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WD 2004/ 069917 PCT/ US2004/ 001824 BACKGROUND OF THE
I NVENTION 1. Field of the invention 5 The present

WO poogiedoon rel ates to foamable interpol ymer rBSI/NS2004/001824

particles conprised of polyolefins, e.g.polyethylene,
and polynerized vinyl aromatic resin. Mre
particularly, the present invention relates to
foamabl e i nterpolymer resin 10 particles conprised of
a volatile blow ng agent ranging from between about
1.5%to ab el the wei ght of the

par ££E =ROUNH @t abgbut—b—parts, preferably 0.1 to
1.0 part, by weight |inonene, based on 100 parts by
vei ght Bieldheof 111 oHMERILEL ™t er pol yner resin

parti clBse misezent|byrentier wrlatown Yy Epynable
Background-Art It is Kk : 0 I a,¥i nyl

ot ofBE LR GTer = SR hg B s Pere ai thn "

pol pethyllenend) pagtbelesthiflSnePatedt phdbym8r258d189nyl
issued to, Kitanori and assi%ned to Sek'gui Kasei hi n
KabBSRMRELCKARERR,: d}SEPORBETACHLBELYs % F Brogating
po'Xﬁb%ﬁk%Bﬁ E§§hBeBaEE'ngﬁaﬁﬁbcﬁnﬁgﬂﬁbﬂ§&§r resin
suspendi ng 1 n an aqueous medi um pol yet hyl ene resin 25
par pectésleaddpngriectihefsaspensicdéne3bloyingosEBRt

wei ght based_on t he weight o he,parti¢l f o
sty%@ﬁglﬁﬁngﬁﬁp %ﬁgwgﬁniﬁ%?Pgtgf%Fo?Opg ?ﬁgrggi%5° t he
nmonggeed andtpel yeeghzi B the pameded eisnsinde ot.heto

pol yet hyl ene resin particles. The particles can 30,
theﬁbﬁétnﬁd@aﬁéﬁwaBFéfﬁyaP%ﬁrQgﬁaFPné°Ph§ﬁF%Pt%Yawelght
bl owi; g ,agent p.peaf ehabby ahtet bhe.Rabyretirzaticon  of
t he styrene nononmer and thé cross-1inking of the

pol Febhpbdre ingsirpolTherbirewiing pagéntclgenees lby is a
vol a ilgébLomAn% aggnt“ i.e. aliphatic hydrocarbons WO
200E-G656 1?7 “BETPUSI00Y 661824 -

2. Background Art

It is known to polymerize a vinyl aromatic
monomer, such as styrene, within polyethylene
particles. 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 which comprises
suspending in an agueous medium polyethylene resin
particles, adding to the suspension 30 to 100% by
weight based on the weight of the particles of a
styrene monomer and an initiator for polymerizing
the monomer, and polymerizing the monomer inside the
polyethylene resin particles. The particles can
then be made foamable by impregnating them with a
blowing agent, preferably after the polymerization
of the styrene monomer and the cross-linking of the
polyethylene resin. The blowing agent generally is a

volatile blowing agent, i.e. aliphatic hydrocarbons
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such as n-propane, n-butane, iso-butane, n-pentane,
I so- pent ane, n-hexane and neopent ane; or

wa@yokoeddiiphat i ¢ hydrocarbons such as cycl obut aPeT/aszmo4/001824

cycl opent ane; and hal ogenat ed hydrocarbons such as 5
met hyl chloride, ethyl chloride, nethylene chloride,
trichl orofl uoronet hane, dichl orofl uoronet hane,

di chl or odi f | uor net hane, chl orodi fl uor onet hane and

di chdprotetr h [ int bet ween
5to 20%&%{/ ﬁé%%&géasgg%o%%ﬁ V\J/gsl(ghr]% % 1196% S

poI ;ﬂeﬁtcrr;@@tea-rpﬂa,l ysthasere raas]l mopapenicdes; dzr S. Patent
782:p%%% |ss%ed to Ri,chard B., Allen,_ et al and

ass@’nelaoa% Het Al R RIFTRONCFUCh @S TSk st

I Nt erypol ot read St M 1 S dith t 0 | ARINESYL B5h SIS as
resin and a polynerized vinyl 15 aromati c nononer that

i s psSher |Czl'@d3#3rii€trh@td’r}@séﬂt1@rﬂéie a T@ﬁﬁ%ﬂ?&thkﬂﬂflde,
cal alin 1l dOh R dhalnal yRidiged JACIIRALASLLC ¥ esi n

beads ow nd agent 1's uce Under
prestwmhionddxflduxmduhan&plaﬂiﬂard&ﬁﬁ]hdﬁﬁmﬁthéﬁbléﬁﬂ

Pat ent S. 4,303 756 a 4, 303,757 jssued to
Kaj i(ﬁ‘lﬁl’g{o %’rﬁ?ré‘f&q‘tﬂ% {5 Be ki AT IRRJH; petween
Kogyp a@atmhlﬂy w@y_ga&a B Qe I PRCEAS fOF the

produ0|2§kexpandable thernopl astic resin beads where
a viieA ﬂ@rﬂﬁﬁﬁﬁﬁyranﬁrﬁﬂ%mnﬂpamﬁﬂqﬁﬂm the 25

baCkbon%'%f %@% &g'ﬁﬁroay5%5609%nd1%%5% %g&%ardTﬁ%

bl owi ng "agent e thernoplasti ¢ resi

bl oRilrigragestt a]s atmaemm;m thmatcdragigdlt Bleddi€ic, Co.,
af oresaid U. S.  Pat . 4,782,098. U.S. Patent No.
4, 4%%@%%%@%%1&&%p01&mer3@% ds GRS gied

to Sekiygtierkasaldidiioye Jabushi K pdahaha 45l 5

a process for producing foamable polyolefln partl
conErcsiaty cadwinmpex ibature @ol3mAD 12604 /106 3917 presence

PCT/QS%p%%hg%%%izatlon catalyst to form

interpolymerized thermoplastic resin beads. A
volatile blowing agent is introduced under pressure
into the thermoplastic resin beads.

U.S. Patent Nos. 4,303,756 and 4,303,757 issued
to Kajimura, et al. and assigned to Sekisui Kaseihin
Kogyo Kabushiki Kaisha disclose a process for
producing expandable thermoplastic resin beads where
a vinyl aromatic monomer is polymerized onto the
backbone of the polypropylene; and introducing a
blowing agent into the thermoplastic resin beads.
The blowing agent is the same as that taught in the
aforesaid U.S. Patent No. 4,782,098.

U.S. Patent No. 4,429,059 igsued to Ozutsumi, et
al. and assigned to Sekisui Kaseihin Kogyo Kabushiki
Kaisha discloses a process for producing foamable

polyolefin particles comprising adding a mixture of
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3 to 15 parts by weight of a blowing agent and 0.5 to
5 parts by weight of a blowwing aid to 100 parts by

wowioglos9ot pol yol efin particles. Colum 2, |i nBGT/US2004/001824

63-66, teach that the blow ng aid causes the 5
interior of the particles to be in a plastic state to
facilitate the foam ng of the particles.

Representati ve bl owi ng aids used as a plasticizer are
benze tol I trichl . ,
cycrongdio P Bl R Fud o i na 0.5
par ttcclsepaaft & ey prdigrhtartt ar éliowinegratdedo idh marts
bl owi ng agent, or in the instance _of the _aforesaid

U. SPYPHERINGT £A2P 1659 Wl & TS ng-oatieht? and s
bl owiang i d.cH1e QWG 2aRESHIPE g IRNEIA Iohe

“vol atile" hydrocarbons, and the blow ng 15 aids are
generdldryi cooesi déreedaad ivdes doudeaiim Ppatlantain state
(RARS) . a.s .found i.n the 1990 E r al ean Air Act
Arreﬁté)ngﬁtcsli%& S écrbelf%amﬁﬁlg tﬂfg\?cvl r?g paLffgqelncialsesa'nd

bl oW et GRS Alliviaice LRid tekd MO a tdiasticizer
envi ronnent during the processing and _foam ng of 20

t he 35 113881 BHH UHE prodeEet: drid PHEFon\RFTEH STt/
the ogz%fltdh% YN8 4 Preed A IHduRe tdhe.  em ssions
to acceptable regulatory levels, which would involve
i nvest i Apei pactwiplliesatdd thguicpremt afrgr areolimgetsEiong telde
emtt, hydr.ocar bons. The nunber_.of .25 foanabl
part"‘f%ﬂbg%ﬁw‘fweﬁtﬂ Qe hrisfucBtP iHIE i Vel

ti meysdddsPe dependeiteran Nde gerad s bl tH egudadwing
| evel s for hydrocarbon enmissions in a given

geodramsth caid & ddowknaiter disadilaitiane 29anYE 3k
typ%%n%ﬂl})“&%%a%sl% %xc{&ﬁﬂlﬁq@o A oresaigh S

