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"I NTERPOLYMER RESI N PARTI CLES" BACKGROUND OF THE
INVENTION 1 . Field of the invention The present

WO pws06396% rel ates to pol yolefin resin particl BET/URBIN4/041078

contain a Vi WNTENTBMMER MERerpAkat ci.gspol yneri zed
in the polyolefin matrix to forman interpenetrating
network of polyolefin - polynerized vinyl aromatic
nononer, e.g. polystyrene. More particularly, the

pr eBROKGROVEDt 0P MTHE| BVEENT TON nt er pol yner resin
particles that have little or no gel content; to a
professy{org R¥OAUd NG il er pol yner resin

particl <& IO RN (G Q%1 08 0@8%&:3?&8@&91‘%

i nterpolyner resin particles and a second pol ynmer; and
t o mesinl parmadeed ridmit heontan pal yheylr esomapgact i cl es
and/or fromthe aforesaid pol yner nposition...These .
ar TCPRUSHab BE TRt VT 5 FTocelst A PRCKALGIAS, TB g ix
shegd £XihUghOlnt & B3O £ ilhg IMEEWBLRS BENGolyolefin-
conpression nolding, injection nolding, blown film
extPosyBariand Wirektarejakts diOredftd Sheet

ext [ r - is 0
polé%?g%r%?eny%%rﬁtl C %)%%%rie §, té%cﬁ’gg%%&tyr ene,

i n jpoveethyhenelattes wxampterpd] PneParentinNparlig@ies
9,189 j ssued @o j tanmori and, assi neg t o Seki sui

KasEhE REREBULTERIS 16 S S5t SCPBEBECA pPoCeBIoFges for

pr ogusangiRg! et h:b/ﬂl*@éh?pélaﬁ%éh: peetifl gartIbRes; to a
polyethyl ene resin particles have a nelt index (M)

val el yheD. Sompra bt {To et 6he1ng19be0EnteZPed YRGF, a
Sg{‘%éi’n%ak@f&éé‘a&h&§3se%&?a 3,800, V! GAL sQf tening

articles made from the interpolymer resin particles

and/or from the aforesaid polymer composition.
These articles may be formed wvia processing
techniques, e.g. sheet extrusion, rotomolding,
thermoforming, compression molding, injection
molding, blown film extrusion, and direct-injection

foamed sheet extrusion.

2. Background Art

It is known to polymerize wvinyl aromatic
monomers, such as styrene, in polyethylene. For
example, U.S. Patent No. 3,959,189 issued to
Kitamori and assigned to Sekisui Kaseihin Kabushiki
Kaisha, discloses a process for producing
polyethylene resin particles. The polyethylene
resin particles have a melt index (MI) value of 0.3
to 10 (Condition I, 190°C, 2.16 kg), a density of

less than 0.93 g/cm® and a VICAT softening point

below 85°C. After the polyethylene resin particles
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bel ow 85C. After the pol yethylene resin particlesare
added to an aqueous suspension, 30%to 100% bywei ght

whasmsadedss t he wei ght of the particles of a styrPenes2004/041078

nononer and a catal yst for ol ynerizing the nononer

are added to the suspension, and the styrene nononer
is polynerized therein. Enbodi nents include adding a
cross-linking agent to the polyethylene prior to the

pol wirer kaaktoncand aqaééuble&bpgnbmsnDObm%thM|@0@° by
before inpregnating a blomnn% %ent into the
poIVéﬂHPFeﬁésﬁésPﬁ phet el ebtt off 6hm poafablles of a

I -
R R S e R PR R

par nbobesrgemer aibgdhavethegbugpbneadhentndi the bt9Bene
about 10%to 45% by wei ght. The gel content of the
fi n@P2PBSedSsha XﬂeEFFFéIEhéﬁﬁlﬂe agmﬁPéﬁm§§t809@F6Ude

80% ¥ 1 'QhEroggem15Q9H§habgﬁ§et8rEﬁé bb@?gghylene
pol yet hyl'ene -polystyrené résin foanms nay have

superiior thethel pelabekieptand eodghmness;- 1t hksegsahe
cha iL.CS e_these_resi es.unsui tapl e
BATLEERTILES BBES- L TRELLERARARAT &l B SR B HerEE

forTusSé In‘processes su

promasslnge polyeshetehenraslidi pgrsintest Be form
cross-linking effect _tends to reduce the nelt flow of
thegeaBaP%FcP@§Yﬁhhzﬁeaﬁf@@ﬁéntﬁérﬁﬂéé@§sabin|VyeUfof

the%ﬁepé%EEQL§§nk9n§hQ?ehEe RHRCHS ggeﬁ9ggg to operate

t he processi ng machi ne I'S I ncreased.
Thepméletfraveuresis pheteﬁ@ee ganeeaiég heseal high gal
surface irregulari tles s and rid

fur ther 8xanpr & ot 3I§§Pvgeﬁ§ Eglggﬁo yng?%ggg AThe
pol get hybanentesEntpar Eiahesrbsmeé@sshhped aﬂtiaménééﬁ
Pat ent No. 32623/ 70. Crossllnklng of the pol yethyl ene

res?ﬁ aﬁohyﬁﬁrﬁﬁaﬁpent@fBO’ by weight. Even though
these cross-linked polyethylene-polystyrene resin

foams may have superior thermal stability and
toughness, these same characteristics make these
resin particles unsuitable for use in processes such
as compounding, extrusion processing, and injection
molding since the cross-linking effect tends to
reduce the melt flow of these particles which
affects the processability of these particles in
that the amperage needed to operate the processing
machinery, e.g. extruder is increased. The melt
fracture is therefore increased resulting in surface
irregularities, such as holes and ridges.

A further example of polystyrene resin
polymerized in polyethylene resin particles is
described in Japanese Patent No. 32623/70. Cross-
linking of the polyethylene resin, polymerization of

styrene, and impregnation of the blowing agent are
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styrene, and inpregnation of the bl ow ng agent
arecarried out at the sanme tine. Since the

w@oboget39ys ene resin particles are cross - i nkeBCT/UR®04/041078

pol yet hyl ene resin particles generally contain a high
gel content, i.e. at |east about 24 % by wei ght,
meki ng these pol yethylene resin particles generally
unsui tabl e for polymer processing, such as extrusion,

i nj egki-9BaMB:€i BE, thboMamEi t MheandidbEeehel BheGEtAYlene
foamed sheet extrusion. If the gel content Is too
hi gheshar gaspocsepopheonareohe-sinkade Fbsurelwgthwlpoer

surf gual it Th [ .1 h I [ -proves
o bastrr PRt ateSr B FRa R G Ghiby 5B HECHEH T or

t heceaebhnery .ysedtt Depsocebsuthespel peweifht, making
exangle, extruders or injection nolding nmachines .

U. SthpareRPIXBLhY 1 9B2, bOBL1ASBAGRAEIEE BEREFALIE ectric
0. ukactanes expapdagher| prerBoLyNE! BeaAS,Eonprl sing
er resin and I

pol yphenyl ene et a polynerized viny
ar opEtirusmoneonenjsathoasmelgivge. bThenvEnyhn, arndaticect

nmononer | s polyneri.zed ip th resence._of

ol serrbeRonbeied: shech ot REFlRERfoe. hetbrngRl

ar ogBhtEnBDABMELOWLhESh| hBapal ¥pBepyEera ehhehet gub-gkBE
the interpolyner beads. Optionally, a cross-Iinking

ageHESPstandedn  ROBr ol A2 ageAual sty nt TBEuREACAREERT Of
pre re. the ther pppLaskk ¢t e d :
crogggl?ﬁ&?ﬁgrageﬁtQﬁaggb%gdﬁg?EE??FEpgﬁgx?Beggg-Bﬁ??l
cumpinppeagri degdddctioy| thernacénealyphagdatpharbisss

"5 b poBTGT pEPoxyTRIGneSs. F3u8Ea: Rt AYPCCD o8- ¢

(benzoykngemnaxyinexane, and t-butyl peroxy isopropyl

carbonate. Here again, when a cross-I|inking agent

U.S. Patent No. 4,782,098 assigned to General

Electric Co. disclosesg expandable interpolymer beads
comprising polyphenylene ether resin and a
polymerized vinyl aromatic monomer such as styrene.
The vinyl aromatic monomer ig polymerized in the
presence of a polymerization catalyst to polymerize
the vinyl aromatic monomer with the polyphenylene
ether to form the interpolymer beads. Optionally, a
cross-linking agent is added. A blowing agent is
introduced under pressure into the thermoplastic
resin beads. The cross-linking agent may be di-t-
butyl peroxide, t-butyl cumyl peroxide, dicumyl
peroxide, alpha, alpha-bis(t-butyl peroxy)p-di-
isopropylbenzene, 2,5-dimethyl-2,5-di(t-butyl
peroxy) hexyne-3,2,5-dimethyl-2,5-di (benzoyl
peroxy)hexane, and t-butyl peroxy isopropyl
carbonate. Here again, when a cross-linking agent

is used, the polyphenylene ether resin has a gel
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i s used, the pol yphenylene ether resin has a
gel content of at |east about 24% by wei ght. Since the

woreosiedssg)y of t he pol yphenyl ene et her resin i BCT/US2004/041078

anor phous, the resin generatly may have poor

envi ronnmental stress crack resistance (ESCR)
properties . U S. Patent Nos . 4,303,756 and 4, 303, 757
to Kajinmura, et al . and assigned to Sekisui Kaseihin

KogyenkahitskitkiatKaeaba dbselosesabgr aeaghtl.or Since the

produ0|ng expandabl e thernopl astic resin beads. The

pr oBeSPLERErT §&s thEs PEAUPRETYRSRE &GhesuFSRad dm 20%
i g 0 a p | ene

ond ot tyTols (e raRi LOBEREEAGRY KRV sl paRk

poIﬁmwamwnm@ataéssnrpastcmhek tEsSstRakent(ENGR)

4, 303, 751) and 30%to 80% by wei ght of a vinyl

ar oR&PPEdRSmer such as styrene; pol ymerizing the

vinyl atjopat bgr8RAOKBE . | b, $5€, P5€S8AQE40808, 757 to
pol ynmeri zati on cat al yst to graft t he V|nyI aromatic

mon&rdrimeiree elie 2backbdnesef gpslly srofpkdmel dageihin
opt i g@ ' ¥eab%%g i %aﬁr 2t 4iking ggg@%fc_e%s ol graf
y er S; an

t-copotyneri ze ic resinb
|ntp&d@mmﬁ@gae&bawdaglagehérmbpmabhecthe@ﬂnpbaaabc The
resi n beads. general the i nterpol yner resin

parPF@F@?SoFOPﬁé ﬁﬁﬁvéuﬁpﬁaﬁlﬁgt1§eﬁ§réﬂpﬁoéﬁemedlum

expandakle 7hheLPoRkaghtC okesal Rapabhi ebpp1hari-ngsa hi gh
gel content of about "10%to 45% by wei ght "in at | east
one Preprvaene ahd Ehhvﬁénétﬁ§rsln§ﬁ§ﬁ®§sN@boéb32&9Wbﬁ)

ich limts the.processabilit f th ads or
parglcpﬁgyﬁﬁ ﬁyggﬁ3eFFea i ACO " a ar?|cl ?iguc% ggngo

sheat, 308i,I7m7) et andt Boaugh poeceyswegghecbmlqueSnymch

as sheet extrusion, rotonolding,
aromatic monomer such as styrene; polymerizing the
vinyl aromatic monomer in the presence of a
polymerization catalyst to graft the vinyl aromatic
monomer onto the backbone of polypropylene; and,
optionally, adding a cross-linking agent to form
graft-copolymerized thermoplastic resin beads; and
introducing a blowing agent into the thermoplastic
resin beads.

In general, the interpolymer resin particles of
the above prior art generally are expandable
thermoplastic resin particles having a high gel
content of about 10% to 45% by weight in at least
one instance and in the other instances about 24% by
weight which limits the processability of the beads
or particleg when converted into articles such as
solid sheet, film, etc. through processing
techniques such as sheet extrusion, rotomolding,

thermoforming, compression molding, injection
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t her nof or m ng, conpression nol ding, injectionnolding,
bl own filmextrusion, and direct - injection foaned

wab@ste®ss r usi on. Al so, in general the interpoP@IVER2004/041078

resin particles of the priofr art are inpregnated with
a blow ng agent in a further suspension process to
form f oamabl e or expandabl e particles that are used
for foam nol dings . Expandabl e interpol ynmers of

pol yprnepybenelane Boliyery-uaiommt kadnoaarers -anhg cakson
di sclosed in Kent D. Fudge U S. Patent Nos .
4, 6222887 shegh7exfrugagnd, #9204710 gRBSKFALBARE OS] ak

et n , ~al f i.ch e
ass g e e PSR ST cop Sty PieEa sttt are
i nt empakeynmetednay the apbéparied) ageatdiingat dutthéer

teachi ngs of the aforesaid U. S._ Patent No. 4,303, 756.
The STHPETSPIERS CAPE FRdE ERp SRARBPLCDYY: FEPedHariRg
t hegawictib1asbkawingragentq e paehi mbesiage .expanded
under normal conditions for polystyrene particles to

| ow densiExpanfiphdecéhtesprdymgre Pdapelbprebydeneakindg

the i : yner a I |_o i.tion of, at
| oaBP SRR KRkt ge R alRohee A b R TEL HE R ota 8
| ubKeg@ND .amddeel U.sontaeknag®dt . Wai, ke 2naikntaiknieng, 134

orientation stress in the_final product_at a m_ni num

Si n@8% Re 6Pkt &rpol FREr 1PaPRirErsdast ethede Vafor £84F8 T

pat gRt s 4May 7be oBr epaned ragealgi Beet QslignelatenhcNantic
4,303,756, the interpolymer particles have the sane
| i nRi.ghifdrd doGpmpaat -i Ahelke dbseespdilyvessi mayobet he

| 756 _patent. in that the interpal r particles .
GonBFaPry Hada R AR 8 CConPeRtIiPIB Chpole 2E5ERFLa
wei ghs.. ThesatviNscbroken ,7aker ghky HBEcRPbl yGkes ake

i npregnated wiith_a blow ng agent in a further )
susPefisi 6¥Pproes PeprBBuEe PGaREbFBSBr VékPaRdREPE1NT
partiehes fehefBaMicles are expanded under normal

conditions for polystyrene particles to low density,
fine cell structure foams by viscbreaking the
interpolymers to a melt flow (Condition L) of at
least double their original value and adding a
lubricant and cell control agent while maintaining
orientation stress in the final product at a
minimum. Since the interpolymer particles of these
aforesaid patents may be prepared according to U.S.
Patent No. 4,303,756, the interpolymer particles
have the same limitations outlined in the above
discussion of the ‘756 patent in that the
interpolymer particles generally have a high gel
content, i.e. about 24% by weight. These viscbroken
interpolymer particles are impregnated with a

blowing agent in a further suspension process to
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nol di ngs . SUMVARY OF THE | NVENTI ON The i nventi on
overcones the above-described t di sadvantages of the

w@riosne®BE . The present invention provi des nonPCT/US2004/041078

expandabl e interpolynmer resin particles with a

crystal line norphol ogy and having little or no ge
content, whereby the processing characteristics of the
particles in fabrication equi pment for form ng

ar t ipdcRRices Fdanab Ishedt fpardabley Jaaaclics |78 Gt
The gel content ranges from about O to about 1.5% by
wei g, 3ﬁE§¥erably fromabout 0 to about 0.8% by

wei ght, and nore preferably, fromabout 0 to about

0. 5% by wei ght based on the weight of the interpolyner
par ey Tire THECANGEINTIEON ng tenperature of the

i nt erpol resin particles ran from about 900C to
POl Yo )2 ¥

about 11 At 19 FEECTTFe APy S Al

about; dhdalrft RRAMOBRHR GrlQ i, o (Condi t1on G

The invention provides a process for produ0|ng

i nt er pol yiker nr@ﬁantpamwwt@smmwﬁ naog)- espspaiadi ey

|n %t o 60% ht
! At et R SO & SRR ng

t enmerx@imﬂeagr edtide rhavhary Sﬁ&elamma rmelgejf lmtemtgbout

/10 mnutes (Condition_ I, 190 QC, 2.16 kqg); b)
i m“%% S RTAGRRS IR (e @F(F?éfjﬁtr%l@lsr}g’fo?‘l’c

pol w&fmerseslw R GhaSn uq g 1ot %ﬁﬁ%go
suspensi on from about 40 to 80% by weight of a vinyl
ar ormttiic hesnomercharss shseity mer |fzétm orr ifgan atier f or
Sg:ggﬁﬁ%?%%?eSI%a%$a lé@ﬂ%@%ﬁ %a%%%%m¥kaﬁ'éﬂdhé'53

about 1.5% by weight, preferably, from about 0 to

about 0.8% by weight, and more preferably, from
about 0 to about 0.5% by weight based on the weight
of the interpolymer particles. The VICAT softening
temperature of the interpolymer resgin particles
ranges from about 90°C to about 115°C, and the melt
index values range from about 0.2 to about 35.0 g/10
minutes (Condition G).

