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methylstyrene and ring-substituted styrene have found widespread commercial use. For
example, elastomer-reinforced styrene polymers having discrete particles of cross-linked
clastomer 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. The
incorporation of an elastomer into the styrene matrix results in improvements in a range of
physical and mechanical properties (e.g., impact strength) and collectively these polymers are
termed high-impact polystyrenes.

[0006] The utility of a particular HIPS depends on the polymer having some combination

of mechanical, thermal, and/or physical properties that render the material suitable for a
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[ 0008]
pol yneri zat initijat [ aro |c nonaner and an elastoner
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wherein the grafting polynerlzatlon initiator conmprises a peroxyketal. The
vi nyl arcbmi@mge ratfsRteketehpr compimpsensghgreeineTherkrafting pelyarigntan lﬁﬁsat%mpfr i se
pol ybut adi ene. The peroxyketal may conprise 1,1-di(tert-butyl peroxy)-3, 3, 5-
t ri met thave thelgohaxlafoenuldhe pol yneric conposition may have a grafting

per cent age of greater than 80% [0009] Al so disclosed herein is an article
produced by any preceding nethod. The article may have an |zod i npact
strength of greater than 2.0 ft. Ib. /ig2 BRI EF DESCRI PTI ON OF THE DRAW NGS
WO 2011/ 025695PCT/ US2010/ 045831 [0010] For a nore conpl ete under st andi ng of
the present disclosure and the advantages thereof, reference is now made to
the follow ng brief description, kakencin- oumnectlon wi th the accompanyi ng
drawi ngs and detail ed description, wherein |ike reference nunerals
represent |ike parts. [0011]Figure 1 is a plot of solids percentage as a
function of time for sanples 1 and 2 fﬂdwﬂgxanple 1. [0012]Figure 2 is a
plot of solid percentage as a function of time for sanples 3-5 from

Exanpl evlereif ®01R], IR’ gandeR 3ningbathgisame of difistant andamayeichhindspragdentlpndomprscer age
nol ecul ar weight (Mz) for the sanples from Exanple 3. [0014]Figure 4 is a
pl ot ofant fiRylpgioagnin a6/i @upasdedivitines tth@Bo®for reeatbinationd iheecofor Tidgrasiaigpl es
from Exanple 5. [0015]Figure 5 shows transm ssion electron m crographs for

the sarpiRserlAQM RGB! BiaP-comprise a trimethyl substituted cyclohexane. The peroxyketal
may comprise 1,1-di(tert-butylperoxy)-3,3,5-trimethylcyclohexane. The vinylaromatic
monomer may comprise styrene, alpha methyl styrene, ring substituted styrene, p-
methylstyrene, disubstituted styrene, p-t-butyl styrene, unsubstituted styrene, or combinations

thereof. The elastomer may comprise a conjugated diene monomer; 1,3-butadiene; 2- methyl-
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(e.g., polybutadiene) suitable for use in this disclosure may be further
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DI ENE- 55 (D-55) and Firestone-645 (F-645), both of which are commercially

avai | ablig phft@m Firestone. In an enbodi nent, an el astomer (e.g., D-55) has
general ly the physi cal properties set forth in Table 1. Table 1 Properties

MM Na)‘[oﬂfﬁt I\/ngla%dl is a plot of solids percentage as a function of time for samples 1 and 2 from
Example 1.
[0012] Figure 2 is a plot of solids percentage as a function of time for samples 3-5 from
Example 1.
[0013] Figure 3 is a plot of molecular weight (Mw) and z-average molecular weight (Mz)

for the samples from Example 3.

[0014] Figure 4 is a plot of the percent solids as a function of reaction time for the samples

from Example 5.

[0015] Figure 5 shows transmission electron micrographs for the samples from Example 5.
DETAILED DESCRIPTION

[0016] 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.

[0017] Disclosed herein are methods for producing high impact polymers exhibiting a high
degree of grafting of an elastomeric material onto the polymeric backbone. In an embodiment,
the method comprises contacting a monomer, an clastomer, and a grafting polymerization

initiator (GPI) in a reaction zone under conditions suitable for the formation of a polymer
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M nimumtorque (dN,m 2.3 3.3 1SO 6502 Maxi mum Torque, S max. (dN, m

having a high degree of grafted elastomeric material (HGEM). The extent of grafting will be
described in more detail later herein. The monomer may be any compound capable of forming
a polymeric composition that also comprises a grafted elastomer. The polymeric composition
exhibits improved impact propertiecs when compared to an otherwise similar polymeric
composition lacking an elastomer. In an embodiment, the elastomer may comprise rubber, for
example polybutadiene. In an embodiment, the monomer may be a vinylaromatic compound,
alternatively the monomer may be styrene. Hereinafter, the disclosure will focus on the use of
styrene as the monomer, however other monomers of the type described herein are also
contemplated.

[0018] In an embodiment, a method for the production of the HGEM comprises contacting
the GPI with a vinylaromatic monomer. In an embodiment, one or more styrene compounds
are used as vinylaromatic monomers for the formation of the styrenic polymer and are included
in same as repeating units. Styrene, also known as vinyl benzene, ethenylbenzene, and
phenylethene is an organic compound represented by the chemical formula CgHg. Styrene is
widely commercially available and as used herein the term styrene or styrenic monomer
includes a variety of substituted styrenes (e.g., alpha-methyl styrene), ring-substituted styrenes
such as p-methylstyrene, disubstituted styrenes such as p-t-butyl styrene as well as
unsubstituted styrenes.

[0019] The styrenic monomer may be polymerized under reaction conditions suitable for
the formation of a polymer. In an embodiment, the resulting HGEM may comprise a styrenic
polymer (e.g., polystyrene), wherein the styrenic polymer may be a homopolymer or may
optionally be a copolymer comprising one or more comonomers. 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 HGEM (wt.%), alternatively from 5 wt.% to 99 wt.%, alternatively from 10 wt.% to 95
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Gavity wWO2hv@Bs@abilizer Type PCT/US2010/045831

wt.%. In an embodiment, the styrenic polymer comprises the balance of the HGEM when
other ingredients are accounted for.

[0020] In some embodiments, the styrenic polymer may further comprise a comonomer
which when polymerized with the styrene forms a styrenic copolymer. Examples of such
comonomers may include for example and without limitation o-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 for example and without limitation
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. For example, the
comonomer may be incorporated into styrenic polymer in an amount ranging from 1 wt.% to
99.9 wt.% by weight of the styrenic polymer, alternatively from 1 wt.% to 90 wt.%,
alternatively from 1 wt.% to 50 wt.%.

[0021] In an embodiment, a method for the production of the HGEM further comprises
contacting the GPI, the vinylaromatic monomer, and an optional comonomer with an
clastomer, also termed rubber. In such embodiments, the vinylaromatic monomer (e.g.,
styrene) and the elastomer may form a high impact polystyrene (HIPS). Such HIPS contain an
clastomeric phase that is embedded in the styrenic polymer resulting in the composition having
an increased impact resistance.

