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articles made from the interpolymer resin particles

and/or from the aforesaid polymer composition.
These articles may be formed via 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 vinylﬂéromatic
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 ﬁblyethylene
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 softéhing point

below 85°C. After the polyethylene resin particles
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bel ow 85C. After the polyethylene resin particles 5
are added to an aqueous suspension, 30%to 100% by
wei ght based on the weight of the particles of a
styrene nononmer and a catal yst for polynerizing the
nononmer are added to the suspension, and the styrene
nmononer i s polynerized therein. Enbodi nents include 10
addi ng a cross-1linking agent to the pol yethyl ene
prior to(%%; &plynerization and cross-linking the
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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 theseﬁparticles 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 polystyrenelresin
polymerized in polyethylene resin particlés ig
described in Japanese Patent No. 32623/70. Cross-
linking of the polyethylene resin, pciymerization of

styrene, and impregnation of the blowing agent are
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styrene, and inpregnation of the blow ng agent are 2 5
carried out at the sane tine. Since the polyethyl ene
resin particles are cross-linked, the polyethyl ene
resin particles generally contain a high gel content,
i.e. at |east about 24 o by weight, making these

pol yet hyl ene resin particles generally 10 unsuitable
for polyner processing, such as extrusion, injection
noldln% g]omn il and direct injecti
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U.S. Patent No. 4,782,098 assigned to General
Electric Co. discloses 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 blow1ng 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—éi(t-butyl
peroxy)hexyne—3,2,5—dimethyl—2,5—di(benonl
peroxy) hexane, and t-butyl peroxy isopropyl
carbonate. Here again, when a cross—iinking agent

is used, the polyphenylene ether resin has a gel
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35 carbonate. Here again, when a cross-|inking agent
i s used, the polyphenylene ether resin has a gel 3 5
content of at |east about 240 by weight. Since the
nor phol ogy of the pol yphenyl ene ether resin is

anor phous, the resin generally may have poor
environnental stress crack resistance (ESCR)
properties. 10 U. S. Patent Nos. 4,303,756 and
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4, 3@ cpetricand 30% to 80% by wei ght of a vinyl
aromati ¢ nongnmer such as styrene; g&%gner|2|n%5the 20
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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 reéin 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 particles when converted into articles such as
solid sheet, film, etc. through procgssing

techniques such as sheet extrusion, rotomolding,

thermoforming, compression molding, injection
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solid sheet, film etc. through processing 35

t echni ques such as sheet extrusion, rotonolding,

t her nof ormi ng, conpression nolding, injection 4 5
nol di ng, bl own filmextrusion, and direct-injection
foaned sheet extrusion. Also, in general the

i nterpolyner resin particles of the prior art are

i npregnated with a blowing agent in a further
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made expandable by impregnating them with a blowing
agent. The particles 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 pa;ticles 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 ha&e 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



15

20

30

content, i.e. about 24% by wei ght. These vi scbroken

i nterpolyner particles are inpregnated with a 35

bl owi ng agent in a further suspension process to 5 5
produce foanabl e or expandabl e particles for foam

nol di ngs. SUVWMARY OF THE | NVENTI ON The i nvention
overcones the above-described 10 disadvantages of the
prior art. The present invention provides

non- t er pol art

cry§ta |ne ‘rardomrapﬁ’wl ocgry %r?aa Ih(%\a\e;b?lneg Jfé:i %:A%r %‘I’am
contmexltidingsher eby t he processing char acteristics of
the 15 particles in fabrication equi pnent for formng
articles, such as sheet or filmor foam is inproved.
Thesmnt(ﬁntﬁ(@%b{fm about O to about 1.5% by
wei ght,—preferabty, fronmrabout 0 to about 0.8% by
wei ght, S mverﬂn@%emﬁmlxyqorrfermmr@aaimﬂ ded@ar dhadit

050/b ht based nthevveé% of the
tso

i nt %\ﬁ‘/ 955 8 &8¢ P A ftening
tenperatqhg @Ee%@%t'Hh@%&@hlﬁ?bﬂ&%ﬁdééuﬁaﬂiéfﬁﬁndable
ranges from about 90C to about 115C, and the nel

i ndéRteaPeymeangesiino Pratdel e ittd @bmnysa:»ala:gielo
25 m Iqt |nvent|on rovi des a

pr oggggh?gfggogggc?%g | ntl-egr poleyr?é:r reﬁeﬁ parridc
conpheskby. thp pzuspesdingg charaktaquieeissTed WRd r om

about 20O to 60%% wei ght of polyolefin resin
par PREFEE 1y g FAPSG CoraRN SEHIGHIERT (i

greakerctBan 8achand @he@%lbffEQW%p%raQ%%%.ZL% g/ 10
m nut es (Condltlonl 190C, 2.16 kg); b) mnimzing

or émpEPHedi n@'h?hgelcﬁ@stgehftnlrlangeaf Frioe pdiopdl éf itro
reséﬂoﬂérilgéeﬁy wélght, 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 resin 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 comprlslng a)
suspending in an agueous 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 eiiminating 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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addi ng to the aqueous suspension from about 40 to 35
80% by wei ght of a vinyl aromatic nononer and a

pol ymeri zation initiator for polynerizing the vinyl 6
5 aromatic nononmer within the polyolefin resin
particles; and d) polynerizing said vinyl aromatic
nmononer in said polyolefin resin particles to form
said interpolyner resin particles having a gel

content ranging from ahout t o about 5% by 10
vei Sﬁf),malgésealog'r?m(eﬁe _ ?ﬁﬁ[ %&e t‘-)r?te)wl %frldblﬁ%%]r" resin
par puglkeslekhe andvent g yideavi-des; &RIP6aTS f Hromatic

producing articles wth Lgprove processability
andMeRORSER1nc kA g Perdivetliedd rhyragdim gatd grest dss figrm
t he \% Lagqr tQ.p ce,4int erpal ymer

e pAIAY 913, BRIARLEP LA PLAGNIE I SRALMTT o1
processeng rueghniggdesns adduas ot kesabdegcni.ked Ker ei n.

Accor di to a further aspect of the invention
theW@lagg'pgﬁﬁﬁéeﬂniﬁpérﬁﬁﬂﬁﬁ§r°¢e§ﬁﬁ FRLSTHCdY ™Y

compeishngak-kemmalbout 20%to 60% by wei ght of
pol yol efin particles and from about 40 to 80% by

wei ght ofhpolipwentied pirpylidesomapirocessofer gneducing

whi ticl have_a | _content.ranging from _about
A L e S R

t hechatecpely et ceeblyNupanli €hesprbiekie inN¢eRt a@dve
t he degree of,cross-linkLn% of the polyolefin in the
i nt BRpOPYARE FesProdpset inFesppd yReni partdcles and

el i gL.waLe i Ak c | she li.m nating
The SSa0oF TR, Rrgh S0 Ferner arte o F 5abeFiRtng
agehechuniguedi sunyl aspehoxieddeboribkd pelrgdhefin, e.g.

p0|yEthykgggrdIQS to a further aspect of the invention,
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 interpolyméf resin
particles is minimal or eliminated. This 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. This feature of
the invention in conjunction with the'interpolymer

particles having a VICAT softening temperature
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result is an interpolymer resin having a gel content
ranging fromO to 1.5% by wei ght based on the wei ght
of the interpolyner resin particles. This feature of
35 the invention in conjunction with the interpol ynmer
particles having a VI CAT softening tenperature 7 5
rangi ng from about 90C to about 115C and a resultant
nmelt index ranging fromabout 0.2 to about 35.0 g/10
m nutes (Condition G inproves the processing

char4BPe S re8 GPMte HrBcbSsabPhFt y16fC #nd a
| Nt eLROhYIRE %Si'tnslnd%gc E%&dlgltﬁ AUy THaled % o about

r
particles preferably tain a ow ng agen
t haB5i.9 ofpleghianees nConldd triesi &)pdnidrehess tdHeough a
further susggns'on process. Therefore, the resultant

i nt BFPSETiterd COSFAGEFTIPELES Se thGt PEaTaTRah e idyy of

foa&aglQnggr?@thggegeggnghose of the above prior art
for use in oam nol di ngs. The interpolyner resin

parti cl e¥hgr angemprdlyingr resdéndpdritdBesuped fteoably do

ro e Lcle rough ol rocessin .
PeohdfocBhtaghlh RICRIHY aBRnY TEhal! 35" Sitdanaged in
nol dhagrethar pakeiailag, theouphess iFartiekdistigpPlsQWh

filmextrusion rotonol di ng, and direct-injection
f oaREACER8et TBRERHSEEn hhel sRSPeReRtcaonserpoilomeand

no pektn pLactHigs ﬁréhﬁgEtE&pgﬁ&ggggoggegog@%%ﬁ%he 25

i nterpol ymer particles o e I nvention may used

as parteclageasi hhoskt pfl aher abbracpuies. abul ifke ke in
i nt er pol r,.particles of the prior art, the
intg?ggléﬁgglggFticles of the invention are easily

extrudedThet ensekpdigheet sesihl Phrtebtesafde38enerally

injection nolded into articles with inproved Sol vent
intended to be used to produce articles through
polymer processing techniques, such as sheet
extrusion, injection molding, thermoforming,
compression molding, blown film 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 artic%es 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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resi stance (ESCR) conpared to articles nade solely
from pol ystyrene or pol yethylene. The flexural and
tensile properties of the articles formed fromthe
interpolyner resin particles of the invention have 35
val ues that range between those values for articles
made solely from pol ystyrene and those values for 8 5
articles nmade solely fron1|om#density polyethylene

whi h I ct t|e r.oa that
of %%Fgggglgyglt r&?er?%q gT%'i%r(l3 erﬁ) ?r?é]rs‘l é@lpr%’lﬁfr

of Whelel nhentihernarne apar hingalcar by opeévanieag %@,d_ﬁ'dal&h
end- O applications such as solid sheets, foaned

shek § i aﬁB&engﬂd§tYTﬁP€ctlon mol ded articl es,
barri er Thel Thec2pd1hed &Leglhais%&tl%l@é' bl lkgyer

structures. In a | ayer structure, the adjacent

Iayeﬁvgntlbayers aaetgenéaaﬂyyaﬂobmeab¢bale;n end-use
po ne. These

Lene.ar 15 hig | ystyr
for%@HXaF? ¢PR§ ﬁH&é aFn%BgéédggFSEért gamedcghgets,
t hoseadleacyssedsi nihhectRracRdl RaPaLagFaRE., FhSrier
|nter£olyner particles may be easily adapted to foam

appf+ t&Fr oABIwAEr e HiBl bRy agemultzelﬁyeﬁlﬁeducnuges.
th t t
elﬂng_ﬁﬁlfﬂ—fgggkygﬁg Egﬁkg p@ﬁglgd ?nFolaysaueg

conventi onal extrusion oan1ng
foah@ﬁesheereogeheaaﬁﬂybpanﬁethynénenppeyydtyﬂéhéoatng
rties _conpared to polystyrene

an roved ESCR% g Eg
f oa sﬁ@@?CBr 4 BeboafacappfPEALHoAEt1Igles have
Patﬁﬁﬁr&@ed6p§§§e99@es|§§thgstQhéggvﬁfs%%sééﬁgiﬂggkﬁ

(NOVA Chenical s Inc assi gnee) on Decenber
teé@ﬁ%@eﬁhngopﬁﬁﬂgraphand 8, a conventional extrusion

processﬁfﬂg {§L§£sglyﬁg ' BIE 1¢1&Q|£Qy B & be Ufed for

foam ap cations
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 particlés generally are
pellets formed through a suspension process, which
pellets are then converted into film, sheet etc.
through an extrusion process, or injeétion molding

or thermoforming. The pellets formed in the
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30 of the interpolynmer resin particles, the teachings
of which are incorporated herein by reference. The

i nterpolyner resin particles generally are pellets
formed through a suspensi on process, which pellets
are then converted into film sheet etc. 35 through an
extrusi on process, or injection nolding or
thernoform ng. The pellets forned in the 9 5
SUSPRBBEAR i BhOGESYARN Bl U1 QUi il WRAR AP Updhe
n1ll[grans to about 20 "m I ligrams. According to a
furnhéligspust tof ablmti RYemtilddigranse resin particles
may be used far the fabrication of articles via )
(extrusi%ﬁCSF A egPignfuﬁﬁbﬁr1@%ﬁ5951%£ b edtvisgiLon.

nol ghagres@hopllkdibdesphall be u@¥ldr $$r0RheS @laid 1$388n
extrusion, thernoformng, and direct-injection foanmed

sheef axtiGirsnvia dertrupdpnher dgpestion)t pdow

i nveni j is, . QVi .pal y pQsition ..
coned PR ¥ ihI5cRioK HE1R:RG, VIREETRANG, | Bhofidsng
pol gxerusiioh, asolpdl petbyl ererasdopgl yaeymeferming,sS and

therefore, .an oEZect of the gresent i nyention to
pr ovi HeCF nt B¢ po éﬁﬁrfPégﬁ FAPEECFEETHFLOR - pol ymer

conposi tA08 cOMPELELAErt REpLBEEEROLUERE nd@nPabH §ket o
that result in inproved processability to form
ar tPEPEsAQ 2 PP hpNneyedOBBSORIL thanactepirdsiog, thenpr oved

@ hDpHpGyedoBBOR EhanacTUTELbios, th
ohyey et Lo Tef 1 PelCLF1LE o8, o7 IRsBha, pERYREF phgh as

pr gsehfethyrahé oaind2pol pspyoghde i nterpol ynmer resin
particles that have_ little or no gel content, i.e.
rangi ng troht ablBeFeboreo aBoabiecbopbythei BRESBRSEd On

thei ek 9t off £ & NSrol DEET PRE¥PBE1TRSENRALL BLE8icles 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 appendéd claims.