The invention provides a process for producing
interpolymer resin particles comprising: a)
suspending in an aqueous medium from about 20% to
60% by weight of polyolefin resin particles having a
VICAT softening temperature greater than 85°C and a
melt flow of about 2.1 g/10 minutes (Condition I,
190°C, 2.16 kg); b) minimizing or eliminating the
cross-linking of the polyolefin resin particles; c)
adding to the aqueous suspension from about 40 to
80% by weight of a vinyl aromatic monomer and a

polymerization initiator for polymerizing the vinyl
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particles; and d) polynerizing said vinyl aromatic
mononer in said polyolefin resin particles to form

W@ 200d/06398%r pol yner resin particles having a gePCT/ORL08#041078

rangi ng fromabout 0 to about 1.5% by wei ght, based on
the weight of the interpolynmer resin particles. The

i nvention provides a process for producing articles
with inproved processability and/ or ESCR

charaactert ¢ inndmerisiitch ihe: iy qeeissoldr therabgye
paragraph to produce interpolyner particles and using
t he%%ﬁ]’reﬁ’efﬁﬁﬂ ‘%OIW%MW@Q SCHMY f LREgomA Gl
as thagaess! ibedy Iﬁflejcﬂ AGE ALl Y aort(ajlcgfgé hes form
aspect of the invention, there are provi de

i nt efpics] yimere noesli ymeparte s re paponiprliesd g imm abaggl 20%
to 60%.by wei ght. of polyolefin particles and from

abou Onf(?vrfto B V%O _ PR5G ! Viterd vi mA by

ar ORRIightDIRABRIA & oMY GRe R I e have & Q8lymer

content, rangi ng from about to about 1.5% by wel ght,
bas&F Ot R BAS IfRt- of the interpol ymer resin

particl eﬁhé rirf\/l'é%t%iga\f:gg:ffo% ddhe %%%ceeeslsngeorrp égllgﬂ%jé}(jing

cross-linking of t yolefin i e
r esiartpgariteclveish sSmpimiveal pafoceldsnibidtiad; abH € axdee
acconpl i shed ,by .elimnati.ng the use of the high

t enperat i € S Ilﬁynﬁsrﬁga&é‘r?( broagssdilcurhfie above

per @exdeyd@h the RAINRlLhinte 9yl Yoty ane The

result is an interpolymer resin having a gel content

r andisig s rdRse Pertisheyy ineipgitmsas et corestiamanei ght

of ttlg%ﬂnqt%q{e%olmr resi articles. -This f.eature of

the 1 nvention in cor?]su%g]t%l%ndﬁst i eéi ihr?tre%’]ﬁ‘ol yner

parti cl echaxtidigioa £\l GAFuselieeniargcceneer aly anaReitAGn

from about 900C tq a%out 115C_and a ,
there are provided interpolymer resin particles
comprising from about 20% to 60% by weight of
polyolefin particles and from about 40 to 80% by
weight of polymerized vinyl aromatic monomer and
which particles have a gel content ranging from
about 0 to about 1.5% by weight, based on the weight
of the interpolymer resin particles.

In the invention, the degree of cross-linking
of the polyolefin in the interpolymer resin
particles is minimal or eliminated. Thisg can be
accomplished by eliminating the use of the high
temperature cross-linking agent, e.g. dicumyl
peroxide for the polyolefin, e.g. polyethylene. The
result is an interpolymer resin having a gel content
ranging from 0 to 1.5% by weight based on the weight
of the interpolymer resin particles. Thisg feature of

the invention in conjunction with the interpolymer

particles having a VICAT softening temperature
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resultant nelt index ranging fromabout 0.2 to about
35.0 g/10 mnutes (Condition G) inproves the

w@r@s®e®BNg characteristics or the processabi | PeUSL004/041078

the interpolymer resins. The interpolyner resin
particles preferably do not contain a bl ow ng agent
that is inpregnated in the resin particles through a
further suspension process. Therefore, the resultant

| Nt QLBRINIPTESSP IR I PhesAnpAe! 19¥PandaRl ¢ of
foamabl'e particles as those of the above prior art for
use J:Ierstﬂdmntrmﬂla:ﬂlmgmdexﬂmngurg potomrertbd@sin. 2 to about

partlcles re rall n nded to be used tqQ produce
art i ﬁro J%ﬁ"’g:oq n%q’ Hg TRARHEFURE such
as %Jmtes@gﬂgl%madﬂaﬁcgﬂl% r&l U o AL SO o F

corrpr ession nol ding, blown film ext ru3| on,
r ot ¢i¥st mn’&jﬂrmﬂmn e&siing-ecti on foarred sheet

ext rusi o at tion.an

fractur epr. H, srﬁe%eﬁt)poo% ayer % st Fr r%st t?éfegerably do

| nt erqtolqumianparat idlcasi ref ddentd e 1N inmt-demdised ias
[ ayer, in rrultl-layer structures. Unlike the

i nt é&’&o ’%%‘Fén ks FhRepi duher @yepension

i Nt @riRlayEr wéfecﬂc% OfcHNG - d AR ON RS RAS N

extruded into solid sheets, filnms, etc. and I nj'ection
mol dee im e eiridleseang Het reprrevethlslel ventf aeesiksliteance

redt art| ma olely f
poI%R Vi é:nr%%or pcﬁ ethyl %21 f%)oqu SXurdi af:gd fomdisse in
pr oEeiak &s;l@flﬁgjya artl cles fornmed fromthe
i nt erpol reS|n partlcles of the invention have
val ues t ReEieEh Hetfdde Drdties sFor Tar gegieaally

rradem%@n%de;a ftroorﬂeoc&@éa XoeRe R 1034 Jiald S Ehrquan o

forarticles made solely fr | ow-density pol
polymer processing techniques, such as sheet

extrusion, injection molding, thermoforming,
compression molding, blown f£ilm extrusion,
rotomolding, and direct-injection foamed sheet
extrusion at low power consumption and no melt
fracture. A sheet or layer formed from the
interpolymer particles of the invention may be used
as a tie layer in multi-layer structures.

Unlike the interpolymer particles of the prior
art, the interpolymer particles of the invention are
easily extruded into solid sheets, films, etc. and
injection molded into articles with improved solvent
resistance (ESCR) compared to articles made solely
from polystyrene or polyethylene. The flexural and
tensile properties of the articles formed from the
interpolymer resin particles of the invention have
values that range between those values for articles

made solely from polystyrene and those values for
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while the thermal and inpact properties approach that
of pure polystyrene . The interpolyner resin particles

wobkooslesomBsnventi on are particul arly advant ageouBCT/NS2004/041078

end-use applications such & solid sheets, foaned
sheets, foanmed boards, injection nolded articles,
barrier filnms, and as a tie layer in nmulti-Iayer
structures. In a nulti- layer structure, the adjacent

| ay exrtoiiclay ansdarcopeher Btdy 1od Yddwi©Pepolyethylene,
pol ystyrene or high inpact polystyrene. These forned
ar t i"BHel HatR ThRiFtRk P oErd dle PERSF ke s ririroach

di squssed ¢ nthe % aragraph. The interpol ymer
particles mrai;/ be 22%%9 12%%%1 ed to foam applications
wher e a Blitewi ng: eigerit ymesr nfexeich ipd: tdieegrodb £ ethe

i nterpol ymer resin rticles in conventional,K extrusion
f oar vge_%tq]lﬁ Nt Q% %L_@L?délﬁf @ﬂ%@d“_tﬁ%eé?u%rlﬁ cHHEdise
boarsghpti itdh t HH D VEh1e USHi Q1 0 Ak TPravgtt ESGR et s,
properties conpared to polystyrene foamed sheet or

f oa apsH i chit] erisiotu 1l deat eyt iNGl e, 16651089

P
| SSWH. 0 Vi . Kr-upi d A em cal,s | nc.
ass;ﬁglggﬂe ' oa%OeDeagesne etrl%Gl %R}fg%é i é@;@é els_ci:qary Tol Ui Hires .
and 18) za modrivieritd yenal s exidtisiagn e casm it relaiedbr
equi

pnent, which ma ﬁe used for foam applications of
{ he TS AT T ARV LRy (REGHAtGEEST OF
whi 6l A & g RSB -halel N B JLefRNLeNGe. o & 1es have
interpolymer resin particles generally are pellets
f or AP Oesh @F P stisipEh siush prooddssse whisshugeadd etrs tdree
t he I%%ré\&rﬁlge%a{gg&afrﬂﬂ.m sheet etc. through an
ext rusi on process,” or i1njection nolding or _
t her mof ormMengntEveqighet afrariadd mabyheslsRension
pr ocedss g%{1er al |y wei ght, bet ween about 8 .
adapted to foam applications where a blowing agent
is mixed into the molten interpolymer resin
particles in conventional extrusion foaming
equipment to produce foamed sheet or foamed board
with improved cushioning and improved ESCR
properties compared to polystyrene foamed sheet or
foamed board applications. U.S. Patent No. 6,166,099
issuing to Steven M. Krupinski (NOVA Chemicals Inc.,
assignee) on December 26, 2000 teaches in columns 7
and 8, a conventional extrusion process and related
equipment, which may be used for foam applications
of the interpolymer resin particles, the teachings
of which are incorporated herein by reference.
The interpolymer resin particles generally are
pellets formed through a suspension process, which
pellets are then converted into film, sheet etc.

through an extrusion process, or injection molding

or thermoforming. The pellets formed in the
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mlligranms to about 20 mlligrans. According to a
further aspect of the invention, the resin particles

woyshessssed for the fabrication of articles vP@r/us2004/041078

(extrusion or injection) blidw nol ding, injection
nmol di ng, rotonolding, profile extrusion, solid sheet
extrusion, thernoformng, and direct -injection foanmed
sheet extrusion. A still further aspect of the

| Nvenidmmé Sort Op s @l egen PR VIR IwSIO b t¥den about 8
conpr|3|ng the interpolynmer particles and a second

pol yierl KGianast o AR@thy3 @ fel bR st yrene. It is
t her ef or %c@é&&%ﬂyﬁgo of flﬂ?tl?é'lfsae eétnvc?f]tﬁlg? 1nq/'entlon,

provi de inter resin par es or ‘a po
conpudss trmmogqau‘tmlmﬁ trieey 1106t exgpnd ViR fiad tﬂaﬂ:ﬁﬁcattllajn

resul roved processability to formarticles
ﬁ[ %%é@@ C{Fﬁf%{%}qrﬁtq%sml‘?ﬁﬁ IRl Regybr
bar ﬁﬂcﬂrdﬁ{gar aﬁ{fédtsj‘tdrﬁnola{mggr ISR Y SI.CH 1 1 e

properties. It is a further j ect of the present
| nvERGIBE 1 preovd ide dhme @i%ﬂmlq‘resﬁrhqjamﬁqﬂmg hatnd

hav el ten an from about
t?laxlbéo%ét f%i)ﬁ%yoqu\eflo Cgast‘shee e>ﬁ¥e %le?‘gm of the
| nt er pol yATest i IElsi fiuiaren cs{@fectTlme:kadﬁdlrﬁtehﬁﬁcﬁbjl%CttS:

of the sent invention wil] be better appreciated
andﬂﬁ%}ér‘fﬁ DY HO LG P (FXRE LFANT (A si ngI e

Fi gun ARt a{zoamgssdecﬁfalaotge% b ARARNIR,

clainms. BRI DECRIPTI(]\I(]:THE DRAW TeFlgurels

a geaptyedivnians tanel mesitstynemen Conposition A and

omost A 8 B g aed searsiiotl Saengy {1 1bs

pol ystvwaranieyn Wi @grdwide Coreeaillynfr resin particles or
a polymer composition comprising the interpolymer
particles that result in improved processability to
form articles with improved ESCR characteristics,
improved vapor barrier characteristics, and/or
improved physical properties.

It is a further object of the present invention
to provide interpolymer resin particles that have
little or no gel content, i.e. ranging from about 0
to about 1.5% by weight based on the weight of the
interpolymer resin particles.

These and other objects of the present
invention will be better appreciated and understood
by those skilled in the art from single Figure and

the following description and appended claims.

BRIEF DESCRIPTION OF THE DRAWING

The Figure is a graph showing the results when

Composition A and Composition B are plotted against
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Conposition A and Conposition B . DETAI LED DESCRI PTI ON
OF THE I NVENTI ON The term "pol yol efin" as used herein

wa@ a005lesopol yet hyl ene, pol ypropyl ene, thernopl aBCT/xS2004/041078

olefins (TPO S), or thernopliastic elastoners (TPE S)
resins. Preferably, in the invention the polyolefinis
a pol yet hyl ene resin or polypropylene resin. The term

"polyethylene resin" as used in the present
spectbtaat Eaerand (Fhe appendedNAT@D)S vehEulEaRE WRight
include not only a honopol yner of ethylene, but also
an ePRYFEREAEEH0PINBPLY6HEESEE ofhdch dase SOmpERent, of
pref ebaby i8loheashnA0 Bk 10k @1 ethylene uni t and
a m nor proportion o nomer copol yneri zable with
et hyl ene, and a bl end of at | east 50% by weight,

1 : of the et hyl ene

Exanpl es @henee%em o@gg%fqﬁm é@blu%ew Lbret Aykbenepar e
vinyl acetate, viny | oride, propyl ene, butene,

hexeﬁ@lya§hyﬂﬁ@eacpélapaopvéea§bet@ermephastyblQlaénds

and | gster Iy hat na

Wit h ?E% §§hy§engngrgggﬁ%sn§r g? copoFyﬁengE QE r§ﬁ§ns

pol yreefeoabayi bie whehihtenEXafpkas gbeyolefin is a

pol y | en pol ybut adi ene, pol yi soprene,

pol y i Rat @n§eSﬁBIyV|nyl
BRIEFEVLRBE ERPORI AL BALBBFYBYASH

chlori de, TﬁeSE¥Eﬁnebgy&@ghﬁmgnQOE@EXHBras u¥%gyhn the

acet at e/ et hyl ene copol ymer, an acrylonitril ut adi ene
copopyﬁéﬁntaspeﬁyfehabnpueavdnyheaaepanéedopbhymsv is

S R L SR Rl N
but also an ethylene copolymer composed of at least
50 mole %, preferably at least 70 mole %, of an
ethylene unit and a minor proportion of a monomer
copolymerizable with ethylene, and a blend of at
least 50% by weight, preferably at least 60% by
weight, of the ethylene homopolymer or copolymer
with another polymer.

