfie Rt LORHE a8 Be Blestl B AR o |
initiat ith th t] j dant t j i h ff.ici
the i ni Db B hiar el bt P el BRI Pt BTy FaE o

reaction carried oqut in the absence of an RRIA [00391The pol yperic
conposi t wol f@ﬂér\’ﬁ? G T FYEY RO 'E%Wﬂggi“? IR, ﬁ’ﬁ’hg?t“%‘g‘ﬁ
enter a second reactor such as_described previously or oéper react or
| ocat ed H9Nst r Bath SRPAIHREN RSP RETIFHEE 08T Adbidfed o (Rar C%ECHé’ﬁY%QEs
such as acid neutralizers are typically introduced. The presence  of
t he RRLAPIOBSIHES, sucksps, igsspsqdradaps At cAbpr iERRTYIET oftrditingRarclyds wjthout limitation
initiator, netallic stcarates) fromreacting wth the antioxidant and
reduci ngstetiecemsiait transiamepBsi aaetidygpe Sdhstatiizepy dipaigtnts @listirsts slvof
the polyneric product. [00401The reaction m xtures may be subjected
t 0 sol ut Violst earconiig sepbd. prigwiis atii-oxdpio edb gl apgeth wirptold Hightrabyirbraie e
time of the m xture conponents may range fromO0.5 to 14 hours,

firc retardants, processing oils, mincral oil, mold rclcasc agents, coloring agents,
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formul ati on, the anmount of antioxidant present during the SPC X

pol ymeri zati on process may increase during the course of the reaction
as a result of the accunulation of the antioxidant in other portions
of the polygefibhdaigon reactor, as shown in Figure 1. Ref@hbiodshokP
Figure 1, styrene 10, initiator 12, an RRIA 20, elastoner 30, and at
feast one antioxidant 40 are fed into a polynerization reactor 50 via
li nes 1igmepisidyey, filgs, aydigr gher jugaheaddipes y Thapgregsnionss podidret x5 ow
for the formation of SPC-X 85. In alternative enbodi nents, —one or,
nore of usdfeciBerpsnieny & ingernbiaivade {ra vaups fomulalipysed thpstyrepse popanerigs
and/ or 45 may be conbi ned upstream of pol ynerization reactor 50 prior
t o i ntr sdupesiion. For pompleerebilizeisen selibieation a50ts njaydr3pIplpyechie help protect

pol yneri zati on reactor 50, a polynerization process may have a _

per cent teo$RiEKdioondagfadetioprdente ckposuty ISPEC)IGSCrpegtiurgpdides uitregphe 6ol t o
80% | eaving a significant anmount of unreacted styrene nononers 70 and
di | uent Theehadsigives myply blenmelvded Themowrte atffteide do yimpme thvodored proportinny
be separated from SPC-X 85 by feeding themvia line 55 into a vessel
60 wher é&ffctpreaddisse damawn aad prbesseds diri ihdlusiini i theksaddlaves edtyouic il yoerigh
reaction tenperatures and | ow vapor pressures. The reaction

t enper atcumpssitnsmpy Bstmtasichbcaeestillyd inahe arM@th the aid of this disclosure.

2010/ 085409PCT/ US2010/ 020983 devol atilization will depend to sone
extent q@odtihe natyyr®csiknbhe tov@s $Ebrda@ryashd! ity doewidethe nidiofiehds diycleme of
ordinary skill in the art with the aid of this disclosure. After
devot at ifhi tE@pio@ittioSHan X PESX fRY bbemplegal i aderiviodichdnh @n 80Canchmpnis@gat ed
styrene nononer 70 (and optionally a diluent such as ethyl benzene)
may be nEpychaflepiicd FOEYL @ cEIn aatibre S@nising HtsréHeO a6 /AN @n1fastdieran
enbodi nent, styrene 10 is virgin styrene nononer that is conbined

Wi th unreaci#idn Shyihene |ARNATBNHFQdantN dneih gk, Vi@l YoptibRay Ghigr SHAIER 265
may be added, wholly or in part, directly to polynerization reactor

50 [ 00441 BpannSaR et ¥Ry, g EERGEHAR dlcXdduh GnikRPoH B8 DroMicANST ah0,
an RRI A 20, antioxidant 40, and an el astoner 30. Antioxidant 40 may

be pr esw,.k%%@on@hgémm@ *Pv RS JIBY sihenadeed 0@l 6684 Yo HQ W08

reaction mxtu n such an enbodi ment, at |east a portion of the

SLYT ene {NOMEE boTAY, U5 A 2261 €k ShIuBRS TPl BrmpbilRag uCh

an enbodlnent, while the fin concentration of antioxidant i n the
SPC- X 85_ ' ' . be, in. th i ped JherLifaoes
or evi oud? SRR el MG TR REL LBe R, TRE PE S GRGL R o Ricflazcs,
from 50 ppm. ;hg)f)fz t%) to% %ﬂﬁ%{%ﬂ%ﬁ?_%&&ﬁé%l%lﬁ o meivgcidﬂamntoqaéggg éng% atylfglc

