WO 02/ 46284 PCT/ US01/ 48289 FOAMED CELLULAR PARTI CLES OF AN EXPANDABLE
POLYMER COWMPOSI TI ON BACKGROUND OF THE INVENTION 1. Field of the Invention
5 The pr av@nt/4d2si/enti on relates to expandabl e pol yner, ePQT/UB@l4828%yr ene,
particles wused in nmaking foaned articles. Mre . particularly, the present
invention relates to foaned cellular particles made froma pol yner 10
conposition in the poaAMED CIELRIILAR | BARTICIED AR AN BRPANIABIFackaged and
shi pped to the foaonmErrcdMposmKION) foanmed articles. 2. Background Art
15 For many years, styrene polyner particles have been rendered expandabl e
by the use of a blgytterEaenNtor angt novveen@pout 4.0 to about 9.0 wei ght
percent (Wt.9% that 1s intimately mxed with a polyner. These expandabl e
20 particles are geperalty.1Rder 35, S fbnt £l atively "high-density" beads
of a relatiively small sgg, P%n =iV NG i amter of  from about
neral Y,

0.2 to 4.0 mllineters. these styrene polynmer particles are
made by the 25 resiaxpandablyergroymoetncer . @andodiawet yardng k padenisites of about

40 pounds per cubic foot, (641 . kil ogra er, cubi c ter). These expandabl e
particles are shi ppettor HE‘%TJO%% ﬁfgﬁr&%ﬁ %tejr% °3 he;}’?odfe%er ally are

partially expanded f9r@ibul &-Bp, densipyeHintbDikerdt opotuidsc fercsubi ¢ f oot
(96.1 kilograns per cubic neter) or less. After suitable aging, these

particles are injeEpanedngol Bukieapd ekt b mAde afitPtar®e Petiftsier expanded
and fused fogether (g, £orm a,\\Q 02/ 46284, FCTL LSO 482800 -

producer and then packaged and shipped to the

foam molder for making foamed articles.

2. Background Art

15 For many vyears, styrene polymer particles
have been rendered expandable by the use of a
blowing agent ranging from about 4.0 to about
9.0 weight percent (wt.%) that is intimately
mixed with a polymer. These expandable

20 particles are generally made as solid
relatively “high-density” beads of a relatively
small size, e.g. beads having a diameter of
from about 0.2 to 4.0 millimeters. Generally,
these styrene pclymer particles are made by the

25 resin or @olymer producer and have a bulk
density of about 40 pounds per cubic foot (641
kilograms per cubic meter). These expandable
particles are shipped to the foam molder where
they generally are partially expanded to a bulk

30 density of about 6.0 pounds per cubic foot
(96.1 kilograms per cubic meter) or less.

After suitable aging, these particles are
injected into a steam heated mold and are

further expanded and fused together to form a



foamarticle with a bulk density of about 6.0 pounds per cubic foot or

| ess. The nost frequently used bl owi ng agent is an organic bl ow ng agent,
for exanpVeoz4@shydr ocarbon |iquid, such as n-pentane (noPGBEUSIIBESA%aNE) ,
but ane, isopentane, and m xtures of pentane, the npbst common bei ng

n- pentane and m xtures of pentane. N-pentane and m xtures of pentane are
10 fl anmabl e and vol atil e organi c conpounds, and therefore considered

environmental Iy undesifahlg JiR G8EHALNLUERILRRRIEY o3 e8Sur @Specially in
the quantities that are rel eased uring the expanSion and nol di ng

processes. 15 Furt heowrds pehe aubsicddalotpent dsesi.n the nol ded article

continues to escape into.the agr%s herecﬂ}‘[_ter Ciebrg)va.l of theC foamarticle
I

fromthe mold. In an atterpt™eo | Heee8h b 4 o~ i M Pare ths prlosol em

vari ous inorganic 28nbbeshfilc ageitsng SAgdhias tar berampoxiale, nitrogen, air
and ot her pneumat ocgﬁns have been used. The use of these jnorganic bl ow ng
agents is di scl osed YR MEFEPORL L1 HIUIY) SUPaHt DR 1(%BdeBecause of

the rapidity with 25.MpiGh) t hege, 0asess didduses OUn@inihg. R Yo
particles, it is necessary to first’ pre-expand the particles and then

re-inpregnate the mpantaceestingthosthecwanen opethd frereentayss gndt prior to
nmol di ng. The use of inorgani o ggses 30 as a blow ng agent is also disclosed
in Meyer et al U SMPRPERT Rb. >328. However, for reasons known to

those skilled in the arty-pbetans gamd cnDaSeses PAF thent atd yapent ane, renmain
the 2 WD 02/46284 PCT/ US01/ 48289 _

10 flammable and volatile organic compounds, and
therefore considered environmentally
undesirable in certain geographical areas,
especially in the quantities that are released
during the expansion and molding processes.

15 Furthermore, the residual pentane in the
molded article continues to escape into the
atmosphere after removal of the foam article
from the mold. In an attempt to lessen or to
eliminate this problem, various inorganic

20 blowing agents, such as carbon dioxide,
nitrogen, air and other pneumatogens have been
used. The use of these inorganic blowing
agents is disclosed in Meyer et al. U.S. Patent
No.4,911,869. Because of the rapidity with

25 which these gases diffuse out of the polymer
particles, it is necessary to first pre-expand
the particles and then re-impregnate the
particles with the same or different gas just
prior to molding. The use of inorganic gases

30 as a blowing agent is also disclosed in Meyer
et al U.S. Patent No. 5,049,328. However, for
reasons known to those gkilled in the art, the

organic gases, particularly pentane, remain the



preferred bl owi ng agent in expandable polystyrene particles. Not only does
the type of blowi ng agent influence the rate and the quality of expansion
5 of thewobys2§4 ene particles, but the anount of bl ow ngP@®R1/4828% he

pol ystyrene particles is also a factor. If pentane is used as the blow ng
agent, the particles generally need to contain at |east between 3.5 and
7.2% by wei ght 10 of pentane when shipped to the foam nol der. Lower

pent ane | evel s V\Dullgjréggflré@ M(g‘],fné hege@idd tasgdndie particles to reach
nost bul k densities of comrercial interest in a one-pass expansion
process, the bulk ctecmbY$’gyD¢HQSpm3reﬂal i nterest rangi ng fromabout 0.8
to 6.0 pounds per cubl oot .(12.8 t o] ic meter).

H gher pentane |evels II °F g’ %Pelsnglﬁrogggﬁ o% g%é@ §| e mgs such as
poor quality nol di nﬂﬁff&@@n&@“’@l‘lm&hélgarﬁﬂ el @salNof O awEsHrioiod he

addi ti onal em ssi ons of pentane into the environnent. For sone
applicationds, it haf b%%r@o%%%tylb?%tﬁ’%tjt%l?%pl%% the FPRIPaE expansi on

process at the foam ol gs’ Sqsht &M ikl lhdiy25n St PERsSXpansi on

process, i.e. a two-stage expanS| on. This ITU|}{I -stage pre-expansion
process is requi redail/\ﬂenacf)@v’ecpri n@ftp@tmalwam@pwtﬁ]m es with
relatively low | ev vmng e ess, 30 wei ght
pentane. In a two- (saj?f Wm?pa%m oh, t %epara?lrﬁglles ef aﬁ an- |an'?%? medi at e

density, e.g. |esscdhasgid. &tpw@@ks kp@trw@etblx.gfooaxhd(ﬂ()z% bKiweogens per
cubic neter) in the first step. 3 WD 02/46284 PCT/ US01/ 48289
10 of pentane when shipped to the foam molder.
Lower pentane levels would tend to limit the
ability of the particles to reach most bulk
densities of commercial interest in a one-pass
expansion process, the bulk density of
15 commercial interest ranging from about 0.8 to
6.0 pounds per cubic foot (12.8 to 96.1
kilograms per cubic meter). Higher pentane
levels will result in production inefficiencies
such ag poor quality moldings and long molding
20 cycles, not to mention the additional emissions
of pentane into the environment.

For some applications, it has become the
practice to replace the one-pass expansion
process at the foam molder’s site with a multi-

25 stage pre-expansion process, 1.e. a two-gtage
expansion. This multi-stage pre-expansion
process is required when converting the
expandable particles with relatively low levels
of blowing agent, e.g. less than 4.0 % by

30 welght pentane. In a two-stage expansion, the
aim is to attain an intermediate density, e.g.
less than 1.9 pounds per cubic foot (30.4

kilograms per cubic meter) in the first step.



After aging, the particles are then expanded in a second step in order to
| ower the density of the particles to, for exanple, less than 0.80 pounds
per cubi ovOov¥62842. 8 kil ograns per cubic 5 neters). Some BCBWS@E828%f this
t wo- stage expansion process are that the polynmer particles need to be
processed twice and internediate storage is required, resulting in delays
in the conversion of the expandable 10 particles into foamarticles by the
foam nolder. Al so,athés saihd; sﬁ@@ep@feleXQ@nsf@nth@m0£g§andémnﬂmes
addi ti onal energy, l|abor, and equipnent at the foamnolder's site. Wen
the expandabl e part®cFeSORfestam H%dﬁ¥%%¥u?%d PYe¥ Hehd ASHEIEHrotiucer and
shipped to the foamppl defyithey @5¢ féfa@§§@¢1@d:mm¥<%h§AQ5aﬂaat varying
tenmperatures for varying tines, thereb esulting in varying anounts of
pent ane bei ng 20 repaineéd p@rtch@bparfqmteém Thokseleskiamedodn culhecart wil |
appreciatesthat t hese variglngS nt s gé gen# e |n thesgé andabl e
particles “may geneng?§S %m%e %?%?lo %uallty and

consi stency of the égpghgi@g poetes25a et thhe. tH@Q@@Eym@famback of the
present practice of the f yrmer producer manufacturing the expandable
styrene pol yner parPREFES %%dn?%%ntosh?pﬁrﬁﬁe%ﬁ%ﬁ1F%ﬁ?%ea$%an1nDIder is

that the 30 bl ow ng; agen édﬁé@ee§%&£§§e'ﬂéor gﬁl 01 1 P00 1 1 ngli ihhe site of

t he foam nol der during t expansi on-and nol di ng processes. 1f the bl ow ng
agent is hydrocarbodglahenlnntbed@@nV©r$educef4tME)@@pﬂ@@@thCT/USOl/48289
10 particles into foam articles by the foam

molder. Also, this multi-stage pre-expansion
process requires additional energy, labor, and
equipment at the foam molder’s site.