Pat ol uene, ’benzene, etc. IS

t he zishoc et erbroffalist weorsnieldrediurs g probessiange of

E,?:?-/gfgggo{;na% 5 g ! IPCSI )e,S'a's3 fvc\gl)mz oi4r{ Ot 9e9117990 Federal
Clean Air Act Amendments, Section 112. The blowing

agents and blowing aids generally are emitted into

the environment during the processing and foaming of

the particles. Both the producer and the converter
of the particles may be forced to reduce the

emissions to acceptable regulatory levels, which

would involve investing in complicated equipment for

collecting the emitted hydrocarbons. The number of

foamable particles and foamed articles produced in a

given time will be dependent on the permissible
regulatory levels for hydrocarbon emissions in a
given geographical area. A further disadvantage
with the types of blowing aids taught in the
aforesaid U.S. Patent No. 4,429,059, e.g. toluene,
benzene, etc. is the associated offensive smell

during processing of the foamable particles.

{



It would be desirable to use a blowng aid that is not

considered to be a hazardous air pollutant and that
waelomg/061017 have an of fensive odor while still PpPeDUSZ0410P1824

excel l ent foamability and nolding 5 fusability

properties. It is known to use d-linpnene to inprove

the expandability of primarily styrene-containing

expandabl e pol ymers. Exanpl es are JP 08208877 (open

for publ ISRE SpRld1catd P, AUGUSEH
to Seklgﬁfvgrast%%éQﬁaapaﬁJ JP 07309968 féﬁ%ﬁ%%%S%Fﬁg%t

3060983 bredng iddied 2000 e ta antdcszs Goip. pol]]a,mmnt
and J 2250A to ahi Chenl | ndu

e s R e Tt e S e £
pl aSEIﬂcW:Zcﬁrng 1@l Bsntd fRakddd Bty Saddirdedin

exe |f|ed in: US. Patent No. 5,222,378; EP 0 701

589 brel h P r ARt Eed - Co.) which is also WD
94/1938 GR 41,06 t

4, 959, 4iizt( ,&rs%rlﬁgg%cﬁg)m%% % aﬁ%&#ﬁie 58” ?%‘E’f%aeoﬂ‘f

( Ac mxpaesiamwhm}at@‘brp:(ﬂamthed;tyféml cdesad 5 b )

cel l ul ar ene pol yner ol yaxyphenyl ene") teaches
Co A LA e POLTET - oL NPTy Be ) e e
a p@d&pﬁﬁib&ﬁﬁ%r% tl&ﬁ%ﬁalﬁ%ﬂonﬂ)ﬁl el 1996)
teaches that the 25 particlés contain 3-15 part's

vol &9 ISeKs i r%laeﬁj@rﬂsr ﬂﬁnaegnaitpeopm%ﬁ@& fwrantoddesIP

con rt yren y.ner s, and 10 50
par?%ﬁéﬂ%ﬁ%f?prggg eRgtﬁé% and %% PartEH tor Ao

partamdp@lwnéérzQQaZEOPCItES)AéaHﬁDM1a%JCQHﬁH)§éﬂﬂy)TCCSO

ct oot o) . "pent ane,and 1| monehe vas

ext ruded TiReldRt ized, i el ided o e 8 4 65t MO o

2004/ 069917 PCT/ US2004/ 001824
or as a tackifier is further exemplified in: U.S.
Patent No. 5,222,378; EP 0 701 589 Bl (The Dow
Chemical Co.) which is also WO 94/19383
(PCT/US94/06112); and U.S. Patent No.
4,959,412 (Arizona Chemical Company) .

JP 11080412 (Achilles Corporation) (Entitled:
“Heat-resistant cellular styrene polymer-
polyoxyphenylene”) teaches the use of limonene in a
blend of styrenic resin and a polyphenylene ether-
based resin. The abstract teaches that the
particles contain 3-15 parts volatile blowing agent-
impregnated polymer particles consisting of 50-90
parts styrene polymers and 10-50 parts
poly (phenylene ethers) and 0.1-5 parts (for 100
parts polymer particles) limonene. A composition
containing polystyrene, poly(phenylene ether),
ethylenebis (stearamide), pentane, and limonene was

extruded, pelletized, and molded to give a test
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WO povenesre7 i n t he base resin can inprove the

pi ece showi ng good heat resistance with short nol di ng
cycle tine. It is stated that the addition of

ability of the base resin, and the nolding 5 tinme and

cooling tinme can be shortened. The prior art does not

provide for interpolyner particles conprising a

pol yol efin, e.g. polyethylene and an in situ

pol yomeldeZ eth M4 Qratd o resd; ' n

I nt er penet rgni}lgigg r?g{vvor kéagtf %l&oﬁiﬁéﬁ%}gnﬂq%%yl

ar ofti Gl ncesivie Jrarttiined es, Itanids whiatted pardtd dies £dit@idh

a bl qw id that i.s not considered to be a

hazé’?éémolqunogllernep&q (5N 5ha T CohSiTERBE ddhavi ng

a plfeasdniy smallicyant thad dake MU S AL 1ML 35 Hing

bl owi,ng aid or plasticizer than 15 those of the prior

ar t .FITSURRERY AR IRgE HINENRROR ST IR Gnheard .on  over cones

t he abowgzdgscLi.b l,.sadvant .qf the prior _art.

The pr eggﬁt E?%\%Eng?gng%régv?ﬁ%gsgfgggfrlrggl 55050 Pt Srpdlymer

i nt @eptlipdes cesioripdnd ¢ eolyonpised & MG L2008 ¢

to %?%ut 809 b\é wei %thé( of .a olé(yol fin and from about

80% 16 Abodt F99 by WegHt 26F Aipally Reameddc viamim

ar offetrind nbe SN 1 WitleeH heit A nigh ek ReRE! 13t '6%‘1 J1&LRr K

of polyolefin and vinyl aromatic resin 25 arti cl es.

The °fdaiveBlré PECBREAICY Fers ineprrt igdesi cleasl amd ch

i mp ' .yolatil e. hydr.ocarbon bl ow ng agent

A S

Li moperedesedotocbrshdanedrtiousbaia bazangdeus .aichat is

polkuhang' hgs a ﬁleasant citrus 30 snell; and '

i nprovEsIhe e RpaRayBIRi fyPOFERBL FRESLpoPPReihat is

par bekes s F6-WD,2004/ 8699471 RETLYS2 %%9%%%1229‘9 than
e

foamabl e i nterpol yner particles can
those of the prior art.

SUMMARY OF THE INVENTION

The invention overcomes the above-described
disadvantages of the prior art.

The present invention provides foamable
interpolymer resin particles comprised from about
20% to about 80% by weight of a polyolefin and from
about 80% to about 20% by weight of a polymerized
vinyl aromatic resin which form an interpenetrating
network of polyolefin and vinyl aromatic resin
particles. The foamable interpolymer resin
particles dre impregnated with a volatile
hydrocarbon blowing agent and limonene as a blowing
aid or plasticizer. Limonene is not considered to
be a hazardous air pollutant; has a pleasant citrus
smell; and improves the expandability of the

interpolymer particles.

f PEIUS1H04/001824
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produced by suspending in an aqueous nedi um
pol yolefin particles; preferably adding a cross-

wo povkiosrgiagent to the pol yol efin particles andP€¢T/o82084/001824

about 25%to about 400% preferably 80%to 400% by
wei ght of vinyl aromatic nonomer or nonomer m Xxtures
based on the weight of the polyolefin particles;
adding a polymerization initiator to polymeri Zﬁ_ t hio
vi nyl ar [ re LN

Uho” polyol o i 0 Berr | et e BT B L eRet Pt Phig
net vidrkdwiep by ot edpendimg vimydn saguadi e medivm

' ' | ' i t ed
ot Lt T SO A DorE ettt g =Suche f eamme.