[0022] In an embodiment, the elastomer may be a conjugated diene monomer. Examples
of suitable conjugated diene monomers include without limitation 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 elastomer may be an aliphatic conjugated diene monomer. Without

limitation, examples of suitable aliphatic conjugated diene monomers include C4 to Co dienes
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[0023] Elastomers (e.g., polybutadiene) suitable for use in this disclosure may be further
characterized by a low vinyl content. Herein a low vinyl content refers to less than 5% of the

material having terminal double bo g esented in Structure II:
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Structure 11
[0024] Such elastomers may be prepared by any means suitable for the preparation of high
and/or medium and/or low cis content elastomers (e.g., polybutadiene). For example, the
clastomers may be prepared through a solution process using a transition metal or alkyl metal

catalyst.



Table 2 Properties L-231 Typical Value 1 hour Half Life, C 105 WD
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2
@25 C [0025] Examples of elastomers suitable for use in this disclosure include without limitation

DIENE-55 (D-55) and Firestone-645 (F-645), both of which are commercially available from
Firestone. In an embodiment, an elastomer (e.g., D-55) has generally the physical properties

set forth in Table 1.

Table 1
Properties | Min. | Max Test Method
Raw Polymer Properties
Mooney Viscosity 39
UML 1 +4 (100 °C) (MU) 49 DIN'53 523
Volatile matter (wt %) n/a 0.5 ASTM D 5668
Total ash (wt %) n/a 0.5 ASTM D 5667
Organic acid (5) n/a 1.0 ASTM D 5774
Cure Characteristics
Minimum torque (dN,m) 23 33 ISO 6502
Maximum Torque, S’ max. (dN,m) 16.7 213 ISO 6502
t1 (min) 22 3.2 ISO 6502
t'50 (min) 5.9 8.7 ISO 6502
Other Product Features Typical Value
Cis 1,4-content 96
Specific Gravity 091
Stabilizer Type Non-staining
[0026] The elastomer may be present 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. For example, the elastomer may be incorporated into the HGEM in an amount ranging
from 1 wt.% to 10 wt.% by total weight of the HGEM, alternatively from 2 wt.% to 8 wt.%,
and alternatively from 3 wt.% to 5 wt.%.

[0027] In an embodiment, the GPI comprises a compound able to abstract allylic

hydrogens and initiate vinyl polymerization. In an embodiment, the GPI comprises a gem-



Refractive Index at C 1.4392 @21C SADT (1) C Package Size 66 35 | bs cube
Flash Point F (C (SETA Flash) (2) 114F (46 C (1) Self accelerating
deconposiwpaniwesser at ure, ASTM UN Met hod (2) Fl ash poi rCTdst@omissed usi ng
a SETA tester. [0031] Such GPIs may be provided as formulations in the

absence solvent, . diluent, or filler and typically exhibit a storage life
t hat islﬂff#dr eaSPArAiienalEBRgSNFlYdhe QIPEHOIBPWMP%X%?% %Wm@cﬁ&f‘&gfaf Rt t her

conprising a solvent, diluent, or filler. [0032]1n an enbodi ment, a nethod
for thesphowyttStowtuwe Ikn HGEM conprises contacting a GPl with one or nore
vinyl aromati c nononmers (e.g., styrene), one or nore optional conononers,
and one or nore el astoners (e.g., polybutadiene, PB) under reaction
conditions suitable for polynerization of the nmononer. [0033]In an

enbodi ment, the GPlI conprises TMCH, Eﬁe vi nyl aromati ¢ nononmer conprises
styrene and the el astoner conprises pol ybutadi ene. In an enbodi nent, a

met hod for the production of thg HGEM coqpngﬁgs the di ssol ution of

pol ybut adi ene el astonmer (PB) in §Tyréh€”tﬁéf i's subsequently pol yneri zed.

[ 0034] The effective anmount of initiatior for use in the production of the
HGEM wi | | depend on nunerous factors}{gqg., tenperature, reaction tinme) and
can be determ ned by one of ordinary skill in the art to neet the desired
needs of the process. [0035] A styrenic polynmer produced using a GPl and

el astonmer of the type described herein may display an increased anount of
grafting of the el astoneric nateriafruatiredllconpared to a | ow grafting

pol yneri zation initiator such as di(tert-butyl peroxy-cycl ohexane) whose
cheni cabheéin BS] RiT, &’ ] sndstianay BesthStsime btidi€felént aM0Onay each independently comprise
2011/ 025695PCT/ US2010/ 045831 Structure V

an alkyl group; an aryl group; derivatives thereof; or combinations thercof. In some
embodiments, R' and R? may bond to form a 5-membered or 6-membered ring. In other
embodiments, R* and R* may be a tert-butyl, tert-amyl, or combinations thereof.

[0029] In an embodiment, the GPI comprises a trimethyl substituted cyclohexane such as
di(tert-butylperoxy)-3,3,5-trimethylcyclohexane (TMCH). TMCH is a chemical compound
having the formula shown in Structure IV:

{H,C},c—0—0_  0—0—C{CH,},

CH,

H,C

CH,

Structure IV
[0030] An example of a GPI (e.g., TMCH) suitable for use in this disclosure includes
without limitation LUPEROX-231 (L-231), which is commercially available from Degussa. In

an embodiment, a GPI (e.g., L-231) has generally the properties set forth in Table 2.

Table 2
Properties L-231
Typical Value
1 hour Half Life, °C 105




[ 0036] I n an enbodi nent,
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nmbodi ment, a

pol y merGNSBGRbHUCBEE SSROWH AS PEENYEdduct i on of an HGEM of the type di scl osed
herein conprising a plurality of
CSTR), also known as the prepol ynerizafion reactor, and a second reactor

(e.g., CSTR or

react or

plug flow.

reactors may have a first

r

eactor (e.g., a

[ 0043] The product effluent fromthe first
may be referred to herein as the



prepol yner. \Wen the prepol yner reaches the desired conversion, it my be
passed through a heating device into a second reactor for further

pol yrer i 280i20m/023¢%e8 pol ynmeri zed product effluent from tireTaASec@0m4388RCt OF
may be further processed and is described in detail in the l[iterature. Upon
conpl etion of the polynerrzatron reaction, an HGEMis recovered fromthe
second reactor and subsequent |4 processed fortﬁxanple devol ati zed,

pel l etized, etc. [0044]In an e the Ry al so conpri se
additives as deened necessary lﬁ t desrre srcal properties, such
as, increased gloss or color. anplesxef addiy mves i nclyhgs {hout
Iinltatron stabilizers, chain transfer adents, talc, antioxidants, W/
stabilizers, Iubricants pIastrcrzers ullt r a- vi ol et screeni ng agents,

oxi dant s, anti-oxidants, anti-static egénts ultraviolet |ight absorbents,
fire retardants, processing oils, nold rel ease agents, coloring agents,

pi gmentigogkyes, hf b EBBSHmaRdihE hﬁtl!ltbk% intfotRicad R RERALEQNRFhe %gg's{deee(ﬁlqﬁﬁﬁ/ be
used either srngularly or in combination to formvarious fornulations of