Examples of monomers copolymerizable with
ethylene are vinyl acetate, vinyl chloride,
propylene, butene, hexene, acrylic acid and its
esters, methacrylic acid and its esters. The other
polymer that may be blended with the ethylene
homopolymer or copolymer may be any polymer
compatible with it. Examples are polypropylene,
polybutadiene, polyisoprene, polychloroprene,
chlorinated polyethylene, polyvinyl chloride, a
styrene/butadiene copolymer, a vinyl
acetate/ethylene copolymer, an

acrylonitrile/butadiene copolymer, a vinyl



Exanpl es of pol yet hyl ene that can be advant ageously

enpl oyed in the present invention are |ow, nediunt,
wan@shsyss densi ty pol yet hyl ene, an et hyl ene vi Pgt/US2004/041078

acet ate copol yner, an et hyligne/ propyl ene copol yner, a

bl end of pol yet hyl ene and pol ypropyl ene, a bl end of

pol yet hyl ene and an et hyl ene/ vinyl acetate copol yner,

and a bl end of polyethylene and an et hyl ene/ propyl ene

copatlyneriddheippl yetbyheaecsesivnpay téekes wsgE-1911y
formthe interpolyper resin particles of the invention
hav@ZEIRrEed mRSCIRF ) 25F RPOYRTIPYIPne, Palylst adgtene

Conditd %Qreﬂ@&%??%%&%k?oé%#I ent to 11.9 g/ 10

m nut es urder 5.0 kg); a nunber
aver age mramles okipghlyefhPledOchat 66500& ; an
intrinsic viscosjty a% 75C in lene, of 0,8 to 1.1,

a dHETTYFBICUIH0 T 10527 01y it PTEIRRE ol pepfion are
sof tledi-ng rhIeh at Wi:ed Ik Egh Eded 180y 850G et b1 4R, an
enbodi nents herein, the polyethylene resin particles

hav & EWA ST St b m ¢t 2 eepeere of about 94C, a

mel t_,i ] nut e ition | , 190
e i S i U L e LT
undgroJC}‘;:ﬂtdiyJierre gand &S@lﬁmopfﬁégksg) ,a aobla:nlsiéﬁ/ of R
0. 919 ,_and a,weight of about 20 m I |ligrans.

Sui tp&ﬁ%/eeqqrp@%edb%sarr@ yef] ‘?/%]?W%?rg‘”(rlﬁﬂPBcﬁ’%a?%at

obt aidird Jueam NN Lhendcal e | NSy ailered e f g ade name
LA- 0218-AF. The term "pol ypropyl'ene rTesin" as used
her éthylenayanorl eemoterdiamenl y a honmopol ymer

ol ypr opyitond T e o T <O e g

and tarotilvere gl lyoleef i e s BN bartt el eOftiad 1wasition
have a melt index (MI) of about 2.1g/10 minutes
under Condition I, 190°C, 2.16kg (equivalent to 11.9
g/10 minutes under Condition G, 230°C 5.0 kg); a
number average molecular weight of 20,000 to 60,000;
an intrinsic viscosity, at 75°C in xylene, of 0.8 to
1.1; a density of 0.910 to 0.940 g/cm3, and a VICAT
softening temperature greater than 85°C. In the
embodiments herein, the polyethylene resin particles
have a VICAT softening temperature of about 94°C, a
melt index (MI) of 2.1 g/10 minutes (Condition I,
190°C, 2.16 kg which is equivalent to 11.9 g/10
minutes under Condition G, 230°C, 5.0kg), a density
of 0.919 g/cm’, and a weight of about 20 milligrams.
A suitable low-density polyethylene (LDPE) is that
obtained from NOVA Chemicals Inc. under the trade
name LA-0218-AF.

The term “polypropylene resin” as used herein

is meant to denote not only a homopolymer of
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50% by wei ght of pol ypropyl ene and anot her pol yol efin.
In the present invention, the other polyolefin

wo p@s06a®3s for exanpl e, polyethyl ene, an et hyl popUStooyb41078

acet ate copol yner, an ethyligne/ vinyl chloride

copol yner, an et hyl ene/ propyl ene rubber,

pol yi sobut yl ene, butyl rubber, styrene/butadi ene
rubber, polybutene, and polybutadiene . Simlar to the
t eaghi ayggl @fic Kapituadsoel BlockUcSpoPahent cBataining
4,303,757, the pol ypropylene resin can be used in

par tRCHYREPY bPRT Hreflr aBPynt aft Ak {erfAtob0&pherweight
flat j |l e havj [ r.of

A R R e S R T S e
of tHeEs ibnye aglomadf coobypnepyldhe anduahodher

pol yol ef i sed ip the invention ranges from about 20%
Do, St tobiny Wbh hie bRLEREBh HHESUErght bRorRbheT
| Nt QSPIOfYTEF irh AL RAEE | CEGS- chubDY! BEOPBELG1 BROONEY

is used in the invention. Exanples of vinyl aromatic
nonGHersl eney/ gy knece bt phacopel nyest yarnethylene/vinyl

et hylist vrene, r yrene rene
vinﬁ#?%%%%ne,c@@%@r@%%Ze%Q,e%ﬁ%f$§%%¥5%§Y§§&%ngubber’
The e Inpinastartsy Teye pebuiset ehbber, aboyeens /blitadiene

-adm xtyre. A mxture of at _|east 0.1% of the vinyl
aroﬁﬁ#ﬂ?ﬂﬁoﬁﬁﬂg%%ﬁﬁp%'ﬂﬂﬁ%ﬁ%?l¥%$%ﬁ@h%?$zab$ém #h to

i1, ich ascRoiyd OB tkdd fnu PR hyE SRt hgcgy! @%&en#}%a!
acrylate, or nmethyl acrylate can also be used. A's
used BT 7 t Héhe er PR YNF PiyY 1 em® net $ tn nomo nee " usednsn a

e W T

i s stpireares poi haterdzed paitldléheopabyml &f s mseshd a

P Snker B8 ABOE &Ts O o Ol G d e " B o 9©S
rapid absorption of the vinyl aromatic monomer.

The amount of polyolefin used in the invention
ranges from about 20% to about 60% by weight based
on the weight of the interpolymer resin particles.

A vinyl aromatic monomer is used in the
invention. Examples of vinyl aromatic monomers are
styrene, alpha-methylstyrene, ethylstyrene,
chlorostyrene, bromostyrene, vinyltoluene,
vinylbenzene, and isopropylxylene. These monomers
may be used either alone or in admixture. A mixture
of at least 0.1% of the vinyl aromatic monomer and a
monomer copolymerizable with it, such as
acrylonitrile, methyl methacrylate, butyl acrylate,
or methyl acrylate can also be used. As used herein,
the term “vinyl aromatic monomer” means a vinyl

aromatic monomer used alone or in admixture.
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from about 40% to about 80% by wei ght based on the
wei ght of the interpolyner resin particles. In

wW@ensnedo3s t he i nterpol ymer resin particles ar eP€DURBA4/041078

as follows: in a reactor, tihe polyolefin resin
particles are dispersed in an aqueous nedi um prepared
by adding 0.01 to 5% preferably 2 to 3% by wei ght
based on the wei ght of the water of a suspending or

di sper si nin agenémisoebmastwatre sohybl erbinghiaohesdhar
materials, e.g., polyvinyl alcohol, nethgllcellulose,
and RY$EEIYL Nat 8r SEBTanE ePPhvRgERFEINHL BRLAI Ehee. g.

cal ghamyphosphal e-of FROPESH UM pyrophosphate, and then

the 'vinyl aromatic nohoners are added to the
suspensi drhamnnpahynef | vedyl ngirdeathe pohypwtef rangesi n

particles to forman interpenefrating. network of

pol Oé?i?’?%‘ﬁ‘ﬂ_%@hy Oag%ﬂlé i%fe’ﬁo BnBrsghtpgased| Py ERY
of thei panvent teal hive KPOWMARDrEQIHOPL ¥ S e .
suspendi ng agents for polynerization may be enpl oyed.
These ageht sosirerakl | thaownt ¢rpehemart raatnnagrbecles

fre . y il L n rt. Water.is .
oo ARG e sl || ntbe BEL LB LSy i
3 tardmin nesrthateofatdedsspetrsad pal yol effisoparhéeles

added to the . aquegus suspensjon, on a weight basis.
Wer?ﬁ%&ﬁf?;}?ﬁér?g‘gw%no ofLthe %?nypr%‘df% P1¥ foRend:
IS oqmiStath Bdke @0bY MBhé 2681 YhOYbE A QUBFLELESEN, T S
uni formy di spersed inside the polyolefin particles

. Thesyamanding nt @F poeyeeng regent panth cheswabyr beoluble

020 RUSBEL Sl Ly OSVELDD L6185 PUEN 8

pr odueiing ardilhBSse) aahd] €TigRnl yokdtag, s€luble
inorganic materials, e.g., calcium phosphate or
magnesium pyrophosphate, and then the vinyl aromatic
monomers are added to the suspension and polymerized
inside the polyolefin resin particles to form an
interpenetrating network of polyolefin and vinyl
aromatic monomers.

Basically any of the conventionally known and
commonly used suspending agents for polymerization
may be employed. These agents are well known in the
art and may be freely selected by one skilled in the
art. Water is used in an amount generally from 0.7
to 5, preferably 3 to 5 times that of the starting
polyolefin particles added to the aqgueous
suspension, on a weight basis.

When the polymerization of the vinyl aromatic
monomer is completed, the polymerized vinyl aromatic
resin is uniformly dispersed inside the polyolefin

particles.
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wo orosiobédasred sheet via an extruder.

t hernof orm ng processes. A blowi ng agent may be
introduced into the interpolynmer resin particles to
It has beepCT/Usmd4/041078
by the inventor that unexpd8ted results are derived
when the interpolynmer particles of the invention are
produced wi thout a cross-linking agent. That is, in

t he suspension process no cross-|inking agent such as

a hi gh terperatsnetingt iaterpoby@erdiegmyl pRet 9Xide hay
added to the polyolefin, e.g. polyethylene or
pol jggﬁ HRARMRS ShHcBatRELpLf yoN ePFadpaingchesiat es neuch

Crosss |dikads, thead Ptéigeé}’”&ﬁdpﬂi' clg% ga%{l‘% &l Yuder
little or no gel content, i.e. a ge conten rangrng "’
f r ommaboutprdwc twua rii&¥es pred eiahbyt i comabauhg P &8

abo 0.8% by weight, and nore preferably from about O

to aucg“oe m?f%%?&lo%g &%]F%ﬂ‘??sﬁﬁsed gnb{‘ﬁ%l‘&%i YBEbf mayebe

par tirdesiudde MECAT: 56f 1 8P RS- GADET ALYLS E)th%%%ecstto
0

interpolymer resin particles ranges from about
abodtorin & @nethEhret ey bl §n fevhradeout 90 C and about

105 C . V| ity [ rpol yner_particles of
the i nve-r?tzf%a{%gl?%e%u%cg%n%o at?ktéeg ?%v Re°F n‘?lé?‘?‘)ol yner
par tirchgseafed heeguitos aré dewlvngd rehahi vied it dhodBmer
content., The reduced viscosjty results_in inproved

pr o&ES GG Shatad i SRTERE HPH e RSabReed ywbEhetre @
par drdees 1Seiag Retder apadd tys shaped,ardigless £an

be manufactured byextrusion and/or by Injection
pr o PESSES Sa Qi s ei ey madoyesudin as i rietgh

) PO LS, 8 Do Ag STl T b,

par tidclegs taf tte goivesté®int e.g. polyethylene or
polypropylene. Since the polyolefin particles are
not cross-linked, the interpolymer particles have
very little or no gel content, i.e. a gel content
ranging from about 0 to about 1.5%, preferably from
about 0 to about 0.8% by weight, and more preferably
from about 0 to about 0.5% by weight, based on the
weight of the particles. The VICAT softening
temperature for the interpolymer resin particles
ranges from about 90°C to about 115°C, and
preferably from about 90°C and about 105°C.

The viscosity of the interpolymer particles of
the invention is reduced compared to the
interpolymer particles of the prior art having
relatively high gel content. The reduced viscosity
results in improved processing characteristics or
processability of the particles so that better

quality shaped articles can be manufactured by
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produce a foaned article, such as foam sheet, foam
board, etc. Suitable blow ng agents include aliphatic

wohyasocmshons such as n-propane, n-butane, i SOPOTUAL84/041078

n- pent ane, iso-pentane, n-Heéxane, and neopent ane,
cycl oal i phati ¢ hydrocarbons such as cycl obutane and
cycl opent ane, and hal ogenat ed hydrocar bons such
trichlorof |uoronethane, dichlorof |uoronethane,

di chd:oroakfoh uanapbhape, iahketoehf pkrueegaeEhare gaRdussed
di chl oroetetraf | uoroethane, etc. HFC s such as tetraf

| uortSBE P2 PAYE L uor oet hane or HCFCs such as chl or odi f

| uoroet h : sed. i may be
used ol ondtof LiPELPERiIbisE BoaMing BEBHLBSTTY, pe
bl oV Ingw age ndgest i map bangetebdabedt i2tboaaheltehbmbys
meig? ased on the weight of the forned Lntergolyner

I

par t S THECERRCYPFE PYPRLCORSPOWFRE igERRSigheto

t augitodutd). $. £ Eh&At aNOi ¢ Be 958udBIast REahearBERISF QLY
whi ch are incorporated by reference. Preferably, the

i nt APFHYNeRt ¢ esi Fupbrblel bouivgnagenhpr égnatidd with

t he bl.qwi ng. pension_process, instead, the
bl o i ert oo PROSh Be PP REDPaR ! f BaRre
pr odiuct-Souttare canviesht anal BOApEnsAfde] Nnahexane, and
conventi onal extrusjon_process, nore about which is

di sARERAP IR rCuFLeF11PhpE be cR¥IF a2 pPBRECFHER AR

i nt e RAlBY aRr4:h & | 8pc PbpLhehBVeRh 0Nt Sgenated
conveniently carriedout as follows. The po?yo &fin
par thivdrac kot spedld et § chhorafleousmatdanm

Con 1A, 55 aRHLSL g 2058 o The 4L pESL S4B, 2T

et kyHleetddd fisesroid charie paesphat e, magnesi um

pyr%ﬁﬂ%ﬁﬁgggé%eéﬁgéﬂéggoethane, etc. HFC’s such as
tetrafluoroethane, difluorocethane or HCFC’s such as
chlorodifluoroethane may be used. These blowing
agents may be used alone or as mixtures.

A preferred amount of the blowing agent is in

a range of about 2 to about 15 by weight based on
the weight of the formed interpolymer particles.
The specific types of blowing agents are taught in
U.S. Patent No. 3,959,189, the teachings of which
are incorporated by reference. Preferably, the
interpolymer resin particles are not impregnated
with the blowing agent in a suspension process;
instead the blowing agent is added during the
formation of foam products in a conventional manner
and in a conventional extrusion process, more about
which is discussed herein after.

A process for producing the interpolymer

particles of the invention is conveniently carried
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wohaesadedss t he anount of water.

carbonate, trical cium phosphate, etc. The anount of
di spersing agent enployed is 0.01 to 5% by wei ght
A surfactant nmapChbes2004/041078
added to the aqueous nedi un?y Generally, the surfactant
Is used to |l ower the surface tension of the suspension
and to help emulsify the water/vinyl aronmatic nononer
mxture in the initiator and wax m xes, if used. The

aquenuts aedf ol ows genehal pylheatednt pagttenpar akure at
which the yiny| aromatic nononer can be polynerized,
i . e SYTRIRSEO LN 600 G EBeaBB URed2BCCeRER 1aLBEr Rod of

tirﬁaiéﬁgréﬁ%%qéﬁénéz tep 20409 E%ﬁigﬁggggﬂgs?%é F%hfgor

hour period, The vinyl aromati n r-an

t enpetanke, ipplyatoys dbcopolyneetbyhgellhelwsayl calcium
aronati ¢ rm'inomer are added to flhe gesulti ng suspensi on
cont I R 1he PRIVOT BT P parPeFREAEFs pERIEG Fher ei n.