amourink i i o abeat pd1wdh d 01 aboMt L 151 0% DY £rom
wei ght, %E%fi%bl y 1.5% t% 15 % by weight, and nore

pr ef &bt 255% 2 PABIE 140 Uei ghits £ derlelly o%0% the 480 ghtby
of the: d ; ' | i onene in an
amuﬁ%é}%&gﬁg’t rggfm %ﬁ%@%§%$§ﬁ?rggg%%oﬁ BORRAPES, mixtures
pr eflersal yor) . the ovabgt df O:l’paarpojl?;ﬁbmiﬁﬁ %&p@%@@” s

by weight of interpolynmer particles. According to a

f ur (S %ﬁeﬁoqéfm%)ﬁe%%ﬁwlé’%%r@ iROPTRRg Herl the
f oargiblyel iddRiR0l Y MRInd®SE by RS ddrid 25, e
about 20%_to about 80% by 25 wei ght pol yolefin,

pr ef 1MLy ehafsisn Inakei; Lemnd-o fiom aointB09pdme ahoting
20% i polymerized vinyl aromatic resin,
whi (:: f‘%%lr]r{? gjtnf %{on]t eorlpegénle raaﬁo}z ng- Het vﬁ)rrcfl“aotflﬁ_)oq Jotefin
and pantyilclegr.omatiec jrrﬁfé:d‘pdl@l‘nté:ﬁlp%ﬁg‘tiaglt&g)vgﬁgg agent

rangi ng 30 from about 1.5%tqo about 20% by weight,

pr e SFASRAE %Jttg‘ E%W%eghthydﬁw dﬂife‘@rregal y
5% %01 j of - o

o R SRS RA Y s AT 77 54 o apout
i nt ex950Pyhee igdrtt,i areferaid f rlom%ateutl 0.9 dyo wadbiatt

and more preferably, 5% to 15% by weight, based on

the weight of the interpolymer particles, and
limonene in an amount ranging from about 0.1 to
about 5 parts, preferably 0.1 to about 1.0 part
based on 100 parts by weight of interpolymer
particles.

According to a further aspect of the invention,
there is provided foamable interpolymer resin
particles comprised of: about 20% to about 80% by
weight polyolefin, preferably, cross-linked, and
from about 80% to about 20% by weight of a
polymerized vinyl aromatic resin, which form an
interpenetrating network of polyolefin and vihyl
aromatic resin particles; a blowing agent ranging
from about 1.5% to about 20% by weight, preferably
1.5% to 15% by weight, and more preferably 5% to 15%
by weight, based on the weight of the foamable
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5 parts, preferably 0.1 to about 1 part (for 100
parts interpolyner particles) of |inonene, as a

w@b@snewizer or blowing aid. 5 The use of | i noPENES1004/001824

the invention allows the blow ng agent |evel to be
reduced in the processing of the interpolyner
particles and therefore the blow ng agent level in
the particles per se is reduced. This is particularly

[ latil e hyd | ow
agent (R R R P el LR Ry aoh Cprbout

Vi evE gfaitthe, epweforaEny ad . 1 i SSugiSout. 9. p&At S$EEAS1 0f
t he bl owi ng agent di scussed herei nabove in the prior

art RRCET ohRCT PR Prer P16 eholi fiEnt Inehene, as a
pol yﬁﬂégf&iiz]érvéflyﬂﬂ&[]ﬁ{@téf?resi nis vinyl aromatic
po

honmopol yners, preferably; ystyrene, or polynerized
vinyl arBmatize cobol ymenane preferablyyention allows the

ol tyrene-butyl. acrylate), and the, polyolefin is,
Sol zgef%%ré%efgﬁyi]fv‘? et'r%fl%% S e jbrgtt_? Phacessing
pr esentthe Ointwend i |fe + 0o PF OV T8 f Qairebh&rd AbLE pohy Mer
resin particles conprising a blow ng agent and
| i mOonetHEL e 2GETHE ol Ry ol Wie praisti el orroen ea e
combj I r ts, 1,0 ] V. t e
esi TRt o B e R RO AR Ve

| easto 4 i I riowdach qeustsdre db 1w Dperd geast Coapar edetitatdal s
of the _prior t..It is a further object of the

pr esEiid i‘—’f'ﬁ/e%t}?%?lw“i‘% HTH et 71T et TRV bEgrmental
genefsdles ass0g] adlths Wid PRrHRC8R o ag £9oat@i n

hazardous air 30 pollutants, such as toluene, benzene,
et c.dEcussedl dverrirakPve Ithehenpeipmtaon ofcthen.

0o 19,207 ISl S YOZO0M 80N

preseintyl aromatic resin is vinyl aromatic homopolymers,
preferably, polystyrene, or polymerized vinyl
aromatic copolymers, preferably, poly)styrene-butyl
acrylate), and the polyolefin is polyethylene.

It is, therefore, an object of the present
invention to provide foamable interpolymer resin
particles comprising a blowing agent and limonene as
a blowing aid or plasticizer which combination
results in improved expandability of the resin
particles in order to form articles with at least
improved physical properties compared to that of the
prior art.

It is a further object of the present invention
to eliminate the offensive odor generally associated
with particles that contain hazardous air
pollutants, such as toluene, benzene, etc. asg a
blowing aid in the impregnation of the blowing agent

in the particles.



10

15

20

25

30

invention will be better appreciated and understood
by those skilled in the art fromthe foll ow ng

waele®enegt’ on and appended clains. 5 DETAI LED PCT/US2004/001824

DESCRI PTI ON OF THE | NVENTI ON The i nt er pol ynmer

particles of the invention are conprised of

polyolefin and in situ polynerized vinyl aromatic
resin that forman interpenetrating network of

pol yol ef i 21 | Sj particles. The

i nt er pol y?rheggga%{%@c+%§é]g?€£ﬁ %%%?e%ﬁa%g% V\Ar?ﬁeﬁgbl ow ng
ageninaent 1 omonehe as lbetipdasiporéet abedbhaw Bgdal8tood
Such_i nterpol yne rticles can be obtained by .

pr 02%‘@5‘{:}%,0 S%IF?Ljeggi Pt Hee a6 e55P8 Bs, TPhieningo.

15 3858 180: GRdand dbSendiad eftsNgs, 4, 168, 353
(Kitanmori), both assigned to Sekisui Kasei hin Kogyo

Kab U] LER | BRSCR TRBIQN e sEHE oV ENBEEOK Uspendi ng

pol yol ef i articles. and vinyl.aromatic_nononer or
nononer m x‘?u%llé%q%o}%m%ﬁu%ao%%lcgj[g%e?]gi bie ahfvep-ton axe
pol yestpzi $igd t&e POTRSES £ D momrsmutyw%méﬁw@

the pol yolefin particles. The teachings of U S. ‘

Pat eft™Kb. 280TY1 4 g iR Whabel 398 2R el hhetpperaTREing
hereﬁéEW6kErE¥rpST% 18 ¥n ynd &F- 84 Cgroﬁégggtrégi the
use of solvent in e | npregnati oh step, exanpl es

of wahidhesd udeThel UsrerpdeyrengadtPeles are

di chl oropropane, etc. T resent invention

parﬁ%lf%?rf t%‘it‘%lto%tatkgf%‘ﬁl?ﬁ R ne? sﬁl‘B‘PmF-WF’SaS a
chemplrdisicBreh &5 Bod a9 benzene, as a sol vent

or as a blowing aid. 30 The term "polyol efin" as used
her ei n i SS¥Ch plaserROl¥irg® Hoart e bpareah fhonvhitairedtby

W0 F0d 00U 7 T Cpbo4] Ootazn b ons, Frenane e o

oct ahe?59 &0 prred etm €@. S. Patent No. 4,168,353

(Kitamori), both assigned to Sekisui Kaseihin Kogyo
Kabushiki Kaisha. The process comprises suspending
polyolefin particles and vinyl aromatic monomer or
monomer mixtures in an aqueous suspension and
polymerizing the monomer or monomer mixtures inside
the polyolefin particles. The teachings of U.S.
Patent No. 3,959,189 and 4,168,353 are incorporated
herein in their entirety by reference, except for
the use of solvent in the impregnation step,
examples of which include toluene, benzene, 1,2-
dichloropropane, etc. The present invention
particularly sets out to eliminate the use of HAPS
chemicals, such as toluene and benzene, as a solvent
or as a blowing aid.

The term “polyolefin” as used herein is a
plastic, which is prepared from at least one

olefinic monomer, such as ethylene, propylene,
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enbodi nent, the polyolefin is polyethylene. The term
"pol yet hyl ene" as used herein includes not only a

woeompetoyner of ethyl ene, but also an 5 et hyl eP€r/US2004/001824

copol ymer conposed of at |east 50 nole o, preferably
at least 70 nole of an ethylene unit and a minor
proportion of a nononer copolymerizable wth

et hyl ene, and a blend of at |east 50% by wei ght,

prefiarably, aledgastco SWhby el gif ’ahgérélhg &9 ethylene
honmopol ynmer or copolymer wth anot polyner .