When the expandable particles are

15 manufactured by the polymer producer and
shipped to the foam molder, they are
transported and/or stored at varying
temperatures for varying times, thereby
regulting in varying amounts of pentane being

20 retained in the particles. Those skilled in
the art will appreciate that these varying
amounts of pentane in the expandable particles
may generally have a deleterious effect on the
quality and consistency of the resulting foam

25 article.

Another drawback of the present practice
of the polymer producer manufacturing the
expandable styrene polymer particles and then
shipping them to the foam molder is that the

30 blowing agents are emitted into the environment
at the site of the foam molder during the
expansion and molding processes. If the blowing

agent 1s hydrocarbon, then in order to reduce



the em ssions to acceptable regulatory levels for a given geographical
region, the foam nolder nay be required to use expandable particles with a
limted Wwappe@sbon content. 5 If pentane is used, the chaT/ER1/48289 r ange
between 3.5%to 5.0% by wei ght of the polyner. The foam nol der nay al so be
forced to limt the anmount of em ssions by investing in conplicated

equi pnent for collecting the emtted 10 hydrocarbons. These regul atory
restrictions tend thel &mnissides tiod abcampuabl € edegubaitcty ohevebs e of foam
articles for the fogn1nnlder. Thus, the ginber_of foam articl es produced

in the foam nol der f8FpPaBtVeEh WV IFAe WPHOBe 18° dkp¥hdent on the

perm ssi bl e regul at @oyabevehy bl oreydrogarbonsentgsidspia a given
geographi cal area. Additionally, since the foam nolder generally has

little reason to useartheleecevelred hiwibedr BoAroravPay agerentemitted 20 in
t he pr e- expansi on PE?CSéﬁt€£%4?§ &difogﬂé gghgéﬁgrgézcggﬁ che has little

reason to invest in a Sys or Tecovering an cycltng the blow ng
agent in his plant.bédcveehharsdrawbacks obyt heighesent tipe asblgmer25 in

shi ppi ng expandabl e_styrene pol yner articles to the fo npl der is that
the expandabl e par?ﬁ@lggaﬂu ?i% * sP i%i?? Bﬁctﬁﬁ%ﬁg_H%?f%@l?r59§port in
order to lessen the,ABRHAL of 0EmiYEY 868 BN APLSSEAYS:h NEGmbE- 2L 8gsphere.
30 A still further drawback of the present practice in shipping expandabl e

styrene pol ymer paegiébeentofehiecobbarhbhderhesenheteded to store the

mol ded foapy arti cf eg, s0,Lhatobhe 5:M0.02( 46284, BT/ USQH. 48289,

tend to limit the total annualized production
rate of foam articles for the foam molder.
Thus, the number of foam articles produced in
the foam molder’s plant in a given time will be
15 dependent on the permissible regulatory levels
for hydrocarbon emissions in a given
geographical areal Additionally, since the
foam molder generally has little reason to use
the recovered hydrocarbon blowing agent emitted
20 in the pre-expansion process and/or the foam
molding process, he has little reason to invest
in a system for recovering and/or recycling the
blowing agent in his plant.
A further drawback of the present practice
25 in shipping expandable styrene polymer
particles to the foam molder is that the
expandable particles must be specially packaged
during transport in orxrder to lessen the amount
of hydrocarbon emigsiong into the atmosphere.
30 A still further drawback of the present
practice in shipping expandable styrene polymer
particles to the foam molder is the need to

store the molded foam articles so that the



resi dual hydrocarbon, i.e. pentane can dissipate prior to distribution of
the foam articles. In the instance where |arge bl ocks are nolded for use
as thermayoomsazBati on, the 5 bl ocks nust be aged prior toPODUSAW48e89CUtti Ng
into boards so as to allow the pentane to dissipate. If the blocks are
insufficiently aged, fires can occur during the hot wire cutting process.
If less pentane is in the 10 particles during the nolding processes, it is

believed that |ess siof&age) tipB-yihbe i requidchiorcdne foamarticles. A
still further drawback of the present practice is the limted shelf life

of the 15 expandabl@issypabe polynero pdrslicilastion galicthe gieamty
requirements for the particles,._such a nsi t t he
arg%?c?g. InTthHe T s%%ﬁ'e ﬁg&gdﬂ¥%%$d§%3| %

potential for the 7par es to achi eve e require | evel s,

deteriorate over tideedusléedtherlass 29 thedhav Ngs@pDeitdtodurilng shi pment
and/ or storage. The latter occurs even when using special
hydr ocar bor- r esi st At OBFasTIEL fPF nFIPT iRFEOT nls? deCt nEt Fackages™d or shi ppi ng

the particles. Often.oaddhtihonal gualdty1 LOptFRl ZontBasuF&es must be taken
by the particle manufacturer prior to shipping the expandable particles

if the particles arélseigata. |blchtoryléchks amrexirsiged¢eerftly of tine,
e.g. three nonths or &onger Sone articég%ggﬁngﬁufﬁgturgés use expensive

refrigerated stora%%elh an-erfort To exten e erfective ~shelf life of

the expandabl e partéatesngbper24 46288 REFé USOdt 48280s especdal |y if
pentane Isuysed as éggtgégggnguring the molding processes, it is
believed that less storage time would be
required for the foam articles.
A still further drawback of the presenty
practice is the limited shelf life of the :

15 expandable styrene polymer particles. Product
quality requirements for the particles, such as
the expansion rate and the potential for the
particles to achieve the required low density
levels, deteriorate over time due to the loss

20 of blowing agent during shipment and/or
storage. The latter occurs even when using
special hydrocarbon-resistant plastic film
liners inside the packages for shipping the
particles. Often, additional quality control

25 measures must be taken by the particle
manufacturer prior to shipping the expandable
particles if the particles are held in
inventory for an extended length of time, e.g.
three months or longer. Some particle

30 manufacturers use expensive refrigerated
storage in an effort to extend the effective

shelf life of the expandable particles,



agent. A further drawback of the present practice in shipping expandable
styrene polyner 5 particles to the foamnolder is the weight restriction
i nposed byovraf284é c and/ or hi ghway regul ators. For exanpl BCTAURE/48289
transportation regulatory bodies may restrict overall vehicle gross
weight limt of 80,000 pounds for 10 tractor-trailers hauling expandabl e
particles wthout special permts. Due to this weight Ilimtation, the

tractor-trailers gepghakhyihaver SORENL¥OLUNBLLLC,SPRRE b t he packages
or cartons carrying ?he expgndabﬁe pa?ticFes area15 care?%%?%gloaded into

the tractor- trailemrgspot.that the weight is evenly spread over the
trailer's axles, dunnage uch. as i.nfl atabl e i r bags re placed in the
empty vol unetric space ingf %?rtgrﬁwgeggtOthh%aBﬁgagggoPrgﬁtiﬁ?tons from
shifting during tranai Ehippshgl éxpanshpledsapbask pbliherpresent practice

i n shi ppi ng expandabl e styrene polyner particles to the foam nolder is
that special packaBPh§iFserebni FoE. TerpatiaaBre 8l tRerwesaPhrticles in the

size range of comergkal; LALAN 8Rbod ?gﬁ?'£¥a?f¥§aén&?£§th%§%¥?€igh bul k

density conpared to nost non-expahda t hernopl astic co resins,
such as pol yet hyl enmegupskypeopyl Bor, eaadpsel i th80tfdusystrahtlopol yst yrene.
These non- expandabl e rgs%ns a%edoften extruged %nto re ftivel¥ | ar ge
pel l et sizes with an PHeFFPEY eRPOPETKIRY “CREFAGePYSTRE I r 880 E1Rg in | over
bul k 7 WO 02/ 46284 B&bkESA&L48289imdenskt Besooompangdst eot-he typi cal

expandabl e , .
10 tractor-trailers hauling expandable particles

without special permits. Due to this weight
limitation, the tractor-trailers generally have
empty volumetric space. After the packages or
cartons carrying the expandable particles are

15 carefully loaded into the tractor- trailer so
that the weight is evenly spread over the
trailer’s axles, dunnage, such as inflatable
alr bags, are placed in the empty volumetric
space in order to prevent the packages or

20 cartons from shifting during transit.

A still further drawback of the present
practice in shipping expandable styrene polymer
particles to the foam molder is that special
packaging is required. Expandable polymer

25 particles in the size range of commercial
interest generally have a relatively high bulk
density compared to most non-expandable
thermoplastic commodity resins, such as
polyethylene, polypropylene, and solid

30 (“crystal”) polystyrene. These non-expandable
resins are often extruded into relatively large
pellet sizes with an inefficient packing

characteristic resulting in lower bulk



pol ymer particles, such as expandabl e polystyrene particles. Since the
non- expandabl e resins do not contain a blowi ng agent, that in 5 nost

i nst ancewo 82/4d284mabl e, there is no concern with respect PECDURIW4828%Tr shel f
life. Therefore, bulk shipment (e.g. in railroad hopper cars) of these
non- expandabl e resins is very common. 10 Expandabl e particles, on the

ot her hand, are packaged in relatively small packages, e.g. cardboard

car tons, cont ai ni ngadgom AHOULod 0001 L6 @ROULZ 900 dhgundsisfe expandab ¢

resin. The high bul'k density of these expandabl e particles 15 requires the
cartons to be nanufpelymed mirtichesyi dichns t$HR¥eFaRE dboard than woul d

be required if the_non-expand L ns L g%ﬂﬁi re being
shi pped by a tract 0?9?¥9f%¥£%r%? aﬁ%%%%%/?'ergg%%gﬁ%kﬂe%ﬂ (i%ar oaérydl%
cartons, in turn, reguifie &b rosgetomnainose bloxpensiagemoodamipalhets to

support the cartons on the tractor-téﬁiler. NS@,% |l astic film liners are
pl aced in the cart oSS BFERECED 1F eSSTAMEAES di ?]g%tjr%nm?ate of the

bl owi ng 25 agent and.tQ.£onhain theobbow Hor peeatod folid1fs1imol atile or
fl ammabl e. These filmliners are often multi-layered, are of a nmulti-

conposi tion, and ar@desfgned belkakleipmnent &ecdunin t¥ribiepdbul k density
of the particles 30_and the_ type of i a I dabl e
B eSO 0 S0 b e

particles. As discus n’ above, ner OW ng agents has
been suggested and v8ry\-O@dhdH284 PCT/ US01/ 48289 taught in the prior art

in order to elimnate ,
10 Expandable particles, on the other hand,
are packaged in relatively small packages, e.g.
cardboard cartons, containing from about 1,000
to about 2,000 pounds of expandable resin. The
high bulk density of these expandable particles

15 requires the cartons to be manufactured with
heavier and thicker cardboard than would be
required if the non-expandable resins of lower
bulk density were being shipped by a tractor-
trailer. The heavier and thicker cardboard

20 cartons, in turn, requilire stronger and more
expensive wooden pallets to support the cartons
on the tractor-trailer. Also, plastic film
liners are placed in the cartons in order to
lessen the dissipation rate of the blowing

25 agent and to contain the blowing agent if it is
volatile or flammable. These film liners are
often multi-layered, are of a multi-
composition, and are designed to take into
account the high bulk density of the particles

30 " and the type of blowing agent in the expandable
particles.

