TI TLE | MPROVED METHODS OF MAKI NG STYRENI C POLYMERI C COVPCOSI TI ONS AND
METHODS OF USI NG SAME CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
subj ect maO2er0/08f40bhe present application is rel ated toPUOT&S2Ha020983
Application Serial No. 11/456,297 filed July 10, 2006 and entitled

"Pol ystyrene Having | nproved Col or aﬂﬁ, thods of Making Sane,"” which is

i ncorporated herein by reference in %‘entlrety for all purposes.
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVEL OPMENT 0002] Not
appl i cadMPRENMEERMETEH 0D SMO MMASENCHETXRPNIG ROLOOGERINStONRODS

BACKGROUND Techni cal Fi el ANIDMETHORS QFdSHING SAMEosure rel at es generally
to styrenic polynmer conpositions and nore specifically to inproved nethods
of maki ng styreni c pRIOSSEREEPRPNSIETOREAEMIPRYICATEONSackgr ound [ 0005]
El ast omer -rei nforced pol yners of nonovinylidene aromati ¢ conpounds such as
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w despread comrerci al use. For exanple, elastoner-reinforced styrene

pol yners, .h n el as part | «sndlo oner
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and Methods of Making Same,” which is incorporated herein by reference in its entirety for all

purposes.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.
REFERENCE TO A MICROFICHE APPENDIX
[0003] Not applicable.
BACKGROUND

Technical 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

[0005] Elastomer-reinforced polymers of monovinylidene aromatic compounds such as
styrene, alpha-methylstyrene, and ring-substituted styrene have found widespread commercial
use. For example, eclastomer-reinforced styrene polymers having discrete elastomer particles
and/or cross-linked elastomer dispersed throughout the styrene polymer matrix can be useful
for a range of applications including food packaging, office supplies, point-of-purchase 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



for a range of applications including food packagi ng, office supplies,
poi nt - of - purchase signs and di spl ays, housewares and consuner goods,

bui | di ng wo=oloassemn, and cosmetics packagi ng. Such el astromars2010i0ad98s ced
polymers are commonly referred to as inpact nodified or highinpact

pol ystyrene | PS i .styrene honopol yner y be referred to as
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styreni c polynmer conpositions, antioxidants, such as a phenol, a phosphite,
or contiohetirerdGPRE).eof are general |y added to the production process to
stabilize the polystyrene. One challenge to the use of antioxidants in the
pr oduct[0@06] pr oDesisg itle prodiictidneofadgichicopol wheracdmmsitabast mtidomasts,r @@amasm t he
production process may negatively inpact downstream processi ng and/ or
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initiators are added to produce radical species that pronote pol ynerization

react | o HALLERICOR chlienbish B LN hbBi Th hDG-RhadCbOn, o

styrenic po ositions Is"that the conpounds nmay contri te to the

degradat i of .the antioxidant thus decyreasing.the efficiency.of the

et ot i S e oS R Fhebie Gk Bk Mrefins M Peghiely e
desirabl e to devel op i nproved et hodol ggi es_ for Preparing styreni ¢ pol ynmer
conpos IMEHRECASUNREISING GO et | B el iEr & the SUACTHE tSE 0 RYPPR RS-
preparing a reaction mxture conprising a styrene nononer, an anti oxi dant,
and a rAdbtioreHyr atigatpnyparovaddegd deldiroduce, radisalt ssicien gthtthpronede tpoymemzatian e
with an anti oxidant reactive conpound, and placing the reaction m xture

under aeadiohd. onBne hilRhge tb ahe pt YWlehitizadrs an thE prédicEby reEn@ydio opBtymE0 a
styrenic polynmer wherein the polynerization occurs at an overall reaction

rate thakpoSitibfCk R et BmSAMAS nfa9 Bhirib§R S0 tRABARYRiVA BN tHOFRBL At 1RuaN
otherwi se simlar polynerization process carried out in the absence
decreasing the efficiency of the initiator when used in a polymerization reaction. Thus, it
would be desirable to develop improved methodologies for preparing styrenic polymer
compositions.
SUMMARY
[0007] Disclosed herein is a method comprising preparing a reaction mixture comprising a
styrene monomer, an antioxidant, and a reaction rate improving additive, contacting the
reaction mixture with an antioxidant reactive compound, and placing 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 ¢lastomer, an antioxidant, a sodium or calcium salt of an

organic acid, and an initiator; and placing the reaction mixture under conditions suitable for

polymerization of the styrene monomer to a styrenic polymer, wherein the sodium or calcium



of the reaction rate inproving additive. [0008] Al so disclosed hereinis a
nmet hod conprising preparing a reaction m xture conprising a styrene
nononer, WO 2elezssmoer, an anti oxi dant, a sodi um or cal ciPemUusad/0ef9san
organic acid, and an initiator; and placing the reacti on m xture under
condi ti ops SU|tabIe f ol rlzatlon yrene monomer to a styrenic
pol ymer salt ot nefraaninacd PR pe EuIEPT §|ttlat e a0 36‘?%%":1%1 Hoqaerigst ottt the
initiator such that the polynerization is carried out at a reaction rate
gr eat errcadbian rqie gragtes thrarwpue oherwine be theaatern hreabsprremd dhaofodiune os ed¢iym or
calciumsalt of an organic acid. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]
For a mahef awongh@t acidnder st andi ng of the present disclosure and the

advant ages thereof, reference is now made to the follow ng brief

description, taken in @ERIEEPESUR WTONIGRTAEORRINGY dr awi ngs and
detail ed description: [0010] Figure 1 is a block diagrantof a met hod of
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t he outset that a enentation o one or
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exi stence. The_ discl osure shoul inno way be limted to the |IIustrat|ve
i npl eneEARPBNINE dpvuiRendyl desrled descrintioies i | 1 ustrated bel ow, incl uding the
exenpl ary designs and inplenentations illustrated and descri bed herein, but

may be [AOHf i ebligni<¢ hisr tldek degps obh mdiwdad pespdadg e 8PEsX.al ong with t hei r
full scope of equivalents. [0012] D sclosed herein are nethods for the
production of a styrenic pol \DEFTAGGIPOESCRIPTIONT an enbodi nent, a met hod of
preparing a styrenic polyner conposition conprises contacting
[0011] It should be understood at the outset that although an illustrative implementation of
one or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings, and
techniques illustrated below, including the exemplary designs and implementations illustrated
and described herein, but may be modified within the scope of the appended claims along with
their full scope of equivalents.
[0012] Disclosed herein are methods for the production of a styrenic polymer composition.
In an embodiment, a method of preparing a styrenic polymer composition comprises contacting
a reaction mixture comprising a styrene monomer, at least one antioxidant, a reaction rate
improving additive (RRIA), and an antioxidant reactive compound (ARC) under conditions
suitable to promote polymerization of the styrene monomer. Herein ARCs refer to compounds
which undesirably react with antioxidant present in the reaction mixture such that at least a
portion of the ARC is unavailable or has a reduced effectiveness for its intended purpose.

ARCs will be described in more detail later herein. In such an embodiment, the method results

in an increased rate of polymerization of the styrene monomer when compared to an otherwise



a reaction mxture conprising a styrene nononer, at |east one antioxidant,
a reaction rate inproving additive (RRIA), and an antioxi dant reactive
conpound WORQo/ssmer conditions suitable to pronote pol yoeniszavioonyssdf t he
styrene nononer. Herein ARCs refer to compounds whi ch undesirably react

wi th anti oxi dant .present in the reaction.m xture such that at |east
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i ntended purpose. ARCs will be described in nore detail later herein. In
such arfmawbai peatabilifshel mittarayd thue sprovidingranamnnroaderateeef nodyracrégiation) when

pol yneri zation of the styrene nononmer when conpared to an otherw sesimlar
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i ncreased anount or availability of initiator (thus, providing an inproved
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| acking a RRIA Hereinafter, a styrenic polyner conposition produced using
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pol ystyrene copoly rhsuchtas hj[ygh-i t polystyrene (HIPS). [0013] In an
enbodi FERYIYIChHCaBEighampact ol yRene( ic polynmer (e.g., polystyrene)

f or med bxﬁool ynerization of styrene nononers. Styrene, also known as vinyl
benzend 006} hy e Hy PhmheABENCIANRC PHE MK SRRRIHES jasstaishisr RRIWNE! (o%paelyefyrene)
represented by the chemcal fornmula CsHg. Styrene is widely conmmercially
avai | adbmnahdy aelyusetatier of styrtre tenomstsy r Styeeneantbo sknovenas vpol yoeszentor med
therefron) includes a variety of substituted styrenes (e.g., al phanethyl

st yr ene}hyechylben2h@Sindt phedictlicyic enem stgahicasonipoi®l hgpistantednBy thd shbaichl ut ed
styrenes such as p-t-butyl styrene as well as unsubstituted styrenes.

[0014] thian@R GMPOSERL is WillGy ThhRRGaPRAEHS B8NS GHIPRSE (N feBhtyibae ene
nononers. Herein "vVirgin styrene nonorers” refer to styrene nononers that
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methyl styrene), ring-substituted styrenes such as p-methylstyrene, disubstituted styrenes such
as p-t-butyl styrene as well as unsubstituted styrenes.