Lhe, COmaSihl.afin: HOhEAATREE wdhaPh] SE45 p0LoRAN 'o'ffﬁ%tlhglato? Q5L SRy be

enpl oy p pro € po C Composi atron due to
exposure to exc e te ratures and/ or wultravi ol The additives
ey be REWMBECTLY 9/cRC FoSH IR B ecfeagtina MRGEERY thaigs SUREGHSR aﬁrﬂﬁgzecdo npoundi ng
such as pelletization. Alternatively or additionally to the inclusion of
such ad@V37lvesiy an plesnaivg reapiodimpnt yfi;érlm@@ﬁlb@ﬁérbﬁ igffodued faGhRr/reastien zone
additives may be added during formation of the HGEM or to one or nore other
conponenyd diswibutcedHGENM. Hod 04ohflh dsanaidthr mayds addyd inealiqmas thded-c imroaoowdnt s
effective to inpart the desired properties. Effective additive anounts and

pr ocessgshd RactiohCions lapBifRfent fiReoRttsl bhd/WESifleRnP RICXITRNS 1if tiOpB@Sdtioh @fi$hear €
known to one skilled in the art. For exanple, the additives may be WD

2011/ Oﬁéﬁﬁﬁbﬁgl %?% RRRAY 6&%@9@@“&&@% bF o QP W n‘VQofrﬁ)e 50

. % ternati rom %to 4 % alternatrvelyfrom .%to 30

mr % bas d on onposrt odi nent ,

A styr anedBde B Hes Bt b e RaBTR e Tyt %ﬂ%wr%lsgﬂbsaﬂ&w,
may have a nelt flow rate as determned jn accordance with ASTM D- 1238 of
from 1.2F cg¢h gddifipn; %ﬂﬁwamfbﬁnlﬂltlatoarlrtéma%d W the rqaetrﬁnzzeleg/vm distribuiesl 9. 2
g/10mn., and alternatively from2.6 g/10mn. to 3.4 g/10mn.; a tensile
modul usaddigiode ey i fierdn jah leastome diddition wiloh XSTNG, DuEBE agfol fmefmatio progessG6 psi
to 2.68 x 105 psi, alternatively from2.22 x 105 psi to 2.32 x 105 psi, and
al t er ndbwvghfting rptyraeriZation 11batps imay ob2erdploxedl @S s@Ind cardy b@pSiin ehestastingt h at
yield as determned in accordance with ASTM D-638 of from 2400 psi to 5000

psi, alyiaatd gel or he @rﬁe%@&uealhe%&l ﬂﬁ%&%@@&%@d Akt et £4@eh2400
psi to 4100 psr an elongation at yield as determ ned in accordance with

ASTM 5’@%8[1 g‘-gf/qa&(ﬁtlgrp [{‘rag Ecﬁrfcﬂf&ttébrtgla Cr‘ééjsg 91‘1{%1518 ZQ%I Lhigihatively

from4 ensi er mned 1 n accordance

with ASTM D- 63 of.fron1 00 4800 .psi , alter trveJ om.3000. psi
to 45002 ?pgf%?ﬁafemrz Perni eeftgﬁa TS B! Ched P SSRGS e as
determ ned in accordance with ASTM D-790 of from 2. 07x 105 psi to 3.7 x 105
psi, althePRhmaybp pdipstedbpone of ordinagygkilt iy thie art to mept thegjeedsgafit prarsrsrl-ew from
2.5 x 105 psi to 3.5 x 105 psi; a heat distortion as determned in

accor damemplel titrodSTtdnDe 648 wifitidiorovm 18@cE 4dditROS nky bé tcemriedtduy elyythfrfomt 195 F
to 206 F, alternatively from201 F to 206 F; a Vicat softening as

det er maaeiﬂlohrbmﬁﬁrdialﬁfcﬂ tol ﬂH’zlseAﬁleEbtﬂ-5QﬂleOEorﬁ 3 MoA0shdFa tsecotdOaddition of
alternatively from200 F to 210 F, alternatively from 202 F to 210 F.

[0047]hﬁngﬂm§ﬂaqﬁbgﬁﬁ crsibR 6 SN Péggﬂged using a GPI of the type disclosed
herein may have 'a grafting percentage of greater than 80@6 alternatively

greater no Iternatr eI fro r.eat er than 10 96 qra 1in
er cent b8 9 ofigE 5k e FUERbE ek B, R B PRk B e
known in the suc t he | odi.ne Monoc r de C1) t|t atlon nethod
WO 201 HO0BBEYSPEHNESETS tb%%lﬁv %Oéélzssqanr()ﬁﬁ? ei%m bt mafepal s i8PbBuced
using a GPI of the type disclosed herein may have a swel | index of greater
t han 16b¢ reartien panei argirgeeys eqtipmenttedthQ 0y dasarded detcine Bevipes anitabla foamhc25%
Swel | index can be used to neasure the extent of interfacial bonding
(crosslinking) between polystyrene and el astonmer (i.e., polybutadiene).
Swel | index may be determined by taking a ratio between mass of noist gel
to mass of dry gel, as determned in accordance with ASTM D3616. [0049]In
an enbodi mrent, the HGEM may have a wei ght average nol ecul ar wei ght (My) of
greater than 200 kil oDaltons, alternatively greater than 270 kil oDal t ons,
alternatrvely greater than 290 krIoDaItons The wei ght - aver age nol ecul ar

"



where wx is the weight-fraction of nol ecul es whose weight is Mk. Mz is
related to polyner ductile properties such as elongation and flexibility.
[ 0051] ThewbGENI2pe9Sduced using a GPl of the type discl opet/userieionssany be
converted to end-use articles by any suitable nethod. In an enbodi nent,
this conversion is pl astics. shapi.ng process suc s.blo ul din

ext r usi GRIMYOHS &R hrdtadion atan W@{,)enﬁlnfee%:’t g § foy ?&Pﬁhdv,qfhout

t hermof orm ng, and the |ike. Exanples of end use articles into which the
pol yrrerlingitasion meptering systcms pyabcs inkies flow cppisellopackagi ng, of fice supplies,

pl astic |unber, replacenent |unber, patio decking, structural supports,

| am nat[@039] oor imgn aoEidserit] tho sotalpalopnedsfi iithoamtodbstdrtab ecacthe by datiibuged
surfaces (i.e., crown nolding, etc) weatherabl e outdoor WO