Ag discussed herein above, the use of

inert blowing agents has been suggested and



or alleviate sone of the drawbacks of using a volatile-blowng agent in

t he expandable particles. CGenerally, the inert blow ng agent 5 (e.qg.
carbon divoaxbziensd s i ncorporated into the particles inredPar/@sy/4se%re the
foam ng step. This can be done as the particles are released froma

heat ed i npregnati on vessel or when the particles are in an expander

| ocated in close 10 proximty to the inpregnation vessel. Therefore, in
order to obtain thecdhght densiliey"pricaned: atn i ctdsy @ gelOndhdtoe 6. 0 pounds

per cubic foot (12.8 to 96,1 kilogra er cubic nmeter), the expandable
particles need to b%rr%fll%wr?ﬁ? acf%rge V\‘)??h n %ﬁf@?%loélﬁé’r% %gent, e.qg.
air, imediately prioiato1dhe &Pl et NadROCSSthe (fxSdrBdise Process is

disclosed in the aforesaid Meyer et al. U S Patent No. 4,911,869.) This
may require the inspatrtiacleon 20CgieTal e prlessinertly dskafsngtagert f oam

nol der' s ite and sour c e d. j n Pat ent
Applicati o% DE 198 %'%588%}9&% e‘gc e%éiiphﬁgg%?%%%%%?ie%%o g@??ﬁcl es t hat
25 are slightly foapedtitlds aitmddigeaby tlyebbrd. dth0fbdmives dtham. t he
initial bulk density and with coarse internal cell structure.

Basical |y, this patentsapplitatiore t2acHs PHEC LI PrOtiRES orf tietSarse cel l's
that would inprove B8o-hhe hberadl i mordyes i vbh Wolsdheod ivnaln nohded foam

article. It is believed by the inventors of the present invention, that
the slight reductiparihches kagensityn ofxpiedparideiiesdisn cclB92/ 46284

PCT/USOL/ 4289 not , Sl T eLeM o Lo ST SRbFLGANE ] & T-RLCE Lhe

Therefore, in order to obtain the “low-density”
foamed articles, e.g. 0.8 to 6.0 pounds per
cubic foot (12.8 to 96.1 kilograms per cubic
meter), the expandable particles need to be re-
15 inflated with an additional blowing agent, e.g.
alr, immediately prior to the molding process.
(A similar process is disclosed in the
aforesaid Meyer et al. U.S. Patent No.
4,911,869.) This may require the installation
20 of large pressure vegsels at the foam molder’s
site and a source of compressed gas, such as
air.
German Patent Application DE 198 19 058 Al
teaches expandable polystyrene particles that
25 are slightly foamed with a bulk dengity of 0.1-
20% lower than the initial bulk density and
with a coarse internal cell structure.
Basically, this patent application teaches the
production of coarse cells that would improve
30 the thermal conductivity of the final molded
foam article. It is believed by the inventors
of the present invention, that the slight

reduction in bulk density of the particles is



bl ow ng agent content of the particles or to allow the use of |ess
expensi ve standard resin packages or cartons. Additionally, if the 5

cel | ul ar wOpued284 e of the particles is "too coarse", thiBCTERIWS28It in
| ong nmol ding cycles and in poor physical strength properties in the
formed foamarticles. There is, therefore, a need for an 10 i nproved
system for preparing expandable polyner particles and for optim zing the

shi pping of the particlgsrto-ide: foam ol defeaihef e-ddudd sha need for an
i nproved polynmer particle used in making foamed "articles. 15 SUMVARY OF

THE | NVENTI ON The ibleniionadreirt neenidrt aboviehe aeist icI|Re onvient i on
provides a system "‘in&?ythe@&?éé‘d@?'f?é’%"%Mﬁ‘ée%n%fvegisééﬁ’é%’r?ﬁﬁ' cles 20

that are intimtel y nmxed Of inpregnate oW Nng agen are forned
into foamed cel |l ul apaclpaséd cdbescattdie. podgeioguloducer scipt ant . The

bl owi ng agent may be a volatile organic_conmpound (VOC) or a conbination of
a volatile’ 25 or gafftlebipotindididas n@?n%aﬁﬁ%t urd, "t9%e. carbon

di oxi de, air, waterqy,2ndeni t{ROeN.an Frederably.14de oMy agendsis
pentane or a mxture of pentane. These foanmed celTular particles have a

30 reduced bul k densndyinapoestply$shed ser¢ngtlh rpretrget ks him the
substantially fixed nunb{fr?of cetltis and a reduced anount of bl ow ng
u P

agent. These foaneiao{:r&? arlmp%r %eregé' are packaged 10 WD 02/ 46284

PCT/ US01/ 48289 and shi ppiegrd oi & hechopatsbd def desd ther an

10 improved system for preparing expandable
polymer particles and for optimizing the
shipping of the particles to the foam molder.
There is also a need for an improved polymer
particle used in making foamed articles.

15
SUMMARY OF THE INVENTION

The invention has met the above needs.
The invention provides a system whereby
expandable polymer, e.g. styrene, particles

20 that are intimately mixed or impregnated with a
blowing agent, are formed into foamed cellular
particles at the polymer producer’s plant. The
blowing agent may be a volatile organic
compound (VOC) or a combination of a volatile

25 organic compound and an inorganic compound,
i.e. carbon dioxide, air, water, and nitrogen.
Preferably, the blowing agent is pentane or a
mixture of pentane.

These foamed cellular particles have a

30 reduced bulk density, an established cell
structure with a substantially fixed number of
cellg, and a reduced amount of blowing agent.

These foamed cellular particles are packaged

10



production of foamarticles. Thus, the shipped particles contain a
relatively low |l evel of blow ng agent for subsequent processing at the 5

f oam nol 0 0¥4@B4 e for producing foamarticles. The expaPdBbB& /48289y ner
particles used as the starting material for producing the foaned cellular
particles of the invention have a bulk density ranging from about 40
pounds per cubic 10 foot (641 kilograns per cubic neter) to about 32
pounds per cubic fogly (A kid O9h afBe PESam G GeBESF )1@0d a bl owi ng agent
in an anount |ess than 10w % preferably less than 9.0 wt % and nost
preferably, rangi ngobhedueeio3. of apdan5a0: 0cies % Thasedlon shipmed ght of the
pol ymer conposition. These expandabl e ner _jpariicles re.heated at a

t enper at ure rangi ngp%]éiflefe ® A %5‘%1]910% J:E;)lérii(jgtljlvf)e\(,P n]F vétf%vep e%%ure rangi ng
bet ween about 10 pshlEbsed Wgeh? 0RPR) s@bise @derft 20rdisdsabissl 4t eclfd 70kPa) to
formthe foanmed cellular particles. These foaned cellular particles have
an establ iSshed celfo%WrT@f%@%'ﬁﬁ¥ht%.??&e@rﬂ@%%%ﬁg BT sicidR: nunber of

whi ch generally will 257pat egg)ahg%mgs%glmgg bgggag?grgd}%%lggl ulkar

particles are subjected to subsequent expansion i Nng processes
in the production ofhefotaraing chaeser Tl sfoelproducicnartehe steatidd ne” cel |

structure with an av cell size 30 i ng _bet ween .about j.crons and
100 mcrons, pref e‘f%f %]ét%léthlige%n%f g%?e aﬂ?ﬂv R pkf‘aeY%r%gF@kbet ween
10 and 50 microns. ddn¥QP2/46384g PEASGNHESE8289 pdhese peandshbLel | ul ar

particles have a bul k density rangi ng between about 34.3 pounds per
10 foot (641 kilograms per cubic meter) to about

32 pounds per cubic foot (514 kilograms per
cubic meter) and a blowing agent in an amount
less than 10 wt %, preferably less than 9.0 wt

, and mogst preferably, ranging between 3.0 and

15

)

.0 wt %, based on the weight of the polymer
composition. These expandable polymer particles

are heated at a temperature ranging between

about 70°C and 110°C and at a pressure ranging
between about 10 psi absolute (70kPa) and 24.7

20 psi absolute (170kPa) to form the foamed
cellular particles.

These foamed cellular particles have an
established cell structure with a fixed number
of cells, the number of which generally will

25 not be increased when the foamed cellular
particles are subjected to subsequent expansion
and/or molding processes in the production of
foam articles. This cell structure is a “fine”
cell structure with an average cell gize

30 ranging between about 5 microns and 100
microns, preferably between 10 and 60, and more

preferably, between 10 and 50 microns.