WL
al ternat? Vel rom m ’h recycle strea

0045] | di t, .th I - zat | LON,I S | i i
19095330 STIRELRN S OSHIRTR0) B BIEOARD Bl o 1
nbodi bot h talli t t o1 ZNS RI o e
Sl R I S Y S T
EEEI T NE R R R I e

occur downstream of the introduction of the RRIA In such

enbodi maHyEce! prREeriEy ATREQUTELRCIEN B RendisRagEeteHROBISpa Py a5t
reaction rate and nay be present prior tQ contacting the reaction
mi xt ur e SR BRYMEEdit Mbsaodages g woue Ol AYSRC BYD BEiR rembinatign of virgin
pol ymeri zati on process of the type described herein displays an
overal | Sieet mpipnicsy and peyeacdale syfeng guaioney  Bvinged sviteha Aty g9, monomer:
alternatively froml%to 20% alternatively from5%to 20% .

al t er natuingeedtyd §tyromn Bosomst 159 BPm S hiatd v e$ayd fondhint BYstug maydie intigguced
2010/ 085409PCT1US20101020983 when conpared to an otherw se simlar
pr ocess teapolymdimton cyvtar hsteaboahee foftheamodyRion of the SP6rE. enbodi ment s,
the reaction rate during the course of the polynerization reaction
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WO 2010/ 085409PCl NS201( 1/ 020983 cooki es), appliances, utensils,

el ectronic parts, autonotive parts, enclosures, protective head gear,
reusabl e paintballs, toys (e.g., LEGO bricks), mnusical instrunents,
gol f cl ub {eadrmsfbd Ng, business machi nes and t el ephepgugaRNRoRBL S,
shower heads, door handl es, faucet handles, wheel covers, autonotive
front grilles, and so forth. EXAVMPLES 100491The embodi nents havi ng
been genB¥3| y Heacabpdiment the polympirstioiefeagmp issaigd ouigh g plulige or mass
particul ar enbodi ments of the disclosure and to denonstrate the

pract i cepdvibcrizdiainmresgiss Mase pelgnerization, alsq kpsmas el pebyaerizaten ki) thes
are given by way of illustration and are not intended to limt the
speci fi cetliroerizafont ¢fer mpetinees in fheahyenpmpliney madanvpher thay tosepper and a
pol ymeri zation rates for the production of an SPC-X of the type
descri beditdigt ei ol werigation yEgtiprg aobdon Figherizattmpties to o eelygerriben Sagept es
1-8, were prepared. The sanples were polynerized to formH PS from

f eed sol intwioelsthe owneaines ayl @pprwaizitvatislistod Grevdisselyeaf in st npn exmomorokiprd
from Total Petrochemicals, 170 ppm of LUPEROX 233 (L233) initiator, 4
W . % et astianredt tiafbegibihg of th3 RGN ¢rBaripl estids. 4Yhediquitl32@subiBaatpl el VsaB)s
1000 ppm of 1RGANOX 1076, 800 ppm of ZnSt, PATIONIC 930 of either O
ppm ( Santk esulting @lyrher oacwpolfmear 500 ppm (Sanples 2, 4, 6, and 8).
Samples 3, 4, 7, and 8 also contained 25 w. % recycled styrene. In

t he sanp|oes3jcontiad pulvigeifz@ty PradssSday Ibe Bigher biieh @nouiiuond. atay reebedimontf he
recycle was estimated and so the total styrene will be in the range
of | ess thbaglydRrimkioffor@Btbrappy 0Xichitebyt GhgW cHtindddd piddudda proceat hyd
3,3-d(t-butyl peroxy)butyrate commercially avail abl e from ARKEVA,

Whi ch sef)aferdaidpPi@a tenRBme Xl weld Rhdidra Qr, EurilRﬁGf\@Xcté{@j@mi Scample,
oct adecyf g,§5- Di -(tpgrt)- but@l-@4- h%dr oxyhydr cg}ci nnamate which is g
anti oxi dﬁq@tS@m%%eab}dai@d/%Eih?bfineuﬂﬂogm'@t&a- RRAISONLE R38tibis 6Plthe
which is an additive commercially available from Caravan | ngredients