2011/ 0260 RGl4UE2 RLOARASEBS totaRhB6 Al oF  inifidioR tutiRfedPir £ BaSRnSd AN prodietion

di spl ays, housewares and consumer goods, building insulation, cosnetics

pac kagiﬂ?&eSQH.ted%giglé @dﬁhtﬁﬁi(@%ﬁ{ogs ,a?g&rg]})alﬁgbr%lcs ;gg@nf%ﬁgatfbfﬁ%@ nF&Sex(a. f, thd OF

deli, fruit, cdndires an p Jutensils, electroni¢ parts,

autonotive parts, enclosures, protective head ar, reusab i ntballs,
oye( ampinl SEtsaui et R affih chas oRReo 38 ot o SRRl
busi ness machi nes and tel ephone conponents, shower heads, door handl es,
faucet SheatelltBan Siohaldratyplyr greatgithamd Yoy /hen 6oPYRY (Q & gonvgREOA) PradpetEpn
[0052] 1 n an enbodi ment, an article constructed from an HGEM produced usi ng
a GPl qgfrodehe(iey pagitiadditiosbte tedust a comyareklhipblymesigationgdtei npact strength
greater than 2.0 ft-1b/in, alternatively greater than 3.0 ft-Ib/in,

al terngooagl y or eat@bodimant, hebpdlimédiation raastishetociorh Nk HGEM eegr hadagdedM t h
ASTM D256. EXAMPLES [ 0053] The enbodi ments havi ng been general |y descri bed,

the folduew RGoRXEMBE %s@?@lyﬁieﬁ%ioﬁsp@@ers&.i SHs@hoSARAGHIRNERo Rhot R &s bulk
di scl osure and to denonsftrate the practice and advantages thereof. It is

under st : I r Y - i ratj not
't enae s Rio] R EXER oS RrRLea R MHat it if Ind dhRE P b e B 2 4
[ 0054] Pol ynreri zation rates for the production of, crysta rade pol.ystyrene
usi ng ég © SIONORET AR CHRIYE BR aiep \H&?tq{oﬁﬁg}PéBPP %’éatﬂoé{)r@ "5t ai ned
with a low grafting polynerization initiator. In the first conparison, two
pol yst yr REMeHsHPR Brogessan pheghdhe mopemgary anddobyinferigptet injtigfors areslissolvahimpl e 1
was prepared using 128 parts per mllion (ppm) of TMCH initiator at a 92%
purity d enempnaneticstiquid pavend avotie hegithmg il ol yasrizaade heaptodry MEhd k@dd issi ng
the follow ng tenperature profile: 110 C for two hours, 130 C for one hour,

and  15QisGalfyodlscPNe N for tiRAeRllEnZpotseiireppslofet!si Ng the sane styrene feed
and procedure as Sanple 1 but wth 125 ppmof L-233 initiator. L-233 is an

et hyl i(t : - | J Lal | val from
i kore 31201 TFOBHRBERRIaBTRY) BirEhs i EDBLE} BP ERFLSAR, i B AaRhén
polynen'zat'on.rqte astneasur%p bﬁﬁthe sol i ds qrcenta%ﬁ4g§olids %. t he
amount B PEPICGEAPOHRLS) MAY OF PR Y6 A EE ¢ FRIYEQH PERUETMePPE B et i on
of the polystyrene honopol yner in the absence of an el astoner., The solids
per centPOGENSF RIS RMFEUOEHTHEY HYNEEFRAH P Plysghsoloragtps. Foscrimple,
solution (Ms) fromthe reactor and determ ning the weight of the sanple

af t er dbapolyaeiingomhesisw cearie [frigdrediusing di npflew redsorf Rehawisragd equditipen:
solids % = 100( Ms-Me)/Ms. Referring to Figure 1, higher polynerization

rat es ver the phshicti@tof ®polHartit eorhpositivnadraidizgloscdGhl U SsP&vNdeATE2 ky whidhi gher
% solids at a given reaction tinme when conpared to Sanple 2 which did not

con;aiqsﬁwggbﬂﬂahﬁnghg&ggﬁag%ith%ﬂ%egp!ynerization rates was | argest
during the first I20 m nutes of polynerization at 110 C and between 120 and

180 m [[g{r)&?l atem:@g[ aégfh-léggn{é)%aﬁ%etn et & ﬁggﬁeﬁgfon’[ Fi%%i)?ilem% v Jélh% Altd ti ng

initia escri resu I'n”an 1 ncrease

pol yneri zation rate. 056] I n the second .conparison, three HGEM s | es,
s onailalsasf LTl Ch o B PP BRE RRSTAHE e GO SO bR
conpri sing 4% D55 pol ybut adi ene and 96% styrene nononer. The batch

pol yneriohansryadonegticiamay &g catited gut in g dpgstar sysie@ rrieYing adfrstiangd secersk  t wo
hours, 130 C for one hour, and 150 C for one hour. Sanple 3 was prepared
usi ng Ipblympimaondén el that brcatiter adntudRly pinréd tank eseetors GASTR eodplugslow
prepared using 170 ppmof L-233 initiator, and Sanple 5 was prepared using
170 ppm of LUPEROX 531 MBO initiator ( L-531) as a 80% solution in mneral
oil. L-531 is 1,1-D (t-anylperoxy)cycgghexane which is a peroxide initiator
commercially avail able from Arkema. [0057] Figure 2 shows the polynerization
rate as nmeasured by the solids percentage as a function of reaction tine
for sanples 3-5. Referring to Figure 2, the final solids percentage of
Sample 3 was simlar to that observed in Sanples 4 and 5. This was an

T o " -, o o o - ~ o ~



[ 0058] The effect of initiator type on the Izod inpact strength of a HGEM
was investigated. Al sanples contained styrene nononer at approxinmately 96
wt. % andwo 2041/028698- 55 r ubber. Four sanpl es, desi gnat ed PEamsk@s/065831 9, were
prepared using TMCH initiator of 92% purity Ievel at | oadi ngs of 200 ppm
170 ppm 140 d 135 ppmre ctlvel ee sanp | es

Sanpl pdeagr \%F@% F@@%@Pﬁ@za@w@ e e Broaeh %@bﬁ?&%@&&ﬁ in

m neral oil at Ioadlngs of 200 ppm 170 ppm and 140 ppm respectivel

Sanpl e t1% disgossd digepieePnuisig 4 PlpRdity ¢ff repciers maythage p dlad ireagtosf(c..70 GSII),

sanpl es (Sanples 6-13) were polynerized as described in Exanple 1. Varlous
physi callsogmoparas ittespreml wetridatot teactor, hathh sccdniveraetod 61 gr @GS TR @r plugdloegr dance
with the appropriate methodol ogi es previously described herein and the

resul t o3y t alpud ayr@ailct Rffi@ht rodn H@dle RaSOFPhae belxtefeaﬂegrto fiteml gadhdngs
(PPm) O ACGels Swell 1ndex Product %l astoner a. 0,,,ra'dng /""" Gel-to-

El ast onReéndigfid. (hen thB/pkdbbiyf2 e R0 e dedired Mot 290, it may be passed through a

heating device into a second reactor for further polymerization. The polymerized product
effluent from the second reactor may be further processed and is described in detail in the
literature. Upon completion of the polymerization reaction, an HGEM 1is recovered from the
second reactor and subsequently processed, for example devolatized, pelletized, etc.