11



cubic foot (550 kil ograns per cubic neter) and

(200 kil ograms per 5 cubic neter), and a bl owi ng agent |evel |ess

W %
bl owi ng agent

preferably, ranges

t he pol yner

12.5 pounds per cubic foot

than 6.0

based ova28he wei ght of the polynmer conposition. PrREBUADI4828% hi s
| evel ranges between about 2.0 and 5.0 wt 9% and nore

fromabout 2.5 10 and 3.5 Wt % based on the wei ght of

conposition. The foaned cellular particles are packaged in

avai | abl e standard resi gppackaggreqTReEEu1REShArPACkagen have guskrength
is lower 15 than the packages currently used for shipping

t hat

conventi onal

cel |

wei ght of the
sane transportati on means,

t he

particles of the in

for

ul ar particles
foamed cel | ul ar par

expanddéhel ppl yargiparkéetiesn alpout rhspareunds ther f oamed

f..the i ' h | __shi ight_of th
St eofre e fRet i AT 200 a T § IRt ot H s i prrent

tractor-trailer. For_a

: e.g. |
nunber’ of pack%@%%cu@%ﬁe¥hrt?%%s%d@%?%@n$h%9?%tf%%ﬂ%% 3% ul ar

trans

porting t

«\F:EQ}J gNoNBY o be, great %ﬁ@nwé
able pa

e conventional expan

convepnt  opahne@¥ paedabhiei pafsde! €50 when dgiags s pped by the
iven wei ght | oad,

hugper, of packages used
rticles ﬁ?th a hi gher bul k

density and a hi gheolphew agnagehtidryel Pr8&fefhely nvient orisldwisny hesi ze
that a greater per

pol yrer

t f.the bl di ssol ved. i
matrix of 1 HE-POaRGH-L coTPar By RAre Pl SO0 T THYan) ot

n the
At the

12 WO 02/ 46284 PCT/ $J50d/484888e oY &ELgH, PELCSHE aBESm i aleout €5s5than 6.0

w .

% the

bl owi ng
10

15

20

25

30

agent in the foamed cellul ar,
and 3.5 wt % based on the weight of the polymer

composition.

The foamed cellular particles are packaged
in available standard resin packages. These
resin packages have a strength that is lower
than the packages currently used for shipping
conventional expandable polymer particles. In
transporting the foamed cellular particles of
the invention, the total shipment weight of the
foamed cellular particles is substantially
equal to the total shipment weight of the
conventional expandable particles when being
shipped by the same transportation means, e.g.
tractor-trailer. For a given weight load, the
number of packages used in transporting the
foamed cellular particles of the invention may
be greater than the number of packages used for
transporting the conventional expandable
particles with a higher bulk density and a
higher blowing agent level.

The inventors hypothesize that a greater
percentage of the blowing agent may be
dissolved in the polymer matrix of the foamed

cellular particles of the invention. At the

12



particles will not as readily dissipate during transportation conpared to
the conventional 5 expandable particles (non-expanded) containing higher

| evel s ofwhbowizgg agent. The conventional expandabl e parPCTNUSE/48249 ch
contain fromabout 3.5 wt %to 7.2 wt % pentane nay have an effective
shelf life of about 3 10 nonths. However, there is evidence as
denonstrated in sone of the exanples herein that the foanmed cellular

particles of the |@g%n%bqghﬂaﬁgraebgg%g% shel f1bikerhhan st Bey,conventi onal
expandabl e particles. 15 obvious~that this factor becones i mport ant

if there are deIay%,athbobﬁowhagp@9¢nﬁr1prbdacépamedsceélaﬁdrat t he foam
nmol der's site. If the shﬁ L ng of . the o 0 anticles of

the invention is Ioﬁa FrESREald fﬁttsstﬁg?dl?gegﬁ§gﬁpl%ﬁag g%Bgndable

pol yner particles,tkaaepbmeaeiaaycbaparauftthﬁatcoaﬁaaahoaﬁlblomﬁng agent
retained in the foanmed cellular particles. If a sufficient anount of
bl owi ng ageht is refXPaBdapher RETEdaHEE I5oBsPKEPRASHAr CPBEEINIRAI s al | ows

the foamed ceIIuIahﬁBﬁgglgg%%lgo ?ebﬁb%lﬁ pgggﬁg a?g mol ded wi thout the

need to inpregnate t particles wt itional anmount of bl owi ng
agent prior to expandnwgnam@naﬂldmpgndablhagarBGCbeen Whmnﬂ that for a
predeterm ned tine a roon1tenpe at he bl owi n | oss
the foamed cel | ul ar CRAFEFE &€ 2 %EHE %96 E%%? g doﬁﬁgpéaeto that
of the expandabl e 1&ayCha%é4@%BéfEGEkwsgﬂéﬂ828911@arbECbgaut 8.

non- expanded particles in the sanme predetermned tine at roomtenperature.
10 months. However, there is evidence as

demonstrated in some of the examples herein
that the foamed cellular particles of the
invention have a longer shelf 1life than the
conventional expandable particles. It is

15 obvious that this factor becomes important if
there are delays at both the polymer producer’s
site and at the foam molder’s site. If the
shelf life of the of foamed cellular
particles of the invention is longer compared

20 to that of conventional expandable polymer
particles, then there may be a sufficient
amount of blowing agent retained in the foamed
cellular particles. If a sufficient amount of
blowing agent is retained in the foamed

25 cellular particleg, this allows the foamed
cellular particles to be pre-expanded and
molded without the need to impregnate the
particles with an additional amount of blowing
agent prior to expanding and molding. It has

30 been found that for a predetermined time at
room temperature the blowing agent weight loss
in the foamed cellular particles is about 15%

to 50% lower compared to that of the expandable

13



It is an object of the present invention to provide a system whereby
foamed cellular 5 particles having less than 6.0 wt % bl owi ng agent which
may be vavanriesor gani ¢ conpounds (VOC) and havi ng a bul RCOERGI48989r angi ng
bet ween about 34.3 pounds per cubic foot (550 kilogranms per cubic neter)
and 12.5 pounds per cubic foot 10 (200 kil ogranms per cubic neter) are
formed at the polyner producer's site and then transported to the foam

mol der for the pro@ﬁ%&&@@egfif%@”h@htk%bgﬁdéﬁrgHQEiEﬁésu g he
conventi onal expansion and nol ding equipnent. 15 It is a further object of

the present inventisenet prpdeparnifhedntdmeebhbulrapmpaetpelresurter use in
maki ng foamarticles and_.to.optimze he _.packagi ng _and,.shi ppi,ng of these
particles by forning th%Ef65n38 Sépﬁﬁ%apfpgﬁFigFggeﬁg 9H¥e§ lﬁglyner
producer's site therebyrakliaw agst/BeemusBetbbli ghhREd Lessueypensi ve

standardi zed resin packages conpared to the packages used in shipping
conventional expand®BIrEifarei BpEINg| tLeps Shetr fnbr Webfeblowfinghe present 25

[nvention to provi dggnsygheslahgteny LBe.Y0k. BILSaLANSCkRALARSP! ant of

t he foam nol der are uced theréby allowmng a greater production rate of
foamarticles in thdvbGamaemdl devisgskt ulindéositgduengdgnthbeheednf or

pent ane col |l ecti on 30 equi nt in.order to, conply w a i cabl e
regul atory enissionagFgﬂdggd QﬁHnﬁﬁepgﬁyCuBéﬁrgﬂéteﬁ%gQigﬁéogEEWFring at
the facilities 14 W0e@2t46284mREELYSAHRE48288 pefintiBeppel YRR cPEEdUcer can

be condensed and recycled. These and other objects of the present
10 (200 kilograms per cubic meter) are formed at

the polymer producer’s site and then
transported to the foam molder for the
production of foam articles through the use of
conventional expansion and molding equipment.

15 It is a further object of the present
invention to prepare foamed cellular particles
for use in making foam articles and to optimize
the packaging and shipping of these particles
by forming the foamed cellular particles at the

20 polymer producer’s site thereby allowing the
use of lighter, less expensive standardized
resin packages compared to the packages used in
shipping conventional expandable particles.

It is a further object of the present

25 invention to provide a system whereby the VOC
emissions in the plant of the foam molder are
reduced thereby allowing a greater production
rate of foam articles in the foam molder’s site
and/or reducing the need for pentane collection

30 equipment in order to comply with applicable
regulatory emission standards and whereby

pentane emissions occurring at the facilities

14



invention will be better appreciated and 5 understood by those skilled in
the art fromthe follow ng description and appended clainms. DETAILED
DESCRI PTVGN0ZF623HE | NVENTI ON As used herein, "particles" pef/@sot4s289eads 10
i.e. spherical in shape, generally produced in a polynerization process or
to pellets generally produced in an extrusion process. As used herein,
"conventional expandable particles" generally refer to expandable 15
particles that haveofothbepolgubyecteduter anan exparcndenpedcasd, that are
general ly "high- densi eads having a dianeter fromabout 0.2 to 4.0
mllineters, and thﬁ?cﬁé%% a bulk density of about 40 pounds per cubic

foot (641 20 kil ograns Pehe §HDLEANBEREY - obNetbE bﬁVﬂlﬂélﬁﬁeséﬂ@”ﬁd cel lul ar
particles are formed at the plant of the polynmer producer by using

expandabl e pol yner ip#entépesvwaslthe b@é?@rngpm§@@¥@%¢d Fadse 25 foaned
cellmar paptlcles ALgtheBosnLoPeolg <kheiLaam mhdel, L ofsygech a i d

in the production of “Foam art 1 as cups expanded Dbl oc and/ or
shaped articles. Theéolfoaind debtuiptiparahdl&ﬁp@ﬁde&ecbaEment 30 invention
have a sufficient amount of blowi ng agent such that they do not require
any further pre-treatment nor do they need to be inpregnated with any

addi tional blowing pgeRt1i MEsORfAG284 BETHHSOLA¢BRBIoyat the foam

mol der's site. In addition, the foaned cellular particles have a certain
fixed or established ceRkF seedchareisuchrehbicliae” nehbertefbeafds in each

particle dﬂ?s not i.e. spherical in shape, generally produced in

a polymerization process or to pellets
generally produced in an extrusion process. As
used herein, "conventional expandable
particles" generally refer to expandable

15 particles that have not been subjected to an
expansion process, that are generally "high-
densgity" beads having a diameter from about 0.2
to 4.0 millimeters, and that have a bulk
density of about 40 pounds per cubic foot (641

20 kilograms per cubic meter).