The&%ﬂﬁﬂﬁﬁﬁéﬂStﬂﬁdab@i@ﬂd@ﬂo%%ha@é,Ogﬁcgi@Ee Qhount of
gradually in small portions. e suspension is cool ed

to rodciRYETART ARt Tmeleviedr psl gnel par bkcbeswaight
aci qifd &g 5,0 E}?goéfrgoéﬁl{fgfewégég(?nd' ng agent,

dewat ered, screened, and dried 1h a fluidized bed
dryer. PH yerizataon odytbe sdagl asothti equesaeser

occurs.in the, polyolefin particles. Exanples of
sui 5 ni tci}‘grf%%% ¥l SrHhArEaper dRyuEsApbanbgver

SUCRIRS NEFMNdLasSenPBERXYE CERO0BARLEENENEGNPERESES Belp
Typi cal exanpl es of these peroxyconpounds are C6-20

acy|eTpeErohd idshe strtrasv Herhnaybmpbl oxindeondenrbyture in
per axj de, .. a xide, . octanoyl peroxide, stearyl
per ?)ﬁled gﬁnlptzlrl%g%ﬂé r%% 3“6%:% EEES bﬁ%ly\lg%%r btﬁ? o%‘?‘é‘?oug
t - butediperiac efaaierall pUigdt PRIt SOQUE ¥hpéLature at which

t- blg}%H pe,rn(%/g&y 2- et hy| hexyl

e vi aromatic monomer can be polymerized, i.e.

from about 60°C to about 120°C over a period of time,
for example, 12 to 20 hours. Over this 12 to 20
hour period, the vinyl aromatic monomer and the low
temperature initiators for polymerizing the vinyl
aromatic monomer are added to the resulting
suspension containing the polyolefin particles
dispersed therein. These materials may be added all
at one time, or gradually in small portions. The
suspension is cooled to room temperature. The
interpolymer particles are acidified to remove
surface suspending agent, dewatered, screened, and
dried in a fluidized bed dryer.

Polymerization of the vinyl aromatic monomer
occurs in the polyolefin particles. Examples of
suitable initiators include organic peroxy
compounds, such as peroxides, peroxy carbonates and

peresters. Typical examples of these peroxy
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carbonate, or conbinations thereof. Qther initiators,
different from peroxy conpounds, are also possible, as

wo evosesePpl € a, '- azobi sisobutyronitrile and PCT/US2004/041078

azobi sdi met hyval eronitrile18 The initiators are
generally used in an anmount of about 0.05 to 2 percent
by weight, preferably 0.1 to 1 percent by weight,
based on the wei ght of the vinyl aromatic nononer.

Thesenpititridd Giise MY, Hedyde patanela, | fusaodi naddaoyl
of two or, pore initiators. These initiators can be
dlsgﬁFvg&qQYt@ﬁ?@ﬂXﬁdp%ﬁQﬁﬁﬁ?c hORBREL sPerprkEfcare to

b I b 8S.
oo b i a0) oL el LB, TR,

3, 968, I&@mfﬂﬁapewbemumﬂeepam yet vl ssekaedtatea t-butyl
solvgnt ?) |ngh§de t ol ene genz e and 1
. 2- BEEAISS =5 he S?Bhy BRY¥Eri zati on

is @a&blcﬁdatﬁlt cb:fl dcmom&@;e@x@@ ©he BHSPENGLRBr
stabilizers. 'Sui t abl e suspensi on stabilizers are well

knowh1fd e sar tdidifde estpri sem orgapke sombpinder sare
such; as, eg%symg]@y' salfooﬁoégam%?ee'&“&e, agar,

pol yvi nyl™ pyrr 'di ne acryT am de; i norganic
st abebbzerisolsughrasi tat iig nepd beadlohst e, nagnesi um
sili,cat surfactants, such as sodi um dodecyl benzene

sulﬁﬁwg%@ YVEH SRS, | ke tricalciunphosphate
di sodi unfiydy aaen phosphalee Qptdenald yug@dcmbaﬂaémeu%t

Wi th an£ of the stabilizing conpounds nenti oned
ear PferoOe Carfifuritco & pstrdsnt Zey myglstu tabéfevably 0.1

0 0
&;?g ?ESE;E%EQQé%)OUS ﬁﬁ%se O/ S?y &3 Velggrt?glthe
andrbonyflheromatic monomer.

These initiators may be used alone or in
combination of two or more initiators. These
initiators can be dissolved in the vinyl aromatic
monomers, which are to be absorbed in the polyolefin
particles. These teachings appear in the aforesaid
U.S. Patent Nos. 3,959,189. The initiators can be
dissolved in a solvent. Such solvents include
toluene, benzene and 1,2-dichloropropane, etc.

The suspension polymerization is carried out in
the presence of suspension stabilizers. Suitable
suspension stabilizers are well known in the art and
comprise organic stabilizers, such as poly (vinyl
alcohol), gelatine, agar, polyvinyl pyrrolidine,
polyacrylamide; inorganic stabilizers, such as
alumina, bentonite, magnesium silicate; surfactants,
such as sodium dodecyl benzene sulfonate; or

phosphates, like tricalciumphosphate, disodium-
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i nterpolynmer resin particles of the invention may
contain an anti-static additive; a flame retardant; a

wa@oedosnesyss or dye; a filler material; stabilizerPeT/uszd4/041078

pl asticizers, such as whitd%oil. The interpol yner
resin particles of the invention may suitably be
coated with conpositions conprising silicones, netal
or glycerol carboxylates, suitable carboxylates are

gl ybhgtalogamehoshatednd dpt 1 SAERIAL €n EbABiSLEARAL Gith
cal cium st earate, and npgnesi um stearate; and m xtures

t hePEYT ORI Bk Stk cHpmpRevRieEenbjonedt ﬁ@séler.

di sc kI
L CEt T, e 0% S o L LR e

canaboatagpldlé%d o At g e0podbyneeiglesj nbpaetli eheshe
vi a_dr. oat or via a sl or solutionin a
readrt oﬁ’q%eng A9 i Eﬂ"?/%?l ous types of batch
and cont lmi@lﬁolry@qémud%p@fclé@e £04ybAg-REds in
transferring the interpolynmer resin particles easily

thréHﬁﬁﬁHﬂiXmQﬁxﬁﬁﬁlﬂgRﬂﬂﬁ%ﬁﬁ#ﬁ offhieh¢ nieygot yoermay
(oo bBnPal Che I SUNA L LI 200 L Va8, SUED BSane

charn transfer agents, sSuit e ‘exahpl es
C2_a5ca>lllqﬂantercoapiy&n;s a Siichl s i tkOLleLY | sﬁ@é]@ﬂpiﬁ@rs;
t-dod é} rcaptan t butyl nmercaptan and n-butyl

t

mer 88 SZuEh R Pkht aphenyl ~ et hane

and the d%@ﬁ&ﬁﬂéf@dﬂ?ﬂéﬂ fgéﬁﬁﬂﬁhr@EbY@gloﬁsahe
nucl eating agents, suchas pol yol'efin waxes

pol ¥BVentsopaxey, suidalgor yes m@@d wal ide sqotpwel aions

o e BRI AR SR g e b e

nat caxbbixyd ageant Istq)t’Lt@flea Qﬂaﬁkﬂ:}%;ﬂ%é&’ Aed g@lycé@éfd

on the anount of resin conposition. The interpolyne

resWﬂnﬁartl |e§uﬁh§11 stearate, zinc stearate, ca101um
stearate, and magnesium stearate; and mixtures
thereof. Examples of such compositions may be those
disclosed in GB Patent No. 1,409,285 and in Stickley
U. S. Patent No. 4,781,983. The coating composition
can be applied to the interpolymer resin particles
via dry coating or via a slurry or solution in a
readily vaporizing liquid in various types of batch
and continuous mixing devices. The coating aids in
transferring the interpolymer resin particles easily
through the processing equipment.

The interpolymer resin particles may contain
other additives such as chain transfer agents,
suitable examples including C,.;15 alkyl mercaptans,
such as n-dodecyl mercaptan, t-dodecyl mercaptan, t-

butyl mercaptan and n-butyl mercaptan, and other

agents such as pentaphenyl ethane and the dimer of

o-methyl styrene, as well as nucleating agents, such
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also contain fromO0.1 to 0.5% by weight, talc, organic
brom de - containing conpounds, and pol ar agents as

wale®snsivesl in e.g. WO 98/ 01489 whi ch conpri se PCT/US2004/041078

i sal kyl sul phosucci nates, sa@pbital-C 8 - C2o0

car boxyl ates, and C8 - C2o- al kyl xyl ene sul phonat es.
The interpolynmer resin particles may be used in

extrusi on processing. For exanple, the particles nay

be fedpoitolatfiexieites, arkk thehyexéfudegaassa $ingle
| ayer _.or co-extruded into nulti - |ayer structures,

e. g.poéﬁ@é’?‘}’&?n?i VATt i |3, Vel Phbvrvigragennokagubar
for Rt g et p il p ' 0 . XLruder
and S PR og 2RODEE pE D PORLR S ChR SRR Y
f ur dheridedbblirneahs thehedInerpohaet = r&si 8 gasht ctesof

may .be_used,_ip,injection nolding. or be )

thePofobfed- Pt BY dae 'sin?e%diorhn@‘/‘?raWﬁ%‘ﬁm&ePf resin
knowdmpbest Bess . Skthleed die el Aldr Abd 88 NGLIVELYesala
extruded sheet or film produced fromth.e mterpo?yrre

r esPhSPaFPREREB FaPTHE Usdd 5 & thie wedehti ntaloul ti -
| ay diife . A CO- ext.r US| ocess  m e

enp Igg v éé‘a\%hié?étlﬁ ﬁdfé\h g:%ln%elrnp%g‘llgi nr%%a\c;?‘l;prCé%ri1 nn a%llf“ﬁ) FE%r e
ext pgdatdsbetwéescshéeis iof d.rRe.omEAtdI Dl @99 VRIS €. 9.

a sheet nmde,of  polystyrene o r pol ystyrene and

UbBEFPEAS LA B L POl e (WPl i = oo -

sheetrpBfe1 8t 90l yakhy enec, )&qr]%%}giélrill%]gs&i%&Bfgges .
IS

adhesion tothe multi - 'layer structure.
hypot hestF2edinherpPReames! yetstiyl epetriesies imayt Hee used in

S BRERLUIES £ oeBart©L 85, 5AeR 2 Sl L. Do,

t hamayhbepbegsiytrenean rxitherddit,erpl WRSn r€st fuded as a

particl s i:éeat es a chem cal bond with th.e_ pol ystyrene

in FHBI yer or co-extruded into multi-layér
structures, e.g. sheet or film. Optionally, a
blowing agent may be forced into the particles
passing through the extruder and a foamed sheet,
board, or rod may be formed. In further embodiments,
the interpolymer resin particles may be used in
injection molding or may be thermoformed into
desired shapes in a manner well known to those
skilled in the art.

Alternatively, an extruded sheet or film
produced from the interpolymer resin particles may
be used as a tie layer in a multi-layer structure.
A co-extrusion process may be employed wherein the
interpolymer resin particles are extruded between
sheets of incompatible polymers, e.g. a sheet made
of polystyrene or polystyrene and rubber, e.g. high
impact polystyrene (HIPS), and a sheet made of

polyethylene, thereby giving improved adhesion to



10

15

20

30

35

pol ystyrene | ayer. This inproved adhesi on becones
i nportant when a cap | ayer of polyethylene is extruded

WORa08/0p9B88/ st yr ene sheet to i nprove ESCR, i.e. PCT/US2004/041078

envi ronnental stress crack2iesi stance. A further
exanple may pertain to the food industry where in view
of FDA requirenents food cannot cone into contact with
the substrate | ayer of the food container. \Wen

pol ypeopyll ene liayeds et e e base: pod Vioyebt Re 5 €8E8 tRat
the interpolyper particles of the invention, it may be

pr eF8FaBPeYE h\Y]§E’6’r é@@%rhe”botf%rld’ptwmlmﬁm repin
dur bage 9k 8kt ek dablet ROIMIEL: S0 f%;@ Ny3 4, SERL eaki ng

is the intentional chaln scission ypr opyl ene to
pr ogadéetbywbensoliec dihaer pnﬂl}gdrﬁhylaemrlw andl eehdarthe
allization rate, and

wei gh stribution, a.slow cryst

f asg SﬁyﬁgYﬁ%ﬁﬁaﬁrﬁ' &% dﬁtt?ﬁ‘ﬁc?%ﬁnefjﬁ teRlmoPrERiclete.

Vi sebegaking edrnhe-ac ey iwhad dhe 8XTHSE PRMDOEE the
hi gh shear to nechanically degrade the higher

nol BelYaEYHenghtaykai-ns as taught in the above Fudge

U S. Pate 7 7 134 or_can

acconpl i 5 e?c’j'\lg@pﬁﬁgegﬁéd%?é per OXI egn 45 TRIGhETh ‘%"1%“ a
af ocepal dyEudgé YoSyeRatydrineNa.s 45:89d5d @kuw ng the

for mafti OEYOf the_interpolynmer resin particles . The

per BRI 4BbYERAEd SHEER e Imnatst €54y be @any of the

conpAVESnihad LAg %tr%@ssh@irad?@lrfeézﬂsft%ﬁ@émerﬁtfﬁ@tl?ér
bet ween 100 0C and 130 OC such as dicunyl peroxid

( 11¢7ealm1@le M8ybpsriaineto mhwlﬁmdomcbmmpwnere in

L d
to v%}cbé%a@g%?we gﬁﬁ%&“%;y Se%gmd? Aipot € e ioerom ©

contact with the sgubstrate layer of the food
container.

When polypropylene is used as the basge
polyolefin resin in the interpolymer particles of
the invention, it may be preferable to vigcbreak the
polypropylene prior to, during or after interpolymer
formation.