[0044] In an embodiment, the HGEM may also comprise additives as deemed necessary to
impart desired physical properties, such as, increased gloss or color. Examples of additives
include without limitation stabilizers, chain transfer agents, talc, antioxidants, UV stabilizers,
lubricants, plasticizers, ultra-violet screening agents, oxidants, anti-oxidants, anti-static agents,
ultraviolet light absorbents, fire retardants, processing oils, mold release agents, coloring
agents, pigments/dyes, fillers, and the like. The aforementioned additives may be used either
singularly or in combination to form various formulations of the composition. For example,
stabilizers or stabilization agents may be employed to help protect the polymeric composition
from degradation due to exposure to excessive temperatures and/or ultraviolet light. The
additives may be added after recovery of the HGEM, for example during compounding such as
pelletization. Alternatively or additionally to the inclusion of such additives in the styrenic
polymer component of the HGEM, such additives may be added during formation of the
HGEM or to one or more other components of the HGEM.

[0045] These additives may be included in amounts effective to impart the desired
properties. Effective additive amounts and processes for inclusion of these additives to

polymeric compositions are known to one skilled in the art. For example, the additives may be

13
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present in an amount of from 0.1 wt.% to 50 wt.%, alternatively from 1 wt.% to 40 wt.%,
alternatively from 2 wt.% to 30 wt.% based on the total weight of the composition.

[0046] In an embodiment, a styrenic polymer prepared as described in this disclosure (e.g.,
HGEM) may have a melt flow rate as determined in accordance with ASTM D-1238 of from
1.7 /10 min. to 15 g/10min., alternatively from 2.5 g/10min. to 9.2 g/10min., and alternatively
from 2.6 g/10min. to 3.4 g/10min.; a tensile modulus as determined in accordance with ASTM
D-638 of from 1.92 x 10° psi to 2.68 x 10° psi, alternatively from 2.22 x 10° psi to 2.32 x 10°
psi, and alternatively from 2.15 x 10° psi to 2.22 x 10° psi; a tensile strength at yield as
determined in accordance with ASTM D-638 of from 2400 psi to 5000 psi, alternatively from
2400 psi to 4900 psi, and alternatively from 2400 psi to 4100 psi; an elongation at yield as
determined in accordance with ASTM D-638 of from 40% to 70%, alternatively from 40% to
60%, alternatively from 45% to 50%; a tensile strength at break as determined in accordance
with ASTM D-638 of from 2800 psi to 4800 psi, alternatively from 3000 psi to 4500 psi,
alternatively from 3300 psi to 3600 psi; a flexural modulus as determined in accordance with
ASTM D-790 of from 2.07x 10° psi to 3.7 x 10 psi, alternatively from 2.4 x 10° psi to 3.7 x
10° psi, alternatively from 2.5 x 10° psi to 3.5 x 10° psi; a heat distortion as determined in
accordance with ASTM D-648 of from 190 °F to 206 °F, alternatively from 195 °F to 206 °F,
alternatively from 201 °F to 206 °F; a Vicat softening as determined in accordance with ASTM
D-1525 of from 200 °F to 220 °F, alternatively from 200 °F to 210 °F, alternatively from 202
°F to 210 °F.

[0047] In an embodiment, the HGEM produced using a GPI of the type disclosed herein
may have a grafting percentage of greater than 80%, alternatively greater than 90%,
alternatively from greater than 100%. The grafting percentage (i.c., % rubber) may be measured
using any suitable technique known in the art such as the lodine Monochloride (I-Cl) titration

method.
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[0048] In an embodiment, the HGEM produced using a GPI of the type disclosed herein
may have a swell index of greater than 16%, alternatively greater than 20%, alternatively
greater than 25%. Swell index can be used to measure the extent of interfacial bonding
(crosslinking) between polystyrene and elastomer (i.e., polybutadiene). Swell index may be
determined by taking a ratio between mass of moist gel to mass of dry gel, as determined in
accordance with ASTM D3616.
[0049] In an embodiment, the HGEM may have a weight average molecular weight (Mw)
of greater than 200 kiloDaltons, alternatively greater than 270 kiloDaltons, alternatively greater
than 290 kiloDaltons. The weight-average molecular weight Mw is given by equation 1:
Mw = > wxMx (1)
where wx is the weight-fraction of molecules whose weight is Mx. The Mw is related to
polymer strength properties such as tensile strength and impact resistance.
[0050] In an embodiment, the HGEM may have a z average molecular weight (Mz) of
greater than 400 kiloDaltons, alternatively greater than 450 kiloDaltons, alternatively greater
than 490 kiloDaltoms. The z-average molecular weight Mw is given by equation 2:
Mz=2wxMx*/ TwxMx ()
where wx is the weight-fraction of molecules whose weight is Mx. Mz is related to polymer
ductile properties such as elongation and flexibility.
[0051] The HGEMs produced using a GPI of the type disclosed herein 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
polymeric blend may be formed include food packaging, office supplies, plastic lumber,
replacement lumber, patio decking, structural supports, laminate flooring compositions,

polymeric foam substrate; decorative surfaces (i.e., crown molding, etc) weatherable outdoor
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materials, point-of-purchase signs and displays, housewares and consumer goods, building
insulation, cosmetics packaging, outdoor replacement materials, lids and containers (i.c., for
deli, fruit, candies and cookies), appliances, utensils, electronic parts, automotive parts,
enclosures, protective head gear, reusable paintballs, toys (e.g., LEGO bricks), musical
instruments, golf club heads, piping, business machines and telephone components, shower
heads, door handles, faucet handles, wheel covers, automotive front grilles, and so forth.
[0052] In an embodiment, an article constructed from an HGEM produced using a GPI of
the type disclosed herein may exhibit an Izod impact strength greater than 2.0 ft-1b/in,
alternatively greater than 3.0 ft-1b/in, alternatively greater than 5.0 ft-1b/in, as determined in
accordance with ASTM D256.

EXAMPLES
[0053] The embodiments having been generally described, the following examples are
given as particular embodiments of the disclosure and to demonstrate the practice and
advantages thereof. It is understood that the examples are given by way of illustration and are
not intended to limit the specification or the claims in any manner.