In the invention, foamed cellular
particles are formed at the plant of the
polymer producer by using expandable polymer
particles as the starting material. These

25 foamed cellular particles are then shipped to
the foam molder for use in a mold in the
production of foam articles, such as cups,
expanded blocks and/or shaped articles. The
foamed cellular particles of the present

30 invention have a sufficient amount of blowing
agent such that they do not require any further
pre-treatment nor do they need to be

impregnated with any additional blowing agent
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5 change significantly during shipnent, storage, and/or the foam nol ding
processes. The expandabl e pol ynmer particles used to formthe foaned

cel | ul ar waonrieBe£s of the invention have a bul k density Pangsoigsket ween 10
40 pounds per cubic foot (641 kilogranms per cubic nmeter) and 32.0 pounds
per cubic foot (513 kilograns per cubic neter). Wen these particles are
heated, the bulk density of the particles is reduced to between 34.3

pounds per 15 cubi Catoehe( $88mkKinbogEamE BEteCUbITE BBHEE)oANdthd2. 5 pounds
per cubic foot (200 kilograms per cubic neter), preferably 25 pounds per
cubic foot (400 ki Fogmans cpédudali pawbielps ARVEhRsCeBGRENIEASPEY, the

cell size of the fogued 20:39lllataRar Lielasuls LALA LYaLY ARl . For
exanpl e, the average size of the cellTs of the oarmed cellular particles
ranges between abouhumbetro ofO@ediler ansecapheperabkyebdbweenot0 and 60

m crons, and nost preferably between 10 to 25 mcrons. The average cel

50
size is medsured byCheRee f3IHE ICGRNed CEIFEUParBRPEREl e SERYAEFF  and

i magi ng each sanpl e Wit/ba tHet #ehin $82809ngeheetear e croscope, using a 10
kilovolt energy beam a 15 nmm worki ng di Stance, secondary 30 el ectron
detector imaging, and negre féxepidame 10 el GG Gidhes ysedttat ed herein

shore, LSOO, SShL UL PME R GL NS e 8 10 M0,
can be interpreted imoreraiot hedvd af Wl &aneltweighiglmeadaa@aaity of the
tractor- tlroai er, t4hoe ]gg]ggl?gé Ig)ér pgt%(icgefsooutse&éflo ksiqcpgrams per
cubic meter) and 32.0 pounds per cubic foot (513
kilogramg per cubic meter). When these
particles are heated, the bulk density of the
particles is reduced to between 34.3 pounds per
15 cubic foot (550 kilograms per cubic meter) and
12.5 pounds per cubic foot (200 kilograms per
cubic meter), preferably 25 pounds per cubic
foot (400 kilograms per cubic meter). At this
bulk density, the cell size of the foamed
20 cellular particles is relatively small. For
example, the average size of the cells of the
foamed cellular particles ranges between about
5 to 100 microng, preferably between 10 and 60
microng, and most preferably between 10 to 50
25 microns. The average cell size is measured by
cutting the foamed cellular particle in half
and imaging each sample with a Hitachi 82500
electron microscope, using a 10 kilovolt energy
beam, a 15 mm working distance, secondary
30 electron detector imaging, and magnified from
100 to 1000 times.
As stated herein above, the foamed

cellular particles of the invention have a
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5 the foamed cellular particles of the invention can be increased relative
to the nunber of packages presently used to ship conventional expandable
particl ewOAves4i ng to present practice, the 10 expandabP€T/psoly4ses9
particles are packaged in a standardized resin package known to one
skilled in the art to be a standard package hol ding about 1,000 to about
2,200 pounds. Since the tractor-trailer can haul about 30,000 to 50,000 15

pounds, about 45 to 88,Ca4 iIaNs: ChdeHSedri s Sdup-ddienenpventi onal
expandabl e particles. However, if the tractor-trailer has a maxi rum | oad

of, for exanple, 42€08ippuras, be hartdrpretedOoe porail W't ofrr dfhexpandabl e

particles, 42 20 cartons mouéezﬁgmysed to.ship-a full truck load. Wth the
he " p

foamed cel | ul ar par??%?e@e%g et %ﬁl?%ventlon, nore cartons can now

be shipped at the sagelés] athaenghiber esifli poreie susd tihe sionyvent i onal
expandabl e particles. For exanple, for a 48 foot tractor-trailer, the
entire spade can betlechpraed vithlalwateaotieiss caf e s eitini

cont ai ni ng foaned_ ceh yl oy, PS4k 5.0l Lhe LVERS i Ayl ho@ bul k 30

density of about 25 pounds per cubic foot (400 Kkilogranms per cubic neter)
whi | e not exceedi ngpathegperpresiit by grosd vehslele ewigmtidmit of 80, 000
pounds. The dunnage i.e. in{latable ir 17 WD 02/ 46284 PCT/ US01/ 48289 bags
can be elininated sTHRECARTrAEtorS %ailer is now vol unetrically full

The total shipping vol unecebrdhey foanstesaet | ptact pest ithes is not
| nereased 10 expandable polymer particles are packaged in a
standardized resin package known to one skilled
in the art to be a standard package holding
about 1,000 to about 2,200 pounds. Since the
tractor-trailer can haul about 30,000 to 50,000
15 pounds, about 45 to 80 cartons can be used to
gship the conventional expandable particles.
However, if the tractor-trailer has a maximum
load of, for example, 42,000 pounds, then for
1,000 pound cartons of expandable particles, 42
20 cartong would be used to sghip a full truck
load.

With the foamed cellular particles of the
present invention, more cartons can now be
shipped at the same total weight requirement as

25 the conventional expandable particles. For
example, for a 48 foot tractor-trailer, the
entire gpace can be occupied with about 60
typical sized cartong containing foamed
cellular particles of the invention with a bulk

30 density of about 25 pounds per cubic foot (400
kilograms per cubic meter) while not exceeding
the permissible grosgs vehicle weight limit of

80,000 pounds. The dunnage i.e. inflatable air
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5 significantly conpared to the conventional expandable particles, and
therefore, the transportation costs for the foanmed cellular particles
wi |l not wonorease. Al so, the averages particle size of theTAsamsescel | ul ar
particles g 10 is not increased significantly, i.e. not larger than 130%
of the correspondi ng expandabl e polyner particles, i.e. the particles in
an unexpanded state prior to being fornmed into foanmed cellular particles.
15 The pol yner conpbsgsioanoﬁetéblmeandabéEncgatméC&Eacmwieh formthe

foaned cellular particles pay be a or.a plend of polynmers. The
pol ymeric materi al ?1%%ﬁp+?s%0%'§%§ éﬁ??ﬁ?{ﬁﬁrf?ﬁ “typically not |ess

than 20 70, preferably fgt $§§§1t§gp? Yo gm0 of ORe £OsmBBre styrenic
nononers and a nminor anount, i cal Iess than 30, preferably |less than

20 wei ght % of rubbei1Uhapop§bhE©y$@n@S0R©6e1n©©¢®ﬁ%i or ahigh inpact
styrenic pquner 25, SU|E§gi§tftyr Hﬁgrga'?83£ﬁe088ﬁvéﬁ§h££%f‘ 100 to 70

wei ght % of” one or ﬁn? ar omat i ¢ nonone

unsubstituted or suRphhisbed paroﬂeles maneé shbséféﬁ@ntshselected fromthe
group consisting of C1 6, 30 preferably _Cl 4 alkg di cal s. and hal ogen
atons, preferably cEF%PFH%rEﬂﬁl%?oﬁ?ﬁESagﬁﬁsthﬁnﬁ P Bt o188 wei ght % of

one or nore comonﬁa£§lé§é§%§ﬂlfﬁgm LR8r858HD CRNSLSTERE ad8- Y02/ 46284
PCT/ US01/ 48289 of nonomers selected fromthe vinyl group consisting of

C3_6 et hyl eni cal | y pasaigtat edzecaf bokgl Feameddsel hnhgdrpaesiciasdes, and
Cl_12, prﬁ{erably g%—ﬁoglgxérgggegl§9§¥§£§¥gn€f§?rf.e. not larger

than 130% of the corresponding expandable
polymer particles, i.e. the particles in an
unexpanded state prior to being formed into
foamed cellular particles.

15 The polymer composition of the expandable
particles which form the foamed cellular
particles may be a polymer or a blend of
polymers. The polymeric material may comprise
a substantial portion typically not less than

20 70, preferably not less than 80 weight % of one
or more styrenic monomers and a minor amount,
typically less than 30, preferably less than 20
welight % of rubber, a polyphenylene oxide
polymer or a high impact styrenic polymer.

25 . Suitable styrenic polymers comprise from
100 to 70 weight % of one or more Cg.iz vinyl
aromatic monomers which are unsubstituted or
substituted by one or more substituents
selected from the group consisting of Cig,

30 preferably C;.4 alkyl radicals and halogen
atoms, preferably chlorine and bromine atoms,
and from 0 to 30 weight % of one or more

components selected from the group consisting
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5 thereof, acrylonitrile and nmethacrylonitrile and optionally which nmay be
grafted onto or occluded within one or nore rubbers selected fromthe
group comvederiaes of (i) pol yners of one or nore C4_5 conj upat/@doidisedsef in
nononers (diene 10 rubbers), (ii) random block or branched (star)

copol ymers conprising from30 to 70, preferably from40 to 60 wei ght % of
one or nore C8 12 vinyl aromatic nononers which are unsubstituted or

substituted with ong QiodMie & ukStdduRntisokb 38! aated fgxemg he group
consisting of Cl_4 alkyl radicals and from70 to 3 preferably from 60

to 40 wei ght % of crHirstiiore a4 G- ctﬂﬂh&’d@t@@aﬂ%l%’fﬂa@q@ﬁ@ ene but adi ene
rubbers or SBR, and pol.y K . and 20 star or
branched pol yners) A ?ll’flail)c raén aglh 1%%2, corrprl S nrﬁjfrérﬁ?‘llo to 60
wei ght % of one orprafer{EH o cclopjalg@tlealzrdi @r]ﬂ&:@ml]dyﬂomsﬁﬁxtso 40 wei ght %
of one or nore nononers selected from.the gr oup consi_stin

lt%iﬁteabl e vinyl

acrylonitrile and 2393 Mac r3H o A% 1&hiadtd 1% Thasher

aromati c NMONONErs ifiy %1&&%1%;‘%hl%kp%wgr§ﬁﬁg@%td)%la net hyl
styrene, chlorostyrene and brono-styrene. = Suitable et hyI enically

unsat urated car boxyddel Bedcidshrimeinadenaaud cudars malwted i c acid,

and itaconic acid ui t e anhydri de e Sui tabl e
i m des include mallém dgcbhesﬁ¥% e el eér%qilﬁq?ef g@r%%%féﬁ%%q%ﬁ 46284
PCT/ US01/ 48289 netdwaaiytat®@ss cehiybaretihadoyedte, mbnbmlersaqlﬂybaée met hyl

acryl ate, and et hyl acryl ate. Swtabl e cQnj ugat ed .di ol S |ncI ude
but adi ene 10( 1, 4- but @HPRFTEY) anbl1)s s %]! JEor' branc 0{1 (star)

copolymers comprising from 30 to 70, preferably
from 40 to 60 weight % of one or more Cg.i; vinyl
aromatic monomers which are unsubstituted or
substituted with one or more substituents

15 selected from the group consisting of C;_4 alkyl
radicals and from 70 to 30, preferably from 60
to 40 weight % of one or more C,.s conjugated
diolefing (styrene butadiene rubbers or SBR,
and block copolymers, SBS block copolymers and

20 star or branched polymers) and (iii) random
copolymers comprising from 40 to 60 weight % of
one or more C,.5 conjugated dienes and froﬁ 60 to
40 welght % of one or more monomers selected
from the group consisting of acrylonitrile and

© 25 methacrylonitrile (nitrile rubbers).