[0014] In an embodiment, the styrene monomers may comprise virgin styrene monomers.
Herein “virgin styrene monomers” refer to styrene monomers that have not been reactants in a
process (e.g., polymerization). Alternatively, the styrene monomer comprises unreacted
styrene monomers. Herein “unreacted styrene monomers” refer to styrene monomers that are
unreacted after having been exposed to a reaction process (e.g., polymerization). For example,
the unreacted styrene monomer may comprise styrene monomers recovered from the recycle
stream of a polymerization reactor. In contrast to virgin styrene monomers, unreacted styrene
monomers may comprise additional materials (e.g., contaminants) as a result of exposure to a
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 obtained from a recycle stream are



styrene nononers. Herein "unreacted styrene nononers" refer to styrene
nmononers that are unreacted after having been exposed to a reaction process
(e.qg., povormeromatooon). For exanple, the unreacted styreqs/useoiome9sIBY
conprise styrene nononers recovered fromthe recycle streamof a

pol ymeri zation reactor. ln contrast to virgjn yr.ene react ed
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a result of exposure to a reaction process. Nonlinmting exanples of such
cont anilpeniparated by ueferca¢cdengia ésits entisgfybenzene, ket ones and phenol s,

acet ophenone, benzal dehyde, propyl benzene, al pha-nethyl styrene, and benzoic
aci d. UAoERCt eth sit ymbodinrnt) oinestgreselalayds 4 migercodftvargie styfanho manornecsy aide
stream areconmercially avail able and are described in nore detail in U S
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entirety. [0015] In an enbodi ment, the styrene nmay be a m xture of virgin
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ratio virgin styre mononme unreacted styrene nonome ron1 10

2:1, aI ernati,v l1to 2.5:1, alternatlvely fron14.1 to 2.5.1
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[0016] the styrenlc polymer is present in an anDunt of
from1l.0 to 99.9 wei ght percent by total weight of the SPC X (w.

al ter na{PW&| y 11 @htsdegimont; Begtyrglic pglyaer BmREent B ) 2oy Afdrame 1%@&%’5
wt.% In an enbodi nment, the styrenic polynmer conprises the bal ance of the
SPC- X whaghtqtehent by gfvteldv'veilghtsomhe SPE e Buvtt&o), fabernatih @iyl fipml h vgdhreo 8bbvadionent s,
the styrenic polyner is a styrenic copol yner conprising styrene and one or
nmor e Ccaliativd g froXBmpt. stodfs wieh 16 anmembodinentyehe styrchid@elymck bomprides fikd at i on
a- met hyl styrene; hal ogenated styrenes; al kylated styrenes; acrylonitrile;

esters pfantdBtde 8CYX 'vx@leﬁlﬁih@r WFFeJale%{sCa%‘Qdc%mH@d/fd?g from1l to 8 carbons;
N-vinyl compounds such as vinylcarbazole, maleic anhydride; conpounds which

cont ai r'[obi/)ﬁ PO U&iht %ﬁl%o&m%%%? i B%gﬁ 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; esters 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 thereof. 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 1 wt.% to 50 wt.%.

[0018] 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 embodiment, a GPPS which may be prepared by the methodologies of this disclosure has a

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



such as divi nyl benzene or butanedi ol diacrylate; or conbinations thereof.
The conononer nay be present in an anmobunt effective to inpart one or nore
user - desiwoecdopvmspmpti es to the conposition. Such effectipce/impuone®ssmy be
determ ned by one of ordinary skill in the art with the aid of this

di scl osure.  For . exa t c.onp ma present in the st [.C
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froml w.%to 90 wt.% alternatively from1l w.%to 50 wt.% [0018] In an
enbodi 238 tHenspatrngsh epreacd.H0 psieo 8800 peloblenasiyelycfsem 0H98 Pietoet. 000 s a
styreni ¢ honmopol yner, which is also referred to as a GPPS or a crystal

gr ade psl, uEtmateredy from 200gwbtdi, Mntsi aaddERREadhn abcandanch evithrAPEVIAY6BY, 4 he
nmet hodol ogi es of this disclosure has a nelt flowrate of from1 g/10 mn.

to 40 gédsle MddulusdftHRNMA00,96 si ke 500,3000pdl/ a@rratively tdn292@AJORS B 450,000
alternatively from1.6 g/lO mn. to 10 g/10 mn. as determned in
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pSI I'ternative psi to 8,0 psi ternative ron16 200

psi to 7 700 eterr ance 6 (| e
ocul u<elsFmel it a60rBeT hEh MR ud RSt g QW?@%AFF%D{? ‘f@ 1530 psi
to 450,000 psi .as determ ned.in accordance with ASTM D-638; an eIongatlon
of fromsbtEivabyiam Hedll b iodhp00 BecHiamatc fram I ASRPE-t83:209 1Bf & ur al
strength of from 10,000 psi to 15,000 psi, alternatively from 11,000 psi to
14, 500 qﬁﬁirmi@ﬂtiarmoﬂdamey\vfth ST, Ba0psi flexard 4neddupef fas ¢60,800ripsieth | n
accordance with ASTM D-790; a flexural nodulus of from 400,000 psi to

500, 000000 pai, tatternativele ynd 43000036k GOAIMOD0 bsi AGRtDRhchSh adsordicerwithned i n
accordance with ASTM D-790; an anneal ed heat distortion of from 1850F to
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deternlned in accordance with ASTM D-648; and a Vicat softening of from
195F t Ly . f " ¢ EOF
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a Vicat softening of from 195°F to 230°F, alternatively from 200°F to 228°F, alternatively from
205°F to 225°F as determined in accordance with ASTM D-1525.

[0019] Examples of a GPPS which may be prepared by the methodologies of this
disclosure include without limitation CX5229, 525, 500B, and 585, all of which are
commercially available from Total Petrochemical USA, Inc. In an embodiment, the GPPS

(e.g., CX5229) has generally the physical properties set forth in Table 1.

Table 1
CX5229/GPPS | ASTM Test | Typical Value

MELT FLOW

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

Falling Dart, in-1b D-3029 n/a

Izod, ft-Ibs/in, notched D-256 n/a
TENSILE PROPERTIES

Strength, psi D-638 7,300

Modulus, psi (10%) D-638 4.3

Elongation, % D-638 n/a
FLEXURAL PROPERTIES

Strength, psi D-790 14,000

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

Heat Distortion, °F Annealed | D-648




[ 0019] Exanpl es of a GPPS which may be prepared by the nethodol ogi es of
this disclosure include without |imtation CX5229, 525, 500B, and 585, all
of whi ch woeonass®pci al | y avail abl e from Total Petrocherctals2ai®d2o9nc. | n
an enbodi ment, the GPPS (e.g., CX5229) has generally the physical

ti ac cnf forth in Table 1 Table 1 CX5229/ GRPPS ASTM Test Tyni Ca!
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Val ue MME@WENE/ g/10 min.,200/5. 1 é% 0| MPACT PROPERPPES
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El ongation, % D-638 n/a FLEXURAL PROPERTI ES Strength, psi D-790 14, 000
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Anneal ed D-648Vi cat Softening, OF D 1525 223 [0020] In sonme enbodi nents,

t he SPGiatanscranphiaspaleit ipe@hpsidadeinethorpodyshyirgie mapactesplahy Sh yhenempoditRiz) t hat
further conprises an elastoneric material. Such H PS may contain an

having an increased impact resistance. In an embodiment, one or more elastomers are included

n,
P

as comonomers with styrene to form impact or high-impact polystyrene.

[0021] In an embodiment, the SPC-X is a HIPS which is formed from the polymerization
of a styrene monomer and an elastomeric comonomer. In an embodiment the elastomeric
comonomer is a conjugated diene. Nonlimiting examples of conjugated diene monomers
suitable for use in this disclosure are 1,3-butadiene, 2-methyl-1,3-butadiene, 2-chloro-1,3
butadiene, 2-methyl-1,3-butadiene, and 2-chloro-1,3-butadiene.  Alternatively, the HIPS
comprises an aliphatic conjugated diene as the elastomer. Without limitation, examples of
suitable aliphatic conjugated diene monomers include C4 to Co dienes such as butadiene
monomers. Blends or copolymers of the dienes may also be used, for example styrene
butadiene copolymers (e.g., styrene butadiene rubber (SBR)). Likewise, mixtures or blends of
one or more elastomers may be used.