EXAMPLE 1
[0054] Polymerization rates for the production of crystal grade polystyrene using a GPI of
the type disclosed herein was compared to the rates obtained with a low grafting
polymerization initiator. In the first comparison, two polystyrene samples were prepared using
two different initiators. Sample 1 was prepared using 128 parts per million (ppm) of TMCH
initiator at a 92% purity level, and styrene monomer. The sample was batch polymerized using
the following temperature profile: 110 °C for two hours, 130 °C for one hour, and 150 °C for
one hour. Sample 2 was prepared using the same styrene feed and procedure as Sample 1 but
with 125 ppm of L-233 initiator. L-233 is an ethyl 3,3-di(t-butylperoxy)-butyrate which is

commercially available from Arkema.
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EXAMPLE 4 [0064] The effect of the initiator on the nol ecul ar wei ght of
HGEMs prepared using TMCH, L-531, and L-233 initiators was investigated.
Three sampbesii/de®sgnat ed Sanples 14 - 16, were prepar e@Cudisagoa4588CH
initiator at a 92% purity Ievel at | oadi ngs of 140 ppm 170 ppm and 200

ppm respectively. Three sa | ted npl es.. 17-19, .were . pr.epared
usi ng E‘E)‘S’?,Clt Howﬁiréﬁ P Ca@P%Fﬁ g’zégla{}@fq lipgo 1H8§’éﬂ““6FP“§E“‘PQ§£§H%%“@f 140

ppm 170 ppm and 200 ppm respectively Sanple 20 was prepared using L-233
i ni ti atborsimtlardinabspdidngersenta®ont fpyvar istiptpr wadingwas prepared using a mixture
conpri sing cunene hydroperoxide (CHP) at a |oading WO

2011/ 025695PCT/ US2010/ 045831 of 1BEXAMPLE2 L-531 at a | oading of 70 ppm
Al'l sanples further contained styrene and pol ybut adi ene and were

pol yner[oass] asTHESErchf inftidwrafpkeod - thd h@oa\ahqia&t e f ( MIGEM waver age
nmol ecul ar wei ght (I\/k) of the resulting polynmer were determned for these

Tabl o 4"Shey 6 Al Kn Rt e it ol AR pPRNEREN L el 1578

200 17 15 5§ 1bbelr Four samples, designated Samples 6 — 9, were prepared using TMCH initiator of
92% purity level at loadings of 200 ppm, 170 ppm, 140 ppm, and 135 ppm respectively. Three
samples, designated Samples 10-12, were prepared using L-531 initiator as an 80% solution in
mineral oil at loadings of 200 ppm, 170 ppm, and 140 ppm respectively. Sample 13 was
prepared using L-233 initiator at a loading of 170 ppm. All samples (Samples 6-13) were
polymerized as described in Example 1. Various physical properties as set forth in Table 3
were determined in accordance with the appropriate methodologies previously described herein

and the results are tabulated in Table 3.

Table 3
Sample Im;;arﬁ)r, L(();Srlrlz)gs %Gels [Swell Index 0 ]IE)f;)sclg:rtler %Grafting Eli:lotr?ler ( ftlzlgin) Izod Range
6 TMCH 200 12.8 17.1 5.83 119.1 22 2.08 0.42
7 TMCH 170 13.8 25.8 6.05 1273 2.3 5.10 1.57
8 TMCH 140 15.5 16.5 6.44 141.0 24 3.23 0.40
9 TMCH 135 153 16.0 6.34 140.5 24 n/a n/a
10 L-531 200 11.1 16.5 5.76 93.1 1.9 3.86 1.38
11 L-531 170 12.4 154 5.98 107.1 2.1 4.14 1.48
12 L-531 140 12.7 153 6.18 105.2 2.1 3.77 0.82
13 L-233 170 17.1 14.5 5.67 200.9 3.0 n/a n/a

[0059] The results demonstrate that samples prepared with the TMCH initiator resulted in
higher gel percentage and gel to elastomer ratio than samples prepared using L-531 but lower
than samples prepared using L-233 at similar initiator loadings. Malvern scans for Rubber
Particle Size (RPS) for TMCH initiated HIPS samples showed the presence of very small
particles < 1 micron: d(0.1) for TMCH initiated samples was 0.80-0.90 micron. The presence of

particles less than 1 micron usually leads to lower gels numbers because small particles tend to
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[0060] By comparing Samples 6-8 and Samples 10-12, samples prepared with the TMCH
initiator displayed a higher grafting percentage when compared to samples prepared with L-
531. However, the sample prepared with the L-233 initiator (Sample 13) displayed the highest
grafting percentage of the initiators investigated at a loading of 170 ppm. At loadings higher
than 170 ppm, both TMCH and L-531 showed overgrafting. Overgrafting may adversely affect
properties such as impact strength due to the formation of a large number of small particles.

[0061] The Izod impact strength of the samples was determined in accordance with the
previously referenced ASTM method.  Specifically, devolatalized samples were first

compression molded into sheet that were cut up for insertion into a differential scanning

microcalorimeter (DSM) heating chamber. Compression molding was conducted at 190 °C
with a pre-heat time of 3 minutes and a high compression time of 2 minutes. The DSM
injection molder sample heating chamber was set at 230 °C and a mold temperature of 60 °C
was utilized. Maximum injection pressure (6.5 bar) was used to inject the molten polymer into
the mold cavity with a hold time of 30 seconds. Referring to Table 3, higher Izod values were
obtained for all samples (Samples 6-8 and 10-12) when compared to the literature values for
other commercially available high impact polystyrenes such as TOTAL 740, 819E, and 825,

which have Izod impact strength values of 1.90, 2.20, and 2.00 ft. 1b/in respectively. In
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particular, samples prepared using TMCH showed unexpectedly high 1zod impact strengths
with values as high as 5.15 ft. 1b/in.
[0062] The polymer samples prepared using the various initiators show scattering of Izod
numbers from test to test resulting in wide ranges of Izod, as shown in Table 3. Referring to
Figure 2, the use of both TMCH (Sample 3) and L-531 initiators (Sample 5) led to higher
polymerization rate during the first hour of polymerization process at the inversion points 210
and 220 respectively (~10% solids), when compared to the inversion point 230 of L-233
initiator (~2.5% solids). The higher polymerization rates at the beginning lead to a rapid
increase in solution viscosity resulting in a heterogeneous solution, which could not be
sufficiently homogenized by mixing.

EXAMPLE 3
[0063] The elastomer particle size (RPS) of samples prepared using the TMCH initiator
was investigated. The RPS for Samples 6-9 from Example 2 was measured using a standard
laser light scattering device which was a MASTERSIZER 2000 integrated system for particle
sizing commercially available from Malvern Instruments. The results demonstrate that these
samples had a d(0.1) of 0.8-0.9 microns. D (0.1) is a measure of the number of particles
having a particle size less than 1 micron.

EXAMPLE 4
[0064] The effect of the initiator on the molecular weight of HGEMs prepared using
TMCH, L-531, and L-233 initiators was investigated. Three samples, designated Samples 14 —
16, were prepared using a TMCH initiator at a 92% purity level at loadings of 140 ppm, 170
ppm, and 200 ppm respectively. Three samples, designated Samples 17-19, were prepared
using L-531 initiator as an 80% solution in mineral oil at loadings of 140 ppm, 170 ppm, and
200 ppm respectively Sample 20 was prepared using L-233 initiator at a loading of 150 ppm.