Co. WO 2BdM4i083AAPERd LU ULR10208835 ] @a@.%.h'?ﬁbm@wma{ IsARcofordtdiby

styrene nononers was carried out under the followng conditions: the

pol ybut afé:i?e‘?é?l%fl{@éin%i%%%a‘éﬁp in styrene nononer or styrene

nononer/recycle styrene overni ght at anbient conditions. To this

| uti 33 ipi Li.at I,B%A 10; i Ak 3 Lent ANoSarl ¢

nggdl ? 2‘“’8?"§e alrgéo%lg?%slg 1cht o “\’:\Jﬁg&él gglgthﬁzlh?%sasz%i o%%bcggég‘gleg%p%ggee
ith 4 i [ . St ' ' M £ v : . d

et our SRy A LA SO PR 4R R L a e

and purged w ead

itat i d.wt flat .. d ir . Th jon_mxt i
oo SRR B BB LML pel D TP
150C f ) | | t ai ni imately. 30%
o S TS BT SRR AL A, SHBIREL Sk A

of recycle) is then &olatilized at 225C for 30 m nutes in a vacuum
oven at bedemtIWEH 10 1§06¢r  In TReanogsy enbedinetahic PolfmETZagen repefon Ruhbsur s
at 110C, 3 hours at 130C, and final conversions at |150C of each
sanpl e wergednonint oplediityTifecatosr alk cach dercioo having @sopiena idepaninicrewdcby
measuring the percent solids on a noisture bal ance and dividi ng by
t he el apBedxtmpte. thhdymeetiinonadtiat esy bf cBeempduddn 2 readtor §steananpBoyiver e
conpared to the reaction rates of the control sanples (i.e., not
cont ai ni figt aml RRbWY) polSamdadsn tgactdrs that anditiigr cesp®osly setyd taftkeeactors
conponents of Sanples 1-8, conversion percentages at the indicated
time poi @SIR)avgngdew raters. andfirsepajrhargaticatr@cemey befeéint radrang tar C
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prepolymerization reactor. In an embodiment, a polymerization reactor for the production of an

impact-modified styrenc comprising a plurality of reactors may have the first reactor (e.g., a

CSTR), also known as the prepolymerization reactor, operated in the temperature range of from
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90°C to 135°C while the second reactor {c.g., CSTR or plug flow) may be operated in the range

of from 100°C to 165°C.

[0035] The polymerized product cfflucnt from the first reactor may be referred to herein as
the prepolymer. In an embodiment, the residence time or the amount of time the reaction
mixturc is held within the reactor system may range from 0.5 to 14 hours, alternatively from |
to 8 howrs, alternatively from 2 to 5 hours, When the prepolymer rcaches the desired
conversion, it may be passed through a heating device into a second rcactor for further
polymerization. The polymerized product efffucnt from the second reactor may be further
processcd as is known to one of ordinary skill in the art and described in detail in the litcrature.
Processes and equipment for the production of a HIPS are disclosed in U.S. Patent Application
Serial No. 11/384,737 entitled “Reactor System for the Production of High Impact Polystyrene”
and U.S. Patent Application Serial No. 11/384,596 entitled “Horizontal Boiling Plug Flow
Reactor,” both filed March 20, 2006, and are incorporated by reference herein in their entirety.
[0036] [n an embodiment, the SPC-X is produced by a continuous flow utilizing a pre-
inversion reactor in which a solution of styrene and rubber are polymerized to a point below the
inversion and then introduced into a second stirred tank reactor. The viscosity of the solutions
in the pre-inversion and in the second stirred tank reactor are closely controlled to produce meet
user and/or process desired needs. This process is disclosed in more detail in U.S. Patent No.
4,777,210 which is hereby incorporated by reference herein in its entirety.

[0037] In an embodiment, the RRIA is present in the rcaction mixture prior to or
concomitant with the introduction of an ARC and antioxidant. Without limitation examples of
ARCs include acid neutralizers {e.g., metal stearates), initiators, air, or combinations thereof.
[0038] In an embodiment, the RRIA may be included in the reaction mixture which enters
the prepolymerization reactor. In such an cmbodiment, the reaction mixture compriscs an

initiator which may function as an ARC and react with at least a portion of the antioxidant. As
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will be understood by one of ordinary skill in the art, the reaction of the initiator and ARC will
decrease both the amount of antioxidant and the amount of initiator in the reaction mixture.
The loss of initiator to reaction with the antioxidant will lower the cfficiency with which the
initiator functions for its intended purpose. In an embodiment, the RRIA is introduced to the
reaction mixture prior to, alternatively concomitant with the introduction of the ARC (e.g.,
initiator). The presence of the RRIA may reduce the reactivity of the initiator with the
antioxidant thereby increasing the efficiency of the initiator when compared to an otherwise
similar polymecrization rcaction carricd out in the absence of an RRIA.