BRIEF DESCRIPTION OF THE DRAWING

The Figure is a graph showing thé results when

Composition A and Composition B are plotted against
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These and ot her objects of the present 30 invention
W Il be better appreciated and understood by those
skilled in the art fromsingle Figure and the
foll owi ng description and appended clainms. BRI EF
DESCRI PTI ON OF THE DRAW NG 35 The Figure is a graph
showi ng the results when Conposition A and
Conposition B are plotted against 10 5 Total Energy
(tokhs. BHDYNOTURL VaEUS (DARAMRILNt o REICEHAGRS
pol ystyrene, ich is a conponent of nposi tion
andpennpusageenOB PDE?At&EBnBESGRhEBI@N @ cHiponent of
NVENT! ON. % O The term/ ol efin” as used herein can
be ngygf Eng 288 {8 %Féﬁ@n €ner nopl astic ol efins
(TPO'S), or thernDpIastlc el astonmers (TPE' S) resins.
Preferablé, in the invention the polyolefinis a
po|QETB@L HeDESSRAPEEONoPYpTHBY INNENEFEONN. 15 The term

poIyethyhgngegﬁskgﬁe§818§§géaggfgeﬁgpﬂegelﬁegﬁp Ps

speci fication and appen
i nchatteetbylenty pohopppplyene, othetrhyberer i cbul e&lise

o oT BRI o7 EhdFronTABF dcop Loptanczs. SR SheZamins.

andpfe P& APIK1 P! OPRT theni [T 0 i zable
W th ethyleng and a b%engﬁggegtEﬁée stgggég2§ mglght

pre@@lﬁ%¢@Yh§n¢ensﬁlﬁo@&bpolmprgpylené rh51athylene

honopol vy, copo t h anot her

Exanpleéﬂﬁé n%ﬂ%ne?%¥%%%%Y£%ﬁ?lfﬁﬁFEﬁmthuggghiPeﬁQe

ar epwesyht aspéad Bicat iyh &AHOEhdeappphapill engimbByt ¢ge,
hexene, acryllc acid and its esters, nethacryllc acid
and"TFRE e? ebRClufe BPhePnlyof yheropRhymatyobeebhEhdad .

\Mtﬂhﬁrﬁi§grgﬂe§@hylene 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 ;éid and its
esters, methacrylic acid and its esters. The other
polymer that may be blended with the ethyleﬁe
homopolymer or copolymer may be any polymer
compatible with it. Examples are polypropylene,
polybutadiene, polyisoprene, polychlbroprene,
chlorinated polyethylene, polyvinyl chloride, a
styrene/butadiene copolymer, a vinyl
acetate/ethylene copolymer, an

acrylonitrile/butadiene copolymer, a vinyl

11
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30 honopol yner or copol ynmer may be any pol ynmer
conpatible with it. Exanples are pol ypropyl ene,
pol ybut adi ene, pol yi soprene, pol ychl oroprene,

chl ori nated pol yet hyl ene, polyvinyl chloride, a
styrene/ but adi ene copol yner, a vinyl 35

acet at e/ et hyl ene copol yner, an
acrylonitril e/ butadi ene copolynmer, a vinyl 11 5

chl Qfﬂl%eﬁdi\éé%{}irgéletaﬁéeet eooééc/%%mee},c.et_rEgpecégl é%jeany

preferred speci are pol ypr ene,’ pol ybutadi e

and petefreanesc utpadi iene 0P PoEsrogysmt pdfybutadiene
pol yet hyl ene that cap be advantageously enployed in
t he §%RFQQ%ﬁ§H' % CORPIWBEL - nedi um, and

hi gh- densianely et ciff SidWiene Yihle acetat e

copol yner, an ethyl éne/’propyl ene copol yner, a bl end
of agvapdEigEcnsd varsthpolygst dpy |dre praeddrendirofention are

pol hyl ene .and an et hyl ene/ vi nyl acet at 5
cop%%&'rrér %e;l%nlél " ’bla@r#d%%péww é??gyaeié‘yéf?ne' an
et hglt@&Reepleopingne aeRAERIopoiRdol vat hyl ene resin

particles used to_form the interpolynmer resin
par Et&Ydensy perpyilerencmelmere & rdiand mfex (M) of

b ' ndi_t i I 0C,

R € P TR D e R (R e o
Congrilyeth@lep80Ensl Grkgthyd eneyiviiery lawereaga ol ecul ar
i ght of 20,000 .t ,000; _an_.intrinsic viscosity,

at 8eolimegi oapd B Blepd bt oLy nydraa yinet % 910

to QtB4leabdpBopandnad ¥oedl Softening tenperature
greate?qthan@ESE?uln thegeegﬁgainents herein, the

pol yet hyFBfePol¥sthvparsi ceein pavs ix1WsCATEesb frice Mo

P TBRELHEE BhASRAY! r3dGn BarTTcheb O bl hindleribn

g/ 10 m nutes ndition1,
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/cm?®, and a VICAT
softening temperature greater than 85°C. 1In 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

12
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190C, 2.16 kg which is equivalent to 11.9 g/10 30

m nutes under Condition G 230C, 5.0kg), a density of
0.919 g/cnB, and a weight of about 20 milligrams. A
suitable | owdensity pol yethyl ene (LDPE) is that
obt ai ned from NOVA Chemnicals Inc. under the trade
name LA-0218-AF. 35 The term "pol ypropyl ene resin" as
used herein is neant to denote not only a honopol yner

of r I , al a.bl ock copol yner_ . .
con%éfﬁﬁnégﬁ%o?§§?5%$%%ﬁ%%$%x%%cﬁﬁb Tf AT S0%
by weilyipiropgier@ndirhemn peloudlefdM,atarde 8 i1 53¢ 2I1ney Ofe A4ht

| east  50% by wei ght of_ pol ypropyl ene and anot her
pol {OFe iRt ey :Hﬁ)gyp?rlc,?sfelm, iRt ikt unee of ty bepst

ol ¥@leiin . J des, s I ene, an
gth%?éngycrﬁgﬁmgbg§é§%983b035n§$¥3§§L%?#§¥gﬁ%$vinyI

chl prilgeledpol.y mém, t@lres @tie;gb eerte/itpfxmyzli/eﬂﬁt rtld}_bibﬁﬂ‘t,her

ol vi sobut yl.ene ut r er, styrene/ hut adi ene

R AR I RS SR S e P
theetﬁ?@éh&@&iﬁ&lK&bE@ﬁ&%'d@pd@bmegnSanp@%ﬂylégé/vinyl
4,303,757, the pol ypropyl ene resin can be used in

par FRAGFaALE FOPMLYBEET epableFhyileneriopyheste rsyfrenss,

fl | S [ havi ng_a L aneter of
| begedoptiyBhes oLe0gl Lot Day g e o
absonpbeon pblybhetensyl aadopeliybutadiete.. TBE@TRENE o

f lyolefjn used_in the invention ranges from about
gO%eB‘Bygﬁﬁ‘ﬁ 188 BY RBiIdArBasel 28n Uhé-wEegsntotNa-he

i nt gr pokymer, r eakNpBaLbebsI eneArksinl ALORRL iSed in
nononer is used in the 25 invention. Exanples of vinyl

ar oratrFécubabaeforar eprefyrehdy, aliph&heefhyhs ofr ene,

S}E%#?%%%gzgflagpggégsk L leegrggD%EXEQQ%’having a
diameter of about 0.5 to 10mm in order to cause
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, vinyltéiuene,
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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vi nyl benzene, and isopropyl xyl ene. These nononers may
be used either alone or in adm xture. A m xture 30 of
at least 0.1% of the vinyl aromatic nononer and a
nmononmer copol ynerizable with it, such as
acrylonitrile, methyl methacrylate, butyl acrylate,

or nmethyl acrylate can also be used. As used herein,
the term"vinyl aromatic nononmer" neans a vinyl 35

aromatic none, n N mxture, 13 5 1n
an enbodifr?gnt : %ﬁe %ﬁ%y to’a;%o%t‘flcnaijn%ﬂ%r?atlp? f3rabry
i s ginafenesigo} yiverstzetend tgo Nyridei zgd| wtiefh neResi n
partio;:llt}%z]ie The anmount of vinyl aromatic nonomer ranges

from fﬂé@hlfeo's’ébdiﬁrté@%%%/-_ wei ght based on the 10
wei ght ofrHdeyndditfr RoH Wy I &5t S d Icrfér?c?‘mell nr?r(lﬁen%d

general, the interpolymer ‘resin particles are
as figlamwdboutn 40 % dartadrqutt B0 pdiy olesifght beséd on the

artjcl r i spersed i.n an agueous medium prepared
gy té“{fg'lgﬁl;t 83.%1tqieo B SRS, NPT Padeh LJ]§Fb_y wei ght
based on Irhejemeigilt, afhd Re1teatRy] yiferd rSUSPEM NG s

di spersi ng agent such as water soluble high nolecular

nat &hSalfOTMES) as Fahhausy| aﬂrbcﬂweqe,actm,hwheclepcw@@:in
and i:gh uby. i i terials, e, 0.
e TS, 5t S p s aatc el Al Rl e

t hepreparednydy adehisig (Q.Ogormcamsr%d @rrﬁgfagi(mﬂl yltogftﬂte 3%,
suspensi on.and polyneri ze i,nsi de the polyolefin

resiy B’gﬁgihgl g?steéiy 8 n'En VST Pdn dEatidtE Th&ner k

of palsyenefing a3d MisprsiRLORRent FRRAMBIS wad2r soluble

Basi cally any of the conventionally known an

contd Ay "ed ¢ ud ggp avadierd adgentes of-or Pedlyyriewilz atlicomhol ,

naym@%h?quQXQQloEQQS%nﬁggﬁggh%&% W%%Erk@%¥&ﬂf% the
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 &éll 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 aqueous
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.