Viscbreaking is the intentional chain scission
of polypropylene to produce lower molecular weight,
a narrower molecular weight distribution, a slow
crystallization rate, and faster molecular
relaxation time in the molten state. Viscbreaking
can be accomplished by extrusion under high shear to
mechanically degrade the higher molecular weight
chains as taught in the above Fudge U.S. Patent Nos.
4,622,347 and 4,677,134 or can be accomplished by
the use of peroxides as taught in the aforesaid
Fudge U.S. Patent No. 4,692,471 during the formation

of the interpolymer resin particles. The peroxide
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interpolynmer resin particles of the invention. The
i nterpolynmer resin particles of the invention may be

wa@eobiopas Wit h a second pol yner to form a pol yPeT/US2004/041078

conposition which nmay then2pe used to formarticles
via processing, for exanple, sheet extrusion,

rot onol di ng, thernof orm ng, conpression nolding,

i njection nolding, and bl own film extrusion. The

secbiidndely mer hmeheb@ cilsheatiedndy s tfiey 06 OUPhe
consistin% of _pol . yet hyl ene and poI%styrene. In this
conffORPPRBAS bRY1IPAL & g ViR et fr bhfe i eperenayube of
pregent;ebR a r i b A% wei.ght
o Shone 085 By et nt and” The e oottt harohghie
preddh? °Ch em andubt sr alvgitreg: f ron ot 0091 88pbypyl)
weight to a 0. 1% i ght, 1n_an enbodi nent _of

e BRREEHEL ORLos ha - FABCISheh UL, B (L PaR Ay e

pr eperbxi BeaBcaRREBL eadit}e Ty 102 by wgight

to about 90% by wei ght and the second pol yner is
pr e3BRETPALEMCENBEALTY MgitiFaomabdr DOv%erbiabout

10% by i ght i.ght ., the interpol yner

resin. \'Illﬁ}elgf %#%\%ﬁ%%}(e%ﬂ%e‘é%rg ea%]téefn%ao% ot}g?d in

undénseahidbngmtiebpr eseinti ety enitilon OY@YEMpol Pmd@d to
shoul d ihese exanpl es be interpreted as limtin

{heTSEBpE PRLVESE. EXAREIeE Bratpl et ™ o IEsaripf ciaed to

rel abeg LotSbYESNeia PR RINLONe Ifer POl YIRL T sl
particles conprised o%réogbb;gﬁiight pplystyrbne a%%

40968y ght BPtPORlddnsi t yrhsomaidlione, dasedeonion

(nepyeholl ohyiley L BLerpIael RO RR Bl

forextatsbon. The second polymer may be selected from
the group consisting of polyethylene and
polystyrene. In this composition, the interpolymer
resin particles may be present in an amount ranging
from about 0.1% by weight to about 99.9% by weight
and the second polymer may be present in an amount
ranging from about 99.9% by weight to about 0.1% by
weight. In an embodiment of the invention, the
interpolymer resin particles are present in an
amount ranging from about 10% by weight to about 90%
by weight and the second polymer is present in an
amount ranging from about 90% to about 10% by weight
based on the weight of the interpolymer resin.

The following examples are intended to aid in

understanding the present invention, however, in no
way, should these examples be interpreted as

limiting the scope thereof.
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A m xture of 520 pounds of de-ionized water, 9.6
pounds of tri - cal cium phosphate as a suspendi ng

wag@snessand 27 granms of a strong ani oni ¢ surf aBCBOE2004/041078

were charged to a polyneri 2ation reactor with the
agitator running at 88 rpmto prepare an aqueous

medi um The surfactant was Nacconol (r) 90 (Stephan
Chemical Co.), which is sodiumn -dodecyl benzene

sul fonate. The aqueous mR@mpDasAS heated to about 91C
and_hel d_for about 10 minutes. Then 112 pounds of |ow
denEXRPPLS| det hyl ene (LDPE) pellets (LA-0218- AF from

NOVA Chemical 1L, 1€ i.ghi ut 20
mlligr a%?gh%{?ﬁé% r%el%t%rluan esgr‘!zft(1 %c@m’brgeu%%%o}y?‘i%%??e
, 2ibBkgpodfmBrirgsif mamttied esanrtbrioMLAT SPfEenipg
poi nt .oi} abouyt 93C were added to the aqueous nedium
1 M5 ShEpBRLY SRV B8 400 K 8f= 6t | P okPY igRes by
sti ppegedhyB8nEPbadhel lWHHRTRRNAMY & POl St yrene
initiators, i.e. 373 grans of benzZyl peroxide (BPO

(75%aerPeeymandrFeinr amstéiclisrt | afy dutyhyl peroxide
ber B2A2Qat e TRE) JWELE dlesalied 1, B4 PONGs, Pl ion.

r
styrene nonhonmer~to~prepare a mnmono

this m xhumeéxwase pufiped o podnidre Jeald - OlorPVasd 2k er,
m nutes. A second batch_of 84 pounds of pure styrene
was °t ReR°HBA8d°F ot F ha CPe&EUBY PARSIPREST mTa esugpenrding

t enRgEALUr 8ndf 291G radiRergagt kL& ?Héi]stf% e%mgcﬂnt

910C for an additional 90 m nutes ow the styrene
to weuR rFhevgaddteeacholiyeim zeld qpolneetdtydenel t Thene

the_r contents r.e heated to 1400C over 2 hours
andaﬁgﬁ%%rr%%n%\%%i ?f\ﬂ“ﬁﬁgl r@“‘h%ﬁr PHPBHS e rdTEHe
remaeding. St yheneutpaetpaky sy &R WA dde(stephan
pol yet hyl ene matrix.  After polymnerization, the
rea%??@écﬁ%xgaré'MﬁglCh 1s sodium n-dodecyl benzene

sulfonate. The agueous medium was heated to about
91°C and held for about 10 minutes. Then 112 pounds
of low density polyethylene (LDPE) pellets (LA-0218-
AF from NOVA Chemicals Inc.), each weighing about 20
milligrams, having a melt index at condition I
(190°C, 2.16kg) of 2.1 g/10 minutes, and a VICAT
softening point of about 93°C were added to the
aqueous medium. This suspension of beads and water
continued to be stirred at 88 rpm. The low
temperature polystyrene initiators, i.e. 373 grams
of benzyl peroxide (BPO) (75% active) and 70 grams of
tertiary butyl perbenzoate (TBP) were dissolved in
84 pounds of styreme monomer to prepare a monomer
solution, and this mixture was pumped into the
reactor over 200 minutes. A second batch of 84

pounds of pure styrene was then added to the reactor

over 100 minutes at a temperature of 91°C. The
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worekieessand dri ed. The average gel

cool ed and hydrochloric acid was added to di ssol ve the
suspendi ng agents. The resin particles were then
content for PCTIS2004/041078
sanples of the resin partichkes was 0. 65 wei ght % based
on the weight of the fornmed interpolyner resin
particles. The nelt index was 1.046 g/ 10 m nutes at
condition G (2300C and 5.0 kg) . Exanple 2 This

Examplatdr elaitemis waeenpol ynBt siytepsr-an additional
pol yet hyl ene interpaol ymer resin particles conprised of

70% By THEUHAS 361 yelthveddraanst Bosaeytaesgak Lowdensdt y
pol I R j e, i nterpolyner
e S e AL e

agenrioritantaddrd-d addted ardnd A390veA M s Und2014g

pounds of deionized water, 9.6 pounds of tri- calcium

phodpat® 36194 tdpswdndi Apuerto pebyedriyranshe f a
t i:Qnj . | 90
charseg ik ot ae PO RS e at o

r unpioigeathydleodt & migm t o prepare an aqueous nedi um

The aqueoquys nmedi ym was heated to about 91C and hel d
for about® f@rrrﬂ?:' jty@s.ﬂ?ﬁéhl% pothdeedF L oo BERERES was

pol yeihrkene ek lianl bA-Q2 L8 AT BT £3 548 F’@Sg&g%é&ve

the aqueous nmedium The suspension continued t
st i ithed sarre8dipm afieatisow tBrperesim eoaot sl s enere

i ni thato i.e. 35 r of benzyl peroxide (BPO
and%%%gvé’rsgﬁsd 8P%I gir fegier'f/ butyl perbenzoate (TBP)

were di sghkvedernag?s gpUREs S HEENEyFONABL e L Ocf the
prepare a mononmer solution, and this nxture was
punpEFPnPEERELREakPSr Covdr rOEH: rfutleased ercbihe

bat ¢818h:98 sPeuadEotheBUi i AP LIGD SRR 10,
The melt index was 1.046 g/10 minutes at condition @
(230°C and 5.0 kg).

Example 2

This Example 2 relates to interpolymer styrene-
polyethylene interpolymer resin particles comprised
of 70% by weight polystyrene and 30% by weight low-
density polyethylene, based on the weight of the
interpolymer resin particles. No dicumyl peroxide
cross-linking agent was added to the formulation.

A mixture of 520 pounds of deionized water, 9.6
pounds of tri-calcium phosphate as a suspending
agent, and 27 grams of a strong anionic surfactant
(Nacconol® 90) were charged to a polymerization

reactor with the agitator running at about 88 rpm to
prepare an agueous medium. The aqueous medium was
heated to about 91°C and held for about 10 minutes.

Then 84 pounds of low-density polyethylene pellets

(LA-0218-AF) were suspended in the aqueous medium.
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over 100 mnutes at a tenperature of 91C. The reactor
contents were held at 91C for an additional 90 m nutes

WO 000al063938 t he styrene to soak into and react wethus20iet1078

pol yet hyl ene. Then the rea@for contents were heated to
1400C over 2 hours and held at this tenperature for an
additional 4 hours to polynerize the remaining styrene
into polystyrene within the polyethylene matrix .

Af t @hepaluspehisaain ontifiteteast bee di Xttkg y@ssgophad
and_hydrochl oric acid was_added to dissolve the
suspeRdiley &gEmesatmre pedivetyarnic| et ereorheni . e. 356
was ng, <de T g L c e or_two

campl eaeor T per I PR BNEER0T9E) SO Rt iR set

on tthetwerghbusfylt berbantoekes.(TBE® medite i ditesoasd in

. 5019/ 10 m.nutes at condition G (2300C and 5. 0kg).

Exartpl 8O3 & ERhVpFrES3MPEPREES Ly RitSRAR & monomer

- pokyetitybane andt @HRQ! YAREuLESHEsPA s £ '&ﬁé’ﬂé' ed
of 50% by wei ght polystyreﬁe ands53£66§4m;%g t he
| owF§eREPEY Oysity @0Ry Manatebased erpadml veitgtt of 3he

o . iy Ji !
or oDEBRAEBE BEEENSRIEERE (885 Phir! HlRG JF s anctor
m xpuee abo52@npeesdatol dempephzed-araifergl &6 pands

of tri-calciumphosphate as a suspendi ng agent, and 27
gr ak§a6fos serérsgtanivenechelidf att £3°C( Raccenokddi) i96)a 1

bt 9 DRRHEe e e ARk TP L B Lot Soah i Acansbus
medireactThétAquealis pedisghyasnbeatietdd arabads 845 and

hel d for about 10 m nutes. Then 140 pounds of
| owcBBRSNEY pekgebhgredetpeltel® dAr02180AFE wereheld

Susggngﬁgsige&B rgggggugogegﬁugéditional 4 hours to
polymerize the remaining styrene into polystyrene
within the polyethylene matrix.

After polymerization, the reactive mixture was
cooled and hydrochloric acid was added to dissolve
the suspending agents. The resin particles were
then washed and dried.

The average gel content for two samples of
resin particles was 0.45% by weight based on the
weight of the particles. The melt index was .501g/10
minutes at condition G (230°C and 5.0kg).

Example 3

This Example 3 relates to styrene-polyethylene
interpolymer resin particles comprised of 50% by
weight polystyrene and 50% by weight low-densgity
polyethylene, based on the weight of the
interpolymer resin particles. No dicumyl peroxide

cross-linking agent was added to the formulation.
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The suspension continued to be stirred at 88 rpm The
| ow tenperature polystyrene initiators, i.e. 350 grans

wobkoseswys peroxi de (BPO and 65. 63 grans of tRCT/U82004/041078

butyl perbenzoate (TBP) , were dissolved in 70 pounds
of styrene nononmer to prepare a nononer solution, and
this m xture was punped into the reactor over 200

m nutes. A second batch of 70 pounds of pure styrene

was thenzaddedure biiespeagbahddy &St R0 B MEES Rt dr,
temperature of 91C. The reactor contents were held at
91CF&r PRNREFICL SH4r codChRupPsRsRRadle v thesstgenrtbng

t in i=t Di et hyl ene, - Then
e ot or SRt e AL ReBraaheh DI gt tant
houd@a@@@nbé@d9ﬂ®rwaneadﬂht@edﬁto4dﬂpﬂk%ﬁeﬁization

ol ynerize the.r i ning styrene into polystyrene
\F/Jvit PRERE &&E&e?ﬁ% @ﬂégﬁﬁf’¥i X UORAOSE ol Rt A i to
t heptepatieyanThyhdbasWasa¢aa!l ed ard A Aehld SRl Ls

was added to di ssolve the suspendi ng agents. The resin
par beeltesl wer ebbhensnas hatd dndl dr fed. abbataver agaugels .

confent for two sanples of resin particles was 0.69% Db
S CaFgHt LA0sBHUBHCt RE M ofiPh 61 eh@yiqRiy lene ellete

| nt eLpcbyARL AKeS|BraLhbEbage dNE NRhL dium.
1. OSZS/ 1% m ﬁu?es g t co%di t?on é (2300 an&y%.%bﬁ(gl)un}

ExakpPFesysPrisifraapheindued spnbleastiorEdamil 68l 1om.

t ha r - pal yet hyl ene i nter pol. r. Wi th 60% by
Lntsh® SoHEASRALVELDVLSIESLOLELROLIT, Ll 09000 s
pol gethyl efiebbasell pardhedue(Blb)obntdb 66 .igdt )R]y e
particles wa Eroduced. In this Exanple 4 , however, a
chaFﬁrLfLﬁ’ﬁ%’f gP AheRerhRRZo’ed i(ABEM ateaispditgolved in

i ncyeageuhhs 8§|Et§£@Mérﬂ$§o@értgg EQE%%Q%l%F%Enomer
solution, and this mixture was pumped into the
reactor over 200 minutes. A second batch of 70
pounds of pure styrene was then added to the reactor
over 100 minutes at a temperature of 91°C. The
reactor contents were held at 91°C for an additional
90 minutes to allow the styrene to soak into and

react within the polyethylene. Then the reactor

contents were heated to 140°C over 2 hours and held
for an additional 4 hours to polymerize the
remaining styrene into polystyrene within the
polyethylene matrix. After polymerization, the
reactive mixture was cooled and hydrochloric acid
was added to dissolve the suspending agents. The
resin particles were then washed and dried.

The average gel content for two samples of
resin particles was 0.69% by weight based on the

weight of the formed interpolymer resin particles.
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resin. Al pha nethyl styrene diner (a chain .transfer
agent) in an anount of 163 grans, i.e. about 0.2 0

wW@a0so63988 hundred of styrene was added to thePCT/US2004/041078

suspension with the benzyl 2peroxi de (BPO and the
tertiary butyl perbenzoate (TBP) . The average gel
content for two sanples of the resin particles was
1.01% by wei ght based on the weight of the forned

| Nt eheomemer iheRi wlal tl.okeg/ 1thaifRitesi BAEX-MWo$ition G
2. 68%010 mnutes (Condition G) . These results
dem)( &t @1ch &t Oken usi ng a chain transfer agent

W t BQlit, A L£140ss- 1 i nking agent the nelt index was
incr‘ea's%—c'gn'pared to Exanple 1 . Exanple 5 In this
Exanpl e Shisi Gempdleyred sr e;si.'nxtllpaf tioC EeamipElee prguciesht
conpri 0% ht pol ne and,40% by wei ght
T SR P olVe B e8Py FREPCRVAT. Wb adbe U The
wei ghti ook %aqyrs%%@neaahac LeS LHoRHGRL! ERRETRALAL &+

cross -linking agent, i.e. dicufryl péroxide initi ator
was PedyedhyAeniex aﬁédof?mgbep@’@ngbtobfdema)mrztmirpolymer

u calciu pho hat as, a

sus% Eﬁﬁégge%@ §§85§C8dgr arins g}“ %golﬂg U dpwever,
ani anchasgur taehafitrwagenehangedstd anpehy®ideradd afb
reactor with i} agltator runni ng at about 102 rpmto
pr epdrécaficagtitots hedilom rThe 8%u§8851ﬁ§ﬁnﬂﬁ]vwéer
heatedit,0 about 600C and hel d for about 30 m nutes.
Then 125 Evunds of a |l owdensity polyethyl ene vinyl
acet at e PEYhR méthﬁﬁsst:wneaendmgezﬂ; 580 baviei ghtand fiept

cceL AL g o2, BN EL AN S VL gne (A 490 Trom .,

dengbtysoptrahautir8d938 styrene was added to the
suspension with the benzyl peroxide (BPO) and the
tertiary butyl perbenzoate (TBP).