[0022] In an alternative embodiment the SPC-X is a HIPS wherein the elastomer comprises
a homopolymer of a diene monomer, alternatively, the elastomer comprises polybutadiene. In
an embodiment, the elastomer comprises a copolymer of a diene monomer; alternatively, the
clastomer comprises styrene-butadiene rubber. Examples of commercially available elastomers
include without limitation 730AC, which is a styrene butadiene 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
effective to produce one or more user-desired properties. Such effective amounts may be

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



el astoneric phase that is enbedded in the polystyrene matrix resulting in
the conposition having an increased inpact resistance. In an enbodi nent,
one or nowe elwemssopers are included as conmononers with SCysa@one0BHr M

i npact or high-inpact polystyrene. [0021] In an enbodi ment, the SPC-X is a

H PS whjch . is formed fromthe pol yoerization of a_.styrene no and an
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conjugated diene. Nonlimting exanples of conjugated di ene nononers
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diene as the elastoner. Wthout limtation, exanples of suitable aliphatic
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conpri ses pol ybutadi ene. . In an _enbodi ment, the el astoner conprises a

copol yrbr al@rn%vawéw@l mBhBrrrto 180 destnay defarmyned; in @ceqrdancs math ggwr Psi929;
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tensile modulus 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 eclongation of from 0.5% to 90%, alternatively 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 190°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-1525; 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.
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[0025] In an embodiment, a reaction mixture for the preparation of an SPC-X further

comprises an antioxidant. The antioxidant may be included in the reaction mixture as an

additive or may be present in the commercial formulations of other reagents for use in the
production of the SPC-X. For example, many commercial formulations of elastomers (e.g., for
use in HIPS) include at least one antioxidant as a stabilizer. In an embodiment, the antioxidant
is a phenol, a phosphite, or combinations thereof. Such antioxidants may react with metals

iron or zinc) or metal compounds present in the reaction mixture (e.g., iron or zinc

(e.g.,

containing compounds). Nonlimiting examples of antioxidants suitable for use in this

disclosure include tris-nonylphenylphosphite (TNPP); 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



alternatively from50 to 95 as determ ned in accordance with ASTM
D-523.[0024] Exanples of H PS that may be prepared by the nethodol ogi es of
t hi s di scwo=uorowss4vel ude wi thout limtati on 825E, 680, 8BOT/33GR/02B3SE,
945E, and 845E, all of which are high inpact polystyrenes comrercially
available fro TotaJ Pet r I nc,.. In an enbodi nent, the H PS
(e.g., BOURSCH wvgléa&é? & ﬁﬁ@%&gﬁf Aiony Caprir @1 emEagtiqns thprep Tapie 2.
Tabl e 2 [0025] In an enbodinent, a reaction mxture for the preparation of
an SPC-ontiodinménsrthe SRErX sy carfaiarniapsipxidant in aiheuninef fHom dan Ppivety 59@0 ppred uded
in the reaction m xture as an additive or may be present in the commerci al
f or mul altcoasvayf frotth® 0 ppeaetdDs phor alteseatival ytfreen @5@pprate 8000gfpni.he SPC- X.  For
exanpl e, many comercial fornulations of elastoners (e.g., for use in H PS)

i ncl udgoate)! east arPBELRINLERXhEZPT-RSoRpSicaah RIFAAL TheRFEAA rﬁ@go@édther@m of dnhe
ant|OX|dant is a phenol, a phosphite, or conbinations thereof. Such

ant i OXI&?’({}I H@yanrﬁlgeﬁl mWfaf pahn@ga (sgdl(glﬁt) @f an o'f%'ﬂlcoe{mdz L2} Glkafthe FRIPMeGPIROUNS

pr esent fie reaction m xt ,1ron zi né contal ni ng conpounds) .

Nonlimtin gxanpl.es of anti. de sui tabl e this.discl sure
ol udd® g e gﬁ?ﬂfﬁﬂ@ﬁ%ﬂb%% B0 a8 ey el i Dt vid Ry
phenoLﬁéBHT oct adecyl 5- d| (tert)-butyl -4-hydrox hydrOC|nnanate mhlch

i s contB$reelsor foglbgja‘pgrm ‘@el@gf Mﬁg@q@y@ll@?@um @}ﬁqrgylblgctate alternatively calcium

4-bi s[(octylthio)nethyl]-o-cresol which iscomrercially avail abl e as | RGANOX
1520 f rseaarcGil bagtator ((Sdnbi Matanoersbedimertpfthe IRRIAN iefiSddi feHt,, whick SP@dElymay
contain an antioxidant in anmounts of from 250 ppmto 5000 ppm

al t er najomnedryially avaibR, pRpmMbcotHO PpBdmBinigs Aedd ¥8d yind sebiid 5€d ppththen 3000
ppm [0026] In an enbodi ment, the SPC-X conprises an RRIA. The RRI A may be

the salreac%%a ol \Qltl%hl@'mnﬁﬂycﬁ«b%aé ko ma&e ﬁ@léalcﬁlﬁn Gait._¥RLHikd Fornd)

organi ¢ aci an a kaline earth neta salt (e. g cal C|un) an organ|c
acid, acj
er borloifl ke il fnfitht AR LA ddlt b st {2k Sl SRR

al ter naééﬂ/eslmy ab?ea lfglrI Hsrg in this disclosure includes PATIONIC 930, which is commercially
available from Caravan Ingredients Co.
[0027] In an embodiment, the RRIA is present in the reaction mixture for preparation of the
SPC-X in an amount of from 200 ppm to 2500 ppm, alternatively from 250 ppm to 1500 ppm,
alternatively from 400 ppm to 1000 ppm, with all ppm values stated herein by weight of the
reaction mixture unless otherwise indicated.
[0028] In an embodiment, the reaction mixture for preparation of the SPC-X may comprise
an ARC. Alternatively, the ARC may be introduced to the production process for preparation
of the SPC-X prior to pelletization of the SPC-X. In an embodiment, the ARC comprises an
acid neutralizer. Acid neutralizers may aid in the processing of polymer resins by neutralizing
acidic sites. Examples of acid neutralizers include without limitation metallic stearates such as
zinc stearate, calcium stearate, synthetic neutralizers such as synthetic hydrotalcite, or
combinations thereof. In an embodiment, the SPC-X comprises a metallic stearate such as zinc

stearate. Such metallic stearates may also aid in mold release by acting as lubricants. In an
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stearoyl lactate (CSL). In an enbodinent, the RRIAis CSL. CSL, which is

w dely commercially avail able, may be obtai ned by conbining lactic acid and
steari c awpaoswds40ben reacting the product with cal ci umpPayarseciodeoss®
produce the calciumsalt. Over-based forns such as those that [imt the

| evel of .acid ma 0 be enp nonl.i n1t|n exa e of a CSL suitable
for useMGdmpgnt, %ﬁ %%ff B%Itﬁlfaezqrﬁe%ﬁ%greﬁfﬁmmeée%@ fé’@&Fﬁ‘i‘@P&f M9y

avai l abl e from Caravan Ingredients Co. [0027] In an enbodlnent the RRIA is
pr esentSAGrXt ieameirét pHFom & pometof HO0pprapaalistiaginelptirarmd OBpENXtY ASMhpRmDUN

of from 200 ppmto 2500 ppm alternatively from 250 ppmto 1500 ppm

al t er nailternatiyel§ fiom 400 ppprto 2600 GE0, it alprirh valuks ppred \hataire by steddhe df ter ei n
by wei ght of the reaction m xture unless otherw se indicated. [0028] In an

enbodi me#ttion iRuFOaadss OtherliXé hdRafc@r preparation of the SPC- X nay conprise
an ARC Alternatively, the ARC may be introduced to the production process

for ﬁiﬂt | Oieh %\Wdﬁ&txt%r 5PE-¢ &o&?hk@st %1117- 3Hiti98r Qf Q%aﬁ%ﬁ?és I

enbodl nprlses an aci utrali zer. ACI izers may

aidin the rocessi n |ng acidic

el 0GR BT e ari DR RR it A REH, Bk R e S oar at es
such as zinc stearate cal cium stearate, sy nthetlc neutralizers such as
synt hetds cAR§gRETa| #F t@mpgndso ﬁla%crl%saStth@rsebﬁce qfnfreg, radigsdd fonepable e
SPC- X conprises a netallic stearate such as zinc stearate. Such netalllc

st ear atpebymaiizatdrs of stigng.n Imeh ¢mbetliszst apy isitinton gapablel efbhiré¢ecraricsl. formation
anenbodi nent, an acid neutralizer nay be present in the reaction m xture
for preaparfadiii@es e fdem&Ratidn bNstamBeniag befendplayd 0 Spghinittatc3O 8@ vaphknown
alternatively from 100 ppmto 2500 ppm alternatively from 400 ppmto 2000

PPM Wi ik in @t aRPRL N ‘B?%vazrtcfft&ﬁngl%raﬁh @vl{muﬁﬂﬁhgmoncﬁrgm@pé@%teg OfixdhpiLur €
unl ess ot herw se indicat I n an enbodi nent, PC- X conprises an

initi at org!mls rf)%roty&%rs Ol%gﬁlli Yo Lo@ﬂlerlzatlon initiation include without limitation diacyl

peroxides, peroxydicarbonates, monoperoxycarbonates, peroxyketals, peroxyesters, dialkyl
peroxides, hydroperoxides, or combinations thereof. A nonlimiting example of an initiator
suitable for use in this disclosure includes without limitation LUPEROX 233 (L233), which is
cthyl 3,3-d(t-butylperoxy)butyrate commercially available from Arkema. The seclection of
initiator and effective amount will depend on numerous factors (e.g., temperature, reaction
time) and can be chosen by one skilled in the art with the aid of this disclosure to meet the
desired needs of the process. For example, the initiator may be present in an amount of from
0.001 wt.% to 0.5 wt.%, alternatively from 0.005 wt.% to 0.1 wt.%, alternatively from 0.01
wt.% to 0.1 wt.%, alternatively from 0.1 wt.% to 0.5 wt.%, alternatively less than 0.1 wt.%.