14



10

15

20

25

30

35

art and may be freely selected by one skilled in the
art. Water is used in an anount generally fromO0.7 30
to 5, preferably 3 to 5 tines that of the starting

pol yol efin particles added to the aqueous suspension,
on a wei ght basis. Wen the polynerization of the
vinyl aromatic nononer is conpleted, the polynerized
vinyl aromatic 35 resin is uniformy dispersed inside

the poly [ i1cl 4 The resul ting, .
i nt er pol ?ﬁkg I?L\'ess}ﬁlp111 tlﬁ'gc[ee Ongg"e]geres%é% %%’gtf]a\"’/\}es may
nat &9 alsd rRpnodunatgridis!as sisducasy sheet Sled 0sisch
pi pes, and filmusing an extruder, or in producing

art i°¢l &@%ﬂtag'i rﬁ'oéf%'i Bstdighy forlm st fan mofgruder,
prOQﬁsﬁﬁﬁpr%dﬂd%ﬂé“hfﬂ%ﬂﬂeénﬂﬁémiﬁfééﬂgdﬁxﬁgfﬁ%ﬁéy(%
the interpolynmer resin particles to form foane hegt
vi at@sreefargemg prdusssssen f duridldwinhegententanr be

t hat, results are derived when the .

i nt g?ﬁ%}%%% g%lr 9 clfléas * %%ﬁ?gﬁi%tqeﬁil’ar@%%dm
W t fioutn &ohmed) ehedt RKIaNGAGHrudEiat is, in the
suspension _process no cross-linking agent such as a
high tefbeldtuPeemitiquacoPy ¢he idivenhar péadxi de is
add hefd n,...e.4. Rl I I

ol pranelons 2S¥Rase preo driREe Wl BB Jncgrpogymer
not parddslesnkéd thehd nveneripnl yrer praduceldesitdeait a
very little or_no _gel content, .i.e. a gel content
ranéfﬁssfréﬁlégguﬁgﬁnﬁo a gﬁF f?S%%ongFeﬁgﬁpfnﬁﬂ@ﬁ
abogioBeke aboLtro@s8%0ibkiwel GbntaRdOLE Br efighabl y
from about O to about 0.5% by weight, based on~the 25
wei RUPSFatHECpARLLAREST . TRe VI CATUSWYHt PRirpgide is

tempgaabues tAE bReyLALELROI YR L85 A.R3hLILS! &3
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 11526, 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 réduced viscosity
results in improved processing characteristics or
processability of the particles so that better

quality shaped articles can be manufaétured by
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ranges from about 90C to about 115C, and preferably
from about 90C and about 105C. The viscosity of the

i nterpolymer particles of 30 the invention is reduced
conpared to the interpolynmer particles of the prior
art having relatively high gel content. The reduced
viscosity results in inproved processing
characteristics or processability of the particles so

t ha I it | [ be ‘
e SEALE AL D SIRL5  55E0 O grggoene
probessdsn abadiescussed herein above. In a direct

i njection foanj.n rocess, a blow ng agent may be
i ntroduced ian{gt}%(%ollt‘@r?‘%ﬁ%‘ fSAnIY RGP y ner

par bilekasigOhddi® e Hd G tdatdd GdHGE 2 {OAEY mass

article, such as foam sheet, foam board, etc.
Sui P&bltEeb iakieryodgymetrs artindes aifi phat iimvention to

h h - .. n-but gne, i.so-butane,
Y pEEPAEaTa TUERR® IARE" Such 2 Yok st  Loat

cycboalrdphaticc hpdieeaikons cwicly agetr £ Yiclahidane and
cycl opent ane, _.and hal ogenated hydrocar bons such
tri@EEBE@FFEOPgﬁgpﬁéﬁ?Pn%ﬁﬁﬂﬂhﬂ@ﬁﬂqmm%ﬁﬁﬁﬁanérbutane,

d!CEEBLBQEBHHQrEeb%ﬂﬂgne,nggtg®%$§§§pqp- @Qﬁmgn%nd
di chl oroet etrafl uoroet hane, etc. s such as 20
t et n@bpavtaetharnycldafllipbatedichye racalbletss ssisth a3s

chl gr odi § | uor oet hane be used. These _bl owi ng
age%yggﬁévgggeugg ngﬁéPSPtégeﬂiﬁPErzﬁ;QQGEFQF%}red
anDH?HrGEakBBnB|@Wbﬁgt%ﬁ%ﬁﬂo&%f&ﬁor%mb%ﬁﬁ%eqf about 2
to about 15 by wei ght based on 25 the weight of the

f or AeghtAref bépyﬁﬁlﬁtb‘aﬂ?i: cHéshlpreddfdeicrme thapes of
bl 0uh 18r88¢RT SoroREEnLANIAL G N

dichloroetetrafluoroethane, etc. HFC’'s such as
tetrafluoroethane, difluoroethane 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 teacﬁings 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 con&entional manner
and in a conventional extrusion process, more about
which is discussed herein after.

A process for producing the intefpolymer

particles of the invention is conveniently carried
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U S. Patent No. 3,959,189, the teachings of which are
i ncorporated by reference. Preferably, the

i nterpolyner resin particles are not inpregnated 30
with the blowi ng agent in a suspension process;

i nstead the bl owi ng agent is added during the
formati on of foam products in a conventional manner
and in a conventional extrusion process, nore about

whi i g di d h i frer...35 A pr.ocess for
pro Egl %5 tf%glii%ﬁ’t%ér pglrh% ro%}f))glretﬁlla &0 THe iFHVent i on

| s sospenidedt liyn ear kigetoukd e diuwin asorftelilwsy alhe

pol yol efin particles are suspended in an aqueous
medPAPESREEENAAGTS - diTEe CdiSRgTAJOR ATRRE daspdrssi rkpr
ageBkaliBy ehe pofigii ngiatRlBndiol Kt aMdse, calcium

nmet hyl cel | ul ose, calcium phosphate,” nagnesi um
pyr bphesphite, magheisimml @ycapbosphat e, icedlcdiumm
phosphate, .etc, The.anmount . of i spersin

d
enp oyeanﬁgeo.Bflfglgﬁyﬁypﬁ@?&ﬁﬁteba§§§'gﬁ%%ﬁghﬁﬁﬁﬁhﬁf

of watpersAngubbaatashplaycbe iaddedit @ kg JPUSRUF Kt
medi um Cenerally, the surfactant is used to'l ower 15
t hePagffafB tBRsPBRUSE Phewstispension and to hel p

emul si fyt bg,pa i OB noper _m xture in
t he initiatof a%gg&éxag'xg%,g??eﬁsgg.ggﬁeagaﬁggﬁs
medingdiis. geflienakrhylifeathd barfateaper acUunged twhildhver

t he vin%hr?rona i c_nononer can be pol ynerized, i.e. 20

t .
frofi'GpBHEE858 FERERBHt °1258°0FFPENFePPOATE! toi R 1P
fore@xaspte, the %thQ/UQﬂyi-aggﬁétEB'go%%gﬁ?oégxtnggrin

period, the vinyl aromatiC nonomer an
t enpleaiBibiphpPri andr vakonipebynefi msad.t fhevanpkous

ar [ 0 dg he_resulting 25 .
o O IOER L e LA LAC,T ESHELLILZS e wnscn
the vinyl 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 éértions. 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 initjators include organic peroxy
compounds, such as peroxides, peroxy carbonates and

peresters. Typical examples of these peroxy
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di spersed therein. These materials may be added al

at one tinme, or gradually in small portions. The
suspension is cooled to roomtenperature. The

i nterpolynmer particles are acidified to renove 30
surface suspendi ng agent, dewatered, screened, and
dried in a fluidized bed dryer. Polynerization of the
vinyl aromatic nononer occurs in the polyolefin

par t.i I of itable.initiators_inglude
orggﬁﬁkgggggigggﬁ%%6ﬁpgﬁ§gs§g§8%ﬁd§§’pSPSXi833%868P8X§
car bemaésleanthenperds perreoxiBeni alurexanpeasafdd hese
peroxy 17 ﬁ conmpouynds are C6_20 acyLdggroxides, such
he BELARGYY DREPHiffe, SHERTEYI DECHHe, ReRRASATS, such

perﬁéi@ebut9qt%@Q%En&%%%éhd%hbﬁﬁgﬁg %r%%%%?%%?yf-butyl

peresters, Suc as t-butyl pe ate, t
per Reet gpbutyrpaeyl t-petivdopeubxyate ethyibtexhder oxy

2-et.hyl hexyl 10 _carbonate, or nbi nati ons t her eof.
o EIYbORKY e 1By BORBIRE s o, BRI | s ol rae

areinatsetpessi Bi€fe@entof remaPB@xd cBmpounds, are
azobj si sobutyronitrile and azobi s-
di nRtRYVBPEFSRILEr | RE. £P5 THamPAEt Pat &s are general |y

US?Qz&ﬂiQ@séﬂgﬂg%gnggf§9§gng'géoggfz percent by

wei ght, prefera percent by wei ght, based
on dhwetbkyyhleobntiheileinyl aronmtic nmononer. These
e used alone or in_. 20 caqnbination of

initiato may .
{QL gr n%ﬁ% ?ﬁ?FFﬁF8F§.afﬁeggneFﬁ?@VaPﬁﬁg ¢Bnapeamount

di sspl aegut ot be vbny! pareBnti by WRAGHE! Spr¥REEELALCo 1
to be absorbed in the polyolefin particles. These®
t eakPi hgRerppear by nwehghtf obasafidonUtBe Patight Nsthe

3, 992 B9% - JRE L O hLALRLS can be

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 stabilizefs, such as
alumina, bentonite, magnesium silicate; surfactants,
such as sodium dodecyl benzene sulfonate; or

phosphates, like tricalciumphosphate, disodium-
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25 dissolved in a solvent. Such solvents include

tol uene, benzene and 1, 2-di chl oropropane, etc. The
suspensi on polynerization is carried out in the
presence of suspension stabilizers. Suitable
suspensi on stabilizers are well known in the art and
30 conprise organic stabilizers, such as poly (vinyl
al cohol), gelatine, agar, ponV|nyI pyrrolidine

pol A I A anlc t i_.zers,

al u% na)é ben?) tpri’%l %E( N st,_'lsil??}]l%s]ﬁy cat & SOt lr?%c’toa{ht‘%lth
suclngs o&odlﬂﬂnatadﬁdelb@Wmcﬁiﬂé§mﬁir&.1&{ecﬁ5aarl1er )
phosphat es, |ike trlcaIC|unphosphate di sodium t8 5
hydrogenT%ﬁ QﬁﬁﬁQﬁQﬂI%fQQ1mﬁﬁﬂﬁqﬁﬁ§h%Y\M%4Y from

any 20buth® Bk abicld Zia%CEMRAUR 5 WL 'z;tyaton%%s%@i' drflen

The anount of stabilizer may s vary from a out
0. Oveigbtabduths, O%ﬂhﬁowsi@hasebased on the weight of

t he aque Q The olefin rt| | es, and/or
t he |nt25§oE§3¥P1Fé§Pnpﬁ F@s 8Pdf ntion nay
contiacBrablghkh- $hatinc a@@ubu&% oF E%@”&n&%&%ﬁgﬁphwy'a
colorant .or dye; a filler material; stabilizers; nd

pl aSPRERIBr 8N 3DER -gEaRAL @dgiltives ahéllan@errpxtﬁam@mt
resbnceﬁﬁkﬁﬁkegro Vglonsfgxggklggtg§¥aEUI %gggllzers

coated wth conposfit conmprising sili CONEs,
or ghﬁcpﬁabtlcazbasylaUeh asuwhahbeodarboxylates are
gl ycer ol and tri-stearate, zinc stearate,

caIC|un1§Be3385?5981y§ﬁH FSSﬁEsPGﬁF%FQE?apé th&d

m xiHieatibhenaof sukkapplepeobogteh QQEH°§bEgQQ§tg%%s
be those disclosed in Pat ent No. 1,409,235 and I n

St|€RWE§}SEPQSS1baF@ﬁ?Shbmeﬂa189r983y06helcoat|ng
COMBOShbkPTacCa BEiBRBIECHalBok)TakILCLRE! YHTLLLET' N

partl cl es
mono-, di- and tri-stearate, zinc stearate, calcium

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. Theﬁéoating 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,.is alk&l 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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25 via dry coating or via a slurry or solution in a
readily vaporizing liquid in various,types of batch
and continuous m xi ng devices. The coating aids in
transferring the interpolyner resin particles easily
t hrough the processing equi pnent. 30 The i nterpol yner
resin particles may contain other additives such as
chain transfer agents, suitable exanples including

c2_ ch as, n-dodecyl nercaptan,
CdeTe iy NSRS B AR e bty

mer gapherthydrshotwiere S5 IRgants waidhtisaReaPhesydcular
ethane and the diner of a-nethyl styrene, as well as
nuclw€a1t9ﬁﬁg %Qe%ﬁ%,t%wool@ wWhigh e, ot et ep Wk efsinatie

pol yahafddl WanksigH 1% '%ﬁ‘é flgyae -

wei ght aver age rmq eculearpQQL [ g]mﬁlao tga é%l%%g:,&y ot
whi &h 0dr & pidGaldyy Weiglty, kdisddesh ttireouglourdte of resin
pol romatrix in quantity .of 0.01 to 2.0% hy

el SR BALAT T (I AHTROC s (P S0 SRRSOt DmaY
The alleiceiqp@ltyiRl fires 0 .NAd @ .83 B wallghR ,CHyi n

fromO0.1 to 0.5% by weight, talc, “organic
br oFFEENEEN PFORIAY -Comfaimdsa smmpsaingls , agehtes lag

desgii-bed | Mo ;0148 I I S& .
i sal k@ﬁ sul gﬁogﬁgir\r:??tegg&s%r'%i'%o- %g/%qg%(? W%Ch

car boxplrates isaidyTeul pB2Gucalikplbey, ere rddltphongt esc,, -
The jinterpaolyner resin particles may be used_in

oext FREPOIVAPEEassPRG. CRor ExanPiLey ¥wd ops: FrdmBonarey
be fed inhe anterxpoidaler edihhen @1lNvdedadSd used in
single |ayer or co-extruded into nulti-layer 20

st r B¥FEHE3 cnepgoceredndor Formexa@ppilenalthg, parthicdeisng

T LA AL S A W T

r odsiayglbelhgeredr bo-kuttrheededhedi maNtS -layer
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. h