Sample 21 was prepared using a mixture comprising cumene hydroperoxide (CHP) at a loading
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[0065] The results demonstrate both the Mw and Mz of polymer samples prepared using
TMCH and L-531 were higher than samples prepared using L-233 or the CHP/L-531
mixture.
EXAMPLE 5§

[0066] The effect of introducing the initiator via a distributed addition was investigated.
Specifically, the L-233 initiator was added in two additions to a styrene/polybutadiene feed.
In the first addition, 130 ppm of L-233 was added before polymerization to the feed and 70
ppm was added at 120 minutes reaction time. The resultant polymeric composition was
designated Sample 22. Samples 23-25 were prepared using a similar styrene/polybutadiene
feed however; the initiator used was TMCH which was introduced to the reaction zone in two
additions. For Sample 23, 77 ppm was added before polymerization and 39 ppm was added
at 120 minutes reaction time. For Sample 24, 50 ppm was added before polymerization and
65 ppm was added at 120 minutes reaction time. For Sample 25, 70 ppm was added before
All samples were

polymerization and 70 ppm was added at 90 minutes reaction time.

polymerized as described in Example 1. The initiator, amounts of initiator added, the order of
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EXAMPLE 6 [0068] The effect of the GPI concentration on the polynerization
reacti on and pol ynmer product was investigated. Laboratory batch

pol yrer i 280i2onm29@s5e carried out with the | evels of TMCRCramdimng4isadi cat ed
in Figure 4 and conpared with runs initiated with 200 ppm of L-233. The
standard te ture profile: 110 hours 130 C for one hour and
150" C TR DRe b UE Tk el PTG BF Yt yELUAnga Al YRCPSAPBIeY &7 FPAtA Y
Referring to Figure 4, TMCH tended to cause inversion early in

pol ymarT&% &t§-on process: specifically, the solids reached -10% (2.5x 4%
initial butyl rubber concentration, inversion point) at 60 mn into

pol yneri zati on process with TMCH andlahte 5120 mn wth L-233. Various
mechani cal properties of the sanples were assayed and the results are

presentied in Tabl € Gmpdabl € 6 Samil € 22233 | 1303¥0) PPm BWCH ([77+38) ppm
TMCH (60+70) ppm ik f=5+65) ppm TMCH.-140 ppm taamnpl ¢ #Tl@E1- §1- IrmcH
1161-81-2 1161-18ifiatet ahdinl piB1-3 1161-80- G0O 116 115 140
Order of init. addition 130+70 77+39 50+65 70+70
1zod, psi 2.22 3.25 2.75 2.78
Notched, STDEV 0.3 0.2 0.2 0.6
Tensile Modulus x10°, psi 3.08 3.64 3.24 34
Tensile Strength @ Yield psi 5739 6134 5709 5014
Tensile Strength (@ Break psi 5104 5810 5342 5354

[0067] The results demonstrate that the values obtained for the Izod impact (notched),
tensile modulus, and tensile strength at break for the samples prepared by distributed addition
of the TMCH initiator (Samples 23-25) are higher than those obtained for the sample prepared
with distributed addition of L-233 (Sample 22). The tensile strength at yield for the samples
prepared with distributed addition of the TMCH initiator (Samples 23-25) was within 15% of
the value obtained with the L.-233 initiator (Sample 22). Sample 23 demonstrated higher Izod
characteristic for higher rubber grafting in the polymer (HIPS) and was obtained with less total
amount of initiator than that used for obtaining samples 24 and 25, which makes this type of
staged addition with more initiator added at the beginning of polymerization a more cost-
efficient way to make HIPS. Grafting occurs carly in the polymerization process; so adding
more initiator at the beginning of the polymerization causes higher grafting levels. However,
initiator gets consumed during polymerization with the rate depending on the half-life of the
initiator. The second portion of the initiator was added when grafting and formation of rubber
particles had already occurred and serves to boost the conversion. These results suggest that a
first high-grafting initiator may be used in the first portion of the initiator loading, and a second

lower grafting ability initiator used later in the polymerization process to increase conversion.
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EXAMPLE 6
[0068] The effect of the GPI concentration on the polymerization reaction and polymer
product was investigated. Laboratory batch polymerizations were carried out with the levels of
TMCH loading indicated in Figure 4 and compared with runs initiated with 200 ppm of L-233.
The standard temperature profile: 110 °C for two hours, 130 °C for one hour and 150 °C for
one hour was used for both crystal and HIPS polymerizations. Referring to Figure 4, TMCH
tended to cause inversion early in polymerization process: specifically, the solids reached ~10%
(2.5x 4% initial butyl rubber concentration, inversion point) at 60 min into polymerization
process with TMCH and at 120 min with L.-233. Various mechanical properties of the samples

were assayed and the results are presented in Table 6.

Table 6
L-233
TMCH TMCH TMCH TMCH 140
Samee (1:?3?3?0) (77+39) ppm|(60+70) ppm| (55+65) ppm ppm
sample#  [1161-81-1  |1161-81-2 [1161-81-4 1161-81-3 | 1161-80-6
Break Type -| Complete Hinged Hinged . .
IZOD Notched Break Break Break |{nged Break| Partial Break
Izod Impact-
Notched (ft. 222 3.25 2.78 275 3.32
Ib/in.)
Notched
STDEV 0.3 0.2 0.6 0.2 0.4
Tensile
PS TENSILE |Modulus (psi) 3.08E+05 3.64E+05 3.40E+05 3.24E+05
Tensile
Strength @ 5739 6134 6014 5709
Yield (psi)
Tensile
Strength @ 5104 5810 5354 5342
Break (psi)

[0069] Figure 5 shows transmission electron micrograph (TEM) images of HIPS samples
initiated with 170 ppm or 140 ppm of TMCH or L-531 as indicated. TEM images of HIPS
samples obtained with perketal initiators showed mixed morphology: small core-shell type

rubber particles are mixed with salami-type particles. The proportion of small particles varied
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STDEV 0.3 0.2 0.6 0.2 0.4 PS TENSI LE Tensile Mdul us (psi) 3.08E+05
3. 64E+05 3. 40E+05 3. 24E+05 Tensile Strength @
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from sample to sample. However, while the patterns of rubber particles differ slightly, the
ligament length, the distance between rubber particles, is rather small for all samples.

[0070] 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
disclosure. The embodiments described herein are exemplary only, and are not intended to be
limiting. Many variations and modifications of the subject matter disclosed herein are possible
and are within the scope of the disclosure. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations should be understood to include iterative
ranges or limitations of like magnitude falling within the expressly stated ranges or
limitations (e.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 limit, 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*
(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.

[0071] 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
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Yield (psi) 5739 6134 6014 5709 Tensile Strength @Break (psi) 5104 5810
5354 5342 [ 0069] Figure 5 shows transm ssion el ectron m crograph (TEM

i mges ofwol2PB/madvpl es initiated with 170 ppm or 140 pprCo®fUSTMTIMIB81 L- 531
as indicated. TEM i nmages of HI PS sanpl es obt ai ned vvi th perketal initiators

showed mxd nor phol o s cor -sh eru r particles are m xed
with sd @Ebfr Pﬁ%énééhsc Age ﬁ% f?? &hﬁl%l SUPICEPERY 9f PR WO
2011/ 025695PCT/ US2010/ 045831 from sanple to sa I e. However, while the
pat t er rgdigion te Hiseambsdimends efthaiprdsent disclagheel yThetdigcupsiepapfemreleranstin not ave

di stance between rubber particles, is rather small for all sanples.