[0030] In an embodiment, the SPC-X contains other additives to impart desired physical
properties, such as, increased gloss or color. Examples of additives include without limitation
stabilizers, chain transfer agents, antioxidants, UV stabilizers, lubricants, plasticizers, ultra-
violet screening agents, oxidants, anti-oxidants, anti-static agents, ultraviolet light absorbents,

fire retardants, processing oils, mineral oil, mold release agents, coloring agents,
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initiator reaction. Such initiators may also function as ARCs. Initiators,
sonetines referred to as accel erators, are conpounds that function as the
sour ce ofwbnem/msagbcal s to enabl e the pol ynmeri zati on of PETHISeNN®/0204983 an
enbodi ment, any initiator capable of free radical formati on t hat

facilitates the p merization of styrene be. enpl qye uch initiators
are vveIngrRﬁB%(qus ?Wfé or QBT Sﬁéiﬁﬁaéd% af@%‘%ﬂéﬂ%&ﬁ%&m@ﬁmy be

i mtation organic peroxides. Exanples of or ani ¢ peroxi des useful for

pol ynerusedeithen singileily or BreonHunatiga tearioriops mirmatations ofi the fyrepisrokyraas,

per oxydi car bonat es, nonoper oxycar bonat es, peroxyketal s, peroxyesters,

di al kylcopgposixionleSor ¢vadmpby stabitizae ©r stabilieatidni apahts oy hchen@oged td halpnprotect | ng
exanpl e of an initiator suitable for use in this disclosure includes

Wi t houtth¢ BPT DA oA dekdERNKd 33 e&bc?s%@to e%ésglhe ki RAtles and/or ultraviolet light.

3,3-d(t- butylperoxy)butyrate commer ci al y avai l abl e from Arkema. The

sel ect IgfisOfaglitl td FQr pANHIGddeht ! 'a%ﬁ%u i %é% 'Cn%] RENle Jésﬁ’ésH;‘f;HBégleEaCt ors

(e.qg., tenperature eaction tine) an n by one I'n the

art wt of thi dlsclosur t.o neet e desjred needs. of ,the

proces sé}feﬁg aqEiS moYnfn drﬁr??eéieé %91“88“ B@%%'i“ﬁ#”hwéﬁo %PﬁS’B’r‘EtPO&fm?I}
0.001 wt.%tog 0.5 w.% alternatively from0.005 w.%to 0.1 w.%

al t er nAOMPeFijoRsBAY be deterineg bygong skillgg ithe artmattyihe pidaf fhis diselpsira. we . % t o
0.5 wm.% alternatively less than 0.1 w.% [0030] In an enbodi nent, the
SPC- X d88ildi ns Aoy pescessddiominte ont of preprary sidisi thedirpils iheaid pl?tdlpsaﬁml@sl:e such
as, increased gloss or color. Exanples of additives include wthout

|'i m t atfbothe peatuclibrzef &, SRNA May baasplecd gRnSemidirh@x, Gha8REG-X ddvhprising a
stabilizers, lubricants, plasticizers, ultra violet screening agents,

OXi dantﬁIPSaﬁt rP¥lcdant®: a aRhdtiopt ﬁﬁ)&tﬁreag@rﬁﬁﬁsmg“sﬁﬁ@ﬁé' OdIIleRRt[AQ hh absenbents,
fire retardants, processing oils, m neral rel ease agents,

L) BRI, AL S L
cortine 00,0, 19 B ver pus L0 st ofs,of Lhe st H@%C%an
empl oyed Ct-?( ngl},pcoglrp%tseecgom 80 wt.% to 99.9 wt.% styrene, from 0.001 wt.% to 0.1 wt.%
initiator, from 0.02 wt.% to 0.25 wt.% RRIA (e.g., CSL), and optionally additional components
as needed to impart the desired physical properties. The percent values given are percentages
by weight of the total composition. Alternatively, for the production of a high impact styrenic
copolymer the reaction mixture may comprise from 80 wt.% to 99 wt.% styrene, from 2 wt.%
to 16 wt.% eclastomer, from 0.001 wt.% to 0.1 wt.% initiator, from 0.02 wt.% to 0.25 wt.%
RRIA (e.g., CSL), and optionally additional components as needed to impart the desired
physical properties. The source of styrene may be virgin styrene monomers and/or unreacted
styrene monomers. In an embodiment, the source of styrene may be a combination of virgin
styrene monomers and unreacted styrene monomers having a virgin styrene monomer:

unreacted styrene monomer ratio of from 8:1 to 2:1. Said reaction mixture may be introduced

to a polymerization reactor system to allow for the production of the SPC-X.
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the SPC-X from degradati on due to exposure to excessive tenperatures and/or
ultraviolet light. These additives may be included in anbunts effective to
i npart t hwoadenvasewoproperties. Effective additive anountsTarsdoipnemesses for
i nclusion of these additives to styrenic polynmeric conpositions nay be
determn by one skjilled in th{a art with the aid of this dti.I osure.
[0031] [APRA1pr olb¥seR SRtothg RelYBCTigRAn R STEE 1F Farfind pREn 4SPIUPR AT RS 4 d
of this disclosure for the production of an SPC- X may be enployed. In an
enmbodi motmergati@Proxess.o st gelivgicezatiopslpaskgnvapasrladk pelymerzatioaatticwrio thoxt ur e
conprising styrene, an RRIA an elastonmer fornulation having at | east one
ant i oxipbdymherization of b inadnomer am theogdiseraradfl any ahdddam adiakirt thare theanobasar rand exd
herein previously. In an enbodi nent, a reaction m xture for the production
of an Rfaiyst HBYol GABRIatiSR ififi Q8. EdIon ol @ Falokeffs & ¥ pERRCrifdtOMpRo @Bl W . %
to 0.1 wm.%initirator, from0.02 wt.%to 0.25 wt. % RRIA (e.qg., L), and

opt | onal i AL Ll AOer COARMEAL %88 NEEHSE ool ARG LIRS RS AR c2!

properties. e percent values given are percentages by wel ght e total

conposi tjaon. ternativ for t.he. producti f .a.hi i mpact .styrenic
copo y ek e efine it o ErveligTieBpircn Fhofudistan PS8kt
styrene, from2 w.%to 16 w.% elastoner, fromO0.001 wt.%to 0.1 w.%

i ni tiattBs resylipgPelymsr g copokyEed. 25 wt. % RRIA (e.g., CSL), and optionally
addi tional conponents as needed to inpart the desired physical properties.
The souPeBlof dhypelymeneatiopepredesgian lat githenbatoip 0o nentmuawrd/ loranugmeaonerd,
styrene nononers. In an enbodi nent, the source of styrene may be a

conbi nahé¢ @olyaferivation Ra&ionr @B bemaaisdr sutastheuince@diueds productivd PROSREN
having a virgin styrene nononer: unreacted styrene nononer ratio of from

8:1 10 Rivmero@ich ERRAGKALE MY £5iHBY PR tdr U LHUREE, §OrcfctBR] WHRLk&AADILON
reacto#ggﬁg?enfto @%1om/f5%3tﬁ%rp$g%ugtiéﬁ 5f he PC—§.60032] Fn é%’

mbodi ' i ' ' ' . soldt i
s palyrR-Saro R TR SGEL \SeCln TRNORTRal: 7Okl Sy cslafoe i 4 ©

I ri i.on ref : C
polyme plrgc?l}cltlgn of %negP%-&Oarte r;li(lasclosed in U.S. Pat. No. 4,777,210, which is incorporated by

reference herein in its entirety.

[0034] The temperature ranges useful with the process of the present disclosure can be
selected to be consistent with the operational characteristics of the equipment used to perform
the polymerization. In one embodiment, the temperature range for the polymerization can be
from 90°C to 240°C. In another embodiment, the temperature range for the polymerization can
be from 100°C to 180°C. In yet another embodiment, the polymerization reaction may be
carried out in a plurality of reactors with each reactor having an optimum temperature range.
For example, the polymerization reaction may be carried out in a reactor system employing a
first and second polymerization reactors that are either continuously stirred tank reactors
(CSTR) or plug-flow reactors. The first polymerization reactor may be referred to herein as the
prepolymerization reactor. In an embodiment, a polymerization reactor for the production of an
impact-modified styrene 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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pol yneri zation of a nmonomer in the absence of any nedi um ot her than the
nononmer and a catal yst or polynerization initiator. Solution polynerization
refers towa2pmlogsapi zati on process in which the nonomer #Caru$2qolo0v8s i zat i on
initiators are dissolved in a non-nononeric liquid solvent at the begi nning
of the polynerization reaction. The liquid is ysually also a solvent for
the restWEitng3 6l yhs the pecopg agipte.2.{ ©DBRPr e flod) yarbcLreratsd 1pihsdarge can
be either batch or continuous. In an enbodi nent, the polynerization

react i aff firoayl0eECaan6s€d out using a continuous production process in a

pol ymeri zati on apparatus conprising a single reactor or a plurality of

r eact oryggzsor ?K@H&&&eﬁ&%@@p&ﬁ% SitRht fRGn RELRAT R USRI LAR R (8 WefcRR&L O -