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
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the interpolyner resin particles my be used in 25
injection nolding or may be thernoforned into desired
shapes in a manner well known to those skilled in the
art. Alternatively, an extruded sheet or film
produced fromthe interpolyner resin particles may 30
be used as a tie layer in a nulti-layer structure. A
co-extrusion process may be enpl oyed wherein the

I nt 0 r. nesjn. particles are extruyded hetween
sheg?% (k)re‘{ﬂl%nlc&% ati quaterupco Yirer seIte ¥ ORI S hed Rt

pol ysiey peNeedhyleings tndsne and Halbhiffe rgs Grmdi Ghe S
i npact polystyrene (HIPS), and a sheet nade of

pol PEEIHCERE, eSSy Syichaty Gatpsrsl widesiton to 20

51 I l.ayer: RUC [ Sj t
B e U YR e
par podlyes yoeest én &hehemteadpdigndmindsithearticles

pol yet hyl ene in the polyethylene | ayer and that the

pol §F§7‘¥8ﬁe S e Serk é%ad %&h S PYPHGIRe f@ the
Crepbegsayeed gakehond with the polystyrene in the

pol ystyrene |ayer. This inproved adhesi on becones

i mpor t anFhiFeAMRroygs lradphesion peicpaesy liaperitant when a
ext e 0_ pQl sheet to_ improve ESCR, i.e.
15 é% i?Sgﬁgnfglgggiéﬁégggggk§%e§f%fﬁﬁ%ggQRﬁ%Mther
exappllgshgyeper cheptt ot Hephose BEIdrRSt iy evhere in

vi ew of FDA re% irements food cannot cone into
conPRUETRPPR RS ShBSCPareacky &esdrteReef-ood further

contrhiglie AldyVBERtBILYRLORKEERE IS 1HSRd ¢ M&%r@@%ﬁh

polyolefin resin in the interpolyner particles of the

i nveaevWonrf FPAnkgabée rpmenssalfoedt caninetbicesle timeo
contact with the substrate layer of the food
container.

When polypropylene is used as the base
polyolefin resin in the interpolymer particles of
the invention, it may be preferable to viscbreak 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 distribﬂtion, 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 FudgelU.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 duriné the formation

of the interpolymer resin particles. The peroxide
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pol ypropyl ene prior to, during or after interpolyner
formation. 25 Viscbreaking is the intentional chain
sci ssion of polypropylene to produce | ower nolecul ar
wei ght, a narrower nol ecul ar wei ght distribution, a
slow crystallization rate, and faster nol ecul ar
relaxation tine in the nolten state. Viscbreaking 30
can be acconplished by extrusion under high shear to

mecparincRld Yridegrade ﬁﬂ%ﬁg@e“{am‘?cﬂgr at ;a%%t Nos

chains as taught in the "above Fudge U
4, 6 Zprpsungsd hiaveriyg B84 rhaan Hzel fackiofip| tehperdtyurd het

use.of roxi des., as t.in the afporesaid 35 Fudge
" SPUbRER g%, B e, i G PGB e ot he
| Nt &npolyrelod QSian HIY tioC! teSrt -Hift yP]IXd:88 sdr Sy 1)

bl ended wi th thgcﬁolyners may be any of t'he “coripounds
havPE§281F0-(Hder Nal Examed aserparnat i erssf diymimgelen

100 :130C S [ I roxide . (117 r

R LR e NP i e S et S

Exafptespdlame r8 resd ndipatmilc 153 jofr atedd rveent isgbr eak

t he polyﬁgpp | ene of the interpolyner resin particles

of the i gnlx‘llf‘gﬁ.rp KBS EESIR PRt Yd§ish Gfartthieel es of

t heihoeartban magy bRe comblnaed wWithh 2 sseerRd g‘?ﬁ'g%ﬁ P
used to

form a pol yner conposition which may then b
| 5 £6EM ar PrélyBs Ty camposdsdonnyhifhr mewarghlesy kshested to

ext o) . Ln t her nof or g ng, _conpressi.on
ol B A o R i AL e GG o,
Theesecurdopol yoebmoayihg, Seheshod oMy, ROMPTRMion
consiithg of, ol¥ethylene_and 20 polystyrene. In this
conPB8PtPEn, 1PAESFAPEr PolLdiee. Padi Rlewn: fdles my be

preegptukfoAN afRENkeLaREl BB1ymer may be selected from
the group consisting of polyethylene and
polystyrene. 1In 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,dhowever, in no
way, should these examples be interpreted as

limiting the scope thereof.
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from about 0.1% by wei ght to about 99.9% by wei ght

and the second pol yner may be present in an anount
rangi ng from about 99. 9% by wei ght to about 0.1% by

25 weight. In an enbodi nent of the invention, the

i nterpolynmer resin particles are present in an anount
rangi ng from about 10% by wei ght to about 90% by

wei ght and the second polyner is present in an anount
rangi ng from about 90@6%@2?b ut 10% by wei ght 30 based
on the weight of the in ggiﬁﬁer resin. The fol |l owi ng
exagpbaplara intended to aid in wunderstanding the
present | nvention, however, in no way, should these
exanpl es Thési Fefpret dd rad atiesnito v virieaes@odeethylene
| OrLABErpSyRerS LD csTARIP B Il BEAHAE ik
relates to Styrene-pol yethyl'éne T ntérpolyner resin
par wechbs poipsityednel atddsy bwewghghpolyfsiywedenaidy
40% b mEbggt of |owdensity 10 pol¥ethylene, based on
thepﬁiVﬁ PPN e P3P R PRoFPReVer85n Ofalfecl es. No

di cuaybrpel gnide reGhaspaltRkh Bg  agRAt d‘ﬁ@ﬁm?ﬂd%_@ﬁo%itd%e
formulation. A mxture of 520 pounds of de-ionize

wat €F9ss9léngadnadsgentt wascatdedntphtbphébemadagion.
suspendi Rg._ . ent., d 27 gra f a strong anionic
surfacta%tmﬁégggghggggget OgnESIggegFZéPpéﬁe e YEL6F -

Wi t B. 6 hpouadikt afotriupalBguat pA8spRAtEOaBr apauepeAding
aqueous. nedium The surfactant was Nacconol (r) 90
(StBPRh: eRentdafrens) ofwai ERTPEISBRILORA- aBdéagtant
bengepe 8Ha§ggﬁoeats-p$h9mé99299§oﬂegéaﬁk ﬁgﬁﬁgagﬁeto

about 91C and held for about 10 m nutes.
pou@ggtator running at 88 rpm to prepare an agqueous

medium. The surfactant was Nacconol® 90 (Stephan
Chemical Co.), which is sodium n-dodecyl benzene
sulfonate. The aqueous 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.), eaéh 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 styrene 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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of | ow density polyethylene (LDPE) pellets (LA-0218-
AF from NOVA Chem cals Inc.), each wei ghing about 20
mlligrams, having a nelt index at condition | 25
(190C, 2.16kg) of 2.1 g/10 mnutes, and a VI CAT
softeni ng point of about 93C were added to the
aqueous nedium This suspension of beads and water
continued to be stirred at 88 rpm The | ow

i Rj t4i at ' 373 ar 30
| eTRgiaiuse Rl IR LIS Syl G000 SR e
t er Gidaminmiteys tgerldrmoatie (SEBRensete dego! Math idhd 84

ounds of styr.ene, nononer to _prepare a nmonomer
gol afies, Y& thitglerrﬁaqE %%néﬁ}gf :rgFt}%? t’f?é‘dc'rt'é%}?:t or
ove N . t-G ounds .0
purgoéggpgﬁew\;\eg‘s%t é_’ﬁ:%?gggjdq?lg ?hgv?gacz:t ?}roergvgpdl 51d

M nibes aat addiedpeadt W &oRfrs916 pBlgmeY i%d aafd or
contents were held at 91C for an additional 90

ni nGEBEIPING FEWIERE PeROYStyd SIS Midhdimd theeact

W t BbytReyRehretiyhgne. Then the reactor contents
were heated to 140C over 2 hours and held for an

addi ti ondfftarhpolymeripaktyweri thet heat® ivenminitige was

styrene _i.nto .pol yst ne.wthin the | yet hyl ene
rra%/rcngieﬂf pEd gg&ﬁéﬁﬁ?ﬁfoﬁ@gﬁgaﬁeﬁ e\‘}letrﬂ Sesse Ligs
coothd andpbydiaghhgenesaci ¢hwasecaddepal@ id1es0k¥se

t he suspendi ng agents. The resin particles were 15

t hehP@AsHaghgAd2BE 8gie®he average gel content for two

sanpl es t [ apti 5 Lght. %
barsrgd ongglﬁegg\?é%g%t 88? t[: EQE% g}s“ne\é%%i g{" gr ps)\éﬁ ?ngrs P éfsitﬁe
par reginsparfhelasl wabndeg5wasigh@46 phatednoauths at

00”925589 g% gge(ggggggngngégpggbmer resin particles.
The melt index was 1.046 g/10 minutes at condition G
(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 thé 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 aqueous 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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Exanple 2 This Exanple 2 relates to interpolyner
styrene- pol yethylene interpolyner resin particles
conprised of 70% by wei ght pol ystyrene and 30% by

wei ght | ow 25 density pol yet hyl ene, based on the

wei ght of the interpolyner resin particles. No

di cunyl peroxide cross-linking agent was added to the
formulation. A m xture of 520 pounds of dei oni zed

wat e#., s of .t.ri I Qs e .as,
susgglr?dl%ﬁ% fgl%g%glntcont émf'fia Q Iprset aeﬁlliﬁiﬁ‘c

sur frhet dwty uen@mmojx(er)poa@)suweelechafﬁq%d&sa i.e. 356
pol ynmeri zation reactor with the agitator running at

aboS 388 PEMPEGZYdr BFaCE18e d@l?éﬁu@%&%rﬁ gpeas of
aqu%@%&l&%?’%ﬁk@qsgeQ%%%%%ak% & %% < i dPlin

about 10 m nutes Then 84 poun ensity
pol yét bplane pélE@W&en@Lm0®bm&{A%r»w&E@a&uspemwm$mdr

t he Q medi 24 .5 The ensi o Qontln ed to
be s?gﬁﬁeggata§§uwbﬁﬁ m%ﬁ&“F@mﬁ%%ﬁE@%éF&r rene

i ni teatebs, ovee. 2896mignaeE . of Ab%@é)bhdp%%hd%f( BR2O)
and 66.8 grans of tertiary butyl perbenzoate (TBP)

wer BOHPES oPEeBUER SHBrEeEnHa sot §Pyﬁéd@dw§@oﬁée treactor
re o_solLu t hi ure
pregace §OBDQEHEEeE agoh Eégpeigggre o) k gﬁ%d

punped into t reactor o m nu

bat baotof8conesnds akrpunelst yeesee @ﬁﬁofh§@ é&&fgléﬁal
the reactor over 100 mi nutes at a tenperature of 91

The0r BaBUBRScBAt ehlswwehe mevdeme 90Csbek anto and
add 0 ||OM/ rene to soa
kéé@@a&léﬁlﬁ h#gf?ﬁ Pene ThERat E

into and react MA yethy

I eagbAten€ONWERESHUBEBINEA! @dof@ FAOL PRS2 hows s, ang
held at this tenperature for an additional 4 hours to

pol ket taBPeBABRAEN§OSt gneaddihionpdl §shyneneto
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-density
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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20 wthin the polyethylene matrix. After
pol yneri zati on, the reactive m xture was cool ed and
hydrochloric acid was added to dissolve the
suspendi ng agents. The resin particles were then
washed and dried. 25 The average gel content for two
sanpl es of resin particles was 0.45% by wei ght based
on the weight of the articles. The p negtslgge§ was
501g/ 10 n1nutes at condltlon G (230C an g
Exan'gl e 3 3FFFNEE BLamA% PPy Klsiids dqy ionized water,

st yese pprinye! i ens - dNERPIHBN HAS 1 Py dj
conprlsgﬁﬂbf 50% by weil ght polystyrene an !§ﬁ§é§h tnd

m5|gﬁﬁnﬁom@d@h§ﬂtﬁnapwiyéihymmmanMﬁnﬂbnmctdurﬁmaqﬁﬁt

of t |nt § e l.ymer resin _par |cles |cunyl
perégg crgg Sk ﬁﬁlé%¥ﬁé %%?9%?