The average gel content for two samples of the
resin particles was 1.01% by weight based on the
weight of the formed interpolymer resin particles.
The melt index was 2.688g/10 minutes (Condition G).
These results demonstrate that when using a chain
transfer agent without a cross-linking agent the
melt index was increased compared to Example 1.
Example 5

In this Example 5, interpolymer resin particles
were produced comprising 60% by weight polystyrene
and 40% by weight ethylene vinyl acetate copolymer
(EVA), based on the weight of the resin particles.
No high temperature cross-linking agent, i.e.
dicumyl peroxide initiator was added.

A mixture of 380 pounds of de-ionized water, 13

pounds of tri-calcium phosphate as a suspending
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g/cc and a nelt index of 0.25 g/10 m nutes (Condition
I , 190 C, 2.16kg) were suspended in the aqueous

wore@s065938he reactor tenperature was i ncreasedPtDUSHOL041078

The | ow tenperature polygByrene initiators, i.e. 246
grans of benzoyl peroxide (BPO and 30 grans of
tertiary butyl perbenzoate (TBP) , were dissolved in
22.6 pounds of styrene nononer to prepare a nonomer

sol abieort,, amd Bhiss gifiaxisUE WascpubDedobnte itdig & eact or
over 96 m nutes. A second batch of 146 pounds of pure
st yFURE25HANS WETELShEIRG FP acPylamernas timen writpr

Lo hew eac! Abieueb 2 lanuhnyl 8. JJHER 1BS neAetol

contents were heat e d at over 8
houpseparbianshquheupomydﬂumzatlon of styrene within

the poly hh ene matri After polynerization was
conpleteg 8“F8§§tp€élHPxW6Fe geéoBPe@hﬂﬂ§ rehisv ednd

to ﬁeW@lSlﬂoK:etabb@tV\@@r R BUELSL | CTﬁehdléﬂgﬁ)ou% agded
to dissolve the suspending agents fromthe pell et

surﬂ8U6§3n$h§Yp§pﬂ¥?§hwéﬁéetMéﬂY&aShedaaﬁd(dW@deémﬁBts
ave ont ept S s of L e res
FEAEa0REngOR 88 phohel RO BTRY S oFPet Y by

pel 'et's was 6 el ase
f or wedghnt etpgl yner NesaaoparbmcEQﬁlstaheCﬂ%hhdamﬁﬂ<LP
of he eIIets mai élg/lo n1nutes (Condition G)

nﬁP

8“ThF§XE§ ayandt 8s9eBSt hY ePhompesit r0e§2r$

par@/ebeanaoapmé§tn9na@>@ by M\eﬁghé/ﬂé’lﬁ'{ﬂﬂﬁ:%%e based
on the weight of the interpolyner~resin particles, and

30% B9n@etghn & ePRyFenad. ¥bhy) weee atespepdeyinen the

(EViyucolt BLAhemmeel e bl espai it 2ol o
increased to 85°C. The low temperature polystyrene
initiators, i.e. 246 grams of benzoyl peroxide (BPO)
and 30 grams of tertiary butyl perbenzoate (TBP),
were dissolved in 22.6 pounds of styrene monomer to
prepare a monomer solution, and this mixture was
pumped into the reactor over 96 minutes. A second
batch of 146 pounds of pure styrene and 5.0 lbs of
butyl acrylate was then added to the reactor over
215 minutes. Then the reactor contents were heated
and held at 140°C for over 8 hours to finish the
polymerization of styrene within the polyethylene
matrix.

After polymerization was completed, the
reactive mixture was cooled and removed to a wash
kettle where muriatic acid (HCl) was added to
dissolve the suspending agents from the pellet
surfaces. The pellets were then washed and dried.

The average gel content for two samples of the

resin pellets was 0.46 weight % based on the weight
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The process for making the particles was simlar to
that for Exanple 5 . The | owdensity pol yethyl ene

wo 2owloceet ate (EVA) used in Exanple 5 was t hePEHIB20a$041078

used in Exanple 6 . A m xtape of 411 pounds of de-
ionized water, 9.8 pounds of tri-cal cium phosphate as
a suspendi ng agent, and 6.5 grans of anionic
surfactant (Nacconol (r) 90) were charged to a

pol yrferdlzaticumade deiterpilihdrhecagint flzQft TNk NY Bl e
about 102 rpmtao prepare _an aqueous nedium The

aqudsidd rf'é’diea"m%§h‘?eé’leé&ett§ 56Ut -83QZ hdntielite $ or
aboutco3fyiMiuM @8.. Then 87 pounds of the |owdensity

ethyl vinyl acetate pellets were suspended in the
aquéExapiedibum The reactor tenperature was increased

to 85C. | Qw t t lysty initiators,
e 240 R B B FoyE L5 e LOBPEP B TSR
of @rﬂtii@méo%m;prﬁ%&%nm@st 8yl %%Fl’%;ht prie dissolyed seq

in 22.6 pounds of styrene nononer fo prepare "a nonomer
sol @i &he aied gl ofmtkeudat@gpopumeed riemtion trreer trissiot of

over o N - ecaen h of .146 pounds of pure
st yraé%g 308 %ygrellég%o%%b%ttg&tl%@rey vapgt B o

to thpolyaetror(EVRer. aper haghoteRbs rat otee oroEhen f1eing
reactor contents rre heated and hel d at 140 OC for
ovePI§Hrour's St Go\fAﬁﬁF&ﬁ‘Yt-LhQGb”SFgﬂ‘ﬁ@r FRaIGT BT Vs radied.

Wit hhe phecealkyebhyheRenBathiX ALl 8 < ROl gﬁ%gﬁ%ﬂﬁ to

was conpl eted, the reactive m Xxture was coo
renbied toraEwashlrebt| eThikelovwndehatty acily G Dervas

el e uf et R cHPBRS e s RLR Radtid tiry same
dri ed. ukke awneeagepgel scontent for two sanples of the
A mixture of 411 pounds of de-ionized water,

9.8 pounds of tri-calcium phosphate as a suspending
agent, and 6.5 grams of anionic surfactant
(Nacconol® 90) were charged to a polymerization
reactor with the agitator running at about 102 rpm
to prepare an aqueous medium. The aqueous medium
was heated to about 60°C and held for about 30
minutes. Then 87 pounds of the low-density ethyl
vinyl acetate pellets were suspended in the aqueous
medium. The reactor temperature was increased to
85°C. The low temperature polystyrene initiators,
i.e. 246 grams of benzoyl peroxide (BPO) and 30
grams of tertiary butyl perbenzoate (TBP), were
dissolved in 22.6 pounds of styrene monomer to
prepare a monomer solution, and this mixture wasg
pumped into the reactor over 96 minutes. A second
batch of 146 pounds of pure styrene and 5.0 lbs of

butyl acrylate was then added to the reactor over a
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resin pellets was 0.32% by wei ght based on the wei ght
of the fornmed interpolyner resin particles. The nelt

WO n@s63988 t he pell ets was 0.25g/ 10 m nut es ( Copdi/Ubzmn4/@1078

) . Exanples 7 and 8 bel ow3ghow that the use off

di cunyl peroxide for viscbreaking purposes increases
the nelt index of the resin. Exanple 7 This Exanple 7
relates to interpolyner resin particles conprising 60%

by wedghtd e sty meinanthseas edrigin tthes welghtoofedhents
and 40% by wei ght of

i nterpol yner resin_particles,

pol yﬁ%éwd BRUAA L D ettt 4fe WP adteat t& hausshreak
t he PGl . q r nds . of.

dei oni zed wat er%{&g“%%ﬂoﬁ%s&og% r55|2tq/ ca ciwul%%ﬁ‘ﬁqosﬁli’ﬁat e

as Psspéndiene agantix.and 27 grans of Nacconol (r) 90
wer e cha&gﬁg to %agpl nmeri.zati on reactor with the
t

agi t at or YU A BAESHIART 168 MEiH (FBHE % &heaqueous

medizgactife aguecus ARG WadRsl heat eddR bW a9$~%%h
and held for about 10 minutes. Then 112 pounds o

pol VYA athe rse Muatis tdiqu mtasida i HEN ka4 @)ddede doh

wei ghig 1ako %gZ% B4 in M1 .of 25.5
g/ 10 ninutes% n |t|(§$%% % mé@%ﬂgﬁg%gﬁggﬁﬁ ?egﬁgt
aquenus avedi.umheT pe 19 espe nairen thent wiiedd ande dsticer ed
at 8 8 r The | ow t enper ature pol ystyrene
i ni tiators® PYEFHP3IGramP st el syl Ty 67red eeBPE) the
and 48 nghains efs h%%tba%b%bQ&thﬂgﬁﬁﬁ@%%%BGoQT@EE
and 173 grans of dicunyl peroxide™(for viscbreaking
t he WS3I9yysT Oy Itége X ommed dingsappdgmenr 84spoupdstitles.
st yrge agroners to pr re noner_ sol.ution, and
LYo RO 0l ShAT 58 IRIOTEL, 30LLI9D. 20 .
m nuiCesdiAisacand batch of 84 pounds of pure
Examples 7 and 8 below show that the usgse of
dicumyl peroxide for viscbreaking purposes increases
the melt index of the resin.
Example 7
This Example 7 relates to interpolymer resin
particles comprising 60% by weight polystyrene based
on the weight of the interpolymer resin particles,
and 40% by weight of polypropylene. Dicumyl peroxide
was added to viscbreak the polypropylene.
A mixture of 520 pounds of deionized water, 9.6
pounds of tri-calcium phosphate as a suspending
agent, and 27 grams of Nacconol® 90 were charged to

a polymerization reactor with the agitator running
at about 88 rpm to prepare an aqueous medium. The
aqueous medium was heated to about 91°C and held for
about 10 minutes. Then 112 pounds of polypropylene
pellets (Huntsman P5M4K-046), each weighing about 20
milligrams and having a MI of 25.5 g/10 minutes
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styrene was then added to the reactor over 100 m nutes
at a tenperature of 910C . The reactor contents were

whedod/0ed93®1C for an additi onal 90 m nutes to aPCDWS100€041078

styrene to soak into and réact with the pol ypropyl ene.
Then the reactor contents were heated to 1400C for
over 2 hours and held for an additional 4 hours to
pol ynmeri ze the styrene into polystyrene within the

mat riConofi ttiker (@) ety lsangpentidde o eiheTeidizatid e dNen.
rea %%%e m xtur.e was cool ed and_renoved, and an acid
was SRPEIR o ISR Girdesh e g §§ Iageast &t Bfe rpm.
average 198/ ﬂgﬁ?éyytdyy S :Qf: .t resin
particles was 0.47% by wel ﬁ%§gg%%dl%#q#%§Qﬁﬂxﬁh’%ﬁ 473
t he gframse @fi Meerzyd! yeeroxdiek (Bpant iacldes 4 5Theaned tof

i ndex $.32.619/,10 m nutes ndi tion ) . Exanple 8
Thi ge&%&r‘ﬁﬁeb@%&’& é’teéf?%qaﬁgﬁﬁ&?ynem%eslﬁﬁ FErA |15
CONMpPicsingd PR%o deei (@l RAlBi¥ERAGPaged on the

wei ght of the interpolynmer resin particles, and 30% by

wei R YBropyileped pyeaise dimisedivpd par 64 wounds added t o
t he at i IS t he ropyl ene.. The
progggggggrhgggg%%iﬁg ?%%E%%FegpggbégFrrégﬁﬁgﬁqy' and
si mthas moxExaeplves? pumped Xhtibetat 26cpownds <af 200

de-ioniied wat er , QHE' ounds %f tri-cal.cium phosphate
as FEUSPENdi fig SEGERE, PERG N2 91 gPANBOBRIgN CanPEiSC

surgagt-ank (Macenrsl a6=d9¢h Wekerehatged Qa1 0g
pol yneri zation reactor with the agitator running at

abolinNg8eppRtt 8 prEparatameaqiedlsCredTom rFhetagueous
medium was heated to about 91C and hel d_for about 10

mi nGEBE S T RO TE2BLNEE O ot Pyl et 1lt bt 80
(Hgmﬁaees%mmé@) t@achryelabi pg aBaKt 120-Mhhld YLtk
an

with the polypropylene. Then the reactor contents

were heated to 140°C for over 2 hours and held for an
additional 4 hours to polymerize the styrene into
polystyrene within the matrix of the polyethylene.
After polymerization, the reactive mixture was
cooled and removed, and an acid wasg added to
dissolve the suspending agents.
The average gel content for two samples of the
- resin particles was 0.47% by weight based on the
weight of the formed interpolymer resin particles.
The melt index was 32.61g/10 minutes (Condition @G).
Example 8
This Example 8 relates to interpolymer resin
particles comprising 70% by weight polystyrene based
on the weight of the interpolymer resin particles,
and 30% by weight of polypropylene. Dicumyl peroxide

was added to the formulation to viscbreak the
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having a M of 25.5 g/10 mnutes (Condition G were
suspended i n the aqueous nedi um The suspension

w@oosionisesl to be stirred at 88 rpm The | ow t ePQEUSL004/€41078

polystyrene initiators, i.e82 475 granms of benzyl
peroxi de (BPO (for inproved grafting) and 145 grans
of tertiary butyl perbenzoate (TBP) (for reducing the
styrene residuals) , and 173 granms of dicunyl peroxide

f or pdlsghreakKiag t harhpolptcepd e Wrreidissplmged in
98 pounds qf styrene monomer, to prepare a nonomer
sol UESTPARAGhi LS HHing drte sidd lsunped Examp e e + eact or

over 200 i 8 unds of_,pure
styrene m%nsﬁq%tgﬁreagbd'ﬁeg to oﬁ% reag{&% ov%‘r Zfdjo mtput'es
at & -ttempeereture dfiridt@lciimm péactodrateoriLn SuMiedding
held at 91%§5£ an add|t onal 90 mnutes to allow the
st y el E{IﬁF@nﬁh& r @R ATVPHIS S actant

ol daadﬂﬁM@ JeRretiRe dhaaeledr +eonRt gl WeYe Jiaaked
Fo {ﬁmefor ov-eBp 2 hours g%e hel d f%‘r&tan adeltlonaI 4

hour@%%l%ﬂr‘r‘éﬂti@ talgétgttwreﬂremmnltn@ p&IAf)aéIcyrter&S@ rpm to
ene te

Dol preAdE, B dhelad NRROYP! Y SRl edioe vags

coolh%@t@rad deemped, sand éﬁdaﬁéﬂdv\@éraQQSGtt90dh§ﬁ8£é(§

t he suspendi ng agents. The average gel content for two
vde PaImehp fweiog o rvayeédnen pefid eei gBlunsEmihe

sa
f I | e melt i nde

wns AR ST T RknRr BhBieGr Fld Ligreel aod
pr od:haw&mhgl |a B Ryt ass 5- §/wer aiavessdriceddat i5206) apdre

then nold nto aques using an Engel Model 80
i nj EEEPERERS diftn %ﬁaéﬁuﬁéuSTH‘@dﬂféE‘hanﬂ"@ﬁl s epRy-Shcal

pr ORBHLI 8% WERS, %%a%%&%@eangtt§§t§9macc%h@'ﬁ%wto the
standards set up by
temperature polystyrene initiators, i.e. 475 grams

of benzyl peroxide (BPO) (for improved grafting) and
145 grams of tertiary butyl perbenzoate (TBP) (for
reducing the styrene residuals), and 173 grams of
dicumyl peroxide for viscbreaking the polypropylene
were dissolved in 98 pounds of styrene monomer to
prepare a monomer solution, and this mixture was
pumped into the reactor over 200 minutes. A sgecond
batch of 98 pounds of pure styrene‘was then added to

the reactor over 100 minutes at a temperature of
91°C. The reactor contents were held at 91°C for an
additional 90 minutes to allow the styrene to soak
into and react within the polypropylene. Then the
reactor contents were heated to 140°C for over 2
hours and held for an additional 4 hours to
polymerize the styrene into polystyrene within the
matrix of the polypropylene.