Reactors and conditions for the production of an SPC-X are disclosed in

U S Pat. A 77T, 210 i.ch i s incarparated reference herein in its
enti r ety PRaaaHeF i FErmbRE e MG ER 5 AEORL Bt el e
present disclosure.can be selected to be consistent with the operational
char actBRfue F%T%Wltgﬁéh%&qﬁftﬁﬁéﬁe%% TERZCIENT OroniPt oYY 9%%?@3& Gom o' one
enbodi nent, the tenperature range for the polynerization can be from 900C
to 2400C.8 |hauesn altpraptielh dinirento, St heurs.enPdiertthe erenghgecrf wachehethe desired

pol yneri zati on can be from 1000C to 18Q0C. In yet another enbodi nent, the
pol ymerdomadrsion, iteaeay ibonpassyd theowphr 4 itedtirgutlevice antpl ausedoint yreadtor éacfuathsr Wi t h
each reactor having an optinumtenperature range. For exanple, the

pol yrrerﬂo?aﬁér@aﬁdsrﬁa%ie QPolyitiZee pedduct edluehtt frb MelsB&HdOfa&ys hRNRMRHAY! Ng a
first and second pol ynerization reactors that are either continuously

Sti rre?q&&@é%d%@?&%&% H &R %%oﬁl'ina ) g § f{?ﬁg’aﬁt%ﬁf[d%cﬁbea_ ddedif ﬁlttFe literature. .

pol ymeri zation reactor nmay be referre erein as the prepolynerization

e o LB TR IS0 OISR e b P B RS R ©f

first rSee?i(a:li[ I(\)Ig. 1(1?3'8%;737%ntitled “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] In 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 reaction mixture prior to or
concomitant with the introduction of an ARC and antioxidant. Without limitation examples of
ARGC:s 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 embodiment, the reaction mixture comprises an

initiator which may function as an ARC and react with at least a portion of the antioxidant. As
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CSTR), also known as the prepolynerization reactor, operated in the
tenperature range of fronmPQOC to 1350C while the second reactor (e.g., CSTR
or plug fwowpiwmy40be operated in the range offrom | OOC POoTAB2010020989035]
The pol ynerized product effluent fromthe first reactor may be referred to

herein as .the prep mer. .In.an odiment , the residence tine th
amount BE i ipebpioad }bﬁ&% oAy ﬁe}?qﬁ I i fhoyiFAcHiPR of ﬂW@ pigaiof gpd 3&9%@% may
range fromO0.5 to 14 hours, alternatively from1 to 8 hours, alternatively
from 2 deercaschlnih she yrewnttenpexgalt e the amewroftinidiaipe 3n thedreedipnemsiten, it
may be passed through a heating device into a second reactor for further

pol ymerTheabssoor. inifhaeor polrgaceon et the antiodidaat flillldnverftho pffichkacy ednehick alot or
may be further processed as is known to one of ordinary skill in the art

and desg#ibtde gurclofieiorlits intBndddeulpdser a b embbHinkas SIRSRRMA iShtbRiIRAto iRy t he
production of a H PS are disclosed in U S. Patent Application Serial No.

11/ 384, - i - : pr [Welalt ioh C

pol yst e g hishrEpeor RE FA S Y} EBhoclih LRIt AR QG o P UEEA KT R o
"Horizaontal Boiling Plu | ow ctor," . both filed. March 20,. 2006.., and are
 noor paPAise” by dfereaite el HEY BRI oY e iraie THoHe ARt B
enbodi nent, the SPC- X is produced by a continuous flow utilizing a .

pr ei nvendpgdantdbeelyr ncreagiie dhe afficionty ph#hcoinitisios velid miparsdotoetn atherwise

pol ynerized to a point below the inversion and then introduced into a
second ssnilampetynmanktiormedton. caffled out mdbsilispnasfoftah®&RIAL uti ons in the
pre-inversion and in the second stirred tank reactor are closely controlled

t o prodo63y] meeThepelymaric compeyitisesterdigi frodd tHrgeeSolynm&tizitipn ee®s niag then
disclosed in nore detail in US. Patent No. 4,777,210 which is hereby

i ncor poihad §dckBhd B E5rANEIR a @8I BLdl fedibSIEBE bth&l Macthi083Add dowRRSARPdTENt
the RRIAis present in the reaction mxture prior to or conconmtant with

e, TSN 5] R A0 PO LRI YR BT AT

combi naltlleoprllrgse}lpeeorfetgé RRIA (e.g., CSL) may prevent or inhibit the ARCs (e.g., initiator, metallic
stearates) 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 a 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
embodiment, the RRIA may be incorporated into the reaction mixture that is to be fed to the
polymerization reactor (i.c., 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

polymerization reactor. In an alternative embodiment, the RRIA may be introduced to the
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[0038] In an enbodi ment, the RRIA may be included in the reaction m xture
whi ch enters the prepolynerization reactor. In such an enbodi nent, the
reacti on woxbpLwess4monpri ses an initiator which nmay functiPom/s201@0200RC and
react with at |east a portion of the antioxidant. Asw || be understood by
one of Oﬁdinar skill in the art, the reaction of the i itiator(ﬁgd ﬁﬁc

wi 1 dOPIARIEANRR Fopste Absminimo PUbsFRUCBP dAhHissoiopied therrdtnamet AddiHarat or i n
the reaction mxture., The loss of initiator to reaction with the

ant i oxidstatls rogarding Gabition (ve radss i nohanrIiZalgn Rroghiseh andhecsidened Hmss hevidednons
for its intended purpose. In an enbodinent, the RRIA is introduced to the
react i gmevioudlywd@acyidddrerdim, alternatively concomtant with the introduction
of the ARC (e.g., initiator). The presence of the RRIA may reduce the

reactiviobdn)of g eribddidbi a Mictallicth@rAS {d XTIt A6 LRMLE RCS. SRTIAOKhe
efficiency of the initiator when conpared to an otherwi se simlar

pol yre I’li0§ '61} 1ln Bé ?t%géﬂt ine %arc{i&g?l%{lreii tﬁehﬁncﬂllﬂfsﬁj?n%\??%fé\{ %cmd"here{i&oﬁlgzln The

pol yneric conposition energing fromthe prepo Ion reactor may then
enter a second. reactor.such.as describe reviously or other reactor.

ocat e RBRREY CRrrufo R B RS RE PHIEMER T RiRush et 358 cFPREE e
as acid neutralizers are typically introduced. The presence of the RRI A
(e.g., thsschstemper Soraydaitonpid; Wﬁilﬁf\% ey Dsreantaciedgwith jthg reagtion mixEica(ag.-c
stearates) fromreacting with the antioxi dant and reduci ng the anmunt of

ant i oxirdenomap) pgento addiperevéthe degomdafironlatipnt hle poh yamrodongnts dbe tfinall 0040]
The reaction m xtures may be subjected to solution or mass polynerization
pr ocessasiosidah dohédntrbtieh frethe dBIRS eorigining ffroinh ehendlastothe @OYTPEO e tHeSari@nty ange
fromO0.5 to 14 hours, alternatively from1l to 8 hours, alternatively from2
to 5 hoytgoidl @stEbaRalalivre range of from 9Q0C to 24Q0C, alternatively from
900C to 18Q0C, alternatively from 1000C to 165 OC. In sone enbodi nents, the

S0 R AN L T RS T

al ter naflmi’n\l/lﬁation, 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 1,
styrene 10, initiator 12, an RRIA 20, elastomer 30, and at least one antioxidant 40 are fed into a
polymerization reactor 50 via lines 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 process may have a percent
conversion of styrene 10 to SPC-X 85 that varies from 60% to 80% leaving a significant
amount of unreacted styrene monomers 70 and diluent such as ethylbenzene. The unreacted
styrene 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 wvapor pressures. The reaction temperatures and pressures necessary for
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enbodi ment, the RRIA may be incorporated into the reaction mxture that is
to be fed to the polynerization reactor (i.e., the feed). In such

enbodi mrenwe,20toss48RI A may be present in the feed at anbipemtust@wperat ure for
greater than 48 hours prior to use. In other enbodinments, the RRI A nay be

introduced to the pol ynmeri zati on process at sonme pojnt do tream of the
first ﬁ%ivglﬁwa?alei@ﬁ fepsad gp . sonte Brionly o R R E ehbaivReRt C0(HY REY Ay be
i ntroduced to thepol ynerization process at some tine subsequent to the

di ssol ulctasmingtl bhene| efs peshgary skdgimifbﬁaﬂrt dathaithos aide ghirthis ndjsdeduir. i oAfter mass
pol yneri zati on processes and residence tinmes have been previously descri bed

her ei n.depOl@dlidatibn SRC-NRD diagdrt recaverelt b lline 89tand natracted .sgyrencZn&Ghgmarit
antioxidants (e.g., I RGANOX 1076) nay be present in the reaction mxture in

t he amyumd sptRMENY @4dfihoht dEEC4si BABALIMCER)) MaylUR 8¢y cRARAL IR strédd® Frdors dant
is introduced indirectly to the reaction m xture as a conponent in the

el ast Oqﬁ{() shEd Ath R e?%gdﬁﬁ.é‘ﬁt, ??régigg?% b giﬁ?f}%%gtng ok fhat R&ohBARH MM

m xture e.'dg., nononer prior tron o astonmer formulation. In

or 1 0i nal TG B eHROT S, Geb SR B S C R AN S PRI MY BEGE e

her ei n. [00421 I n enbodi nents wherein the antioxidant is present as part of
the el d¥ftofiEictly & PRIVRETGHONF¢6t0aRBuUNt of anti oxi dant present during the
SPC- X pol ynmeri zation process nmay increase during the course of the reaction
as a rd8fd4l of It ke ewbedmkett ihenraattiorheniatrd eringasts btpreoe hey, poRRIANE0of t he
pol yneri zation reactor, as shown in Figure 1. Referring to Figure 1,

st yr enentifxidami40] &idam clatonddt 3BRIAtIDRIdast AshoyTBs prdthnt &ntle alastof@E B0 amdor
antioxidant 40 are fed into a polynerization reactor 50 via |ines 15, 22,