f or rehatoenwiZh ThA ﬁ@&k@&%ro&n§%gn@9%ﬁd%Ught 88 rpm to
de-ionized water, 9.6 pounds of tri-calcium phosphate

as Hr§8§5§néPn@qu§@@ﬁtmeéﬁ@m27 Fhemaapleoassmegigm was

ccono re char ed to a
ol ReFraaEroR o kastor iennehd Fab 2Porc, i pguGes:
abouhef81apMpbande PEENBNE daRs3RYeRBI vERELIEheTRR 11 et
aqueoﬁs negrﬁn1abs heat ed toSabgﬁ? fggagg hglg foF °

abo&PAlgzﬁ?nﬁFésWer?héﬁspﬁgdpdunastbﬁ que@eﬁsmeglum
E in
pol afﬁ;_hxhsgsnegbh%%q%hﬁ&%% £E) Sper ﬁ{elagsggagg G’

he aqueou e suspension cé
stlThedlaw semppnatheTbelyewyteﬁaeﬁaﬁuﬁatpebySEyéen@5o
initiators, ] ans of benzyl peroxide (BPO

.e. 350 r
andI68"83°hr gﬁEZXi pFé%FFQFy(8899Iaﬁéréén56a9€a@$BPf
ver eegi s80LVBdeiN pZQbEQHBQEeORTﬁbKFe@@r@°89§§51%8d in
prepare a nononer sol ution IS mXture was
punpedPPrndst @ styrene monomer to prepare a monomer
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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20 reactor over 200 m nutes. A second batch of 70
pounds of pure styrene was then added to the reactor
over 100 mnutes at a tenperature of 91C. The reactor
contents were held at 91C for an additional 90
mnutes to allow the styrene to soak into and 25 react
within the polyethylene. Then the reactor contents
were heated to 140C over 2:-'hours and held for an

addi.f. Lo 4.hqurs ol rihze the.  remining.,.
st y?élﬁemlé%% o-lgg%isiﬂ )%rgeﬁé Oé\ll ﬁilé PH&ETESS )r‘/%t t%ﬂ“g%‘?’é: ton G
mat (230 °Af aad pobyawr.i zation, the 30 reactive m xture
was coolfd and hydrochloric acid was added to

di s suspendi ng agents. The resin particles

wer e the@hT@Sﬁﬁgm?Tg grhgdsi%ggaﬁv%ga%Qagﬁggpan%PEhat
for two sanples o resin particles was 0.69% by
wei ghstpased-palyhthy3sneeigherpbliyherf erimbd 60% by

' in tigles, 26 5 Th It ind
| 09553hE O RUE e eR2 Bhth EP5nP VeadhE Iy SCORGEY
Exappl pebhhéfie Exagpheoft theSWELGAE bE Eﬁé”ﬁh@e%g&ﬁgyer

that a styrene-polyethylene interpolymer with 6
10 ReFghelpsl yasypeadugnd - 400nbyhiei Giampd® denbiowgver,

pol ye n 0 LO f.the inter yner
par%i%ﬁ%%gmg§9§§g ﬁcggéﬁfnw?ﬁigg 8aﬁ%l§n4ékﬁgm§$egg a
chaimcteassfehe ageht fihswusatei afathat tARRFpbOymer
increase the nelt flow rate of the interpolyner 15

rest i Al pha methyl styrene dinmer (a chain transfer

agent) A 5Ha aBLIRY1 05t #68n8r @MBer! (8- cARYH! tPaflfer
parts per hundred of styrene was added to the
SsusPERt bnimi an aheupenef| 1p2roxade, (BPE) ahduthe.20

parts per hundred of étyrene 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 tg‘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 résin particles.
No high temperature cross-linking agent, i.e.
dicumyl peroxide initiator was added.

A mixture of 380 pounds of de—iohized water, 13

pounds of tri-calcium phosphate as a suspending
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20 tertiary butyl perbenzoate (TBP). The average ge
content for two sanples of the resin particles was
1.01% by wei ght based on the weight of the forned
interpolyner resin particles. The nelt index was
2.6889/10 mnutes (Condition G. 25 These results
denonstrate that when using a chain transfer agent
wi thout a cross-linking agent the nelt index was

[ d d 1. le 5 1 hi
ExaRies, Tt o Bofy AL PRCMRShErPEe 8D S e

pr odueédceanpr wsireg cha¥gby wei ahpolemestivaeien ark 4%
by meight et hyl ene vinyl acetate copolyner (EVA),
basBdtBntPRe e ghPTofF UPRE B &itn 3BRULI dI0&s TPMINGChi gh

tenpgéggyéeaﬁrgagéghgkhgg-g ent, i.e. dicunyl
peroxide initiator was adée . 35 A mxture of 380
pounds ofhdeafjospredmediem, wa3 hpateds tof aboiutcslocicurmnd

pho te_as suspendi.ng, 27 5 ent, and 8.6 grans of

Raciond) 07 aBoRl B T AdtPfact THERwazE eranded oo o

pol yoer8éakien peagkehylvhthviiRolagibaker WE@%R”%e@ﬁets
e

about 102 rpmto__prepare an agqueous medi um
aqueslkasBgNdntwad Reavedghs Hbbyl soctahd amd HEI.8% by

for,abont é@hg}gﬂée?yATﬁgﬁ.%ggmggggg§gg%E%RfmggﬁﬁgfSLP,

| ow- density pol yet hyl ené vi ny
confiimtog, 4TEXabY aedghavihgyh dembate afdaBbub%oby23

meight et hyl ene gNA.4§O frgn1E uistar Chemcals, LP
Hou {%ﬁ,a%%x%sTe haRE¥ng a® déns?{ yOoRiBBEEE 0. 923 15
g/ cecandieidrl t, i ndexcof 2018Rq0/ $0r81 BULESHaLGoRdi than

I, 190C, 2.16kg) were suspended in the ‘aqueous
medtTREOTheredhen or Tapeeacter hewperatueaswdst o 85C

Theiﬁé%%&@@@eﬁgtggeCPO|¥ﬁéy{ggetemperature 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 éo 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 (HC1) wag added to
dissolve the suspending agents from the pellet
surfaces. The pellets were then washed and dried.

The average gel content for two-éamples of the

resin pellets was 0.46 weight % based on the weight
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initiators, i.e. 246 grans of benzoyl peroxi de (BPO
20 and 30 grans of tertiary butyl perbenzoate (TBP),
were dissolved in 22.6 pounds of styrene nononer to
prepare a mononmer solution, and this mxture was
punped into the reactor over 96 mnutes. A second
batch of 146 pounds of pure styrene and 5.0 | bs of 25
butyl acrylate was then added to the reactor over 215

m nutes. Then the reactor_contents were heated and
hel @ it PEAGE TR GUErSXPHOGRSF (17 % i BHF Eheles.  The

ol rd zaid r it hint t
Tt S0 e nalY e e LR R
r eacitoreliiiarur® was cool ed and renoved to a wash
ket tl e ere muriatic acid (HCl) was added to

dis suspendi ng agents fromthe pellet

sur f aces Thiike meiipts evre dthan vashad 40 Hd £0- 35,

The average gel content for two sanples of the resin
pel Pats S0 SARAEisgg %60Fadet waiatite podivgity rea Pasfed

t he St,0 d.j r.esin rticles. .The | t
Sy or et e el el Tl Bt e s et
CE.aEﬂaﬁp%eb@'WmighExwﬁﬂetH@néﬁﬁyﬁ?hﬁnyaﬂﬁgawgﬂyner
resin 1 articl conpri sing 70% by weig L
poIﬁ???&gﬁgrbéigﬁs'ongghéuﬁgﬁjﬁ?mﬁﬂaﬁﬁgqlﬂﬁﬂﬁﬁﬂkaﬁ&ing
reshgepart iCkesno ANERQW %ﬁ@;&i%t i QLR ERR & I/ 8eq .
acetate copolynmer (EVA). hi gh tenperature .

cr o38€| PERICRS &genmakiing, the gactidlegemasi damilar to

par {T2F g ha BRI 510 T JeRF SR B Pl Ly pdne

| owdlepdi tyepakyet(Bybgnesed Ayl Exeapate s( BYA) theed il

ExagE|Ssgqug %ng%?gEG.

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 suspendeé 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 was
pumped into the reactor over 96 minutes. A second
batch of 146 pounds of pure styrene and 5.0 1lbs of

butyl acrylate was then added to the reactor over a
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as used in Exanmple 6. A m xture of 411 pounds of
de-ionized water, 20 9.8 pounds of tri-calcium
phosphate as a suspending agent, and 6.5 grans of

ani oni ¢ surfactant (Nacconol (r) 90) were charged to a
pol yneri zation reactor with the agitator running at
about 102 rpm to prepare an aqueous nedium The
aqueous nedi um 25 was heated to about 60C and held for

about ' —..then 87 unds ,of the low densit
eth er?i\%dn;ﬁ fqulgjts er{{l-e;lugtﬁ et gﬁl wer §:k§eu Jshdst i 5% eene/S

aqueetre heediadmanthédlRRCItOr 4ENPEHR WWeMas Hacreassd
to 85C .The |low_tenperature polystyrene initiators,

30 it1@ishy &G A YTE Hartopn o Shiererothin g

gr ag 19 th§ddr YoRytiyl perbenzoate (TBP), were
di ssolved i'n 22. 6 pounds of styrene nononer to

prepar e &Lipeno perl yo@initdadi onane st icsnpliettad, e ties
punped jinto the reactor over 96 m nutes. second 3
bat SRUSE 1R TGS, R OFRIERy AL TETT S e grach
but ¥etagley e evanirtiben caddad t@dihe waRaGldRle LU a
29 5 period of 215 mnutes. Then the reactor contents

wer EiRERAEE she Ferpeadingoedeatsofarts theurs ilet
f'nbﬁ?f%%%s?°&$ge%%i§kkgnw%&eSE%E%n%aQE%%!%&%ﬁ%&ied.

pol yet hyl ene matr er pol yneri zation
conpl et e@het hwet@geegelli ventiextuferwasoC eampd eandf the

rempved to sh kettle where nuriatic acid (HCl1)

was rsa&é‘dpfei l\ggiss%‘lsvg ‘Pﬁéwg’éfs WEAGTHg PagERt ©7F F&% t he
pel ketightubfaeas. rokfecpelhebspielfetnedwashedandes .
dri ed. The average gel conten? for two sanples of the

15 FBSi Repél Ledsxwes ohsowehyehei yas Baged/af mhiautes
vei gttt RE E9rmed interpolymer resin particles.

Examples 7 and 8 below show that the use 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 polyprop&lene.

A mixture of 520 pounds of deionized water, 9.6
pounds of tri-calcium phosphate as a éuspending
agent, and 27 grams of Nacconol® 90 were charged to
a polymerization reactor with the agitator running
at about 88 rpm to prepare an aqueods 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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The nmelt index of the pellets was 0.25g/10 m nutes
(Condition §G. Exanples 7 and 8 bel ow show that the
use of 20 dicunyl peroxide for viscbreaking purposes
increases the nelt index of the resin. Exanple 7 This
Exanple 7 relates to interpolymer resin particles
conprising 60% by wei ght pol ystyrene based 25 on the
meight of the interpolyner resin particles and 40% by

0 Vi Scl:’ﬁi; etQk t ﬁ!eOR,}’ Ieé;)r 0 %egﬁdgé ,&Q'r?nr uraéqu Wa‘-é"?add(?lum

pourtis m‘usqlﬁrmmaed:om&tmue& o Howtdisrdd tad -eal hm
phosg at.e as a suspendlng 30 agent, and 27 grans, of

Rihad Wfa Ry $ T o Rifehd toRs onl - e - 473
r ea@tr%émaﬂw Héiﬁnglﬁéktda&&ém@ﬂ&ﬂ Ata abay d?f%ﬁng Rig to

prepare an aqueous medi um The aqueous medi um was
heatt@(rttl@rarbmtﬂ1®@h$mata‘ oiTBRAhowtndl (L T8 mytagss of

Then,.112 ounds af rapyl.ene 35 l.l ets (Huntsman
PSMIROAR): PEASHR G g@%p d‘b%cﬁ’tr%miﬁpletl R&rams and
havipﬁ;gy@)prnyen%E) Wedlel Qilgntess 36 B4 Efidd ¥E O
wer e suspended in the aqueous nedi um he suspensi on

conFHFERS FBOSH HOePTHPBE PpMONOTIRE |sedution, and
tEHQQ %t%ﬁ§t%9%y§k¥g 1ﬁﬁ%ﬁa EP%%E F%cﬁgggov%&a@%

benzyl peroxide (BPO grans o tertiary butyl
per bénntaise (EBB)ecoamU bhEhg roefmtlofpolx(ihdsh efmpure

per oxi de for vi_ schre g th polypr | ene) were
di s§5VVER |ﬁ’a§4 E‘ Gﬁ% CVEE 3i%&par e

a npRakessalutl Q@zmp@ﬂ:@ltutr@ %fmg&tou;f e wag RaRedd nto
the reactor over 200 mnutes. A second batch of 84
pourdstehtpuweresheflgr ete oWd€ fbenaaddéditbohle 90
rea%&%ﬁtgge%o a910w the styrene to soak into and react

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 was 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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mnutes at a tenperature of 91C. The reactor contents
were held at 91C for an additional 90 mnutes to
all ow the styrene to soak into and react with the

pol ypropyl ene. Then the reactor contents 20 were
heated to 140C for over 2 hours and held for an
additional 4 hours to polynerize the styrene into

pol ystyrene mﬁthin the matrix of the polyethyl ene.