Ex argitkees igfeon ones oalopnl e/fivier !:'(zjathelwttmlfl@t@ylbe?e

are vinyl_.acetate, vinyl .chloride, ropyl ene, butene
hexene, a%k%%/l‘aﬁe(:rr%cipa‘ﬂéyn%}fﬁserﬁ eas‘i‘éf%?gn%?li‘%]é?ﬁrﬂ%lu es
aci chanrilys £HBSHoThOideretBAlHEr ghat;can he

bl ended wth the ethylene honopol ynmer or copol ymer

may VAR DARRIY NGO saEdsies i it tledanl ewke &,
pol e olVA po| i ene, gplyl opre .

pol )iwéhl or (?S?Lgleaftp%o cﬁ: 3& %%leed doloyf;t yIeHe/lene unit
pol ywidhydl rihlcor ipdeypeart istry reefned bdrasican & GRpGEEl 5 a1
vi nyl. .acetat.e/ et hyl ene pol ynmer, an .

acri(fflot ter%y&e&ft'a&“éﬂé gﬁﬁﬂci//l?ér,ata hAafk 50% by

chl ardideltyi Mie fAGRIALL LORUWRIG0 LS, m?e%oggq&léﬂmfeschoef
pol yethyl ene resin that can be advantqge sly

enplS8yed sne Hiengpadyasr i epicdiyrete wiltdwanatgdirum |

and_hj.gh-density pol yet hyl ene, an ethyl ene vinyl
aceggggmgggolyner, an et hyl ene/ propyl ene copol yner, a

bl end of ES@nmﬂJqsetdfylrrﬁm@lnm/ Q@pﬁfl%{é)&ii@t%leammt?ﬂd of
ol yet hyl ene and an ethyl ene/vinyl acetate copolyner,
gndegﬁj@fli@ﬁ’@ G S oTiyetih FicsiTé tend Vamyd Wh12oU41e069917

Eﬂé}o%%%@.%ﬁn%? Il 8R4 eret h Ylle%'é%/ee r %@Qy@ﬂ% CRY YIRS i+ s
esters, methacrylic acid and its esters. The other
polymer that can be blended with the ethylene
homopolymer or copolymer may be any polymer
compatible with it. Examples are polypropylene,
polybutadiene, polyisoprene, polychloroprene,
chlorinated polyethylene, polyvinyl chloride, a
styrene/butadiene copolymer, a vinyl
acetate/ethylene copolymer, an
acrylonitrile/butadiene copolymer, a vinyl
chloride/vinyl acetate copolymer, etc.

Examples of polyethylene resin that can be
advantageously employed in the present invention are
low-, medium-, and high-density polyethylene, an
ethylene vinyl acetate copolymer, an
ethylene/propylene copolymer, a blend of
polyethylene and polypropylene, a blend of
polyethylene and an ethylene/vinyl acetate
copolymer, and a blend of polyethylene and an
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acryl ate copolymer and ethyl ene-nethyl methacrylate
copol ynmer can al so be used. The anount of polyolefin

WO poottloe99int er pol ymer 5 resin particles of thePCT/US2004/001824

i nvention ranges from about 20%to about 80% _
preferably 20%to 55% by weight based on the wei ght
of the interpolyner resin particles. The anount of
pol ymeri zed vinyl aromatic resin 10 in the

i nt j t t hegi e} ges
o COLLER S SSEPL B e Bl Lol Ve LoD LaRe

45% 2ernbaut 8096 lvyeneight e bagkeneomméetieyl weeghacoflate
the | olyner_resin particles. The vinyl aromatic
resi(%f%cg%}? %]\'lp% If/n%f?% 4%5*%onomers or the resin can

be vinyl Bien@hbent COPODYINRE Be £ BX AR €8e Of nVeBYblymer
aromatic nononers are_ styrene, al pha-nethylstyrene,

et hyfet i dprrtickeorestihenverivhort yarpes from about

Vi ny} 4 0l.uen i gwd b opropylxyl.ene. .
Thegié(S ﬁo%%n%%ugownﬁyeﬂgégﬁu@a t%@‘r’ Ei o%%°brb¥nwelght
adnibased. o hehe i wylglar anfttilte copod yHET gnEANrHEin
sim]lar t those disclosed in U S Patent No.

4, 04F 594 ¥ Ueka) assigned to Sekisui Kaseihin Kogyo

Kabushi kiTHai shaunt Tct@%%l%ﬂ'ﬁ@}i/m Sy @1 SAYERDE ¢ resin

copol yners prepared by = 25 the copol yneri zat i on of a .
st yrighe-Mfonorer rRe ke normeis sachi elbed | G butadimnention

al ky:. I Anpl e bty%o/acrlae, hy
acry %ﬁé%n#cgﬁ %Cﬁ{ﬁ hzgag:@oacarki/ Lg'i ej9% al ‘?%erabefy trom
met fetmrwt 4 8% {6 arbowex sy e, byidngh et hesd Vbt €he

30 butyl nethacryl ate and

thyl neth |.at e, .
2- eUHIFEA® et hadt SR T 5RO (BATE Ly

acetate, ®idhar t%&ﬁéwﬂ@%si&%ﬁpﬁé’%&ﬂﬁﬁ 7ed
PCT/ US2004/ 001824 di vi nyl benzene, di nethyl” naleate

and ‘fiasis gipltds ecesin can be vinyl aromatic
copolymers. Examples of vinyl aromatic monomers are
styrene, alpha-methylstyrene, ethylstyrene,
chlorostyrene, bromostyrene, vinyltoluene,
vinylbenzene, and isopropylxylene. These monomers
may be used either alone or in admixture.

The vinyl aromatic copolymers can be similar to
those disclosed in U.S Patent No. 4,049,594 (Ideka)
assigned to Sekisui Kaseihin Kogyo Kabushiki Kaisha.
These copolymers are styrene copolymers prepared by
the copolymerization of a styrene monomer with
monomers such as 1,3-butadiene, alkyl acrylates (for
example, butyl acrylate, ethyl acrylate and 2-
ethylhexyl acrylate), alkyl methacrylates (for
example, methyl methacrylate, ethyl methacrylate,
butyl methacrylate and 2-ethylhexyl methacrylate)
acrylonitrile, vinyl acetate, alpha-methylethylene,

10
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Preferably, the vinyl aromatic resin is polystyrene
or styrene-butyl acrylate copolyners. 5 In general,

W0 b@4io6soeT pol yner resin particles are formed aBCT/US2004/001824

follows: The polyolefin particles are dispersed in an
aqueous nedi um prepared by adding 0.01 to 50,
preferably 2 to 3% by wei ght based on the wei ght of
the water of a suspending agent such 10 as water

sol ubl®i hj ohamiaad ali et et al Shq & @tli%
pol yvi nyl” al cohol or nethyl” cellul ose or s}lg y
wat éraktl e i norganic materials, e.g., calcium

phosphat [ r.ogphosphate and sopap, such
as sodi uﬁwprg%fdecy: %%en%rzﬂe%)é”ﬁgf TN ISR he® vi ny|
ar onEiliys tpraTe e arng adtebud 1 N rSIUsReNsh M A« |
pol yneri zed inside the polyolefin particles.

Basi cal | yYardFBahe dnvidammllynek masimmarticles
co [ a ymerization 20
mﬂ?ﬂ>ﬁd§ﬁ¥h§ﬂ§&%ﬁ@d¥%.gﬁﬂgfbgéyq%gﬁghlgﬁéiﬁcH%%fge

of the vinyl aromatic nononers “ca np
agertisramsakelin lamwyicousheneatitunand-gatr &g byf reklhg

sel ected .b ne skilled.in the art.  Initially, the
wat gor' Olels t|C}/n 5%rf éjrﬁ?ﬁJﬁr diePalisy oMY 0"SA G Hased on
pr eftereablef ghtt @5 thd®& tehaloofy the e Sty At such
pol yol efin particles enployed in the aqueous

suspEndEder elabiesl fohbasilecudpd greadiel Impterials,

r at io pof %ﬂg I r ticles to.the water may reach
ar ounc(]ao]f: . The éol )?rln%%:fh?alt iogfn moef%htyﬁe RV 1°§|‘%r?d5ti c
30 gy, wattiech sicd ublisoribed dam ithespelnielief,i k. g,
particles, is carried out using initiators. 11 WO

2005P0699T7 G0RFOBREPES L e PYFCRNREEHS teuiarsbl e

fOfs&@@@e%%kﬁﬂa%OQ%@EEHZ@bH%%nyb%%%é%%n%hlg%%%%g,cand

nmononers are generally used in an anount of about

0. 0theo vinyl aromatic monomers are added to the
suspension and polymerized inside the polyolefin
particles.