25, 35, mANGk ARled UBSRED YEleotioR MHixROL. Y FRJULE 88 cthBo dreRWVal 1045t b pBrtioloTRtd on of
SPC-X 85." In alternative enbodi nents, one or nore of the conponents

| nt rOd;k?rPﬁQneVﬁl%‘n&ﬁ&af(ﬁﬁﬁy cbifRseltredtfed Erend RionBRE 75, 1P sUTRYan GniSArRLA Y

upstre

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 embodiment, the polymerization reaction is carried out in a reactor system
comprising a plurality of reactors. 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 polymerization 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 embodiments, the RRIA may function to 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 reaction rate increase of equal to or less than 20%, alternatively from 1% to 20%,

alternatively from 5% to 20%, alternatively from 5% to 15%, alternatively from 5% to 10%,
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of polymerization reactor 50 prior to introduction to polynerization
reactor 50. [0043] In the polynerization reactor 50, a pol ynerization
process maQ 2nEvBsa9Iper cent conversion of styrene 10 to BPTAX2@b/ondvat vari es
fromo60%to 80% I eaving a significant anount of unreacted styrene nononers
70 and di |l uent suych as ethglbe zene. The .upreacted styre oners 70 may
be sepa¥ MPRRS ISR REBES M IR PFS ‘Ear{’éﬁ‘?wtén fesd GPE%‘QEB% ¥IM%0
where a process known as devol atilization is carried out at high reaction
t enper amhodinenty theweacdipprraisr ewdngr the. copse pe s pelymcangivnatcactosn may be
pressures necessary fordevolatilization will depend to some extent on the
nat ur e rodénitolnel. vimssieh chibodinttntsapolymededton meavtidnbyaroek owtf inahdl preagnge oKithd 1 n
the art with the aid of this disclosure. After devolatilization, SPC X 85

may be RERROWE QikpliydinbichRs 89 pdditerURieagyed ht YERH06n FRE IR cZ)@np(a@aadto an
optionally a diluent such as ethylbenzene) may be recycled via recycle

St 1 eans, (b Adicf O Ro P LA dRactld. AheSLRAG: fg%@ﬁla%a&éféa%@%vérqh%ouﬂer gin

styrene nononer 'S co unr eact ed styr ne nononer

Al ternatd veI rec.cle s rea 7 be add or in rectly
to pol i Gghotge %@é&”&aﬁv ingiea i B leictBha P AR B Htt ur &
conprlses st rene 10, .an RRI A 20 ant|OX|dant 40, and an el astoner 30.

Ant i oxitaeges daslared Praioyslyshenting dn eRethey erabesimentatheaardy by ofdlie BElIGBH
directly to the reaction m xture. In such an enbodi nent, at |east a portion
of the miymairetiorneneton hiryneygregsToing éS%nnoeH%edlt@’nqmekyefmmn&ﬁért07®%,| n
such an enbodi nent, while the final concentration of antioxidant in the
SPC- X 8ftefmatiedly Gronn2 b ty 0%Byhch@ompareb éo fraagesvistesmilabadyheiAtion phewmous! y,
t he anti oxi dant 40 may accumulate to a concentration of from50 ppmto 200

ppm al dgfdaadt Ve e dUsemBeft APERTL R0 RIAM m@iz L&voad *ffr%{e)ét”fﬂhgnﬁlﬁﬁ%op%lﬂ o 100
ppmin recycle streans 65 and 75. [0045] In an enbodi nent,

pol yme rr'egc?l%hé) YifheRG! aln?gxfdgntg aS{lEﬁ ?lgat Ou%rea{%r %oﬂ%%CSP [hes%ﬁ}a%p is available for

reaction.

[0047] In an embodiment, 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 100.

[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 use articles into which the SPC-X may be
formed include food packaging, office supplies, plastic lumber, replacement lumber, patio
decking, structural supports, laminate flooring compositions, polymeric foam substrate;
decorative surfaces (e.g., crown molding, etc.) weatherable outdoor materials, point-of-
purchase signs and displays, house wares and consumer goods, building insulation, cosmetics

packaging, outdoor replacement materials, lids and containers (i.e., for deli, fruit, candies and
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conprising a plurality of reactors. In one enbodiment, both a netallic
stearate (e.g., ZnSt) and an RRIA (e.g., CSL) are introduced to the reactor
system i nanmVDssémpol yneri zation reacti on is occurri ng, PEUAIS2@9/024983

pol ynmeri zati on of styrene nononmer to forma H PS or a GPPS. Introduction of

the netal]ic stearate ur downstream of the introduction of the RRI A
I n suc Woelﬁ%@di‘l?@}ﬁlﬁes PF?é‘gl %Cﬁ‘é%lcfpﬁﬁ%ﬁuéﬁ{n‘%tb% RES e SCPSHITS, HOFSTHET #‘?éiu on

reaction rate and nmay be present prior to contacting the reaction mxture
wi t h arSfaaddiseblsngdinthmts toy004s] L %ﬁ%ﬂ@r@h&)omwnk insgupentyeelf x5tk berdsr ocess
of the type described herein displays an overall reaction rate increase of
equal tpipiag, bessisest naachi20Gnd lttlephvat | coalppnéntanshdbeet he3B%doad herdhat ifavebty from
5%to 20% alternatively from5%to 15% alternatively from5%to 10% when

conpar efinllies,athc@t ARk, BRombiTi¢ BOnIY MRS SHdGer6itied out in the absence of an
RRIA. In sone enbodinents, the reactlon rate during the course of the

pol ymeri zation reaction may be norng g n such enbodi nents,
pol ymeri zati on reactl ons carried out I'n tEhe presence of the RRIA will

di spl ay reases reae tha 20%in.th ction.rate when orrparedto
on” bt aOhE S STRR eRiboP bRl b EPe g Enerly FeskRh R B Fad ST B By
decrease over the course of the polynerization reaction such that the

i ncr eas®V§in as Rty grpbodgaents o tlhat dsqleurs apdl (tRi FerRaTStTREnYEsPTastie] #ikd
previ ously herein. In another enbodinent, the activity of the initiator in
a pol ymevintages trereadadt is anderstpod Het thasaamplosrRESy b7 084 ofilllustratimnianélaxe f r om
25% to 60% alternatively from25%to 50% when conpared to an ot herw se

Si m | arnopaitgnided toziehit e specifitdtion of eerdlfths diinyl maddee absence of an RRI A The
RRIA may serve to "protect” the initiator fromreactions with the
antioxidants such that a greater potApm@ppof the initiator is available for
reaction. [0047] I n an enbodi nent, a pol yneri zati on process of the type

descr BAsdIor irpe dhRaLAaih LAty IR GRALEAS SPAY SFRLRT Ohe Y RMUANLP 80%

altern |ve

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
styrene monomer from Total Petrochemicals, 170 ppm of LUPEROX 233 (L233) initiator, 4
wt.% elastomer of either 730AC (Samples 1-4) or 1322 (Samples 5-8), 1000 ppm of
IRGANOX 1076, 800 ppm of ZnSt, PATIONIC 930 of either 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] L233 is ethyl 3,3-d(t-butylperoxy)butyrate 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.

19



from65%to 75% The final percentage conversion is determ ned by the
solids remaining after renoval of volatiles divided by the total mass
i ncl udi ngvoabmtasb#s x 100. [0048] The SPC- X of this di secoaise@oneyssbe
converted to end-use articles by any suitable nethod. In an enbodi nent,

this conyersion is a plastics shapin rocess such as bl owroyl di.ng, .

ext r usi B9S2 nj Bebvshiz 108vm%med%e}leifﬁprgoe?qr6wt Fetiech of SRABUIS #?Sl,%wmg

t hernmof orm ng, and the |ike. Exanples of end use articles into which the
SPC- X reepdibens: dharpelyhuiediensewtsodiasobed kB ghyigne mPRqree of pfitncemongineigeeysle

| unber, replacenent |unber, patio decking, structural supports, |am nate

f 1 oor i ntyreenpasniphtostsamipaityomeditiond. odm thidbstutiat ;-2 88 aotiaodd, TRGANDECES6( e. g. ,
crown nol ding, etc.) weatherable outdoor materials, point-ofpurchase signs

and di SphAYSurath U8 €K ES ad il 16 PEUTEI0cHORASH iP4 OGN Geab iGN @bd1 @Quipped
cosnetics packagi ng, outdoor replacenent materials, |lids and contal ners

(i.e., vf/fﬂ{ 4qﬁéléntio1f15r. Uirfye S}fs?éf'ﬁj 'iseécr g g%)-necﬁ&phhs@(nﬁe%azan&tpﬁgg|V§ith dry
electronic parts, autonotive parts, enclosures, protective'h gear,
reusabl e painthalls,. toys.(e.g.,, LEG) bricks nmusi cal ..in u ts ol f
G ub hetaent R sofinigh &Y faled s T REeh i Bk AR B b PR Rl
heads, door handl es, faucet handl es, wheel covers autom)give front

gri | | esThegaeption migtureis thsuapgatadan po @ildyatirael 197 &on oS 1AV der bhes, and
general ly described, the followi ng exanples are given as particul ar

enmbodi NSAtS fafone heudi Bl pdymer samglet conthammug spnretimateiye3 GV avdlitdes @hgomers,
advant ages thereof. It is understood that the exanples are given by way of

i |l ust regfrémmamsng! shdndylbdizenrdadhd @st bfictydid)ds gpedefdiaiiztdnt 295°C Hier 30 ai ns
in any manner. EXAMPLE 1 [0050] The polynerization rates for the production

of an SRGus A a VAQuhYRRnILRGE tHhRd 0hek e The Wk Rrdishses t igat &1 okt Shhoaap! es,
desi gnated Sanples 1-8, were prepared. The sanpl es
110°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 elapsed time. The reaction rates of Samples 2, 4, 6, and 8 were compared
to the reaction rates of the control samples (i.c., 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 relative rate were determined and are presented in Table 3.