Af | ed
and TORVEOPY LR Lt Pl G TRl ruE e

suspis1m&ngoh§gmsre§imai/§r@gelgﬁ conteahpiors.
two- sanpl es of the I1::eS| n particles was, 0.47% by

wei ght bds it HEheR v%%%mowd%r%ff%?n%%nw%r%t%er

3 The.
E ?:glnsgl?%nﬂrg@%%ot%ﬁaﬁi%l%ﬂ%%%ﬁgpl %1%4 ?%f%% es

i nt &FFBIyeand 637 roraeg toft| as mlslwﬂmaixyt wei ght

pol YR & oh@s% Vpent %ét of the]wter

resin par

D(Nﬂﬁﬂcqﬁf(wdﬁkéﬁHE\Myhﬁﬁkﬁﬁiﬁdhﬂfﬁ%jéﬂraﬁéﬂﬂcﬁbtfbm to
vischreak the 31 5 pol ypropyl ene e process for
pr ofERY & & ar%eé?up%lniﬁiﬁe‘ru“resﬂ%e iagqugqnd aredigm was

Ex | t d
m?%a%ea g%porgdo)ri sro {C % B@#g %ﬁ’ﬁoé ??&If:grllgggénu‘:es
SusIRdi Ng 2 ggriids ¥ gﬁﬂﬁxﬂiﬁl@néﬂrbéirl% C(Huntsman

surfactant 10 (Nacconol (r) 90) were charged to a
pol FrdtEr&4i6dn eacdadtesighiinen abeutagia atl&lhgmmsn@rai

b a o
o otiavihd AT 0P AR :,!3 to g’g%us 9 (9 ané:lr?(ﬂ &t gere

aqueous redi um was hea
abostuspendieduties theTlemuebl® padids.of TRl wispRH AR

pme: :c?)télr%&%su%}rm%el%ﬁ@\é@é 046) each \AEIT%hI ng about 20

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 second
batch of 98 pounds of pure styrene Qas 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.
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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
continued to be stirred at 88 rpm The | ow
tenperature polystyrene initiators, i.e. 475 grans 20
of benzyl peroxide (BPO (for inproved grafting) and
145 grans of tertiary butyl perbenzoate (TBP)(for
reduci ng the styrene residuals), and 173 grans of

di cunyl peroxide for viscbreaking the pol ypropyl ene
wer e di ssofitesd pol B8 phumidsonfwad wen;elmrﬂme&héo 25
prepare a nononer sol ution, 1ae£ l}és mi xture was

PUNPET G TtE” the Tt BT° R SHAM HARVed rdmp acid
bat msofac&&cpow@lﬁom i Ve s Nedkddled to
the reactor over 100 m nutes at a tenperature of 91C.
The react@ie coreEaas Irt cdntiehtatf M CHorsampl Sy was
addid iz r;al I t he st,yre

i nt od agldo r@z(\)ﬂéTi eg'a%% leo&y\%per ypeyﬁ%}ynte nf‘?’h ﬁoermed
reaOMen,t;@it}em]s ey i heatweic s 140 fudltovieldek WO3Ir s
and gn 9£f an additional 4 hours to polynerize the
styri 1§ SHIAESH effeenrditian He 35 matrix of the

pol ypr opyiRN§ar 3212 AfgRIaRAY B IZAARIES § were

conpleted, the reactive mxture was cool ed and
rerrW@@l dari¢damtadiad ° Frandaddes o ldiesk ginte tpli@ques

sus a The .av cont f or t

Pt R R e B R e St g

t he Ther medhat dallt eineDIgHyRY: J9aqS ipt ittt &L Sre rEN %é&'adred
i ndex was 21. 929/ 10 m nut es t&gondltl on §. The

par 8RS &€ 55EHGCE® r@(é'—r?pl Brgngexds @\%inhmlké’d at

%/ggglsqglg TEJ@%?{EFI(?%% e'r& ng n’g’%%%‘} lﬂs?&%h%nrrsc ani cal

and physiheals tpitege tieires nnwebeveeasheed lexural 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.

Table 1

Property Example Example Example Example Example Example Example Example

1 2 3 4 s & 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 7.8%5% 6.78 NA 9.14 3.08
(KSI)
Strain at 2.14 4.43 3.00 5.48 3.17 3.30 2.51 2.07
Break (Auto) %
Stress at 3.69 5.09 3.32 4.54 4.97 - 4.91 4.88 5.43
Break (Auto) (KSI)
YOUNGS Modulus NA 281.92 NA 242.02 279.95 281.52 325.65 366.07
(Auto) (KSI)
I1ZOD 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 5 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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and tested according to the standards set up by ASTM
These properties appear in Table 1 below. As stated
herei n above, the flexural and tensile properties of
the articles formed fromthe 20 interpolyner resin
particles of the invention have val ues that range

bet ween those values for articles made solely from
pol ystyrene and those values for articles made solely
fr(nExéywﬂgqgity pol yethyl ene, while the thernal and
I mMpae ties of the 25 articles nmade fromthe

i nter pol yies 488 thied t1Lfes s oaachudhate OTuPE the
pol ystyrene. Table 1 Property Exanpl e Exanpl e Exanpl e

Ex arfiteP Fddiities Bt ettt eshawrp 3 fTepbe 72

8 F 200 47 170.46 222 63. 211, 19
269.";26?%30%5.%‘%4%9 ‘FB%L@&) thetlD g0 Sa0 B &l e
5. 6ELIb5E threk8n NA &étdpé:é)ﬁlre(d(%étvﬁdrﬁiqg mtps 2arid 45 @Sr
3.00 5.48 3.17 3.30 2.51 2.07. Break(Auto)% Stress at
3, 00 GRsEesh ity an GROFO gh e bepd  (WELEX

5 UM I53) MGG IO UM 22 M R0 0 -
279.95 281.52 325,65 366.07 (Auto)(KSI) 1ZOD | npact
Mead Y40 £ 1E a3 Ftrugmnne 440iEM 30 338 Ovaly Lok k5D

DY -Tatal 0,443 Q.47 0.55 0..50 NA NA 0.53 0..42
Englﬁ%/g%(ﬁq{ Iaabsz)odf\l}l (S%)anc [ taltoﬁTO ! PHEASUSEL O ﬁ?hﬁ: 688
0. 27 oy 3ADB AN F2mpdrGATIRAR digind bldvedt. Bo° to

99.00 101.6 NA NA 110.2 108.7 Cel w 9% Average) 0.65
0. 453%0.°69 TP P CWUENY PXrAEesF 0. Fhe L ipdaysie 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 SCLAIR 31E 2 mil Good
Mark II Example 4 (40%PE/60%PS) 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 IX 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

34



10

20

25

30

35

Two and three |ayer sheet structures using the
conmposi tions and type of extruders shown in Table 2
were fornmed in a WELEX(r) sheet co-extrusion |ine.
Each stream at tenperatures between 430F and 450F 10
was passed into an extrusion die head (WELEX(r)
standard 54" flip lip) to forma continuous nulti-
Iayer sheet structure which in turn, was passed

QHQE % %tac .ﬁﬁggejtessures of about
afl tWEB P86t t o 15
70p HE f jygl?heet

sty
Bir alﬁuwo@E BIACES Sre Eﬁ’%
str@wﬂe%lwetpel By 1%hS R yInd@,%%e%sed and
qualltatlveuy eval uated for adhesion, theTesutts of

whi ch ap @ 2. Sh%dl'hqqﬁd‘lg,%@ arihekdn ng
of U&dr%%her{)%{e inghgates, 141G 19 n!tuh{tizolayer
| ayers. Table 2 Extruder Layer “Structure Thi Ckness
Adhediemt =BerdgurSE AldR=8IHE & rifl ﬂhn% ofVitte | | 20
50%8CLAI R 31E/ 50%H PS5410 2 H PS 5410 20,
n1I1§Eﬁr %§EL&-§?§ﬁ?:?ﬁﬁq 4§%ﬁj° PV 1-e.
4(4@%BE@ﬁQ%P8) & Mmandvr k | HPS 5410 20 mi| Berlyn
SCLAIR 31E 2 m| Good WMark Il Exanple 6 _
(708Barpderd) 2 nil Mark | HIPS 5410 20 nil Berlyn

010/ 5000 FaS T 9T b TP S0 Edeyre

SCLAPRt3LE 12 strirlatle@orinsatuelnted impact testing values
%.2 m| Example 6
(7Og§g®é§§é$kHlp 54%%@%%A3n ft. lbsqg for Composition 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 relétively 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.
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Mark | HI PS 5410 20 m | Berlyn Exanple 5

(609°S/ 40%EVA) 2 mil Good Mark | H PS 5410 20 mi |
Berlyn Exanple 6 2 m| Good Mark |I HPS 5410 20 m |
Berlyn SCLAIR 31E 2 m| Poor Mark I H PS 5410 20 m |
Berlyn SCLAIR 61C 2 m| Poor Mark I H PS 5410 20 m |
34 5 H PS 5410 (Product of NOVA Chem cals Inc.- high
i npact pol ystyrene conprised of styrene and

pol yhut aq_i ene. SCLAIR 31E (Pol yethyl ene-Melt | ndex
11. 1C (Pol yet hyl ene-Melt Index 5.3) This
Exanpl e Shshowscddiate "1900d" 2NN tHY QR Shahen

one of the layers of the multi-layer sheet structures
cons$itdess a0 Kesti stiascy rptr@mw (BEIR et ttihed es

20 7RSSRl g SRR e s i BTyt e

that(PIS| | astysatads (NOSAA lJJ!iE.llDt edadd)act Teestdgrt it Svere
( DYNATUP- Tot al Energy in ft. Ibs.) for Conposition A
and YEEApASi COBH Bl E3MpdsEri ofhe icheamHeadomsssistianse
of thetl n 0 r.pol

of FB8 1 PUSINLE scorih S Ee S OPEy Sort o g Table
pol $styrene (NOVA 1210-crystal) in the weight
percentages shown in the s: ngée gi gure. Conposition B
is a mxture of |owdensit et hyl ene

(NO\/A- LA- 0218- AF pel lets) and 25 polystyrene in the

percentages._shown_in the

VW3”90%95/30%EVA = 0.5% Strain 0.5% Strain
No oil exposure With oil exposure

Specimen Thickness 0.12 inches 0.12 inches
Specimen Width 0.51 inches 0.51 inches
Tensile Stress @ Break | 5.1 kpsi 5.07 kpsi
Standard Deviation 0.1 0.1
Tensile Strain @ Break | 2.6% 2.6%
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 Oil exposure With oil exposure
Specimen Thickness 0.125 inches 0.125 inches
Specimen Width 0.51 inches 0.51 inches
Tensile Stress @ Break | 6.25 kpsi 1.34 kpsi
Standard Deviation +/- 0.3 J+/— 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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20

25

Fi gure. Conposition A and Conposition B were produced
by dry bl endi ng, conpounding in a single- screw
extruder, and the cut pellets-were injection nolded
into 3 inch diameter circular plaques for 30 inpact
testing. The DYNATUP val ues for Conposition A of the
invention renmai ned relatively constant as the wei ght
per cent age of pol ystyrene increased, while those for
Conpoasition B dropped as the weight percentage of

poliystyrene increased. |This jndicates 35 inproved

conpaRf el FE5esBe® iE8Rk fol-yet hyl ene and | 8ol yst yr ene

fOITEﬂﬁJbﬂEﬁﬁﬁﬁl@ﬁﬁ%apcﬁLLCIeS of tThe [fyvention
co a Aa-BHra_nlhv col blends-—of ) upfhvlpnﬂ and