Suitable vinyl aromatic monomers include
styrene, alpha methyl styrene, para methyl
styrene, chlorostyrene and bromo-styrene.
Suitable ethylenically unsaturated carboxylic

30 acids include acrylic acid, methacrylic acid,
and itaconic acid. Suitable anhydrides include
maleic anhydride. Suitable imides include

malimide. Suitable esters include methyl
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5 A preferred vinyl aromatic nonomer is styrene. Suitable polyners include
pol ystyrene, styrene acrylates, copolyners of styrene and esters of
acrylic ovonmsdzacrylic acid, 10 copol yners of styrene andpa@riugdiosesy il e
(SAN), high inpact polystyrene (HPS- i.e. styrene nononer polynerized
and grafted onto and/or occluded within fromabout 2 to 12, preferably
from4 to 10 weight % of a diene rubber), and 15 styrene acrylonitrile

copol yneri zed in thgtipesenoedf oM ndthddypief enabdyl from4 to 10
wei ght % of di ene rubber or a nitrile rubber (ABS). The pol yneric

conponent nay be blagiislasfe, Xetnel abewnel Pet yistSs PrHEA Ry LS nyl
aromati ¢ conponent..l.s t | . b » Wel 9 ]J09591§993 may
al so include up to %%Hﬁ?gﬁﬁ‘ﬁﬁgPﬁﬁgﬂa?d$H%%%§%ﬁ§ﬁgﬁgﬁém%x|de. or exanpl e,

the bl end coul d be &1 b -andadisif:)orambriesowtagid. 25 % of styrene and up to

30 weight % of pol yphenyl ene_oxi de. The bl end could be a Predoninant
anmount of & styrene acryt RECTHTTHEHHOFY | A HotS M. 13t yrene net hyl

nmet hacryl ate) and Ofe,-Adn DI € bl ock copol yners 30 of styrene and but adi ene
(sone blends of which are sold by NOVA Chemicals as ZYLAR(r) resin). The
foamed cel lul ar particl eduErabimdecl ynems ekpakidéh| oot §yeendart i cl es that

are e 20 V0 02 4254 EETL LS 49705, SXURMCED' &y b ongg soent
typically acetone,esedhyloBcetate]cbot anethaepenta@ns;id,

10 copolymers of styrene and acrylonitrile (SAN),
high impact polystyrene (HIPS- i.e. styrene
monomer polymerized and grafted onto and/or
occluded within from about 2 to 12, preferably
from 4 to 10 weight % of a diene rubber), and

15 styrene acrylonitrile copolymerized in the
presence of from 2 to 12, preferably from 4 to
10 weight % of diene rubber or a nitrile rubber
(ABS) .

The polymeric component may be blends of

20 the above polymers provided the vinyl aromatic
component is not lesg than about 70 weight %.
The blends may also include up to about 30
weight % of polyphenylene oxide. For example,
the blend could be a blend of 70 or more weight

25 % of styrene and up to 30 weight % of
polyphenylene oxide. The blend could be a
predominant amount of a styrene acrylate or
methacrylate polymer (e.g. styrene methyl

methacrylate) and one or more block copolymers

30 of styrene and butadiene (some blends of which
are sold by NOVA Chemicals as ZYLAR® resin).
The foamed cellular particles are made

from expandable polymer particles that are made
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5 hexane, isobutane, isopentane, neopentane, cyclopentane and cycl ohexane.
O her blow ng agents used in making polynmer particles expandable are

HFC S, CPO®M4@stl HCFC S, and m xtures thereof. 10 | n t hBCPUSGIAS289
invention, the blowing agent can be acetone, nethyl acetate, butane,

n- pent ane, cycl opentane, isopentane, isobutane, neopentane, and m xtures
thereof. A preferred blow ng agent is normal pentane and m xtures of 15

pentane. For the exandablis LAY ELIRASLlREentUsed in the invention, any
of the preceding blow ng agents may al so be used in conbination wth

carbon di oxide, air, nitQXEREHC dNPWIHIERISTHS FIXRVWRY ladetwll &fel of the

expandabl e 20 poly i-Cl al i I ; 10. 0 wei ght
% preferably |ess ‘{Fﬁcésneogb{%lﬁleele%h}f}?rﬁ/ﬂge e#r% \r%lsdt %%efé&%bﬁtg}ai\% Il range from
bet ween about 3.0 adetbrand radxdiitl Rd:twtcdpy heasete om-tdentams,ght of the

pol ymer conposition. 25 If the r, of the particles is a styrenic

ol yne
pol yner, tHRen the EFXARS avEs aH\{ealn 1SRRG SRR G Y he styrenic

pol ymer is great erqdmasd30s:00 0 ndExRandatdear t icdikse fd1amiwy ch the
foamed 30 cellular "particles of the invention may be obtained can be

prepared by vari ousgattdssed THesehing wmpel pesty maitZalissh and extrusion
processes. 21 VD 03] 4038 P UR0HAB2ES v 4 Ne, polydiRi£al N process,

t he pol yner corrposﬁl on 1 s polynerize 0 a conversion greater than 99%
The pol yneri zati on micoesss timyrest] ude bul k pol yneri zati on, solution

10 In the present invention, the blowing
agent can be acetone, methyl acetate, butane,
n-pentane, cyclopentane, isopentane, isobutane,
neopentane, and mixtures thereof. A preferred
blowing agent is normal pentane and mixtures of

15 pentane. For the expandable polymer particles
ugsed in the invention, any of the preceding
blowing agents may also be used in combination
with carbon dioxide, air, nitrogen, and water.

The blowing agent level of the expandable

20 polymer particles generally will be less than
10.0 weight %, preferably less than 9.0 weight
%, and most preferably will range from between
about 3.0 wt % and about 9.0 wt %, based on the
weight of the polymer composition.

25 If the polymer of the particles is a
styrenic polymer, then the weight-average mean
molecular weight of the styrenic polymer is
greater than 130,000.

Expandable particles from which the foamed

30 cellular particles of the invention may be
obtained can be prepared by various methods.
These include polymerization and extrusion

processes.
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5 polynerization, and suspension polynerization techniques. The bl ow ng
agent may be added before, during or after the polynerization process. A
preferredv@otyires i zati on process for the 10 production oPCEYpEINMS2EY e
particles is suspension polynerization. In this process, a polyner
conposition is polynerized in an aqueous suspension in the presence of
from0.1 to 1.0% by weight of a free radical initiator 15 and the bl ow ng
agent. For the suspensi am pdiey meslsyaetdiors mieory pretdseds tdred gaiivtiiest or s ar e
known to those skilled in the art. In this qégect reference is made to

e.g., US. Patent NRWPZERGPRIE HRYLIHHLHY 5 & B opéan Pat ent
Application No. 488,040. Theah ndd atphs ghsahaseshi bl hnseedef erences can

al so be used to nake the expandable particles that in turn are used to
make the foamed celthay ainglrde dhwekk gfolee iz kdentsq et on. Suitabl e

initiators are or g@?ﬁ@ﬁ%ﬁi5$'m%@d@%§é%¥ﬁﬁ%%ti&?r oxy

car bonat es “and per pical’ exanp S€ “peroxy conpounds are
C6_20 acyl peroxidesghsigheas decaroydwies egee; nwenioyladileder oxi de,
oct anoyl peroxide, stearyl peroxide, eresters uch as t:butyl

perbenzoate, t- butPFIpefacttatdd T bt yF* pers o 212 put yI per oxy
2-et hyl hexyl carbongigzedd. WO 02/ 46284 PCT/ US01/ 48289 car bonoper oxoi c
acid, 00- (1,1-dinethylpropyl) 0- (2-ethylhexyl) ester, hydroperoxides and
di hydrocar byl peroxi des, A spieht ersr¢thosel yieemt 23 hi oy [ERASHykr B dyl
moi eti es, hPC|Udingproduction of expandable particles is
suspension polymerization. In this process, a
polymer compogition is polymerized in an
aqueous suspension in the presence of from 0.1
to 1.0% by weight of a free radical initiator
15 and the blowing agent.