[0039] The polymeric composition emerging from the prepolymerization rcactor may then
enter a second reactor such as described previously or other reactor located downstream of the
prepolymerization reactor where other ARCs such as acid neutralizers are typically introduced.
The presence of the RRIA (¢.g., CSL) may prevent or inhibit the ARCs (e.g., initiator, metallic
stcarates) from reacting with the antioxidant and reducing the amount of antioxidant present to
prevent degradation of the polymeric product.

[0040] The reaction mixtures may be subjected to solution or mass polymerization
processes such that the residence time of the mixture components may range from 0.5 to 14
hours, alternatively from 1 to 8 hours, alternatively from 2 to 5 hours in & temperature range of
from 90°C to 240°C, alternatively from 90°C to 180°C, alternatively from 100°C to 165°C. In
some embodiments, the SPC-X is a HIPS and the RRIA may be introduced to the
polymerization process concomitant with the dissolution of the elastomer. In an alternative
cmbodiment, the RRIA may be incorporated into the reaction mixture that is to be fed to the
polymerization reactor (i.e., the feed). In such embodiments, the RRIA may be present in the
feed at ambient temperature for greater than 48 hours prior to use. In other embodiments, the
RRIA may be introduced to the polymerization process at some point downstream of the first

polymecrization reactor. In an alternative embodiment, the RRIA may be introduced to the
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polymerization process at some time subscquent to the dissolution of the elastomer. Additional
details regarding solution or mass polymerization processes and residence times have been
previously described herein.

[0041] In an ecmbodiment, a mctallic stearate (c.g., ZnSt) and antioxidants (c.g., IRGANOX
1076) may be present in the reaction mixture in the amounts previously described herein. In an
embodiment, the antioxidant is introduced indirectly to the rcaction mixture as a component in
the elastomer formulation and the RRIA may be contacted with the reaction mixture (¢.g.,
monomer) prior to addition of the clastomer formulatior. In such embodiments, the final
antioxidant concentration in the HIPS originating from the elastomer may be in the amounts
previously described herein.

[0042] In embodiments wherein the antioxidant is present as part of the elastomer
formulation, the amount of antioxidant present during the SPC-X polymerization process may
increase during the course of the reaction as a result of the accumulation of the antioxidant in
other portions of the polymerization reactor, as shown in Figure 1. Referring to Figure I,
styrene 10, initiator 12, an RRIA 20, elastomer 30, and at lcast one antioxidant 40 are fed into a
polymerization reactor 50 via lincs 15, 22, 25, 35, and 45, respectively, and polymerized to
allow for the formation of SPC-X 85. In alternative embodiments, one or more of the
components introduced via separate lines 15, 22, 25, 35, and/or 45 may be combined upstream
of polymerization reactor 50 prior to introduction to polymerization reactor 50.

[0043] In the polymerization reactor 50, a polymerization proccss may have a percent
conversion of styrene 10 to SPC-X 85 that varics from 60% to 80% lcaving a sigaificant
amount of unreacted styrene monomers 70 and diluent such as ethylbenzene. The unreacted
styrenc monomers 70 may be separated from SPC-X 85 by feeding them via line 55 into a
vessel 60 where a process known as devolatilization is carried out at high reaction temperatures

and low vapor pressurcs. The reaction temperaturcs and pressurcs necessary for
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devolatilization will depend to some extent on the nature of the vessel 60 and may be
determined by onc of ordinary skill in the art with thé aid of this disclosure. After
devolatilization, SPC-X 85 may be recovered via line 80 and unreacted styrene monomer 70
(and optionally a diluent such as cthylbenzene) may be reeyeled via recycle streams 65 and 75
into styrene 10. In an embodiment, styrene 10 is virgin styrene monomer that is combined with
unrcacted styrene monomer 70. Alternatively, recycle stream 75 may be added, wholly or in
part, directly to polymerization reactor 50.

[0044| In an cmbodiment the reaction mixturc compriscs styrenc 10, an RRIA 20,
antioxidant 40, and an elastomer 30. Antioxidant 40 may be present in the clastomer 30 and/or
may be added directly to the reaction mixture. In such an embodiment, at feast a portion of the
styrene monomer 10 may comprise unreacted styrene monomer 70. In such an embodiment,
while the final concentration of antioxidant in the SPC-X 85 reaction mixture may be in the
ranges described herein previously, the antioxidant 40 may accumulate to a concentration of
from 50 ppm to 200 ppm, alternatively from 50 ppm to 150 ppm, alternatively from 80 ppm to
100 ppm in recycle streams 65 and 75.