T O Pll‘ygl
pol vs?r\lﬂrengc.’d’ BS5 Exanpl é 11 This Exanpll @011

i |1 tstesat eBll spewimens orerend@ldit Binedsst erac kandesistranad ve
pr oﬁé‘f"tqlég k(eéseR)ch@wlqdﬂereW%@mmrem Feirg) The

restfi*d s‘fu pgz 3& éneel P@)Oérg%ﬁt sPtyerad r310and
rade). o fan & & ‘Coht1pras Appfeged
%heal§ ggI ée5|§1%%%%cr =1 2P SFEY Tl ded

sanples are s own in Table 3 Tabl e 3 70%°S/ 30%&EVA
0.5% Strapr Q. 5%H§§rﬁb91@9 Ohhee&Pgﬁga V%Egigg @, Break”

exposure Speci men” Thi ckness 0.12 inc ches
Speé?ﬁénO@idbM @051fpmcﬁ§sC@yEtaﬂnspe31mEaasek@oSbﬁe$®
@ Bpeak 3.1 kgs g Q7 k ndactd Deviation 0.1 Q.1
TenS| & SHER & rgawl 8@820 o 8Fandald BedlalPsi

O.ZWQSZre&QUBg Eowbdghuﬁpaﬁs kRSl e2¢hekPFensile Stress
@ Break” for the 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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Standard Deviation 10.4 8.6 Percentage Decrease in
Mechani cal Properties Tensile Stress @Break ---- 0
Tensile Strain @Break ---- 0 Young's Mddulus ---- 0
100% PS CRYSTAL 0.5% Strain 0.5% Strain (1510 NOVA
grade) No G| exposure with oil exposure Specinen

Thi,c 0..125 inches 0.125 inches Specinmen Wdth
WHATOE%l&FbZI@ﬁ%DS .51 inches Tensile Stress @Break 6.25

1kpsipdockbKEsr fSkanaqr thiedclymer +esif. 3 +/- 0.4
Tensile Strain @Break 1.5%0.4% Standard Devi ati on
partpcied cOMOYdFAR9s Modul us 507. 3 ksi 558.5 ksi Standard

Deyh abhofed@i g 3 &n th%@ﬁ&aﬂéd%ﬁrﬁﬂﬁﬁ ddbuveelantsakos by
Properties 36 Tensile Stress @Break ---- 80 Tensile

weigktraf np@ Bpbakin -resim pagghirgges Msdiiings & VICAT|goftgning

Al I t 0%
cemppEhEite o IreaR R FRRR PEIE SRIN WV doftey o BBGUE AL 010
minupes t 6&indigiolhg, 190W subdakge usEtknwy doswlingi anfiafst

aque 50% cottonseed oil and 50%oleic acid (by weight).
al %1? FERSPaPest i ng was perfornmed using a 0.2

| BE haat b ecsitissbaslly speetheUsiAgt aadlieol® suspension a first
extensignmeter. For a 7-day period, the "Tensile Stress

viny tAoBakiC TUIAMeST PORRPBIHHFOFOTRY 5 YR A|iTYpeRF ARms1C monomer

and § £1%atd i slitahRodndoA @Wﬁz‘i&ﬁothé vin}el aromatic
5 kpsi 15 was reduced to 1.34 kpsi
monomer:@wgi: ensheaxlyolefinresin partlcles thereby formlng a second

aqueous suspension, maintaining said second aqueous suspension at a
first temperature such that a portion of said first vinyl aromatic monomer
composition polymerizes within said polyolefin resin particles;

c) adding continuously to the second aqueous suspension a second
vinyl aromatic monomer composition comprising vinyl aromatic monomer,
thereby forming a third aqueous suspension, said second vinyl aromatic
monomer composition being substantially free of polymerization
initiator, said second vinyl aromatic monomer composition being added
to said second aqueous suspension after addition of said first vinyl
aromatic monomer composition,

said first vinyl aromatic monomer composition and said second vinyl
aromatic monomer composition together providing from 40 to 80 percent
by weight of vinyl aromatic monomer, based on total weight of polyolefin

resin particles and vinyl aromatic monomer,
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@ Break" for the interpolyner of Exanple 6 remained
relatively the sane, i.e. 5.07 kpsi vs. 5.10 kpsi.
Wil e the present invention has been particularly set
forth in ternms of specific 20 enbodi ments thereof, it
wi Il be understood in view of the instant disclosure
that numer ous variations upon the invention are now

i t
N e
fizsd t¢rmetr@¢uze eudly thatthportope oénaasqbuslemndfvmy@ aromatic
mo‘flloﬂllegs %os@.@?gﬂd e 10RESt Res 3@1% ls2 1 QLA MER 1le®iinl - resin

A process fof forning“interpolyner resin particles
pPagdisriesiingnda) suspending in an aqueous nedi um from
about 20%to 60% by weight of polyolefin re3|n

particles having a VI CAT softenin t enper at
gP%%&hé“rg ERaA @?édaﬁau%O%ISPSP%%BPq'tha%oiﬁcoﬁ 1t<fcj‘}PP6”ature 80

agtd @hBStéﬁbﬂﬁl 1y Gﬁmbleﬂ&QﬁPOZyﬁl@rkﬂé saidl ff&ﬁrebwﬁr@ﬂraf@natlc
a first uequs susggn3|o

ntlnuo
meyper SRk cRend seadid, MpPhy I B homer
cqmpmmnanonowpbhlm|mmut@nﬂwbieﬁgnvresdnipanUMmLesnDaamérsecond

te%%r%t%?‘ 'n%at r%gteg.ll lht orsa{f&r f&qjéf:mif Qgtﬁpg thereby

rny ar GrTat i C yolet “Inres
fq@farlngcsésgi mmmxylmrmrnag:lal pee:t;mdleaqueous
suspensi on, naintaining said second aqueous suspensi on
at a first tenperature such that a portion of said
wheredp pPhynent saeior doreaid LigdiiposinyilodreBefier mepemer

compbai i SbAd @gllme%fdna Vi ngllnaﬂ%att' i fSrionor @&ﬁbd&.tlon being
nt i nyousl he secon

g ueous SuUsS enS| a secon
PEYERYTICGr ecSHJBﬁBﬂ%?l%Jo NGEoRE ¢ Jﬁ'g”\ﬂ%ﬁ‘ﬁent such
that aseild ciﬁﬁéﬁﬁ@lyme:t Ii@sehypiﬂtfm'lr@ aat/bi at dedge@tisnt ranging

el oar CoRoRrAY S B TS99 1 FBe0 OBt Jmare st & the

intarpoaywer s=Hith pectidlespyfustinmiwhereainoseid interpolymer
regg%%srlttilcqg sbi'?éxp@ a&‘}jﬂﬁdr softening temperature ranging from about

90°C to about 115°C and a melt index ranging from about 0.2 to about

35g/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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to said second aqueous suspension after addition of
said first vinyl aromatic nonomer conposition, said
first vinyl aromati c nonomer conposition and said
second vinyl aromatic nonomer conposition together
providing from40 to 80 percent by weight of vinyl
3aronmmtoce s@nofredl ahasedtion sodépd ferghérof pol yolef in
resin particles and vinyl aromatic nononmer, 38 said
CPHPF Y5 &ddeous suspensi on bei ng mai nt ai ned

substania@l dy; @t sedfooiihel LEOPRT BhYES-IMEN ihhah @xtrusion
portion of said second vinyl aromatic nononer _

canpostss omipd| ymerocdesing t i hlewidgpapygokefinhor esiid

particles; and d) holding spaid third aquepus .

D sy R et PTG ARt o SR Y cFpgned arcicle.
4subst prbtakky ogoanhekehy wpeineiRr iszg & ated JHd gf Vi nyl

aromati ¢ _ nmononer conposition and said second vinyl
arsoret iROMhovEIn RYAPHS] €9 obs wibeith 38 dPporgdBBE in

C s el es  sai _ :
e U e 7 ES SRR P e
sardl isdiet potygher ofssanigpavingl esyromheiei monomer is

pol.ynmerizagtion of, said first vinyl aronatic_nonomner
COSET 10h B RRERA 9 rihe apoREPF coRDABRET

Camesidd1gmdieigagt iRaldsor ned in the substantia
absence of cross-linking agent such that said

Sint2rpopgaes eésthapariichesehaveaddgesighnt eft
r [ fromahout O.to about, 1.5% by. wejght, based
oD bR S80 e fiul ToAPPH G DYE pEL I B

e “Wwei‘g er po r esl
f ikt Weedeal rors ailte | vk B0 | yesaid eshbeppbligbes

have a VI CAT softenjng tenperature ranging from about
9FCLG Hsvin S CHHY et ehaexidanging rrewrhbsut

0@ richedPaW ardng/ %%%fﬁmw%%ig(r]?%sté&%nG)t-héweéght

process of claim 1l wheréin said interpolynmer resin
parft ilgites drdwmear Wa@AL cd@fst.eni ng tenperature from

o 20OH pR0CL0 PO 9P Gt 2 gelaconiant spnolng
vweisght paflidiee f imtarPnl Ypert 1 €6éd Paribehesso8%y
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, bromostyrene,
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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Il 3. A process of claim1 the steps further
conprising: e) using said interpolynmer resin particles
in an extrusion process, and introducing a bl ow ng
agent into said interpolymer resin particles to form
a foaned article. 4. A process of claim1l wherein said

wetf gt e @Edub podngal safiny pEaEr tdadlyes hys ealequt  30% by
mei%ft based on the wei ght of said,interpglyner

par 1 PEPY Ly s%b%rwgﬁéb? SHFHLUF nyR dr omat i
NONREBHob Bas@POUL] 1906 Ry Yol ghinbased on the wei ght of
said interpolynmer particles. 5. A process of claiml

wher eifn paicessepghelafim & ailte ity glagfd vimgsli gromatic monomer

particles is about, 40% by i ght based_on the i ght
O S o T e r SOy BT bt F7L7 eB0 KN HC b AP GRI Ghe LoPeta
Sapll wo T i mrossin oafDnarey i @bt &% BymWeh@hgroup
based on the weight of interpolyner particles. 6. A
prodesssbing| af Pl iRkl ane arad wepP §HPrepPYlgRpdresins.

p olet LN resinpanti S u % ]
bgisde/'d Ao%riéﬁée%\%/ei gfh? 1t5"fﬂ:‘Js 2 %ﬁ{gg?lpgslaaﬁewa’aeﬁ% es,
andesan di svesgjlectofd sfarah Wy lgrangmatorss i stoimgrest 1low-
about 50% b MEiﬁhi based_on 1 h meight of said

i PPty Pl yary tPeg. 27d ARy b'BEsVorYLe| aFRLRte
whesgbymeed d vinyl aromatic nonomer is selected from
the group consisting of styrene, al pha-nethyl styrene,
et hyl st rrrecesh| of ostaarene, whnxastsakheinterpolymer

LSl Sehe HIVLDERES, L SROR LSIR e

pobyDiles | firom estbautof 8 sad T poryms efd 20 e8i D1 params! es

stfelgﬁéggkpolymer 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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40 fromthe group consisting of polyethylene,

pol ypr opyl ene, thernoplastic ol efins, and

t hernopl astic el astonmers resins. 9. A process of claim
8 wherein said vinyl aromatic nononer is styrene and
wherein said polyolefin resin of said polyolefin

I esi-dm Pabd €] ©S2 1 8o sebset esk f¢ a1 danOheids R%fdﬁelc;}g G),
of pol yet hyl ene and pol ypropyl ene resins. 10.
pr%%%%l%fseteu wsemetﬁmﬁrsaealﬁopﬁéthyﬂeﬁearﬁe@rrﬁfgaged by a

ﬁ@@@gsfé@mbfbglgéoup consi sting of |ow denS|ty
po yet hyl ene "and ethylene vinyl acetate copoly

112) A pPoeR8BABRI LA} ¥ DGR rnedi ¢n | cemp@qnfeﬁ% to 60% by
resin paeidct ese 31581%81&@11% ﬁeglﬁaggr%fpe@ehé@tng a VICAT

wei ghs from about™ 8 [1granms to I grans
| nt er poPYhe?n eS| FEPRRTINES Fopresddast 85Boend |aome1t index