Basically any of the conventionally known and
commonly used suspending agents for polymerization
of the vinyl aromatic monomers can be employed.
These agents are well known in the art and can be
freely selected by one skilled in the art.
Initially, the water is in an amount generally from
0.7 to 5, preferably 3 to 5 times that of the
starting polyolefin particles employed in the
agueous suspension, on a weight basis, and gradually
the ratio of the polymer particles to the water may
reach around 1:1.

The polymerization of the vinyl aromatic
monomers, which is absorbed in the polyolefin

particles, is carried out using initiators.

11
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percent by weight, preferably 0.1 to 1 percent by 5
wei ght, based on the weight of the vinyl aromatic

worewene917 Exanpl es of suitable initiators inclRCBEUS2004/001824

organi c peroxides such as benzoyl peroxide, |auroyl
peroxide, t-butyl perbenzoate and t-butyl perpivalate
and azo conpounds such as 10 azobi sisobutylonitrile
and azobis- dinethylvaleronitrile. These initiators

can be US@HeaiﬂﬂﬁlgfofgnsﬁitQBi katééﬁgéﬁ?%Sﬂ be

used in conbi nation. I'S pre rred t
|n|tP@%Emgrbéaﬂl@so¢ﬁeUhenVihgl15rumayhcamonamezs are

b b b th ol efin
SZP? ?ﬂ% é?*%?@n??%ﬁﬁgﬁasgo?goFFeea Bréga?d
U. S. p@ﬁatélﬁlt }B@Sweﬁg%Q g89rapsh1¢, 468, §531 ft&%i»sént by

dlssolve the initiator 1n a solvent, e. | uene,
benzZ&nEd %ndbis?dz@ndﬁ%%l%@b@hbp@ﬁethqh@lmﬂbe@romﬂt1c

set spQubmd L. L 20 £ 5Pes&$€?§Iet elgglvents%lvge

the in situ poly I zat1on e V|ny
nMoNoPEYENiG p@n@kﬁde@ stdie polyaRzdgEdpoevodRyde Ar DaRELG1

d d 25 the polyolefin
par tret sty F B El SRR Trossad [ Hidtrel
p0|Y§éﬁ§iﬁhliﬁétéﬂdﬁgéoF%éﬁé?@ﬁ@g,sﬁghsagross l'i nki ng

is done  simultaneously with the polynerization of the
V|ny?zoéﬁ%ﬁﬁﬁb%¢Yﬁﬁﬂ#ﬁ#l1¢1Qm@ podlybtefin particles,

and &¥%é%ﬁéﬁ |on of the blowi ng agent and

t he s purpose cross-1inking agents
ar e usedrh&&:mmit(mdrml@m lgend&d i dacdislesr two or
di-t- buty] 12 WO 2004/ 069917 PCT/ US2004/ 001824

per 38 e, I HRTALT FAF RS 3T L, 1T QUM nPeF i delt als

a- bisrdf ey | RR0Ne Prrfh d SORLAPW DENZENS 23 5 the

di met hyl - 2, 5-di - (t - butyl peroxy) - hexyne- 3, 2'%
vinyl aromatic monomers, which are to be absorbed in
the polyolefin particles. This differs from that of
the aforesaid U.S. Patent Nos. 3,959,189 and
4,168,353, which dissolve the initiator in a
solvent, e.g. toluene, benzene, and 1,2-
dichloropropane. The invention sets out to
eliminate the use of these solvents.

When the in situ polymerization of the vinyl
aromatic monomers is completed, the polymerized
vinyl aromatic resin is uniformly dispersed inside
the polyolefin particles.

It is preferred to cross-link the polyolefin
particles. Preferably, this cross-linking is done
simultaneously with the polymerization of the vinyl
aromatic monomer in the polyolefin particles, and
before impregnation of the blowing agent and the
limonene. For this purpose, cross-linking agents are

used. Such cross-linking agents include di-t-butyl-

12
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wa@e@4abmor bed in the polyolefin particles

di met hyl - 2, 5-di - (benzoyl per oxy) - hexane and t-butyl 5
per oxyi sopropyl - carbonate. These cross-linking agents

with the vinyl aromatic nononers by dissolving the
cross-linking agent in an anount of about 0.1 to 2
wei ght., preferably 0.5 to 1 weight 10 % based on the
wei ght of the polyolefin particles suspended in

mﬁteéeréiﬁi@ertigﬁ@y{)c&ﬁyiﬁ@% P3s; &i@#ﬁgglﬁg g%fd

and the manner for sor bi ng t cross agen
i nt oY it he-Ypody ot efuty setdxy eso- @uzsqpmm@ylbemfmme, 2,5-

f n 3,959, 18 The resultlng
?n? {ec?p %qln%ir %caér? C{'fg E%‘%JPH%WX%%WF% 3 e
pr OCHIQheEngj)fDaJTESi @& 1 {Kdresoy T P Nk 2,880 e g anth L her -
i ronene are introduced into the interpolyner resin

partR%?%&Y%%PHWHﬁlfmmr@‘%ﬁ zdffee@mrmm%llnklng

i nt Ly are use
nol 86{ rae‘r)?ﬁm btlclbévvllipo:L g St S R % a
boi qumeqummtwwkovme t\ha‘rylt her snofttieninghqpea g ®f t he

ol yol efi-n_.and should b seous or I|qU|d at room
?emﬁrﬁ%&& (ﬂ@%ﬁ%ﬁl A orhed™ ey eof

(ab@ﬂoutatms&t%ﬁrﬁ Gle 1 PBlLOM NG-SQSAUIS1ArE. el d 1kql9é/ﬂ; Xtk

the art and generally have boiling points ranging
fror~ heEed @TBG'@}G tisiehye et diltey, pcﬂrmi:efmcparta&ues

Sui tahl e 2R, Pl owl ng ,agent < S’capl dﬁ %tﬁ CrFeoss—

allphatlc oca ons such as n-pro

i so-loutkamey agepmﬂ ame, HIeonReian&gom d}@@mﬁ,n
neopentaniﬁ_ cl oal i phati,c hydrocarbons such as 13 WO

20040559 USSEOFF0GPEY they AUpiRIaTe mamprticles
cyclapentianre, ﬁlnd;hféala%%@a% nh)édf %acfe*?&n uch as

nethyl chloride, ethyl chloride, nethylene chloride,
, 959,189,

The resulting interpolymer can be used as raw
materials in producing foamed articles. The blowing
agent and the limonene are introduced into the
interpolymer resin particles to form foamable or
expandable interpolymer particles, which in turn,
are used to mold foamed articles.

The blowing agent should have a boiling point
lower than the softening point of the polyolefin and

should be gaseous or liquid at room temperature
(about 20 to 30°C) and normal pressure (about
atmospheric). Blowing agents are well known in the
art and generally have boiling points ranging from -
42°C to 80°C, more generally, from -10°C to 36°C.
Suitable hydrocarbon blowing agents include
aliphatic hydrocarbons such as n-propane, n-butane,
iso-butane, n-pentane, iso-pentane, n-hexane, and

neopentane, cycloaliphatic hydrocarbons such as

13
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trschl or of | uor onet hane, di schl orofl uoromet hane, 5
di chl or odi f | uor net hane, chl orodi fl uor onet hane and

walc@whlenort et r af | uor oet hane, etc. These bl ow NRCT/HEN/601824

can be used alone or as mxtures. If n- butane, ethyl
chl oride, and dichlorotetrafl uoroethane, which are
gaseous at room 10 tenperature and nornal pressure,
are used as a mxture, it is possible to achieve

f oankpg1 10y Bah OWa n HUL ¥ IEHSH E Yre ,Th§n<l§ gﬁﬂé{q&?w@&s of

volatile blowing agents ‘are taught aforesai d
U. S.hrdreprrions Su@59%d 8tetiGeherial dyidé heebhpli ng
agent, {s_sel ecte fro he. group consi sting of
n-pe%?%%%fgésd?%%%¥ S g%%%ﬁ%%?ane, cyl copent ane, and

i Xt tir Bsh1dwes £0for e wameiNt d D§ ch er &F Db AGnSg8 Rt |
ranges from _about 1.5%to about 20% by wei ght,

pr ef &t &bt S Abbt uormagnhae 1574 Yot GheromeEkane and
pr ef @r @bl yr d L1000 22610, - S0 1% by Mei 9 heggsgfogn the