[0045] In an cmbodiment, the polymcrization reaction is carricd out in a reactor system
comprising a plurality of rcactors. In one embodiment, both a metallic stearate (e.g., ZnSt) and
an RRIA (e.g., CSL) are introduced to the reactor system in which a polymcrization reaction is
occurring, such as the polymerization of styrene monomer to form a HIPS or a GPPS.
Introduction of the metallic stearate may occur downstream of the introduction of the RRIA. In
such cmbodiments, the RRIA may function fo increase the polymerization reaction rate and
may be present prior to contacting the reaction mixture with any additional ARCs.

[0046] In an embodiment, a polymerization process of the type described herein displays
an overall rcaction rate increase of cqual to or less than 20%, alternatively from 1% to 20%,

alternatively from 5% to 20%, alternatively from 5% to [5%, alternatively from 5% to 10%,
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when compared to an otherwise similar process carried out in the absence of an RRIA. In some
embodiments, the reaction rate during the course of the polymerization reaction may be
monitored. In such embodiments, polymerization reactions carried out in the presence of the
RRIA will display increascs of greater than 20% in the reaction ratc when compared to an
otherwise similar reaction early in the rcaction. The reaction rate may decrcase over the course
of the polymerization reaction such that the increase in the overall reaction rate falls within the
ranges disclosed previously herein. In another embodiment, the activity of the initiator in a
polymerization reaction may incrcase from 25% to 70%, alternatively from 25% to 60%,
alternatively from 25% to 50% when compared to an otherwise similar polymerization reaction
carried out in the absence of an RRIA. The RRIA may serve to “protect” the initiator from
reactions with the antioxidants such that a greater portion of the initiator is available for
reaction.

[0047] In an cmbodiment, a polymerization process of the type described herein displays a
final percentage conversion of from 60% to 80%, alternatively from 63% to 77%, alternatively
from 65% to 75%. The final percentage conversion is determined by the solids remaining after
removal of volatiles divided by the total mass including volatiles x {00.

[0048] The SPC-X of this disclosure may be converted to end-use articles by any suitable
method. In an embodiment, this conversion is a plastics shaping process such as
blowmoulding, extrusion, injection blowmoulding, injection stretch blowmoulding,
thermoforming, and the like. Examples of end usc articles into which the SPC-X may be
formed include food packaging, officc supplics, plastic lumber, replacement lumber, patio
decking, structural supports, laminatc flooring compositions, polymeric foam substrate;
decorative surfaces (e.g., crown molding, ctc.) weatherable outdoor materials, point-of-
purchase signs and displays, house wares and consumer goods, building insulation, cosmetics

packaging, outdoor replacement materials, fids and containers (i.c., for deli, fruit, candics and
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cookies), appliances, utensils, electronic parts, automotive parts, enclosures, protective head
gear, reusable paintballs, toys (c.g., LEGO bricks), musical instruments, golf club heads,
piping, business machines and telephone componcnts, shower heads, door handies, faucet
handles, wheel covers, automotive front grilles, and so forth.,

EXAMPLES
[0049] The embodiments having been generally described, the following examples are
given as particular embodiments of the disclosure and to demonstrate the practice and
advantages thercof, It is understood that the cxamples arc given by way of illustration and arc
not intended to limit the specification of the claims in any manner,

EXAMPLE 1
{0058} The polymerization rates for the production of an SPC-X of the type described
herein were investigated. Eight samples, designated Samples 1-8, were prepared. The samples
were polymerized to form HIPS from feed solutions containing approximately 96 wt.% of
styrenc monomer from Total Petrochemicals, 170 ppm of LUPEROX 233 (L233) initiator, 4
wt.% elastomer of cither 730AC (Samples 1-4) or 1322 (Samples 5-8), 1000 ppm of
IRGANOX 1076, 800 ppm of ZnSt, PATIONIC 930 of cither 0 ppm (Samples 1, 3, 5, and 7) or
500 ppm (Samples 2, 4, 6, and 8). Samples 3, 4, 7, and 8 also contained 25 wt.% recycled
styrene. In the samples containing recycled styrene, the amount of styrene in the recycle was
estimated and so the total styrene will be in the range of less than 96 wt.% and approximately
87 wt.%.
[0051] 1.233 is ethyl 3,3-d(t-butylpcroxy)butyratc commercially available from ARKEMA,
which serves as an organic peroxide initiator. IRGANOX 1076 is octadecyl 3,5-Di-(tert)-butyl-
4-hydroxyhydrocinnamate which is a antioxidant commercially available from Ciba.
PATIONIC 930 is CSL, which is an additive commercially available from Caravan Ingredients