For the suspension polymerization many
methods and initiators‘are known to those
skilled in the art. In this respect reference
is made to e.g., U.S. Patent Nos. 2,656,334 and

20 3,817,965 and European Patent Application No.
488,040. The initiators disclosed in these
references can also be used to make the
expandable particles that in turn are used to
make the foamed cellular particles of the

25 present invention. Suitable initiators are
organic peroxy compounds, such as peroxides,
peroxy carbonates and peresters. Typical
examples of these peroxy compounds are Cg.p acyl
peroxides, such as decanoyl peroxide, benzoyl

30 peroxide, octanoyl peroxide, stearyl peroxide,
peresters, such as t-butyl perbenzoate, t-
butyl peracetate, t-butyl perisobutyrate, t-
butylperoxy 2-ethylhexyl carbonate,
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5 di -i sopropyl benzene hydroperoxide, di- t-butyl peroxide, dicunyl
peroxi de or conbinations thereof. OQher initiators, different from peroxy
conmpounddyo ar/é6284 so possi ble, as for exanple a, a'- PCT/US01/48289

azobi si sobutyronitrile. 10 The suspension polynerization is carried out in
t he presence of suspension stabilizers. Suitable suspension stabilizers
are well known 1in the art and conprise organic stabilizers, such as poly

(vinyl alcohol), gelatidiepa8dicidadie,y\vory! (pur-ahictima pieghyacryl ani de;
inorganic stabilizers, such as alum na, bentonite, qggne3|unlslllcate;
surfactants, such & sctiahyldwtedyl asdwtendvsinoaiarddasr agkosphates, |ike

tricalCiunphOSphat%tﬂ%%ﬁ%?%%ﬁéﬂ%&%ﬁ%&ﬂd%% pPhosRhate 1 dd onal Iy in

conmbi nation with any i ZI'ng donpounds nentloned earlier. The
amount of stabili zetonmmyirsind ahly wstyoteebylOmoAitties). @%chbydiwpgght, based

on the weight of the aqueous phase. 25 The expandapl e particles _may al so
contain a anti-sﬂ%&?%??ﬁﬁﬁRY%/,eQ¥QQ%Mh¥qﬁﬁﬁé%ﬁﬁﬁ§%'a Jébﬂ%ﬁ%ﬁay' r dye; a

filler material, sych-&siq&ardanmlagierdditanidm kit i glsum num and
graphite, which are generally used to reduce 30 thermal conductivity;
stabilizers; and piksteet zedrenudh hatgiise dififegrerh dfesa® oil. The

particles oy, ou (SRl RS ARSI o stiog damont { s gorar o0 of
or glycerol carboxatsss @Uidabl £z8:8 Hohatesomeind e gl ycerol nono-, di-
and tri-stearate, zinc stearate, calciumstearate, and nmagnesi um

10 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 ag poly (vinyl alcohol), gelatine, agar,

15 polyvinyl pyrrolidine, polyacrylamide;inérganic
stabilizers, such as alumina, bentonite,
magnesium silicate; surfactants, such as sodium
dodecyl benzene sulfonate; or phosphates, like
tricalciumphosphate, disodium-hydrogen

20 phosphate, optionally in combination with any
of the stabilizing compounds mentioned earlier.
The amount of stabilizer may suitably vary from
0.001 to 0.9% by weight, based on the weight of
the aqueous phase.

25 The expandable particles may also contain
an anti-static additive; a flame retardant; a
colorant or dye; a filler material, such as
carbon black, titanium dioxide, aluminum, and
graphite, which are generally used to reduce

30 thermal conductivity; stabilizers; and
plasticizers, such as white oil or mineral oil.
The particles may suitably be coated with

coating compositions comprised of white oil or
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5 stearate; and m xtures thereof. Exanples of such conpositions have been
disclosed in GB Patent No. 1,409,285 and in Stickley U S. Patent No.
4,781, 983vO Mtigs28vat i ng conposition can be applied to 10 pPOBRUREI43289 es vi a
dry coating or via a slurry or solution in a readily vaporizing liquid in
various types of batch and continuous m xing devices. This coating aids in
preventing the formation of agglonerates during the production 15 of the

foamed cellular partigl&s. i S siNEEBASES iy PRy IGRIMEI ST on Of
expandabl e particles into foaned cellular particles. Once foanmed cellular
particles are forneshrhdreslatms, asodeloptddraitiatasatsing t h addi ti onal

20 coatings of simlar conpositions,. The i 0Si Jd may be
applied to the exp acbef%owﬂrb?%r d;[)lar t5C gcgé,l or etagl% € féolarﬁé;d cel lul ar

particles or to botdrdesexpandablon poleaeite parid cleemenidiiio t he f oanmed
cellular particles. 25 As known_to those skilled in the art, these coating

conmposi ti ofs can reHhRAHR) Gt RPFACRIGIRF T He fiFTR™PreE &dpansi on st ep

and can also affect, ol ding, Dropsid i18s S usde a1 the od¥eSsUr@s decay time or
nol di ng cycle cool tinme. 30 The coating conposition may also aid in

acqui ring higher exparsioMe atlestddr2dheatdabedticdtiay d&F- particles
CeTE Sazbs be DT SRSDg LB GRRYerT oGl Superienl POyl v e 20
as mneral oil or white orthe atodthendotsiRsssiti@catdorbe sagbpbedassi bl e. For
exanple mperal o], an 28 A4 1 Ust, ) L M9 S SRSl oy
or solution in a readily vaporizing liguid in
various types of batch and continuous mixing
devices. This coating aids in preventing the
formation of agglomerates during the production
15 of the foamed cellular particles. This
increases the prime conversion of expandable
particles into foamed cellular particles. Once
foamed cellular particles are formed, they may
also be optionally coated with additional
20 coatings of gimilar compositions. The coating
composgsition may be applied to the expandable
polymer particles, or to the foamed cellular
particles or to both the expandable polymer
particles and to the foamed cellular particles.
25 As known to those skilled in the art, these
coating compositions can reduce agglomeration
during the final pre-expansion step and can
also affect molding properties such as the
pressure decay time or molding cycle cool time.
30 The coating composition may also aid in
acquiring higher expansion rates for the foamed
cellular particles compared to the expansion

rate for conventional expandable polystyrene

24



5 and/or just prior to foamnolding. This technology is sonetines used

wi th conventional expandabl e polystyrene products and is known to those
skilled iwOobnhes284t. The expandabl e pol yner particles, andPCLOSe1Imsesdf ore the
foamed cellular particles may contain various additives, such as chain
transfer agents, suitable exanples including C2- 1.5 al kyl nercaptans, such
as n-dodecyl nercaptan, t-dodecyl nercaptan, t-butyl 15 nmercaptan and

n-butyl nercaptan, gk Pifeser BREN SoSUGHES RetePhen 1.eidhangrand the
dimer of a-nethyl styrene.” The expandabl e pol yner particles nmay contain

cross-linking agentas miwuehrhsoblutcivane el diat s arredris ‘and 20

nucl eating agents, such as polyol efi %/‘éafﬁ T p i y@;@ls
i.e.,polyethyl ene \/\%?( %Flor}lla%/se %%%i%% a\?lzer ageﬁ%olée)%:% afgv% g of 500 to
5,000, which are typitatdy BHéneddedipisedtol hrwoligh pie-gabameromatrix in a
quantity of 25 0.01 to,1.0% by wej ght, based o he amount of pol yner
conposi ti of. The padBfPBsIhaly RFEY 'QdntAH TOHHEE 1 t10M6° 5% by wei ght,

talc, organic bronidengonba N &% GRIPAHLIS, séidy PO aonRdeitsnas descri bed
in e.g. WO 98/01489 which 30 conprise isal kyl sul phosucci nates, sorbital-Cs

- C20 - carboxyl at esxpandalcBe - pTRYs Ly daye Xyt ediect s uhprh ohfit lEROWIRSEQ\D

02/ 46284 PCT/ US01/ 4§§89e Nggifa iﬁg enéf are particularly useful because
they tend to inprove fhe Fornmtion o e tfs The pol yner conposition of
the invention 5 may be Thapexsetdabla 5byyedsr cpapnodess W did an

10 therefore the foamed cellular particles may
contain wvarious additives, such as chain
transfer agents, suitable examples including C,.
15 alkyl mercaptans, such as n-dodecyl
mercaptan, t-dodecyl mercaptan, t-butyl

15 mercaptan and n-butyl mercaptan, and other

agentgs such as pentaphenyl ethane and the dimer

of a-methyl styrene. The expandable polymer
particles may contain cross-linking agents,
such as butadiene and divinylbenzene, and

20 nucleating agents, such as polyolefin waxes.
The polyolefin waxes, i.e.,polyethylene waxes,
have a weight average molecular weight of 500
to 5,000, which are typically finely divided
through the polymer matrix in a quantity of

25 0.01 to 1.0% by weight, based on the amount of
polymer composition. The particles may also
contain from 0.1 to 0.5% by weight, talc,
organic bromide-containing compounds, and polar
agents as described in e.g. WO 98/01489 which

30 comprise isalkylsulphosuccinates, sorbital-Cg -
Cyo - carboxylates, and Cg - Cyo- alkylxylene

sulphonates.
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anount of an acrylate nononmer in an anmount in a range of about 0.3 to
about 5.0 weight percent based on the anmount of styrenic nononer.

Sui t abl e ve@pyh@s£ nononers include, but are not 10 |im t eBCT/OSOWHSRIVY|
acrylate, ethyl acrylate, n- butyl acrylate, n-hexyl acrylate, 2-ethyl hexyl
acryl ate, cyclohexyl acrylate, 2-ethoxyethyl acrylate, 2-nethoxyethyl
acrylate, n-octyl acrylate, lauryl acrylate, 2-phenoxyethyl 15 acryl ate,

benzyl acrylate, decyl agfdiledit@ing MRidits MBthaeMH dha.aet:hylsdmithacryl at e,
n- butyl nethacrylate, 2-ethylhexyl nethacrylate, allyl nethacryl ate,

cycl ohexyl met hacr ylestzalse stheaif enbtiracipeaee theufareatinre i ate, and 20
the like, and n‘ixttgeﬁlé hereof. A preferred acrylate nononer is n-butyl
acrylate. Such acryﬁa e nononmers are known to lower the Tg of the pol yner
whi ch, in turn, inprovesrideolexmandaimpadytiafn tdfe Yhed yinerergairdn cl es

wher eby 25 the expandagqll evﬁparti,cl es require a |ower anount .ga.J}I ess than
2.5 wei ght 2per cent Y Bl% T t© gag.Sté’éfrﬁ%%.mGﬁ%“%t f

copol yneri zi ng styrene, DN aeh-ACdd &/ dhcchomENOFelar Sarddughtin na U. S.
Patent No. 5,240,967 30 to Sonnenberg, et al. that is now assigned to the
assi gnee of this patasre applakeatti oh.3 A ahie tedtMTightofPetFent 967 pat ent

are .incorporated qoea{%eé'd\'&,y ef _eénq(%?& 26 %@%{@%&{@% US01/ 48289 The

suspensi on polynerization is Suitably carr inthe plant of a polyner
producer in a one-Jigmlale aadwyl St e pndnoned e nperlaidd e-bwor®oldad process.