[ 0070] Winlisionathatats mimbaﬂitasrﬁmmedeawcﬁsddm, shmoiallandy ddsenddabat, may have a
nodi fications thereof

publication date after the priority date of this application. The disclosures of all patents, 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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nodi fications of the subject matter disclosed herein are possible and are
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elenent of a claimis intended to nean that the subject elenent is
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to be within the scope of the claim Use of broader terns such as

conpri ses, iTelmeesd ohauinng, wiekdn tiehaufitle pelyungietsdroniliaa phpvikeen gippor t
for narrower terms such as consisting of, consisting essentially of,
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the priority date of thisfappli‘cati'éi® The di scl osures of all patents,
patent applications, and publications cited herein are hereby incorporated
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ot her details supplenmentary to those set forth herein. WD

2011/ 025695RET RO IR/ 460G Rl M H0QUm! 8r BH1RYIHPGnd Fay kacfilBESAEhtly
conprising: contacting a grafting polynmerization initiator wmth a
conposition conprisi a vinylaromatic nononer. and. an el.ast.oner ungder

condi ¢ one <GB & A8x e PR ERR AR AT IO, e e attoEng
formng the polyneric conposition . into an.article wherein the article has
an |zod"| npéﬁle aethed gethclamm gr sdietsin theagragting pplymepzatioq, ptiatath gOissd ¢ of
claiml wherein the grafting polynerization initiator conprises a

gendi per oxi demethypsubsitipiedtcatiohexanconbi nati ons thereof. 3. The nethod of
claim1 wherein the grafting polynerization initiator has the general

formul &8 R2 TRie mefhdd- H3clhinO2R4havbiar e pefdkykdal, cdidprisand, IRf(tempubitpetdrg)-sane

or different and may each i ndependently conprise an al kyl group; an aryl
group; deri ved k¥gscthhRyE6hexaRs, COMbi nations thereof. 4. The nethod of claim
1 wherein the grafting polynerization initiator conprises a trinethyl

substi t yt ed C . 5. J f i erein: o) et a
comor 1 <85 °F GnARGK BR Eraicy 1 NGOG hyBlrafibl Mofortlecciuflisk D SREL IS, o
net hod of cl ai 1 wherei.n the vinylaromatic nomer conpr.j ses styrene,
al pha ot hy MY SEne, fing, SUtlited Syigee pynahasIs Ryt sosirehe, -
di substituted styrene, p-tbutgl styrene, unsubstituted styrene, or
conbi nat i ondutHsfyese, unsubstituted styrene, or combinations thereof.
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WD 2011/ 025695PCT/ US2010/ 045831 7. The method of claim 1 wherein the

el ast oner conprises conjugated di ene nononer; 1,3 -butadiene; 2- nethyl-

- but adi enwQ 281/e9sr o - 1, 3 but adi ene; 2-net hyl - 1, 3- butradivsee /045831

2-chl oro-1, 3- but adi ene; aI i phati c conj ugat ed di ene nononer; C4 to C9 diene;
but adi epe q510 ‘?’ré ﬁll elne MONONer ; E) I%buta i.ene, or

conbi nati ons Hfé?té% 1a‘ﬂ%é FRGdhS FlaxiP B HFAMpie ugied diSHE RIS
further conprises a conononer. 9. The method of claim8 wherein the
comononer conpbhigdisacinet- hyneshylr birdutadignegehahletp-4 8y rtwtaskiencal Rymethdl.3-
styrenes; acrylonitrile; esters of (neth)acrylic acid with al cohols having
from1l to 8 waddowrs2-dHoarbnlyl-botadipoeinaghatic ryphjogatbd zidre, momadreerc Gniny dig de;
conmpounds whi ch contain two polynerizable doubl e bonds; or conbi nations

t hereof 10. (o] e n t via
a first add| |ohrﬁ#an?%llet :;na or I;rjnrll}or%lfooﬁb %atog c}lg@e%gol%é{ﬁ@g b@ﬁgﬁg&eg%s&tjl on
and a second a d| tion of i.nitiator after phase inversion of the

conposi tion. QRS thstREd of claim 1 wherein the pol ymeric conposition
has a %raftl ng percent age of greater than 80% 12. The method of claiml
wher ei 8-t he Peimerted ef deirpbaihereonthsgempogiien furthetieompyiscyp samepompran 16%
13. The nmethod of claim1l wherein the polyneric conposition has a wei ght
aver age.nol exhel atethwdi ghtclaf §r eatein tharco200oiie! ebaptionss. ddncthyietyraathod of
claiml1l wherein the polyneric conposition has a z average nol ecul ar wei ght

of greater tRAAQ Kil-RRLIKIDSd sjfy":tene% 5@&1'39&‘111@0@%& sf @&t%&tyﬁg taélﬂ gmﬁl

grafting polynerization initrator With a vinylaromatic nononer

el ast oner uj tab r f

2011/ 028605t eRoB I HaELT ' Sttt dHE, LTRSS § mﬁzt%}%ﬁztﬁemst%% i ng
pol yneri zat i tiator c rrprls S a ero ket 16. . Th dof claim
15 wher ein taquww SOTBRRH “Eaélhp %egabwtl@tée aﬁﬂﬂ;ﬁ beiidsis  Biver
conpri ses pol ybut adi ene. 17 The nethod of claim 15 wherein the per oxyket al
conpri ses 1,combiatiens thpugel/| per oxy)- 3 ,3,5 -trinmethyl cycl ohexane . 18. The
met hod of claim 15 wherein the pol yrreri c conposition has a grafting

per centldge ofhegmethbéroftcdiram BGhercl® thoAnomraadtinglie cpred waedidy firkteadditidnoal of
claim15. 20. The article of claim19 having an |zod inpact strength of

greater thannidiafr plior tdPpHas® inversion of the composition and a second addition of initiator

after phase inversion of the composition.

11. The method of claim 1 wherein the polymeric composition has a grafting percentage of
greater than 80%.

12. The method of claim 1 wherein the polymeric composition has a swell index of greater
than
16 %.

13. The method of claim 1 wherein the polymeric composition has a weight average

molecular weight of greater than 200 kiloDaltons.

14. The method of claim 1 wherein the polymeric composition has a z average molecular
weight of greater than 400 kiloDaltons.

15. A method comprising contacting a grafting polymerization initiator with a

vinylaromatic monomer and an elastomer under conditions suitable for the formation of
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16.

17.

18.

19.

20.

WO 2011/025695 PCT/US2010/045831

a polymeric composition, wherein the grafting polymerization initiator comprises a
peroxyketal.

The method of claim 15 wherein the vinylaromatic monomer comprises styrene and the
elastomer comprises polybutadiene.

The method of claim 15 wherein the peroxyketal comprises 1,1-di(tert-butylperoxy)-
3,3,5-trimethylcyclohexane.

The method of claim 15 wherein the polymeric composition has a grafting percentage
of greater than 80%.

An article produced by the method of claim 15.

The article of claim 19 having an Izod impact strength of greater than 2.0 ft. 1b./in.
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