Co.
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[0052] Polymerization of the styrene monomers was carried out under the following
conditions: the polybutadiene was dissolved in styrene monomer or styrene monomer/recycle
styrene overnight at ambicnt conditions. To this solution L-233 initiator, IRGANOX 1076,
zing stcarate, and CSL were added to give a 200g solution in a 500 ml reaction vesscl cquipped
with 4 indentions. The system is equipped with a 3-necked flask head and purged with dry
nitrogen. The solution is mixed with an overhead agitator cquipped with a flat paddle stirrer.
The reaction mixture is then heated in an oil bath at 110°C for 2 hours, 130°C for | hour, and
150°C for ong hour. The polymer sample containing approximately 30 % volatiles (oligomers,
stytene monomer, and ethylbenzene in the case of recycle) is then devolatilized at 225°C for 30
minutes in a vacuum oven at less than 10 torr. The conversions at 1 hour at 110°C, 2 hours at
[10°C, 3 hours at 130°C, and final conversions at 150°C of each sample were monitored. The
average reaction rates were determined by measuring the percent solids on a moisture balance
and dividing by the clapsed time. The reaction rates of Samples 2, 4, 6, and 8 were compared
to the reaction rates of the control samples (i.e., not containing an RRIA), Samples 1, 3, 5, and
7, respectively. The components of Samples 1-8, conversion percentages at the indicated time

points, average rate, and rclative rate were determined and arc presented in Table 3.

Table 3
Saniple No. 1 2 3 4 5 6 7 8
Initiator 1.233 1233 1233 1233 1233 1233 1233 1233
. Initiator 170 170 170 170 170 170 170 170
Concentration (ppm}
Elastomer Type 730AC | 730AC | 730AC | 730AC 1322 1322 1322 1322
0, 3 1
Wt.% EFastomcr in 4 4 4 n 4 4 4 4
Feed
| Antioxidant 1,000 £,000 1,000 1,600 1,000 1,000 1,000 1,000
Concentration (ppr}
ZaSt Concentration 800 800 800 800 800 800 800 800
{ppm)
_PATIONIC 930 0 500 0 500 0 500 o 500
Concentration {ppni)
W% Recycle 0 ¢ 25 23 0 0 . 25 25
I hour conversion (% | 5 4.05 3.07 281 4.39 402 3.29 352
Conversion at 1 10°C)
2 hour conversion (%% - . "
Conversionat 110°C) | 39 5.05 3.88 4.85 420 623 3.51 7.27
3 hour conversion (% | 32.42 47.96 18.43 29.03 38.05 556 2828 3821
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Conversion al 130°C)

Final conversion (% - g
Conversion al 150°C) 70.37 74.13 63.0 70.14 73.7 77.78 67.11 71.96

Average Reaction

2 2
Rate (%PS/hour) 19.2 202 158 17.5 19.7 20.7 16.8 18.0

Relative Reaclion

Rate vs. Control ! LO5 1 L1o 1 105 1 1.67

[0053] The results demonstrate that samples containing the RRIA, CSL, (i.¢., Samples 2, 4,
6, and 8) displayed an increased average reaction rate when compared to samples lacking an
RRIA (i.e., Samples I, 3, 5, and 7).

[0054] The results demonstrated that the overall reaction rates were increased in the
presence of the RRIA by 5-11%. The results further demonstrated that at 130°C which is
similar to the | hour half life temperature for 1.-233 the difference in the reaction rates between
samples containing the RRIA (i.e., PATIONIC 93) was significant,

EXAMPLE 2

[0055] The effects of the RRIA on the aging of Samples [-8 prepared as described in
Example I were investigated. The samples were aged by placing in an oven under a nitrogen
purge at 145°C and the extent of aging determined by measuring the yellowness index (YI).
The Y1 of the aged samples were measured using a Hunter colorimeter as determined in
accordance with ASTM Method E313 after aging for 0, 4, and 18 hours. The results of the

color measurements are presented in Table 4.

Table 4
Y[ at | 2 3 4 5 6 7 8
0 hour 4.46 -1 .38 16.64 1.48 7.01 -1.76 10.81 -0.34
4 hours 20.62 15.65 37.21 11.57 21.92 972 26.79 6,93
18 hours 52.85 55.61 70.83 4172 55.85 49 48 57.37 37.02