Table 3
Sample No. 1 2 3 4 5 6 7 8
Initiator 1233 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
= .
Wt.% Elastomer in 4 4 4 4 4 4 4 4
Feed
Antioxidant 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Concentration (ppm)
ZnSt Concentration 800 800 800 800 800 800 800 800
(ppm)
PATIONIC 930 0 500 0 500 0 500 0 500
Concentration (ppm)
Wt.% Recycle 0 0 25 25 0 0 25 25
1 hour conversion (%
Conversion at 110°C) 4.05 4.05 3.07 2.81 439 4.02 3.29 3.52
2 hour conversion (%o
Conversion at 110°C) 435 5.05 3.88 4.85 4.20 6.23 3.51 7.27
3 hour conversion (% | 32.42 47.96 18.43 29.03 38.05 55.6 28.28 38.21
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were pol ynerized to formH PS fromfeed sol uti ons containing approxi mtely

96 Wt . % of styrene nononer from Total Petrochem cals, 170 ppm of LUPEROX

233 (L233yoiniasatoor, 4 wt. % el ast omer of either 730AC P8argsh@s/01094) or

1322 (Samples 5-8), 1000 ppm of | RGANOX 1076, 800 ppm of ZnSt, PATIONI C 930
o)

of either—O0 ppm{Sarnples] 5—and—7)—or 500 ppm{Sanples2 6,—and
8). Sappycpiong 150:0)y 7 / )

" T Fihal conyerdion. (% |’
sanplqim%ﬁﬁg%ﬂﬁ&ég r éeyicl led7sByrens,0 t he7earoy

e 1
oad 28 WL !n he

and O I
att—o—<arsSo o079 vt

n 1t he regyc| e
was est g 0o the totat—styrenerwitH—heinthe range of tess—thap 96
Wt.%anﬂi% %&éﬁ)mt elly287 wel2o [ 0051] | L23B3 ijs Bthy| 207 16.8 18.0
3, 3- d(TrDUTIRRESPXY) DUt yrjate conmerci aj Iy avdgi I abi e[from EVA,[whi ch

1.07

serves ageancatganic peroxi 48 initilatof. HRANOX 1076 % ofct ablecy
3,5-Di-(tert)-butyl- 4-hydroxyhydroci nnamate which is a anti oxi dant

comer qoesd|y avaé tabilkseddniontirdtt Bt sdplé 2880 tHe RFGAL COM(ieh Jagpsdd 2addi tive
comercially avail able from Caravan | ngredi ents Co.[0052] Polynerization of
the styy ang saNQILe HaRrGRL 180 RUEa BH Shte tifen @Bl ANING $SAPRS G RN art NE
polybutégﬁenggmggEJ?%so 5ed({n sﬁ%re%e nnngnerHOr é%yreng ngnoné} é%&cle
styren er.ni ght at ientconditions. To this solution L-233 initiator,
IRGANCQQ@%%%F”g?ﬁ@ﬁgggg?%f %75nd CSL were added to give a 20Qg solution in
a 500 ml reaction vesse| equipped with 4 indentions. The systemjs equi pped
with al803Hc kearﬁ? |r§%1its H]@a@ngmiedp%é G\MV’Plﬁ‘rﬂd‘fe?CtFﬂnt FatggeyereTHIST@Mdutn &F i s

m xed with an overhead agitator equipped with a flat paddle stirrer. The
react i anesenset off thei RREAdy hébtoe dThareawmltsofurthpa demenstrated Glatf adr 139°Govrieh 151300C
for 1 hour, and 1500C for one hour. The polynmer sanple containing

appr oxisirailalty 1201 Rour bhEtifd @mpeutirg dordr-333 gie\di fsrencetn drsatactian dated byphveanzene
in the case of recycle) is then devolatilized at 2250C for 30 mnutes in a

\éacuumsﬁﬁﬁﬁs%mhﬁﬁ% thORRIA G & FATIONIE B9RM4ERZhIREAt 1 hour at 1100C, 2
ours a

EXAMPLE 2
[0055] The effects of the RRIA on the aging of Samples 1-8 prepared as described in
Example 1 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 YI 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
YT at 1 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 9.72 26.79 6.93
18 hours 52.85 5561 70.83 41.72 55.85 49 48 57.37 37.02

[0056] The results demonstrated that with the addition of CSL for Samples 2, 4, 6, and 8,
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 thercof

can be made by one skilled in the art without departing from the spirit and teachings of the
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1100C, 3 hours at 1300C, and final conversions at 1500C of each sanple were
noni tored. The average reaction rates were determ ned by neasuring the
per cent swbi2dp/ms0a noi st ure bal ance and divi di ng by thecelmspsied2d98se. The
reaction rates of Sarrpl es 2, 4, 6, and 8 vvere conpared to the reaction

rates of the c ro not cont n|n an es 1, 3,
5, and Scﬁqsagepg]ﬂw %Wl %S%Iﬁt&&%@ﬁ% a@rexs gy, g an BH%W&EHHEA to be

percentages at the indicated tinme points, average rate, and relative rate
wer e deireitipg.ndpngrygriatians @ﬁéwdtférdtw% ofh¢ embodimanis disgjosobleyreimties passibie s

denonstrate that sanples containing the RRIA, CSL, (i.e., Sanples 2, 4, 6,
and 8) aldsgpt ayiddn ahe isno;creeaﬁeﬂd: diseloage. r ddetd anmeata nahgss colhipataédng are
sanples lacking an RRIA (i.e., Sanples 1, 3, 5, and 7). [0054] The results

denons tefégie@ﬂ tshadd, Lt @%%s@ rdng @£ L@ BtiGrat BEuMELINdBRERASE Andlidd RGatdfesence
of the y 5-11% e results further denonstrated that at 1300C which

is sim t ein
t he ree{% eSn&r gl?fggaag{e}%)wgeﬁﬁésamﬁlﬂ Eetgd%:gg?ig%ﬁ%ﬁgﬁt fktlﬁeér IS&?%% ' Bfted! gﬁﬁ%ﬁl\ﬁp C 93)
was Si nlflcan E [,00 The effec f the RRIA on t ng of
Sanp! e HIERF L SaTLEWEdcP ol 10 mebidifit % Fele Frmes P@&@dﬂgﬁ

sanpl es were aged by placing in an oven under a mtro&ﬁg pur at 145C and
the ext&hb Ook2, gl|3nst0detF@F ﬁ%%ﬂewh?@a@r&n%em%rwpw kR(LY‘F) The
Yl of the aged sanples were neasured using a Hunter colori rret er as

det er manewpenlimgcBr.dadoeloséd, knAsTbidtiahiog VEBIB thef teege ngbegfialy dsclesedand 18

hours. The results of the color neasurenents are presented in Table 4.
Tabl e 4n[fo5G]arTtie fotlswiisnaabanstitiah ekt tdhgt and tpecifi@lladisdised: RERCI* f or

Samples 2, 4, 6, and 8,

(Ru-Ry), wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent
increment, i.e., 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 is
also specifically disclosed. Use of the term "optionally” with respect to any element of a claim
is intended to mean that the subject element 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
comprises, includes, having, etc. should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, comprised substantially of, etc.