wei ght of the interpolyner particles. Linbnene "s"¥sed
in coaditatdon e tdsddhealdlowngagenttwnss as sf ated

her gi_n. above,, .acts .as a _plastjcizer or blowing aid in

theel%’%vae% { oént.l_lycz\‘]S_cL}faJr%f&é i%% nono-t er pene

hy drdicet haro e i b r W el e | Nyt e, PA@@tgél%éé&s dihe-oom
an

known types are d-_|inonene, 1-linbnene,
dl - | FSRRFERE VIS |G0fbridtanal Prerruined i udwd sk m of

citrus fydl tsand, | : in foqd additives as a
f ragrant ag'entt?rhldst gbfﬁéﬁaogl% iﬂqnog ap‘%?‘lnefv‘al s-F5RE 178 & Lov
and dulsc fdegrenetdyi | iThe srsediditic Rypewnenesdlatile blowing
colorless liquid, has a Hleasant orange-|i ke aromm,

i s é%ﬁ?b N g§qqhijuﬁ %ﬁﬂpg%%gbl.s. Patent No.
PCT/3/S2004/0018 24 neadditti Vana i dvsi il delohUsed a5 &reg

raw material of perfume. As stated herel nabove,
| i noTFSiHe Ghe ssoup demsdeddusy aiff rpaldniteard,. iso-pentane,

neopentane, cylcopentane, and mixtures thereof.

The amount of the blowing agent ranges from
about 1.5% to about 20% by weight, preferably about
1.5% to 15 % by weight, more preferably from 5% to
15% by weight, based on the weight of the
interpolymer particles.

Limonene is used in combination with the
blowing agent and as stated herein above, acts as a
plasticizer or blowing aid in the invention.
Limonene is a mono-terpene hydrocarbon existing
widely in the plant world. The known types are d-
limonene, l-limonene, and dl-limonene. D-limonene
is contained in the skin of citrus fruits and is
used in food additives as a fragrant agent; its
boiling point is about 176°C; and its flammability
is low. D-limonene is a colorless ligquid, has a

pleasant orange-like aroma, is approved as a food

14



10

15

20

25

30

Li nonene is used in the invention to replace 5
benzene, toluene, etc., as blow ng aids disclosed in

wo bwdsmboiresaid U S. Patent No. 4,429, 059. The p@DUSL004/001824

of |inonene ranges fromabout 0.1 to 5 parts,
preferably 0.1 to about 1 part, by weight per 100
parts by wei ght of the foamable interpolynmer resin 10
particles. The interpolyner particles of the invention

MY oBaseopyeniantty piadugedsas Lol Lovay b8, iListe
reactor, the polyolefin pafticles are suspen edin -an
aquepasfumdi uAs condbedi hgraidakpeesi hjmagent. 145ndhea

di spersi ng agent ma e, po| yvi nyl al cohol,
net h ?%%??%?%s%%rc%ﬁfﬁﬁgﬁ osphate, magnesium
pyr ophosphaténesdl €k Uk EQr bANELE, 1 AT ELBLEHURL replace

phosphate, etc. The anmount of dispersing agent
enpl B5edeRs, otoluene hochy - werghblouied ahdehdéiambaned in

20 o r ta agd t he ueous
20 PbaLEkco A TG2EL 0L Y B2 o80605!6obe BALCSHSune
t he sfiriacen¢easranged f£hemssaispensdon asds hghpsst o

enul sify t wat er/vinyl aromatic nonomer  in mxture
I R R o Lt viBoT Yhaba T | USedveaBh| PaBI 6005
vax yeutd be L hyhenss bist essapide. i
mediumis liBﬁ)%neriz;ﬁﬂllly heated to a te?rplelﬁg?ﬁgaefglyéah]:%ﬁm
t he R&AyICE¥Dmati ¢ nmonomers can be pol ymerized, i.e

from abo 0] 120C over a riod of ti '

f or exan;f }ég %E%)%S%yﬁ%ﬂr%?ra%re? h(igg t-l]ﬁet%)n‘é%nggbn may
hourbepectd:m@lTniétetw nytodul Ot 4 € f@nwﬁgé S,hlztlheE vinyt
aromatic polymerization ipitiator,_ and the cross- .

i nklf%@"ta%émgg‘? epglobé%e%nt%r%%m | HEE sTdpRPR{eR 1B
WO 29044 Q8991 RCT{ US2004¢ Q01824 o CONLAL R NG t
polyolefin particles, whi céh) ar e %i(g:g% s%%lﬂlg% %ﬁ%nt'
aquebis deehams imhesezemntrery dbs pofyvbey hdakdoladl, at

one &égﬁ§léglfﬁfgjéﬂlééiékum phosphate, magnesium
pyrophosphate, calcium carbonate, tricalcium
phosphate, et;. The amount of dispersing agent
employed is 0.01 to 5% by weight based on the amount
of water. A surfactant may be added to the agueous
medium. Generally, the surfactant is used to lower
the surface tension of the suspension and helps to
emulsify the water/vinyl aromatic monomer in mixture
in the initiator and wax mixes, if usged. A suitable
wax would be ethylene bistearamide. The aqueous
medium is generally heated to a temperature at which
the vinyl aromatic monomers 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 monomers, the vinyl
aromatic polymerization initiator, and the cross-

linking agent are added to the resulting suspension

15



10

15

20

25

30

i ndi vi dual portions. 5 The interpolyner particles are
acidified, dewatered, screened, and subsequently

wehbarged1to a second reactor where the parti cPEBUS2084/001824

i npregnated w th the blowi ng agent and the |inonene.
The inpregnation step is carried out by 10 suspendi ng
the interpolynmer particles in an agqueous nedi um
addi ng the bl owi ng agent and |inonene to the
resuktl,pg: SUspensLo ;L rping. t ature
T M R T
agenfliapndrthe Ennbhenegquanubembliénded Thestogetbetaasd

t hen_added tq.the interpol [ particles or_can be

adde‘BaYog?hégfiﬁ?ePb) |§}ﬁePn¥gEi“FFc| 8% §E6§Péﬂéwy%n

Al teinativeli¥i pBethbbawi ng agent and the |inonene can

be added to the first reactor during or 20 after the

polynerizﬁh?oﬁnﬁﬁﬁﬁ@égmeﬁhéaﬁbévéeﬁr@Eéssesdﬁééedbbe a
t or _ i natj gn he inter ner.

par t ToMEERE0r} gk ORnEE b st sy Fe PRE B Fee

partic ternatively e rnterpoly

. can becohdpregnabedwiibacathanbydt oudepr aeessmprByhated

to that. 25 taught .in Colum 4, |jnes, 20-36 of the
afor@%ﬁbdthﬂ.%goﬂéPEnﬁgﬁﬁ? and 28nB541MGARER - t eachi ngs

in their TeatirELY5ALEILACOERPr akeda el ghnhY 1y
reference. The Tntérpolyner resin particles nmay~al so
cont @ippandangi theathtenddiyinge; partfahesr éhapdastpeous

30 an r_dye; a a.filler terial; other

~dar TEaLEng LeatindY fae PP o dinr pShafnren LibeBpRe to the
exanpéesltinyudusgefdidh, abkyl sPBFedpyans, aSdepasabure
16 WO 2004/ 069917 PCT/ US2004/ 001824 dodecy!l

mer capt aprefededery| ahentapd dh degirey|to e Eapt dleand

T DU TELCRRLED o0 BLNEL B0ERL 5.0 SUER, B e
together and then added to the interpolymer
particles or can be added to the interpolymer
particles separately.

Alternatively, the blowing agent and the
limonene can be added to the first reactor during or
after the polymerization process.

The above processes describe a wet process for
impregnation of the interpolymer particles.
Alternatively, the interpolymer particles can be
impregnated via an anhydrous process similar to that
taught in Column 4, lines 20-36 of the aforesaid
U.S. Patent No. 4,429,059, which teachings in their
entirety are incorporated herein by reference.