[0056] The results demonstrated that with the addition of CSL for Samples 2, 4, 6, and §,
there were significant reductions in aging as evidenced by the negative or low Y1 values.
[0057] While various embodiments have been shown and described, modifications thereof

can be made by one skifled in the art without departing from the spirit and teachings of the
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rates between sanples containing the RRIA (i.e., PATIONIC 93) was
si gni fi dapiting EXpanPrapatons gobspdifietiansf diesergpdionats grcirsg@iictoreara gesiglcos
Sanpl es 1-8 prepared as described in Exanple | were investigaﬁed. The
sanpl es andraee agair By ssprecpindici dockpugy el heis daimesicH| pggen oidjenapre
145C and the extent of aging determ ned by nmeasuring the yell owness
i ndex ( Yipressthgtatyd, suh expecsateers 94 plitaionjehauldrbunsicstpod & mglude Kipter
colorimeter as determi ned in accordance with ASTM Met hod E313 after
agi ng fonng@s o, limitdiong diolifres magiiede delling swidfin tthe eaplessty wotd uieRErs ners
are presented in Table 4. Table 4 \flat 1 2 3 45 6 7 8 0 hour
limitations (¢.g., from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes
0.11,0.12, 0.13, etc.). For example, whenever a numerical range with a lower Himit, R, and
an upper limit, Ry, is disclosed, any number falling within the range is specifically disclosed.
In particular, the following numbers within the range are specifically disclosed: R=R;+k*
(Ry-Ry), wherein k is a variable ranging from 1 percent to 100 percent with a | percent
increment, i.¢., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent, ..., 50 percent, 51
percent, 52 percent, ..., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100
percent. Moreover, any numerical range defined by two R numbers as defined in the above 18
also specifically disclosed. Use of the term "optionally" with respect to any element of a claim
is intended to mean that the subject clement is required, or alternatively, is not required. Both
alternatives are intended to be within the scope of the claim. Use of broader terms such as
compriscs, includes, having, etc. should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, comprised substantially of, ete.
[0058] Accordingly, the scope of protection is not limited by the description set out above
but is only limited by the claims which follow, that scope including all equivalents of the
subjcet matter of the claims, Each and cvery claim is incorporated into the specification as an
cmbodiment of the present disclosure. Thus, the claims are a further description and are an
addition to the embodiments of the present disclosure. The discussion of a reference herein is

not an admission that it is prior art to the present disclosure, especially any reference that may

have a publication datc after the priority datc of this application. The disclosures of all patents,
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patent applications, and publications cited herein are hereby incorporated by reference, to the
extent that they provide exemplary, procedural, or other details supplementary to those set forth

herein.
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patents, \Qp 20]1?/6%6%(9@(?&?%19%%9&9 ﬁl%gs%%ene is present in an amount of from 1 wt.

% 10 99.9 wt. %.

5. The method of claim I wherein the reaction mixture further comprises an
elastomer.
6. The method of claim 5 wherein the elastomer is a polymer or copolymer of an

aliphatic conjugated diene.
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pat ent applications, and publications cited herein are hereby

i ncorporated by reference, to the extent that they provide exenplary,
procedural, or other details supplenentary to those set forth herein.
What is clained is: 1. A nethod conpri sing: preparing a
reaction m xture conprising a styrene nononer, an antioxi dant, a
reaction rate inproving additive, and an anti oxi dant reactive
conpound; 7. TRb &M of BRirh 8 3kt ANhE KIS cUR)ESlieCOBY ik h Oftadiene.
suitable for polynerization of the styrene nononer to a styrenic

pol ymer, wherein the polynerization occurs at an overall reaction
rate that igs i nGheashly oSl kRl LESHARAAEHACIGARARSH o ©
an othermnse sim pol'ynerization process carried out in e
absence of wth® toeé8etti%n rate i nproving additive; and wherein
the styrene conprises a virgin styrene nononer and an unreacted
styrene nononer wherein the virgin styrene nononer and the unreacted

styrene noroner ThauRtddloftlabn q)fwh\éire[rgtlhe aﬁﬁ&ﬁ@ﬂ@cdﬁ@gﬂﬁﬁ@i pﬁbﬂbleaﬁh hlte
styrene nononer of from8:1 to 2:1 d wherein the reaction

TP Vi ng. AR RCT D Pbi ke AT HE Pher, e g ot (50
| 1 wh
amount of £ D 30 bR kgl S MRS AL Gl S AR T

t he styrendhaardpri ses a substltuted styrene, a ring-substituted
styrene, a disubstituted styrene, an unsubstituted styrene, or

conmbi nations thereof. 4. The nmethod of claim| wherein the styrene
I's present [on amhamRdl 0@ tlafni OMhbro the UntidxidiB & présentth an Bnodkl6f FBRNOd
of claiml wherein the reaction m xture further conprises an

el ast oner. 258PPHHRIPRA B of claim 5 wherein the elastomer is a

pol ymer or copol yner of an aliphatic conjugated diene. 7. The

nmet hod of claim 6 wherein the aliphatic conjugated d ene is a
but adi ene. 118. TheﬁwﬁmHOQCbﬁntmmbwﬁahmheﬁ@dﬁmthadékagmpﬂﬂﬂCbm@ﬁmegant
in an anount. ,of Jl i e he met hod of claiml1
wher ei n t h&“SAETEN ﬁraﬁ‘t" a@dﬂ*ﬁ?"%é’é C%“V\%H%h"dﬁs %%Phosphi te,