[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
subject matter of the claims. Each and every claim is incorporated into the specification as an
embodiment 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 date after the priority date of this application. The disclosures of all patents,
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there were significant reductions in aging as evidenced by the negative or
| ow Yl val ues. [0057] While various enbodi nents have been shown and
descri bedyvormdidssmat i ons t hereof can be nmade by one ski lPlceaiseonob@sar t
wi t hout departing fromthe spirit and teachi ngs of thedisclosure. The
enbodi nents descri bed herein. are. ex | ary only, and are not_intended to be
i i ti rRgten R T DA AP TSiEd PR BHESEY THE R EBP e SE 3¢ Mt eq
herein are possible and are within the scope of the disclosure. \Were
nuner i c&fent datidsy providersixemplanh drageduraly pr etben details seppdementarti teshopeses faringes
or limtations should be understood to include iterative ranges or
| i mtatheoris of |ike magnitude falling within the expressly stated ranges or
limtations (e.g., fromabout 1 to about 10 includes, 2, 3, 4, etc.;
greater than 0.10 includes 0.1 1, 0.12, 0.13, etc.). For exanple, whenever
a nunerical range with a lower limt, RL, and an upper limt, Rl1l, is
di scl osed, any nunber falling within the range is specifically disclosed.
In particular, the followi ng nunbers within the range are specifically
di scl osed: R=RL+k* (RU-RL) , wherein k is a variable ranging from1 percent
to 100 percent with a 1 percent increnment, i.e., kis 1 percent, 2 percent,
3 percent, 4 percent, 5 percent, ..., 50 percent, 5 1 percent, 52 percent,
.., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100
percent. Moreover, any nunerical range defined by two R nunbers as defi ned
in the above is also specifically disclosed. Use of the term"optionally"
Wth respect to any elenent of a claimis intended to nean that the subject
elenent is required, or alternatively, is not required. Both alternatives
are intended to be within the scope of the claim Use of broader ternms such
as conprises, includes, having, etc. should be understood to provide
support for narrower terns such as consisting of, consisting essentially
of , conprised substantially of, etc. [0058] Accordingly, the scope of
protection is not limted by the description set out above but is only
limted by the clains which follow, that scope including all equivalents of
t he
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subject matter of the clainms. Each and every claimis incorporated into the
specification as an enbodi nent of the present disclosure. Thus, the clains
are a furwbepiodssopi pti on and are an addition to the enpotiusen®2o83t he
present disclosure. The discussion of a reference herein is not an

adm ssion that it is prior art to t(?,ﬁ resent disclosure, especially any
reference that nay have a publicati AlMPe after the priority date of this
application. The disclosures of all patents, patent applications, and

publ i caVhariscleimesddstherein are hereby incorporated by reference, to the
extent that they provide exenplary, procedural, or other details

suppl enent arA ntethodlvosgrisiap: fort h herein. CLAIMS What is clained is: 1. A
nmet hod conprising: preparing a reaction m xture conprising a styrene
nononer,  an Rakiay iadadttion IikQAC Edtisimt £ sty FERE endsheR deli dntiva dardNglrdBtion

anti oxi dant reactive conpound; and placing the reaction m xture under

condi ti onS_ SictialcRiAldaRREIIRID A QB Tesk it ShHIERE JFRNOMTET Lo a styreni c

pol ymer, wherein the polynerization occurs at an overa reaction rate that

is increased, by equal t.o or |ess .than . .20% wh red.to an.gt herw se

S i ar pol YN TS renstioh SeuuS Bdrr Rt S RoiHEr BeuBiatier of s Raths | on
rate inproving additive. 2. The nmethod of claim1l wherein a reaction rate

i nprovi ng adBPROMEE Psa etk Qolymet srhercan thopolymesizeion ecwss ¢t aarevgrathl i ne
earth nmetal salt of an organic acid, an alkali salt of lactic acid, an

al kal i ne earrtéctioetrale thaf ts ofrehsedt by cqwil do os ddisutims 28%r epkn [cagipated, tocal ci um
stearoyl lactate, or conbinations thereof. 3. The nethod of claim1 wherein
the react i orotliciviseisiiilad\poh@neidaliidn pecdss cardikd ounnshe alseide dfahé adaction rate

improving additive.

2. The method of claim 1 wherein a reaction rate improving additive is an alkali metal salt
of an organic acid, an alkaline earth metal salt of an organic acid, an alkali salt of lactic
acid, an alkaline earth metal salt of lactic acid, sodium stearoyl lactate, calcium stearoyl

lactate, or combinations thereof.

3. The method of claim 1 wherein the reaction rate improving additive is calcium stearoyl
lactate.
4. The method of claim 1 wherein the reaction rate improving additive is present in an

amount of from 200 ppm to 2500 ppm.
5. The method of claim 1 wherein the styrene comprises a substituted styrene, a ring-

substituted styrene, a disubstituted styrene, an unsubstituted styrene, or combinations

thereof.

6. The method of claim 1 wherein the styrene is present in an amount of from 1 wt.% to
99.9 wt.%.

7. The method of claim 1 wherein the styrene comprises a virgin styrene monomer, an

unreacted styrene monomer, or combinations thereof.
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4. The nmethod of claim 1l wherein the reaction rate inproving additive is
present in an anmount of from 200 ppmto 2500 ppm 5. The nethod of claim1l
wher ei n twe 28tyiseme conpri ses a substituted styrene, a rrmgsadsiedss ed
styrene, a disubstituted styrene, an unsubstituted styrene, or conbinations
t hereof, 6. The nmethod of claim.1 wherein the styrene is present in an
amount f fro r@g@ec? @/f' 618y ehegn ghe AreiTARTSHSTRRNSE aed DITHIARREr SRS he
styrene conprises a virgin styrene nononer, an unreacted styrene nononer,

or conbi nat ireereMdidREdf r@io qhdrgve styeue gronomgi Hnragtkd ptelone mrmoyict gf frost yr ene
nononer and the unreacted styrene nononer have a ratio of virgin styrene
nononme unredct ed:$t yrene nmononer of from8:1 to 2:1. 9. The nethod of claim
1 wherein the reaction mxture further conprises an el astoner. 10. The

nmet hod f clB{mEnhyher @it t WRerBindkd RABTon Hixeur ﬁirbh@?éorgérisés)ﬂ%l){ﬁ@fhe@f an
al i phatic conjugated diene. 11. The nethod of claim 10 wherein the

al i phat{,c CcOpj i [ : I : 3 :
aherer n % ho. ABRhREOFOERE) WARPHE SELERS i epolfiRE TROAALR G pCl U Ghitic o,
13. The method. of c¢l.aim 1l wherein the anti oxi dant conprises a phenol, a
phosphi t e, fpﬂgﬁ@ﬁépﬁﬁ%nylphosphite, 2,6 ditertiarybutyl-4-nmethyl phenol,
octadecyl 3,5-di-(tert)- butyl-4-hydroxyhydroci nnamat e, )

4- bi s[ (Mdet yI'thsipgthed ehalgimol0cihargn thepliphaidsoningasd siang éy ebytadiqne. The net hod

of claim1l wherein the antioxidant is present in an anmount of from 250

12. The method of claim 9 wherein the elastomer is present in an amount of from 2 wt.% to
18 wt.%.
13. The method of claim 1 wherein the antioxidant comprises a phenol, a phosphite, tris-

nonylphenylphosphite, 2,6 ditertiarybutyl-4-methyl phenol, octadecyl 3,5-di-(tert)-

butyl-4-hydroxyhydrocinnamate, 4-bis[(octylthio)methyl]-o-cresol, or combinations

thereof.

14. The method of claim 1 wherein the antioxidant is present in an amount of from 250
ppm to 5000 ppm.

15. The method of claim 1 wherein the antioxidant reactive compound comprises an acid

neutralizer, air, an initiator, or combinations thereof.
16. The method of claim 15 wherein the acid neutralizer comprises metallic stearate, zinc
stearate, calcium stearate, synthetic neutralizer, synthetic hydrotalcite, derivatives

thereof, or combinations thereof.

17. The method of claim 15 wherein the acid neutralizer is present in an amount of from 0
ppm to 3000 ppm.
18. The method of claim 15 wherein the initiator comprises diacyl peroxides,

peroxydicarbonates, monoperoxycarbonates, peroxyketals, peroxyesters, dialkyl

peroxides, hydroperoxides, ethyl 3,3-d(t-butylperoxy)butyrate, or combinations thereof.
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ppmto 5000 ppm 15. The nethod of claim1 wherein the antioxidant reactive
conpound conprises an acid neutralizer, air, an initiator, or conbinations
t her eof . W6.20fl854t hod of claim 15 wherein the aci d negCralSc@en2@me»pri ses
netallic stearate, zinc stearate, calciumstearate, synthetic neutralizer

synthetlc hydr ot al c ,, .de tives thereof, or .conbinations r

The metl? card 94 q 1%%a[§ewﬁerﬁwn§eﬂ DhRldhe dyitigeris ﬂ@rwg{;@h rF%t Samount
of fron10 ppmto 3000 ppm 18. The nethod of claim 15 wherein the initiator
conpri ses di4¢ywhgercosipared to garathayuise aibida aeession parteg exub sy wr Boenecad a

per oxyketal s, peroxyesters, dialkyl peroxides, hydroperoxides, ethyl

3, 3-d(t - but yweptivoxaty buprgviagaddiarve.conbi nati ons t hereof. 19. The net hod of
claim 15 wherein an activity of the initiator is increased by from25%to
70% when. conpafeafdbdicomprisiagher wi se simlar reaction carried out in the
absence of a reaction rate inproving additive. 20. A nethod conpri sing:
preparing a o r t e IR r ojjer, an
antioxidantIﬁrg&"g]%)lgl%nﬂg}(l)erhtoH é?@ﬁ?sa FHQ?Q §E%ﬁ§§hlc aggg a%ﬁﬂagﬁﬂé%lﬁfator
and pl aci ng tﬁe rea cti n m xt re u COﬂdItIO@ U|tap .

pol yner i zat i‘GH° aeso WP 8he Hyh P FooTgat 9 ering AP oTyHer an9vner ein the
sodi um or calciumsalt of an or anlc acid protects the initiator such that
the pol yner iPRaR&HRe reactof mvetaredwera%onélﬂpawﬂabw forpdygedztien of Herbtyieis d
otherwi se be the rate in the absence of the sodiumor calciumsalt of an

or gani ¢ aci dnonomer to a styrenic polymer, wherein the sodium or calcium salt of an organic acid

protects the initiator such that the polymerization is carried out at a reaction rate greater
than would otherwise be the rate in the absence of the sodium or calcium salt of an

organic acid.
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