The interpolymer resin particles may also
contain an anti-static additive; a flame retardant;
a colorant or dye; and a filler material; other
additives such as chain transfer agents, suitable

examples including C,.;5 alkyl mercaptans, such as n-
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styrene; and nucl eati ng agents, such as polyolefin 5
waxes, i.e. polyethylene waxes. The foll ow ng exanpl e

w0 g004m06%nted to assist in understandi ng the pPEFES1004/001824

i nvention, however, in no way, should these exanples
be interpreted as limting the scope thereof. 10
Exanpl e 85 pounds of interpolyner particles conprised
of 30% by wei ght pol yet hyl ene and 70% by wei ght of an

in SHBHeE%)’H{@%EéEQaﬁEVE@HSaBBIW' ma%&b?g% éhquﬁgwﬁf

I nsi de the polyethylene partictes were arged“into

a 2bmgatbphaneaction-botylnmpeegaptibon. andhosheeaetents
cont ai ned 93 pounds of _deionized water, and 5 grams

of CHVSBf BSFOORLaBArU dBBRepE PBAzERE dduetondt €)meghyl

surf T [ r iclLes, were oduced
cococyBohe, TRRd BLETBOLYIRT AqBRLL) OLhpn 180 B) PR HRR
U. S. wRaeent iNe. Bp998thBleneOwldssshby wei ght

d- i nonen [ i s Technical Grade (95% purity) i
fron1FIorféﬁm%ﬂiEPWéchﬁﬁﬁﬁﬂi? éﬁdl§§@@d69? i gAELst in
| sopghtianstwBhEngddrd g@@@&ﬁ&ehﬁvéﬁtﬁeﬁ,2%8%@58&; Iﬁego

contents of the reactor were stirred at 00 rpm an
heat &Yt osBo€lflorhaBeuexampbassbe Theeerpehddbikity of

t he b ant a particles was neasured by the
nini%%ﬁ?%%ﬁg Eégsggg?e @ﬁ?% ofs achi eved as the

part Egdwplare processed in a single pass through a
TRI 502 conti nuous steam 30 expander. The_resulting

particl es®haBourApref preasaatvess| parfiglegncemargaed

bl 0sgpms b agapneeqnt 1 #0869 5 .
PCT/ US2004/ 001824° co%%ggégggo tﬁegﬁﬁtgPpOFyngﬁlght of

partéel €8 situhpopyierizedt stFhentehwedlpactithes

ﬁ;?ggﬁgg%%@e%2$95§§Q§L§a ¥§{§egﬁ§fgngu£agggciggnwere
charged into a 25-gallon reactor for impregnation.
This reactor contained 93 pounds of deionized water,
and 5 grams of Calsoft F90 (sodium dodecyl benzene
sulfonate), a surfactant. The interpolymer
particles were produced according to the process
taught in the aforesaid U.S. Patent No. 3,959,189,
0.35% by weight d-limonene, which ig Technical Grade
(95% purity) from Florida Chemical Company, and 13%

by weight isopentane were added separately to the
reactor. The contents of the reactor were stirred at
200 rpm and heated to 50°C for about 4 hours.

The expandability of the resultant foamed
particles was measured by the minimum bulk density,
which is achieved as the particles are processed in
a single pass through a TRI 502 continuous steam
expander. The resulting particles had a more

pleasant smell, i.e. an orange blossom fragrance,
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5 inch x 2 inch rectangul ar sanples. The machi ne was
a Kohl er General KG 606 steam nol di ng press. The

w@boogioerl7 properti es were measured and/ or testRCI/US2004/001824

according to the standards set up by ASTM D3575.

These properties appear in the Table below. In the 10
Tabl e, the interpolyner particles of'the invention
containing d-linmonene are conpared to the

i nt ec @by PBE P8I the! enPlrbHeRELOLALE -7 W0 '
ethylbe%zene was usednasr%heyﬁlomﬁﬁg afég@TﬁgLEhelgrlor
Expaad@bi lity Summary (Type of Blfmﬁng AgegtA?nd t
Amount we the Sane for,Both) Blow ng,Ai noun

pph (partéﬁﬁygﬂﬁﬁ?ﬁﬁﬁ?%éh$€9§bPEOdHE? ht2peRenhfikareds
Denswéye feiefasts &ydweh&htmoP@binehto Ehihyhbgnzene
0.50,1.20 d-Limpnene 0.35 1.15 Foam Physical

Pr ope?rEie’ 2ZﬁnfhurQFQ%n%%$aFo%hmE%ﬁ§ity?hBIm&ph?nﬁlwas
Et hy, =1 B o) Val ue Val uge, %
of b SPArn SRR 0 S et PR dtng b8 Y s
1096ﬁbyﬂiqalipnopemtiébnmefssma@sﬁ&é@n@ha/&éhégéﬂgﬁ

114 25% Def ormat i on, i Flexural Strengt :

26. PSP Bob e TiF (B L HSTGar S5k | WhgPK APEY PASES 6
7-4'ﬁﬂasec§§%§QBEﬂQsF§5 QL ABNCE AV OF Q9L OheZow. 1n the
| npacts, 1.25 pcf FoamDensity, Values are . '
Decel@phti ol i erpo kvker -odetielgs of the invention

containing d-limonene are compared to the
interpolymer particle of the prior art, where
ethylbenzene was used as the blowing aid.

TABLE
Expandability Summary

(Type of Blowing Agent and Amount were the Same for Both)
Blowing Aid Amount, pph (parts by Minimum Achievable
weilght per hundred Density, pcf

parts by weight

polymer)
Ethylbenzene 0.50 1.20
d-Limonene 0.35 1.15

Foam Phygical Properties
(At 1.25 pcf Foam Density)

Blowing Aid Ethylbenzene d-Limonene
(EB)

Property Value Value % of EB
Standard

Compressive Strength 12.0 14.2 118

@ 10% Deformation, psi

Compressive Strength 15.5 17.6 114

@ 25% Deformation, psi

Flexural Strength 26.9 26.9 100

@ 5% Strain, psi

Tear Strength, 1lbs/in 6.6 7.4 112

Cushioning Performance
Average of 2-5 Impacts, 1.25 pcf Foam Density, Values are
Deceleration in G’'s (lower = better)

1.0 psi Static Stress 2.0 psi Static Stress
Blowing Aid 18-inch 30-inch 18-inch 30-inch

Drop Drop Drop Drop
Ethylbenzene 33.4 58.7 45.0 113.8
d-Limonene 33.0 55.0 40.8 104.4
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1.0 psi Static Stress 2.0 psi Static Stress Bl ow ng
Aid 18-inch 30-inch 18-inch 30-inch Drop Drop Drop

wOe@p/ o0&y | benzene 33.4 58.7 45.0 113.8 d- Li nPCENE2004/001824

33.0 55.0 40.8 104.4 18 WD 2004/ 069917

PCT/ US2004/ 001824 As can be seen fromthe Table, the
i nterpolyner particles of the invention can use a

| ower anount of blowing aid, i.e. 0.35 pph _
(invention) vs. 0.50 pph 5 (for the particles using

et hyl benzanecas bdesdd o igh @hd)Taengd C@l‘i‘eoﬁtﬁéPpé‘lymer
| ower m ni mum achi evabl e density conpared to the

par tREfesCbEs thk Pie ornegntion rean iwse la 1Eowennaisopetr of

cubi ( for t i.nt.er pol r.particle f

t he kiglncg/%gl oérjlfcgl)s.l'1efr'20dq%0'5 ﬁ%%hd l%e%}?tch%%c Y%Dtg'(%%fﬁiph
for Qﬂﬂ¥[ﬁh¢ipﬂﬁﬁidﬁedlusiﬂgiéﬂﬁyﬂbeﬂ%?ﬂé)as t%g blo¥ing
et hyl.benzene, Al so, the values for, the properties o

t hey"’}lncf)efr FOIY i PRI & EWRthenl i Hvamta Iht i

d- | iqenens, showard Y @ G &6k 9, I hase for .. .
conventi onal interpolymner 5 particles usin

et hyAlsénh Zehe las & mowidswiney aiuhic Widte (et )prizserthe

i nv articularly set forth in terns of
spec :}#qe%rbggﬁ‘%"oegﬁe%ﬁ{% < et é%‘; ,%fet W e unter st-ody

t hatpoungenmts cdriicaticens (@rf)t ey ReaNtd-on are oy 30,
enabl ed and reside within the scope of the invention.
AccetdiFglAFt tfdnhEEhyildenizens bélssroddley wedmsts vad:

and dHam | DY, £t he SG jrit .aof -the th
cl ai rrBemrI]):)r\?\ﬁjaeg‘rglej)rgede)ollD hgr eet O%Q%I?o%ﬁyn%\l/}le a.trﬁglfglhe,s tOrFe. ©
t er AEIVERtAEn arsdmat ide livoworer' siodr 25 “iviptyveateermat i ¢
non " re ed wi_th reference o .the

interp %fr?e\af troe;ll’l%lr?sgaﬁfjircI08§1V5Ptllﬁéla|5m}é]ﬁelr@ﬁlyﬁﬁdf t he

pr ogess ildrespreduci BEhihese zRak! 26l @h0h1hfng aid.