10

15

20

25

w@e@pesinses of the articles formed fromthe

ASTM These properties appear in Table 1 below As
stated herein above, the flexural and tensile

interpolyner resin particl&3 of the invention have

val ues that range between those values for articles
made solely from pol ystyrene and those val ues for
articles nmade solely fromlow density pol yethyl ene,

whi | e t hafitker mailyaed iizapdon pepeidnaetel,t hae

articles .made fromthe interpolyner resin partlcles
applr(?éfﬁj'tvﬁafnlé?tuﬁ@r 3o Cpelprer@d rrgved: Pﬁdpemt pcid

Exarglse sEsap! I |
Exannl o Exanls AR T XARD G A SRRERSS | ¢,

256 47 17@%@@2@9@39@11@91:2@@ Z&rS(ﬁSzoS%aﬁt@&e%bwéléSl)
Fle Less 5% 67 8 34 7 6,78 NA 9 14 9 08
(Ksié) §%t rg’ %282% ?nsgg‘ﬁ %’e&g § ?¥ 8hgoforneds

ov BheakpbAyh@k Yedtihepsrat c3e89 on@Imd182:4qa4 %a%7 4
91 4 88 S 43 Break (Auto) (KSI) YOUNGSModul us

92 RA-939/88 »iguyss28€oBdisisnes)366 OV (Auto) (KSI)

174 0 150 BYRATOB TotaP "B-43°0 47 55553801 NA RATD 53

0 42vEnedgyeff bl bap W ahBondehi on1G:d11046 H03qleH22
2 688.0 21 0_25 22 6 1 92, VI CAT- Mean "C) 101 00
10498188 88 §p%e §901inI 68 ioncaPldingy naehine)

0 6%h8 #A&cRafPc3104n8 ﬁﬁygléalopéngrélééaWELS Hed¥@req

and three | ayer sheet structures using
conﬁ8§|FP@H@daHQCPyééngft@xthadetsnéhudﬂ satTBplby2

ASTM. These properties appear in Table 1 below.

Ags stated herein above, the flexural and
tensile properties of the articles formed from the
interpolymer resin particles of the invention have
values that range between those values for articles
made solely from polystyrene and those values for
articles made solely from low-density polyethylene,
while the thermal and impact properties of the
articles made from the interpolymer resin particles

approach that of pure polystyrene.

PCT/US2004/041078

Table 1

Property Example Example Example Example Example Example Example Example

1 2 3 4 5 6 7 8
Flex Modulus 200.52 256.47 170.46 222.63 211.19 269.25 303.89 348.76
(KSI)
Flex Stress@<5% 6.67 8.34 5.63 7.55 6.78 NA 9.14 9.08
(KSI)
Strain at 2.14 4.43 3.00 5.48 3.17 3.30 2.81 2,07
Break (Auto) %
Stress at 3.69 5.09 3.32 4.54 4,97 4,91 4.88 5.432
Break (Auto) (KSI)
YOUNGS Modulus NA 281,92 NA 242.02 279.95 281.52 325.65 366.07
{Auto) (KSI)
IZ0D Impact Mean 0.404 0.233 0.490 0.446 0.430 0.338 0.174 0.150
DYNATUP-Total 0.43 0.47 0.55 0.50 Na NA 0.53 0.42
Energy (ft-1lbs)
MI (Condition G) 1.046 .501 1.022 2.688 0.21 0.25 32.61 21.92
VICAT-Mean (°C) 101.00 104.8 99,00 101.6 NA NA 110.2 108.7
Gel wt% (Average) 0.65 0.45 0.69 1.01 0.46 0.32 0.47 0.41
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were formed in a WELEX (r) sheet co-extrusion |ine.
Each stream at tenperatures between 430 OF and 450 F

worespe®sed i nto an extrusion di e head (VELEX(PQT/US2004/041078

standard 54" flip lip) to Bérma continuous nulti

| ayer sheet structure, which in turn, was passed _
through a roll stack at roll pressures of about 70psig
and roll tenperatures rangi ng between 180 to 190 F for
a CExamglRy @cess. The nulti-layer sheet structures
wer € t hen visual i nspected and qualitatively

eval uat e@“@oﬁ%ﬁé@e@w lagiga shegltt §t@“ﬂAC\M¢|I‘ﬁﬁ lalﬁpear the
Tabl di e t he.l aye
oS s Bl TAS of ChBIrasars thclipig §2bTe 2
Ext weder floayneld Str ac WaLExPh |sa:ﬂeeess:oAéISte$slu@ﬁoBetLllyle
SCLAIR 3IE 2 mi| Poor Mark |1 50%SCLAIR

31EFS65-FBE5AT0 25 APMPRERAEFeRl PStE2eH 28 OnF| aBer AyA°F
SCL%EBNEEES%dUHEt@D%Q M&E%u%hoﬁxaqglEe%d(4%%EE&60%PS)
2 ml I H PS 5410 20 m| Berlyn SCLAIR 3IE 2 m |
GoogtRndrrdl SEXafplip 8 1p70MPSERGHERAFoRtAMoNES mu&tl—
H P 0 Berlyn SCLALR 61C 2 m | Poor Mark 11
50%28?%% é%é?sﬁ&ﬁlﬁ £izo ¥ ﬁﬁncf“ N EanHI Be&S5R15°56

m | tBebhygh SCkALR SkEck Al rBoor pMBEkukks of about
4096CLAI R31E/ HI PS5410/ 20% 2 mi| Exanple 6

( 709PBFIHEVA) ThLk LETRPPStyZE FONALRY between 180° to

190°F for a curing process. The multi-layer sheet
structures were then visually inspected and
qualitatively evaluated for adhesion, the results of

which appear in Table 2. “Good” indicates no peeling

of the layers. “Poor” indicates peeling of the
layers.
Table 2

Extruder | Layer Structure Thickness | Adhesion
Berlyn SCLAIR 31E 2 mil Poor
Mark II 50%SCLAIR 31E/50%HIPS5410 2 mil

Mark I HIPS 5410 20 mil

Berlyn SCLATIR 31E 2 mil Good
Mark II Example 4 (40%PE/60%P3) 2 mil

Mark I HIPS 5410 20 mil

Berlyn SCLAIR 31E 2 mil Good
Mark II Example 6 (70%PS/30%EVA) 2 mil

Mark I HIPS 5410 20 mil

Berlyn SCLAIR 61C 2 mil Poor
Mark II 50%SCLAIR 61C/50%HIPS5410 2 mil

Mark I HIPS 5410 20 mil

Berlyn SCLAIR 31E 2 mil Poor
Mark II 40%SCLAIR31E/HIPS5410/20% 2 mil

Example 6 (70%PS/30%EVA)

Mark I HIPS 5410 20 mil

Berlyn Example 5 (60%PS/40%EVA) 2 mil Good
Mark I HIPS 5410 20 mil

Berlyn Example 6 2 mil Good
Mark I HIPS 5410 20 mil

Berlyn SCLAIR 31E 2 mil Poor
Mark I HIPS 5410 20 mil

Berlyn SCLAIR 61C 2 mil Poor
Mark I HIPS 5410 20 mil
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Berlyn Exanple 5 (60%S/ 40%&EVA) 2 m| Good Mark | HI PS
5410 20 m| Berlyn Exanple 6 2 m| Good Mark | HI PS

wo4d68/080381 | Berlyn SCLAIR 31E 2 m | Poor WMar kpCT/HE84/041078

5410 20 m| Berlyn SCLAIR 63C 2 m | Poor Mark | HI PS
5410 20 m | HI PS 5410 (Product of NOVA Chem cals Inc.-
hi gh i npact pol ystyrene conprised of styrene and

pol ybut adi ene . SCLAI R 31E (Pol yet hyl ene-Melt | ndex
11. SErpSCEAbR(BEDAu¢POE ety tieme cM trnt Nd@xqd.idpadti S
Examplest@rshowsnphiatd "goetreaadhes] ppldweHiied . when one

of tSRerImper s(Pofvethelend-Mplt [Iager 1dh®et Structures
consrid By 64 PodvstédrienssMphi SRS Prd esin particl es

of the imuen imtmdleeo BRI ehd YoM LineHRP! €
10 This Exanple 10 relates to the single Figure that
i 1] esanes] vwhary genodd thepdeyarssainghealmudg i - layer

DY - ray. dn.ft. dbs ) fQr gsition A
gnd%%o%@&%%%s &ﬁ%&ﬁttﬁdlor?%A)llog %t r?goggqﬁposi tion
of tilmeenpeantieon reenpr psirtd dike ot empoliyRnh i, 6l.es
of %xa lle 1 (60%°S/ 40%°E) cont ai ni ng pol ystyrene .
( NOVA % rdysttal P9 St-he wei ght per cent ages shown in
t he gsdagd1® Riggure. Conposition B is a m xture of
| owdensity pol yet hyl ene (NOVA- LA-0218- AF pel |l ets) and
pol yst yr e 5 Exeimp leeil§htrefertesnttagédes sdwmy lien Ftilmre

C 945s, SO, Loa) B304, Cmees Uy B 181G BLo%TES,

ext rdanTuEnd dthe Euerpel it Ftwenes.nj getd @dmposition A
and Composition B. Composition A is the composition
of the invention comprising the interpolymer
particles of Example 1 (60%PS/40%PE) containing
polystyrene (NOVA 1210-crystal) in the weight
percentages shown in the single Figure.

Composition B is a mixture of low-density
polyethylene (NOVA-LA-0218-AF pellets) and
polystyrene in the weight percentages shown in the
Figure. Composition A and Composition B were
produced by dry blending, compounding in a single-
screw extruder, and the cut pellets were injection
molded into 3 inch diameter circular plaques for
impact testing. The DYNATUP values for Composition
A of the invention remained relatively constant as
the weight percentage of polystyrene increased,
while those for Composition B dropped as the weight
percentage of polystyrene increased. This indicates
improved compatibility between polyethylene and
polystyrene for the interpolymer particles of the
invention compared to pure physical blends of

polyethylene and polystyrene.



nol ded into 3 inch dianeter circular plaques for

i npact testing. The DYNATUP val ues for Conposition A
wobkooslesomBsnventi on remai ned rel ativel y const ant P@EUS1064/041078

wei ght percentage of pol ysByrene increased, while

those for Conposition B dropped as the weight

percent age of pol ystyrene increased. This indicates

i mproved conpatibility between pol yet hyl ene and

pol \Bxtapnpelree ¥lor the i nterpol yner particles of the

i nvention _conpared to pure physical blends of

pol yet hyBHe drth sy sty rieie s isahfn ehel emisr Bmanit al
11 i ' ; k

oot St o e A e R B0a te

( Ex3O3HRS /6)0¥B& n(Brsaml30 % )Potessitry nene 1(RS) myly&itdirene

(NOVA 1510 gr.ade) en speci ne were used as contr ol
sarrp@é%. Gﬁ%’%t rﬁl\I:Oé\fE rjegzliost t-estt FeSRYE QS were
ol dedsanplentaid

ddl Tallee FenilBBl &cdistance

709°S/ 30%EVA 0. 5% Strain

0.5% Strain No oil

exposure

W t el rogpddsr £ 8padlfad Bamdsss 1@ st dire a0 e
i nches Specinen Wdth 0.51 inches 0.51 inches Tensile

Stress @Break 5.1 kpsi
0.1 0.1 Tensile Strain @ Bma&ke236% 2. 6% St andar d

Devi ation 0.2 0.2 Young's Modul us 268 kpsi

5.07 kpsi

St andard Devi ati on

271 kpsi

Standard Deviation 10 .4 8.6 Percentage Decrease in
Mec¢hage/dbsEfz0pEr T 1 €S

NSk B F €SS @

No oil exposure

@.%%‘Ks’éffrain

With oil exposure

Specimen Thickness

Specimen Width

0.12 inches

0.51 inches

.12 inches

.51 inches

0
0
5.07 kpsi
0
2

Tensile Stress @ Break | 5.1 kpsi

Standard Deviation 0.1 .1
Tensile Strain @ Break | 2.6% .6%
Standard Deviation 0.2 0.2
Young’s Modulus 268 kpsi 271 kpsi
Standard Deviation 10.4 8.6
Percentage Decrease in

Mechanical Properties

Tensile Stress @ Break | ---- 0
Tensile Strain @ Break | ---- 0
Young'’s Modulus -——-- 0

100% PS CRYSTAL 0.5% Strain 0.5% Strain

(1510 NOVA grade)

No 0il exposure

With o0il exposure

4
!

Specimen Thickness

Specimen Width

0.125 inches

0.51 inches

0.125 inches

0.51 inches

Tensile Stress @ Break | 6.25 kpsi 1.34 kpsi
Standard Deviation +/- 0.3 +/- 0.4
Tensile Strain @ Break | 1.5% 0.4%
Standard Deviation 0.1 0.1
Young’'s Modulus 507.3 ksi 558.5 ksi
Standard Deviation 10.2 93.9

Percentage Decrease in
Mechanical Properties
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Tensile Strain @Break 0 Young's Mddulus 0 100% PS
CRYSTAL 0.5% Strain 0.5% Strain (1510 NOVA grade) No

wardosespPesure Wth oil exposure ! Speci nen Thi BRIESH04/041078

0. 125 inches 0.125 inches 8pecinen Wdth 0.51 inches
0.51 inches Tensile Stress @Break 6.25 kpsi 1.34 kpsi
Standard Deviation +/- 0.3 +/- 0.4 Tensile Strain @
Break 1.5% 0.4% Standard Deviation 0.1 0.1 Young's

Mogul us 507. 3 ksi 558. % ksi Standard viation 10.2

93| 9ePerlcentage Osergase-+n Mechani cal | so

aale ON T cila Strain @
T T O O T O L) @

Pr ogertigsdensite st ess @ Break—-80—Tens
Br ¢ak 714 Yaung 'sB oﬁjl us -10.1 Notes: (A"

spedPrsiswWsedleandi t i omfed-at 23C and 5(%lelati ve

humvdtds: DRIOLB&heR: GRkeT RIS RACE SXPISULEIM 0z rolative
t eshivgi t¥hige fode kheuhsh afeR sUSt WRSosArS W UEEON LG  The
50% € otd enbeethcoi dsednehsb8%l ek toraei ds (3 YoRingBEd 011 Ank
t ensPt eleéstidoig (arswpiaht br madl usinnglea tOsRingnedy phnitréed
cr o88HEhd S pedlch/Singcacpossbredroreteeny a For a 7-day
per PO SR8 Tensi | e Stress Break" fell off by 80% or
PS Crystg] speci nens_exposed 0 0.5%train and a
m xture 6f o g",ggy pgrgoé_,zghgps'{‘e%asl? etiuERTe 1@ Preak”
1. 34cRpsbtf W@ib@%tE@r"Egn@kb§t§§r§§§c§&§ﬁ§"e&?&séaeto
i nt erggl ymer of Exanple 6 remmined relatively the
san®>F S&raip apd Rpwixgyre gflglRQSilseV%ELésthESi
Pregent Laventi eg has,been;papicul arly. et torth I n
terms of Specific en‘%%dlﬁﬁe:ﬁf s&’%g%egge, ?e{ls\%\ngiel EBJéeSS
under 8tteelt”i forvibw interpolymer of Example 6 remained
relatively the same, i.e. 5.07 kpsi vs. 5.10 kpsi.
While the present invention has been
particularly set forth in terms of specific
embodiments thereof, it will be understood in view
of the instant disclosure that numerous variations
upon the invention are now enabled yet reside within
the scope of the invention. Accordingly, the
invention is to be broadly construed and limited
only by the scope and spirit of the claims now

appended hereto.
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of the instant disclosure that numerous variations
upon the invention are now enabl ed yet reside within

wo b@so6pe of the invention. Accordingly, the PoOmERL0OMM1078

i st o be broadly construe8l and Iimted only by the
scope and spirit of the clains now appended hereto
.WHAT IS CLAIMED IS: 1 . A process for formng

i nterpolyner resin particles with inproved
processability characteristics for fabrication

equi pnrent for formng articles, the steps conprising:
a) Ad GATER Tdgueous medi um from about 20%to