20% to abombof0% by yeighhihased eAc-hAStiWRI 9htoBbcthe 16 kq),
particles of uncross=1inked polyolefin resin

par ti cleReFRRY nEPEATAT SbFsendgePenparapenaion:
gb$atera&@ﬁﬁ38ééh@9ﬁu§u§? ttbngﬁé QE;QQOHngo&sg th@pension a

m nutes_ (Condition I, 6 kQg); from abou
40% t o bbodk VSG%lb?rW@ﬁ’g'hF rbers@aeercqm@smeﬁngm copprising vinyl

sai d i 4 £5Rot YABhoRBhEEChRE Qf geqwétx&segonp%tlﬁg%r for
t hat have been_ polynerized in Said uncross-1|inked

pol yol ePPhymesi #ingrihe I esnyb #eehetghc monomer within the

i nt er penety&td NP NEL WOk Kp th981¥§|e£h8ré§§ ﬁormlng a second
particl'es and pol ystyrene particles ai

i nt er pdtPHRPVT IRFPPAFP L PRI es haV|ng a gel content

rangi ngnd 1:9¢8 APoM, i@ @é&s&tdla adYs Ve GMnHBSLat O First
the weight of said interp esin particles, a

VI CAT s%‘t‘%ﬁﬁ?@“f%n%é‘?%t%ﬁ%t r%d@‘?)ﬁ@l‘?@ o?rf abid DSt gvinyl
about  didSfat BAUnSnSREE tOESSsVRIYR p8IGNBYizes within said

polyolefin resin particles;

c) adding continuously to the second aqueous suspension a
second vinyl aromatic monomer composition comprising
vinyl aromatic monomer, thereby forming a third aqueous
suspension, said second vinyl aromatic monomer
composition being substantially free of polymerization
initiator, said second vinyl aromatic monomer composition
being added to said second aqueous suspension after

addition of said first vinyl aromatic monomer composition.

said first vinyl aromatic monomer composition and said
second vinyl aromatic monomer composition together
providing from 40 to 80 percent by weight of vinyl aromatic
monomer, based on total weight of polyolefin resin
particles and vinyl aromatic monomer.

said third agqueous suspension being maintained
substantially at said first temperature such that a
portion of said second vinyl aromatic monomer composition

polymerizes within said polyolefin resin particles: and
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41 from about 0.2 to about 35.0 g/ 10 m nutes

"(Condition G, wherein said interpolyner resin

particles are prepared by a process conprising, a)

suspendi ng i n an aqueous nedi um from about 20%to 60%

by weight of polyolefin resin particles having a

VI CAT softening tenperature greater than 85C and a

mel t index of about 2.1 g/10 mnutes (Condition

1.490C. 2. 16hRgpingt ﬁériéb_\}zhﬂmimamgle@wsl SsiSpeqEdons at a second
SUERRBELQPurR) soaddi g LA BHOUS W, @éﬁ%é@ %Skglymerlze said
aqueous suspension a first vinyl arona

coRPBSFtY by £ onpatias g Mpnepler geopasiié ippnendrsaidl second vinyl
p0£¥8ﬁ5t§@th8ﬂohgktb@ﬁ%Bs&Qﬁonp%h¥ﬁ§B!%bqg PREVIR¥En resin
aromati c_nononer wth olefin resin
paP"tlFEIl@éeSthéﬁé@ysﬁépﬁfingeﬂp§§é§ﬁé‘e Bgdasugreater than said
SU§P§B§'@QmpE§hBB§bn'Eﬁe?@bg %%Qﬁaggagggaugn%%%@%?%ﬂ%% resin

at a first tenperafure such that a“portion o

fiPIYLYFAGE. wWhonain @qm‘lﬁfelrzaffdrﬁfbgft pahdpol yaerized aromatic

Wﬁﬁ@h@m@ﬁ'@omﬁ@hi@h@ﬁ'Bnﬁe§hgdp§EEbﬁhe§nngi 8d8hA8ic monomer
continuously to the second aqueous suspenSion a

seEORBCST RyPn an BREPPEL ABREAREN cEPoSHPFbANEbRADr fbSeCe of
Vi Bybsar Pi‘ﬁf(iﬁq"@g}[@%uchh@ﬁ&tp%alg ﬂhﬂgrﬁgi%ég resin particles

aqueous suspensl said second vin mati c
Yer2 9ednpestenbranging Suest ah@wm Q fof pbeubfl. 5% by weight,

poby8Bs1 At £R8 wé@éﬁtaEQrthéahgtégﬁemdm%kn¥gs§hogﬁktgcles
nmonomer conposition being added to said second

aqueous suspension after addltlon of said flrst Vi nyl

t 't
ot | e TRROREr=Eonpear PARc1sR kel EXRA BY, )

armharétnnaabdenntenpoiymemnréegetbemtlpﬂ@w tiang far om
Q%%%”ﬁo ercent b ht o V|n | aromatic npnoner,
ba

Bt 2 Wt rﬁa 106h| Yesih € f&r Bhoves
anﬁbW¢@Yén@rQn§élCCBHBQHErranglng from about 0 to
about 0.8% by weight based on the weight of said

interpolymer resin particles.

14. Interpolymer resin particles of claim 12
wherein said weight of said polyolefin resin
particles is about 30% by weight and said weight of
said polystyrene is about 70% based on the weight of

said interpolymer resin particles.
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said third aqueous suspension bei ng mai ntai ned
substantially at said first tenperature such that a
portion of said second vinyl aromatic nononer
conposition polynerizes within said polyolefin resin
particles: and 42 d] holding said third aqueous
suspension at a second tenperature so as to
subst-anti al | et el .y _pal ri ' f.i Vi nyl
o on | OB TS P ERHETENEE B S ey
ar onata e ino et veinposidi awid tgohyshe fli poryeief i n
resin _particles, said second tenperature beinqg |,
gr eé%aéfr&tar%'r? sdt AP 0% enstrsaid eve gt By $oidi ng
sai pJINIRRRRAINETEI: @R oA bekes oWehel eight of
pol ymerization of said first vinyl aromatic fononer
conpusid et eamp lvaiatr swsdmd painyilc larsomat i ¢ nonomer
conposition are performed in the substantial absence
of cross-1linking agent such that said interpol ynmer
r esiwe .panitedes] yrieay e ige lpailcAnds Mg o ram about
0O to about 1.5% by wei ght based on the weight of the
i nt eFFISA TS TS Weiaht ifl e@id polyplkett yAeFiResi n
par it 1o IRl SETED o214 O SRPOLYTE oS! n
particles have a VICAT tenperature rangi ng from about
90Cpd ysthywenel (5Cahodtas@él, besednbnr ahgi wgifghenof
about_.Q, t.o_ about 0.8@6b§ wei ght based on the wei ght
of SA'Y WEEPFoVYEr TPEIMNPRAFLFLFEs. 14.
Interpolymer resin particles of claim12 wherein said
wei ght of said polyolefin resin particles is about
30%y veitFrPdivinesaingsiel grtofclesniaf polastyk2ne is
abo %.b e | ght .0 id interpol r
Fearheb SR EREY OabicatBilbl e OhonSRer o, SERELY AR, rom
of c¢ha gro2p woesdistisg défweirghtnef, @dpthapol yol efin
resin ﬁrticles i's gbgut 40% and_sai d wei ght of said
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
consisting of polyethylene, polypropylene,
thermoplastic olefins (TPO'S), and thermoplastic

elastomers (TPE’S) resins.
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pol ystyrene is about 60% based on the weight of said
interpolyner resin particles. 16. Interpolyner resin
particles of claim12 wherein said weight of said

pol yolefin resin particles is about 50% and said

wei ght of said ol ystyr.ene is .ahout 50%. based on the
e R o s T S R i o g
| nt ehpekYABEak BSVANPAr hirehas i ef mehaindrl2s wWiherenk Said

vinyl aromatic nmonomer is selected from the group
con¥PSrrag 6pist prdyeledliphaesint Inf stardmeolyolefin

eFh¥%§5%r§2§tiEEE8rg§t%Eﬁ%%tedb%9%3§ﬁ%k? %bup

vi nyl t ol uene, vi nyl benzene, "1 sopropyl Xyl¥éne,” and

m xtanesst hegeof . pdByethybepel yoeinr&sd npPpaypropedensd
claim1l7 wherein said polyolefin resin of said

pol §oPEtin resin particles is selected fromthe group
consi sting of polyethyl ene, polypropylene,
thernoplastic olefins (TPO S), and thernoplastic

el a3 omenEetPPEYSRIT seSAR. Pa4tiel elsniodr pdlajmerl T esi n

parti o] alml18 erein said.vin ro i C
nnh%%%%gfg %?§¢é%§1%%%h¥T & e¥%8§%iﬁsp%¥£%$%?$ﬁ%¥%@iEhe
of grbdppobyslieting bESlBwPaAEhisGItgs Pl yaalgel &gk 40
the group consisting of polyethylene resin and
pol §propyreneiny kst ¢Etave - | nt er pol ymer resin particles
of claim 19 wherein said polyethylene resinis
selected fromthe group consisting of |owdensity
pol 3t hisheerepahgmeet hgd emepainytl asedfit elah. 12
Intﬁﬁgol¥ner resin Qarticles of cIain1%- wherej n said
rest - patti EPe8 AFE'PePPELLCARE &&icgPellets and said
each pellet weighs from about 8 milligrams to about

2 0 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.
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each pellet weighs fromabout 8 mlligrans to about 2
O mlligrans. 22. An extruded article nade fromthe
interpolyner resin particles of claim12. 23. An
article of claim?22 wherein said article is an
extruded solid sheet. 24. An article of claim 22
whegel M sehdrdd b ehe | Src bl extiaded-Spldgk film 25.
An article of claim22 wherein said article is an

ext Fulgeerd baned shee . P26 idkes mectiaom idl.ded article
made fromthe interpolynmer resin particles of claim
12. 45 27. A thernoforned article made fromthe

i nt2g poh ymelI t f eShpepabstirabearef cotnpirislidg 48 fikst
multi-layer structure conprising a first |ayer forned
fr olRY%e FPEBePof yomrthesipt oarel vnes refin | Rarsiplemd
posd £ | oned, ad) agggt Bgleﬂohﬁasgdﬁacﬁﬁeogg Lays§r st &
wherein said first ayer adheres“to said second layer
t o $eromd diayeruvhere ageraist fmrBurJaye’&QadAepebyﬂtesaid second

osition conprising 1dinterp resin
par ?%?%st%fgg¥ g 3tét5F¥§§t35¥§§Eﬁﬁ% pol yner .
30. A polyner conp05|t|on of claim 29 wherein said
second polynmer is selected fromthe group consisting
of 3 ylétml}gn@raﬂ@mp@sgizmi?nenempgisiAgpeayderinterpolymer

co f .Cl P nt of sai
seg%%%ih]i %ﬂj%' rﬁﬁges ?F%Wla od? eti aF ZoBTEE9. @@;ymer
by MEIght and the anmbunt of said interpolyner resin
particles ranges fromabout 99.9% to about 0.1% by

wei ght o REY T (IR Yhtombfok flpimA marerein said

Corméb%ﬁd %sgéﬁﬁze r APTACRSS S PTE RSP AUG NE- Al TR RS Mty

i nproved
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.

33. The process of Claim 1 wherein said polymerization

initiator comprises benzoyl peroxide, said first temperature

is substantially 91°C, and said second temperature is

substantially 140°C.

34. The process of Claim 1 further comprising holding said

thirdaqpeoussuspenshmlatsaidfirsttemgeratureforaiEeriod
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properties by using the interpolymer resin particles

of claim 12. 33. The process of Caim1l wherein said

pol ynmeri zation initiator conprises benzoyl peroxide,

said first tenperature is substantially 91C, and said

second tenperature is substantially 140C. 34. The

process of Caim1 further conprising holding said

third aqueous suspension at said first tenperature for

a period 46 of tinme, after addition of said second

Vi nyt tairﬁ&mtdf&erﬁ)ﬁ@mﬁltloﬁloﬂ'ﬁ0§éiﬁoé1e@tﬁkﬁ’d AFirgF1 taQomatic monomer

hol di at said s cond te r so as. to al

resT%ﬂg? SHf %%ﬁﬁ1|3¥&0§r2€?1 §W§Fcond Cemperature,

conq;m)sa$ i ton zlricbw &SssilmialOfo§®addSEQm viiayll arerdtie monomer
oner on thFi er .penetrate jnto said

pol g,%rp%?ﬁ;}]t{%%laﬂl 5&33 ﬁld second vinyl aromatic monomer

composition to further penetrate into said polyolefin resin

particles.
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