inventio%hi&% %%et%rggeggdigiggggogh%gstg%i%.terns
particularly set forth in terms of specific
embodiments thereof, it will be understood that
numerous variations for the invention are now
enabled and 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. Also,
even though, the terms “vinyl aromatic monomer” and
“vinyl aromatic monomers” were used with reference
to the interpolymer resin particles of the invention
and the process for producing these particles of the
invention, it is to be understood that these terms
can be interchangeable with “vinyl aromatic
copolymer” and “vinyl aromatic copolymers”,

respectively.
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can be interchangeable with "vinyl aromatic 30
copol ynmer" and "vinyl aromatic copol yners",

w0 e@pecoivel y. 19 WO 2004/ 069917 PCT/ US2004/ OORGRES2004/001824

VWHAT IS CLAIMED I S: 1. Foanmbl e interpolynmer resin
particles conprising: about 20%to about 80% by

wei ght polyolefin and 5 from about 80%to about 20%
by wei ght of a polynerized vinyl aromatic resin

for mymgrafls &t A@snesrating network of polyolefin and
vinyl aromatic resin particles; from about 1.5% by

wei ght 1t.o Faboabl20%mbyrpeilghier iesdh @akicdwilrg agent
and é(gorr%about. 0.1 to about 5 parts by weight
| i moneNe" bAEEH on 100 parts by weight of said

I Nt er pokyel: Q@%tﬁ6|ﬁﬁouE”@@%g%§t%@ighﬂ %@h%olefiﬁ and
. y

i nterpolyner resin particles. Foamabl e i nt er pol yner

resi FPardrUessGf 9 ahputl 0% e red iolstai of wei ght  of

sai ' Nyl ramati c resin ranges from
abog%&%%ﬁéﬁ&%%%%%&mﬁg - and WHers fai d
wei ghit exfpesse to- ralryplrefiwor ik angasofysre ahoutad % 1.9,1
about. 55% by wei ght based on the weight of said

i nt ea}]‘bodﬁ‘%‘%l S ABELDPS Foamabl e i nter pol yer

resin parbihchesuef 10581 By, heWBBECLB 88LALVEBY! 1y weight
aromatic resin is selected from the group conststi na

of vy Hrutiad @deeropold) rierom aftbud ryll aronstdw: 5

I
cop : I Gh IS | ynerized in said polyolefin
par(tgl c es.b%e}%hﬁoéﬁa%b%eer}enﬁoe Speoc? ﬁ%?loroeﬁ TariY cl es
of oteight Dfnkeriel nrsairholiymdr @0mHtdIed eSin LR S
of wvin I,qar,omati c .copolymer. 5. Foamabl e interpol yner
resimt _p%}]t ﬂnéseré’Plél"k%rmre?%é?aéﬁﬁl%ﬂeﬁﬁ} vi nyl
aromati g cpRQLYREL 18t&rpolymer resin particles of claim

1 wherein said weight of said polymerized vinyl
aromatic resin ranges from about 45% to about 80% by
weight and wherein said weight of said polyolefin
ranges from about 20% to about 55% by weight based
on the weight of said interpolymer particles.

3. Foamable interpolymer resin particles of claim
1 wherein said vinyl aromatic resin is selected from
the group consisting of vinyl aromatic homopolymer
and vinyl aromatic copolymer, which is polymerized
in said polyolefin particles.

4. Foamable interpolymer resin particles of claim
3 wherein said vinyl aromatic resin consists of
vinyl aromatic copolymer.

5. Foamable interpolymer resin particles of claim
3 wherein said vinyl aromatic copolymer igs a

copolymer of styrene and butyl acrylate.
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30 copolynmer of styrene and butyl acrylate. 20 WO
2004/ 069917 PCT/ US2004/ 001824 6. Foamabl e

WO pdogopollyner resin particles of claim3 wher ePCI/BE82004/001824

vinyl aromatic resin consists of vinyl aromatic

honmopol ynmer. 7. Foamabl e interpolyner resin particles
of claim 5 6 wherein said vinyl aromatic honopol yner
is styrene. 8. Foamable interpolymer resin particles

of claign ghphenel N 3a.Almung.agent, J.5 selected 1.0

fromthe group con3|st|ng§o¥ n- proparie,” n-nbutane,
i so-PuvheeeidOsaipentayk, arcwapeat anginnebaxanes of

neopent ane cycl obut ane, . cycl opent ane, net hyl
chIdY%%§? %?ﬂ?%tl%hm%m?gg?yﬁﬁ¥hylene chl ori de,

trichl orofddseeret harergd1SaRlonddiUorRIRLRANG of c1aim
di chl orodi f | uor met hane, chlorodifl uor onet hane and 15

di chf overeir a?3 L@rotthneronadiai kemerslyhereds. 9.
Foa Eohoterpolymer resin particles of claim 8

wherei'h said bl ow ng agent is selected fromthe group

consi s& i nfafialnlk ¢ et eepol ge pené ane, pa HEOPEAE aBE, claim
cycl opent ane, and. nmixtures thereof. 20 10. Foamabl e
inte p@?]ﬁeejrn r%%”r‘?w%‘ﬂ%? RIFEE ctai e lachper Eramsking
pol yot&fh NodiSs PO Med hyt en r%%angpaﬁﬁwﬁ€é+QFe{QQLMﬁEéne,
resin particles of claim erein sald linonene 1s

sel eetentaRn tiro Poupneonst sexage of nekh¢momeag,

1-1i ; d dl_ 25 linmonene, 12._F bl

i nt e%o cgl}r%rletrar?(‘pe’sicd Cpfa? Terest of™ t_?l@{']m gllaqg%@? ei ACR4AT d
| i mocteheride d-hdtrienes JdiBlofnaapbl e i nterpol yner
resin rticles of claim 1 wherein said |inbnene
rang@gpﬁ?ﬁﬁ%ﬁ}t&r@%‘ch@q’ SEs parerohlugerrgit hars ed

on 1P0ewrd:t s D1 ehin K e salich 488f POl YR PRLLL CLES-

dichloroetetrafluoroethane, and mixtures thereof.

9. Foamable interpolymer resin particles of claim
8 wherein said blowing agent is selected from the
group consisting of n-pentane, iso-pentane,
neopentane, cyclopentane, and mixtures thereof.

10. Foamable interpolymer resin particles of claim
1 wherein said polyolefin is polyethylene.

11. Foamable interpolymer resin particles of claim
1 wherein said limonene is selected from the group
consisting of d-limonene, 1l-limonene, and dl-
limonene.

12. Foamable interpolymer resin particles of claim
11 wherein said limonene is d-limonene.

13. Foamable interpolymer resin particles of claim
1 wherein said limonene ranges from about 0.1 to 1
parts by weight based on 100 parts by weight of said

interpolymer particles.
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21 WD 2004/ 069917 PCT/ US2004/ 001824 14. A foaned
article with at |east inproved physical properties

w@eediewd? f rom t he foamabl e interpol yner resiPCT/US2004/001824

particles of claim1. 15. A process for formng the
foamable 5 interpolyner resin particles of claim1
conprising the steps of blending said bl ow ng agent
and said |inonene together to forma nixture and

adding sai gl rOLALY! 8L DcPal s LA! BL POLYLEY ; £83b0q
particles in the inpregnation step of sa
I nt ephpsyoel pespartifepaptodtiesd fHomAcpeofessabde

formng the foamable, interpolyner_resin particles of
o W CBHB T ETag THEL Ghapt ot LG0T gL ShT o bl o ng

agent agd sfigrbtopnens: s&PAIALetNet Bobhsble _
interpolyner resin particles in 15 the inpregnation
st eplBfespeHYhar erpoiynearrecslias phreleinvsl ¢FmpAising

proc alm.l erein_sai olyolefin 1is :
pol vt Ry Pern anh SEPiIERe, P R OIS Lokt Ba sata
st yr eheon@fe 18ogét e DCES SEOFfm Ch am ik dGrwhen®i 8d8ahd said
polyolefin 1is polgethglene and said vinyl aromatic

resi%1¥§ur§t99e%%} osnterpolymer resin particles in the

impregnation step of said interpolymer resin
particles.

16. A process for forming the foamable
interpolymer resin particles of claim comprising the
steps of adding said blowing agent and said limonene
separately to the interpolymer resin particles in
the impregnation step of said interpolymer resin
particles.

17. A process of claim 15 wherein said polyolefin
is polyethylene and said vinyl aromatic resin is
styrene.

18. A process of claim 16 wherein said polyolefin
is polyethylene and said vinyl aromatic resin is

styrene.
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