60% by- wej 0 | efin. resi articles having a
U OAT Sor enragte S s e Pl B LR L EngE SIS
el tpairdex eaf wellbuti mprbveldl @ riides=es i(1@eRdi tion |
190C, 2.16 kq); b m ni_m zing the degree of

cr oSPATEGESTd SE Cait@ T SRPAILERtE e S ipaeritc feg: ¢)

addifegriidgt e +aQURQUS t3dS RRRSIOR I %'I's%g,l-!t 40 to 80%
by wei ght of a vinyl aromaticC nnno%%r and a

pol yneri zati sitspeinditagornf en pofuprers ziedg utthé rolingbout
o O SR Welih the. pﬁglygaggegfi@n ReESh praticles

particles; “and poFyreriz

Mo N Grelti nign as FIEAROkyEl-ehiingr espepaliirel §3cb@ckOkRan
said _interpolymer resin particles with a gel content
randern§ £ absdt BRE§XaRSupLe Sy by WéiLghiinkased on

t he \weihght ief, &helbebggpgtxge gfr)esin particle, said
i nterpolymer resin particles vi'ng a VI CAT softening
t enper at b emiangiirgndr sheabdegtre@0 of taoabeliinkihgCoand

ﬁigglégj%%gﬁaﬁ%?g%n%fgggnbggggglgs% to about 35g/1 O
c) adding to the aqueous suspension from about
40 to 80% by weight of a vinyl aromatic monomer and
a polymerization initiator for polymerizing the
vinyl aromatic monomer within the polyolefin resin
particles; and
d) polymerizing said vinyl aromatic monomer in
said polyolefin resin particles to form said
interpolymer resin particles with a gel content
ranging from about 0 to about 1.5% by weight, based
on the weight of the interpolymer resin particle,
said interpolymer resin particles having a VICAT
softening temperature ranging from aboﬁt 90°C to
about 115°C and a melt index ranging from about 0.2
to about 35¢g/10 minutes (Condition G).
2. A process of claim 1 wherein said interpolymer

resin particles have a VICAT softening temperature
from about 90°C to about 105°C, and a gel content
ranging from about 0 to about 0.8% by weight, based

on the weight of the interpolymer resin particles.
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2 . A process of claim1l wherein said interpol yner
resin particles have a VI CAT softening tenperature

wo c@sioedsstit 900C t o about 1050C , and a gel COPCENB2004/041078

rangi ng fromabout 0 to absat 0.8% by wei ght, based on
the weight of the interpolymer resin particles .3 . A
process of claim1 the steps further conprising: e)
using said interpolyner resin particles in an

extrusgon prpgessssasd tDaiAdUCERE :bhoWERGRESNt
into said interpolymer resin particles to forma
f oale¥Pdt9181%. 4 . A process of claim 1 wherein said

wei ght of.ysaj lyal £f.i ti IS, .about . 30% by .

wei ght bage Sgr?%? t%qvﬁiléﬁt&?fo@ﬁe?ixjﬁt%éLrnpgla)]/fr%rC{esy in
par Birclee rugricns gpirdboseisghtandf isairddviciyly ar Tehiitig
nmononer i s_about ,70% wei_.ght based on the wei ght of
sai&QQFFGFE%Fyﬁ&FﬁMhW'?ﬁgﬁi%“§? TRSgropessigles &omtprm
whereifdasridd weiighte of said polyolefin resin particles

i s about 40% by wei ght based on the wei ght of said

i nt er pbl ynerepeeesel e, chatm shi vhewed Yht safd see tovi nyf
ar onmati r=:l S t.16Q0%.hy i ght,_based on the
meig%%dgfgﬁﬁggggébyﬁ%?%géﬁfghﬁgs? 8ug §06r§¥é¥?lg t

cl abmstdnoer ehe selidhteicghtcadll sakdrpelyakef bartesias,
particl es . is ahout 50% by wei ght based on the wei ght

of &8Cd SEAferFdSPie Pipartice VdEy laRgovatd cnEPgRmesf 1s
sai dpwiuy 7031 9FatLG SIRNYRRE G Snakaut wéggfhkay o\e'?'sg%

based on the weight "of said interpolymer particles.
Alpteecpsd yoerchairmitl@ser ein said vinyl aromatic

oy oS "% E@?%gﬁ‘%?e%y‘? S%’)iratlelﬂlgﬁrv%*é’ré:ior?séasﬂ e nt o
said polyolefin resin particles is about 40% by
weight based on the weight of said interpolymer
particles, and said weight of said vinyl aromatic
monomer is about 60% by weight based on the weight
of interpolymer particles.

6. A process of claim 1 wherein said weight of
said polyolefin resin particles is about 50% by
weight based on the weight of said interpolymer
particles, and said weight of said vinyl aromatic
monomer is about 50% by weight based on the weight
of said interpolymer particles.

7. A process of claim 1 wherein said vinyl
aromatic monomer is selected from the group
consisting of styrene, alpha-methylstyrene,
ethylstyrene, chlorostyrene, bromosﬁyrene,
vinyltoluene, vinylbenzene, isopropylxylene, and
mixtures thereof.

8. A process of claim 7 wherein said polyolefin

resin of said polyolefin resin particles is selected
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et hyl styrene, chlorostyrene, bronostyrene,
vi nyl t ol uene, vinyl benzene, i sopropyl xylene, and

WOoRoos0638 t hereof . 8 . A process of claim7 WeT/@52004/041078

said polyolefin resin of sabd polyolefin resin
particles is selectedfromthe group consisting of

pol yet hyl ene, pol ypropyl ene, thernoplastic ol efins,
and thernoplastic elastomers resins . 9 . A process of
cl aifiacth Wier ejrowgaidbndimtirey GRddd yEgRind s styrene
and erein ald polyolefln resin _of said polyolefln

r esibPFRAR ORI FHISmAleE igroupnsbnsi sti ng

of pg Ia%rtqca@qa%l(%%rrgo)g SﬂpsreSI ns. 10. A

process of claim8 wherein sai ol yethylene resin is
sel ect%d onprDhesgroflpct@nml 8tvihgrein!| exdénsihyl
pol yet hyl. ene and et hyl e%% vi nyl acetate copol yner. 11.

A proCEed ISt TRERT Ah et 591 78 S esi n
par tdoahes <&rie peldiet %fa%@.ﬁia'p%l?%qtéfﬁ(ﬂ L els MEIGhS i em

about 8 milligrams to 20 miIligrams. 12 . Inteérpolynmer
resil® s@lEcdiass f@@ﬁbﬁ@eﬂir@ﬂpaﬁ@@ﬁlﬁmm%@% to about

0% as t he particl es of
unc?%ﬁ&?g%%gg?%% &?ﬁcﬁgggﬁlpg%Fﬁcses havi ng a
VI CAT OsofAt @ndm@stsenﬁercahurre 8 wdatreri nt I@&ﬂo‘ﬁ@%@y@t&yﬂene
melt i ndex of b%ﬁ d? ﬁgh m nut es (Condition |
19088530 &5 Peleghadt Fomtabost IXOVPt GORFEET 1Bey ey 1ow-
wei @@hsﬁ%@e%&@/ettﬁgfl‘é@eg E‘thfet%?'l@nentxi?Lhﬁﬂ W ate
es that hav

partlcles of polystyrene partic e been
pol ¥PEilze@Yi-n sai d uncross -linked polyolefin resin

o o] 203 RS ISUROICUARLLR BEVIPT Aoponyer
and reaiic partlcles are pellets and sald each pellet
weighs from about 8 milligrams to 20 milligrams.

12. Interpolymer resin particles comprised of
about from 20% to about 60% by weight based on the
weight of the particles of uncross-linked polyolefin
resin particles having a VICAT softening temperature
greater than 85°C and a melt index of about 2.1 g/10
minutes (Condition I, 190°C, 2.16 kg); and from
about 40% to about 80% by weight based on the weight
of said interpolymer particles of polystyrene
particles that have been polymerized in said
uncross-linked polyolefin resin particles to form an
interpenetrating network of polyolefin resin
particles and polystyrene particles, and said
interpolymer resin particles having a gel content
ranging from about 0 to about 1.5% by weight based
on the weight of said interpolymer resin particles,
a VICAT softening temperature ranging from about

90°C to about 115°C, and a melt index value ranging
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i nterpolynmer resin particles having a gel content
rangi ng fromabout 0 to about 1.5% by wei ght based on

wo b@smeioght of said interpolymer resin parti cl BET/US2004/041078

VI CAT softening tenperatureélrangi ng from about 900C to
about 115C , and a nelt index val ue rangi ngfrom about
0.2 to about 35.0 g/10 mnutes (Condition G . 13.
Interpolyner resin particles of claim12 wherein said

| Nt ef sk yamRsut 651 N PArdbehess hHay eg s W edTut STPEF A 8 on
rangi ng fromabout 90 C to about 105C and a gel
cont®nt ranging fromabout O to about 0.8% by wei ght

pase on SR us B0l xS0l JILELOALY B LESID

particles . . Interp resin par S oszcI aim
12 wiermsim ssa 1 weitghtpafymssat deqood iy obef it icT@8Siteve a
part\'} é&ﬁ | s about 30% by wei ght and said weight of

Sai o O St & BRI 506 ERL RRALE H2P e tghtakspat
sai dLJIHErHO YATRfe T &Shit 1 il Sthg 16ror NiSHRO! o RS
resin particles of claim12 wherein said wei ght of

sai Rty Al &% Py estiplparkdsgdon sthbomidtvehdasai d
wei g ' tyrene .d s about 60% based on the
wei %hmtteg{po?%lfﬁ%%%p%l%%l%eeﬁ n particles. 16 .

| nt erljgol yirere resliymepartd €ire o0ft id BdandR sheneitp sai d
wei ght of, sai d,O{JoI yolefin resin particles is about 50%

and "SI Wei G fSIEHd Pol st sty ¢ ke Tisb e S,
bas e a1 dikes wel Ao 58l &y RSP WIRL J8% Ve ght_of

particles. 17. Interpolymer ‘resin particles of ¢l
12 \iveice ine lezs iy nansy |1 saradimatt 7 Qforiored i sdeectedigiht of

ST SRR T e

15. Interpolymer resin particles of claim 12
wherein said weight of said polyolefin resin
particles is about 40% and said weight of said
polystyrene is about 60%, based on the weight of
said interpolymer resin particles.

16. Interpolymer resin particles of claim 12
wherein said weight of said polyolefin resin
particles is about 50% and said weight of said
polystyrene is about 50%, based on the weight of
said interpolymer resin particles.

17. Interpolymer resin particles of claim 12
wherein said vinyl aromatic monomer is selected from
the group consisting of styrene, alpha-
methylstyrene, ethylstyrene, chlorostyrene,
bromostyrene, vinyltoluene, vinylbenzene,
isopropylxylene, and mixtures thereof.

18. Interpolymer resin particles of claim 17
wherein said polyolefin resin of said polyolefin

resin particles is selected from the group
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bronost yrene, vinyltoluene, vinylbenzene,
i sopropyl xyl ene, and m xtures thereof. 18.

WO naosopIBY mer resin particles of claiml1l7 where€TUSZN0H041078

pol yolefin resin of said pakyolefin resin particles is
sel ected fromthe groupconsisting of polyethylene,

pol ypropyl ene, thernoplastic olefins (TPOS), and

t hernopl astic el astonmers (TPE'S) resins. 19.

| Nt efqiod YoIndg €5f NpdlafdilstRmoOf BRI et ein said
vinyl aromatic nononer is styrene and wherein said

pol yiorermep kash e gl aHing pd BRI i renrdsitrepamiadtes i s
sel egted fr thﬁng%gugéggggsting of pol yet hyl ene
resin and polypropylene resin. 20. Interpolyner resin
part ild eslmfexdel ymekd mdreireiganrsaidd qpolaretdnd enerd esin
Is selected fromthe group consisting of |owdensity
pol y@terﬁffjéhesaa“ﬁg] B SHERATA Mg is BEyrene and

I Nt GARGIATRr o4 £S | Jb R 1t G2 S Qf 1 £ S @é@%%ﬁﬂﬂ d
resin particles are pellets and said each "pell et
wei gies i araetbiotites8 i |96 lgrehes] tioraabdute 2f-aud | i gr ans.

22 . extruded. art-icl de fromthe jnterpol r
r esicnd%{)galr%g‘{lcrf%sodfofpoc ya'ait%y he 78 S’.”N?“éjr tgogﬁ&#pr{aeé’iem
22 weyiein said article is an extruded solid sheet. 24

. An article of claim?22 wherein said article is an
ext r fed SHFPFIRT 22525 1 patticlesorofelcdiadhmp a9

wherfidksia hAld g dehyAl X LI fOURd Aeete cor?Bne

jection nolded arti'cle made from the interpolymer

r esigryar tdwlssistofng i ol? density polyethylene and
ethylene vinyl acetate.

21. Interpolymer regin particles of claim 12
wherein said resin particles are pellets and said
each pellet weighs from about 8 milligrams to about
20 milligrams.

22. An extruded article made from the interpolymer
resin particles of claim 12.

23. An article of claim 22 wherein said article is
an extruded solid sheet.

24. An article of claim 22 wherein said article is
an extruded solid film.

25. An article of claim 22 wherein said article is
an extruded foamed sheet.

26. An injection molded article made from the
interpolymer resin particles of claim 12.

27. A thermoformed article made from the
interpolymer resin particles of claim 12.

28. A multi-layer structure comprising a first
layer formed from the interpolymer resin particles

of claim 12 and positioned adjacent to at least a
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27. A thernofornmed article nade fromthe interpolymer
resin particles of claim12 . 28. A nmulti-I|ayer

waedosiese conprising a first layer forned froPCT/082004/041078

i nterpolyner resin particlg8 of claim112 and :
positioned adjacent to at | east asecond | ayer wherein
said first |ayer adheres to said second layer to form
said multi -layer structure . 29. A polynmer
CONMEGsidricD ML B/ ¥P Nvitsd g 15 ad & d N BF RO VRS TRBidY-es to
particles of claim12 and at |east a second pol ymer.
30. S&isbISarand s tiorf M dadidnmpd tvherasiar sai d
secqnd. r is selected fromthe group consisting
of pol yethyl ene and pol ystyrene . 31. A polyner
conpes .t iropadfyned aiqongibsteircel redntpe-ianpints afd sai d
secqn(% ol ymer ranges from ahout 0.1% to about 99. 9%
by VIeTSGHE S ShguRATOH AR Gonididl v dsih

par tlieGl®s 4 angemd ymakaut 99. 9% to about 0. 1% by
wei ght based on the wei ght of said pol ymer
conposSi%-i én pFymera qomaresid fay qfr cdwdim@ Samthiecteisn said

1 YRR A I8 DAL 2y conosoring
of polyethylene and polystyrene.

31. A polymer composition of claim 30 wherein the
amount of said second polymer ranges from about 0.1%
to about 99.9% by weight and the amount of said
interpolymer resin particles ranges from about 99.9%
to about 0.1% by weight based on the weight of said
polymer composition.

32. A process for producing articles with

improved ESCR properties by using the interpolymer

resin particles of claim 12.