tris- nonylphenylphosphlte 2,6 ditertiarybutyl-4-nethyl phenol,

oct adecyl 3 5-di-(tert)- butyl-4-hydroxyhydrocinnanate,
4- bi skoct yli&hi ofHemkioRef eﬁa@s b Wh@'PméB%if BeyligHgereppass metafli stepe,

met hod of %lrﬁ'sf@aﬂaté"’@ﬁ&ﬁinrbtéa&%e q th@?&'rféﬁi?&hz!eﬁ sﬂ{tﬁéﬁ‘: dboIaE, &RYRcsOf
from 250 ppmto 5000 ppm . The nethod of claim1 wherein the

antlOX|danﬂﬁmﬁécﬂwVQbm@Wwﬁﬁhdﬂﬁbnpr|ses an acid neutralizer, air, an
initiator, or conbinations thereof 12. The nethod of claim11
wherein the acid neutralizer conprises netallic stearate, zinc
stearate, aal ci Uhe sictatal éains ynivh@tinahdauid halitaliedr is srydehhi@tan @mount of

hydrotal cite, derivatives thereof, or conbinati ons thereof
y from 0 ppm to %(1)00 ppm.

14.  The method of claim 1! wherein the initiator comprises diacyl peroxides,
peroxydicarbonates, monoperoxycarbonates, peroxyketals, peroxyesters, dialkyl

peroxides, hydroperoxides, ethyl 3,3-d(t-butylperoxy)butyrate, or combinations thereof,
15, The method of claim 11 wherein an activity of the initiator is increased by from

25% to 70% when compared to an otherwise similar reaction carried out in the absence of

a reaction rate improving additive.
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13. The method of claim 11 wherein the acid neutralizer is present in
an amount of fromO ppmto 3000 ppm 14. The nethod of claim 11
wherein the initiator conprises diacyl peroxides, peroxydi carbonates,
nonoper oxycar bonat es, peroxyketal s, peroxyesters, dial kyl peroxides,
hydr oper oxi des, ethyl 3, 3-d(t-butyl peroxy)butyrate, or conbi nations

t hereof 15. The nethod of claim 11 wherein an activity of the
initiator i1y, i nckeased dwptitap 25% to 70% when conpared to an
otherwise simlar reaction carried out in the absence of a reaction
rate inprovi ng RRPPENL@IcactiongnixfirgepRIEsingohyRd menomer, an elgf@parimg a
reaction m_xt.ur i S| : : . as
antioxidanféﬁgﬁggl?ﬁﬁg%ﬁiggfgpﬁigég tngﬁggﬁ%%gbgﬁﬁghgg%%ﬁﬁéh}e tion
rate i nprowviddigjvacdd bn ustiatand an initiator; pl aci ng the reaction

m xture under conditions suitable for polynerizatiaon of the styrepe
ooy Loog ot PRE bl Rad iRl ler CRHUB, bl 37 e Gab el e
an organi ¢ sggénd isrehRe tsa §tii@nic Polyinit,Ghhepdif fhetsB@itimtd @alpRbY SR df 2R bIRRic

is carried out at a reaction rate greater_ than would otherw se be the
rate in thecdisdpdethenitipfer sishliphthspobmasizaiinnsaramiet o st dregalinrcralgci d;

and f& i bRIGERESIE RIIPatSH hPab¥ed, Qiof‘tht% %éfc[iﬁjﬂ%r %&ﬁﬁfsfait%gd

an unreact €d styrene nononer wherein the V|r§|n styrene nononer an

t he unr eactaedrsmigrasiigeambnoner have a ratio of virgin styrene

monomner unr eact ed ste}/rtﬁnet mononer .of from8: 1 1o 2:1 acgd wher ein the
reaction rate i nproy] 1§ SHHAF £PURITE 2 CHPL PSRBT ey Wprgacted plyrene
The et hod n@fnoflepivitreinvhievigdin styh@ie Yioh@mdr SldthEnecARAKBENARGhdRE have a
unreacted styrene pononer have a ratio of virgin styrene

mononer : unt @ edr Ry hyreRfepRRIRIIcaFted plyrRng moomey of figmy 8:1 to 2:1, and

wherein the reaction rate improving additive is calcium stearoyl lactate.

17. The method of claim | wherein the virgin styrene monomer and the unreacted
styrene monomer have a ratio of virgin styrene monomer:unreacted styrene monomer of

from4:1 to 2.5:1.
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