'n both prl%cesses’ lairpfteeg gg?%ea'%f éégﬂéteen,peert%y reacgre}?fattéeo,n r(l:—yCl eis
butyl acrylate, n-hexyl acrylate, 2-ethylhexyl
acrylate, cyclohexyl acrylate, 2-ethoxyethyl
acrylate, 2-methoxyethyl acrylate, n-octyl
acrylate, lauryl acrylate, 2-phenoxyethyl

15 acrylate, benzyl acrylate, decyl acrylate,
methyl methacrylate, ethyl methacrylate, n-
butyl methacrylate, 2-ethylhexyl methacrylate,
allyl methacrylate, cyclohexyl methacrylate,
stearyl methacrylate, lauryl meﬁhacrylate, and

20 the like, and mixtures thereof. A preferred
acrylate monomer is n-butyl acrylate. Such
acrylate monomers are known to lower the Tg of
the polymer which, in turn, improves the
expandability of the polymer particles whereby

25 the expandable particles require a lower amount
e.g. less than 2.5 weight percent of blowing
agent, eg. pentane. The method for
copolymerizing styrene monomer and acrlyate
monomer is taught in U.S. Patent No. 5,240,967

30 to Sonnenberg, et al. that is now assigned to
the assignee of this patent application. All
the teachings of this '967 patent are

incorporated herein by reference.
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used over the range of 80C to 140C, depending on the type and anmount of
initiator used in the polynerization process and depending on the desired
nol ecul awowe/gie4 nol ecul ar wei ght 10 di stribution, and BCYUSe8esi dual
of the polyner. Products of commercial interest typically contain |ess
than 1,000 parts per mllion (PPM residual styrene and have a

wei ght - average nol ecul ar wei ght greater than 15 130,000. In addition to

these physical propertigg RAHdHE &S IAA yriedlAa idard anti theyly the
expandabl e particles. Products of comrercial interest range from about 0.2
mm to about 3.0 mmrrmwbewkill ddd pldnd &t awddlyPen egdiduEesppr eci at e

and understand the manner_in i t reactian fo i.qn.and the
T N

conditions of the plorllyarreorrll h process can I'n order to
achi eve the desiretorntessl el froddsss abdve phtys icadcqgu=eper ta ggrenf 25 the

cellular foanmed particles of the invention. |In a suspensian polynerization
process, fhe pol yrﬁ?omtﬁ%‘??&ﬁ“mq% Tt icéfccir?or?tﬁrer in an

anount ranging f ror'ﬁgeodt@vélooch% Fﬁraﬁ{ﬁggeyat%fgr Q) é_SLQOB@’ @n%%ﬁn%%per cent,

30 based on the polymer conpositio styrenic y be

adm xed with a at |®asthe acywpaydndramgumoroirein suicit cas ddwbed itdteed herein
above in an anmount rangi ng from about 30 27 02/ 46284 PCT/ US01/ 48289 to
0 weight % pref er dPY OB FF PUA IS HF WL PG I PolSifer ‘

conmposi tion. O theyno] YIRrmSOMmMESit iy | G S18 42 vl geNi ¢ nononer in
an amount ranging from 70 to 100 5 weight % based on the pol yner
conposi ti df distribution, and styrene residual of the
polymer. Products of commercial interest
typically contain less than 1,000 parts per
million (PPM) residual styrene and have a
weilght-average molecular weight greater than
15 130,000. In addition to these physical
properties, particle size is also important for
the expandable particles. Products of
commercial interest range from about 0.2 mm. to
about 3.0 mm. Those skilled in the art will
20 readily appreciate and understand the manner in
which the reaction formulation and the
conditions of the polymerization process can be
controlled in order to achieve the desired
results for the above physical properties of
25 the cellular foamed particles of the invention.
In a suspension polymerization process,
the polymer composition may comprise a st?renic
monomer in an amount ranging from 70 to 100,
preferably, from 80 to 100 weight percent,
30 baged on the polymer composition where the
styrenic monomer may be admixed with a at least
a vinyl group monomer such as those listed

herein above in an amount ranging from about 30
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adm xed with at | east one polyner selected from the group consisting of
pol yphenyl ene oxi de, butadi ene rubber, and high inpact polystyrene in an
anmount r angozge2B4 om 30 to O wei ght % 10 based on the pol yreT/Us@isesyi ti on
The expandabl e pol yner particles of a polyner conposition for use in the
invention can be also fornmed via an extrusion process. 1In the extrusion
process the polyner 15 conposition may conprise a styrenic polynmer in an

amount ranging fromdO0ytRe 100 el gbtePobased, 96 tdheo pplygee gonposition
adm xed with at |east one vinyl group polyner in an anoun rangi ng from 30
to 0 wei ght % basedcasedhen20hpobghEnes oppare®l oHon O Or hehgol yner

conposition nay co ise a ren| o] | ging from70
to 100 based on thegg% ?ﬁ%rcg%%ﬁ%ggg?ﬁoﬁxg§%?§gﬁf§??%D§€§f%%§€ one pol yner
in an anount rangi ngohonerabauan38mband wenghhg 26rémbasedoonot he pol yner

conposition and selected fromthe group copsisting of polyphenyl ene
oxi de, but adi ene r uBBEPLE aRdPREEH Pﬁpﬁ g P ﬂYV%?y? W@?Sgﬁéggolyphenylene

oxi de, butadiene rubbgtxeq3Qiandabi 98258PakE ﬁ&iy§é¥r§8§eéﬁe&h§r@@|YUEV
conposition, preferably is added to inprove the ~ performance properties of

the pol yner conpostbeoaroepgersehahioal of thetymhenphgsecakides WO 02/ 46284
P ds2ss endgbemgal BLgnect ga kg afhtLonalycnphuger ey be
processes, or the conapaneahsuat rhaghofyfeem53couposi wedghtay be m xed
together b%)a Statigased on the polymer composition.

The expandable polymer particles of a
polymer composgition for use in the invention
can be also formed via an extrusion process.

In the extrusion process the polymer

15 composition may comprise a styrenic polymer in
an amount ranging from 70 to 100 weight % based
on the polymer composition admixed with at
least one vinyl group polymer in an amount
ranging from 30 to 0 weight % based on the

20 polymer composition. Or the polymer composition
may comprise a styrenic polymer in an amount
ranging from 70 to 100 based on the polymer
composition admixed with at least one polymer
in an amount ranging from about 30 to 0 weight

25 % based on the polymer composition and selected
from the group consisting of polyphenylene
oxide, butadiene rubber, and high impact
polystyrene.

The polyphenylene oxide, butadiene rubber,

30 and high impact polystyrene of the polymer

composition, preferably is added to improve the

performance properties of the polymer

composition, e.g.mechanical, thermal, physical,
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or dynamic mxer in a well-known manner in situ prior to the start of the
pol yneri zati on and/ or extrusion processes. Suitable pol yphenyl ene oxides
used her avaomesbe t hose described, for 10 exanpl e, in EPPEF/BSQI4B789
EP- A- 403023 and EP- A- 391499. In the extrusion process, a single-screw or
a nmulti-screw extruder nmay be used. One nethod for preparing foaned
particles involves 15 injecting the blow ng agent into the extruder,

extruding pellets, and ehdhieral eftdggrthes. peflied sadXpanshadr expandi ng t he
pellets through a process well known to those in the art. Mre

particul arly, the DPOWTRYE dGEntPs LIRKRPEHG F tHE RS t' pol ymer

coposi ti on, whi ch Lsodiauin Lhs ol 2.0l 4l b el diflRssidn the die face
to produce strands. e extruded strands are cut into expandabl e polyner

particles by a comwenteéssad, widerhavatenpdaeetswd i vy appmesws 25 or
cooled in a water bath and subsequently.cu b el.l etjzing chopper into
pellets having a |SRGER" eyt Ag ?%‘?n'ﬁjb}é%é to?c'yzej&mé)]f obgb%u t%JO% nm
Foaned cel | ul ar paréichgsanie hivesr f D n@dvel T omrdde searexgpandabsetparti cl es
via a 30 heating/pressure process described herein. Anot her nethod for

preparing foamed pRFEPE|I RS Ve HrpextPhston PR HERYS FHvHPR R At

extrusion of the mollen,polynerocomposi ti o 2940 02/AGR84, FCTL USOL) 48289
through the die face, chopping the strands into pellets, ‘and inpregnating

the pellets. Foanedoxtées uhmed paeteth esay rioen these degrandadde fearticl es
are then formed via a o NeatlNgspressilespr ages. £esesd bed hat el
391499.

In the extrusion process, a single-screw
or a multi-screw extruder may be used. One
method for preparing foamed particles involves

15 injecting the blowing agent into the extruder,
extruding pellets, and either letting the
pellets expand or expanding the pellets through
a process well known to those in the art. More
particularly, the blowing agent is mixed into

20 the molten polymer composition, which is drawn
through a plurality of holes in the die face to
produce strands. The extruded strands are cut
into expandable polymer particles by a
conventional under-water face-cutting apparatus

25 or cooled in a water bath and subsequently cut
by a pelletizing chopper into pellets having a
length ranging from about 0.2 mm to about 3.00
mm. Foamed cellular particles are then formed
from these expandable particles via a

30 heating/pressure process described herein.

Another method for preparing foamed
particles via an extrusion process involves the

extrusion of the molten polymer composition
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A further variation of the extrusion process involves the expandabl e
particles being fornmed into foanmed cellular particles at the die face

i nstead o¥Odw¥i84 ream fromthe 10 extruder. In this instaRCEUSHASLSY rom t he
extruder that is inherent in the strand or pellet will cause the bl ow ng
agent to vaporize and to expand within the matrix of the strand or pellet
to formthe foanmed cellular particles 15 of the invention. The tenperature

in the extruder may,F Het veen 20Q and, ARG ANGd th rIHASSUH My range
bet ween 300 psia and 3,000 psia. It will be appreciated that the anount of

bl owi ng agent and tetléts t hendximpianatbdng tee 202k ge of Ragdldchg neans
used at the die fac@eﬁxﬁa?%%ﬁﬁtéﬂé eéjrgng tqpet ne}gég%cgae%ﬂé ed bulk density
N f agent i n theToame

of and the desired anou 0 OW ng cel lul ar
particles of the igaeiideDas 2be Tiiecrexamitsblweipaaticles may be formed in

an extruder where a polynerizati on process orns, th ol ymer conposition.
The conponénts of ReREHHIARESS TG AT é{‘?ﬁfﬁ-’W?ﬁ 1'g‘?i'fgjirh'i tiator and

other additives may be iAtfeduced 30-1 0t her extd uded s process

generally will include the step of adm xing a styrenic nmononer in an
amount rangi ng bet weercabouinTolverl U0 expHrtRble aedt ket Heeimmunt  of

nmononmer 30 WO 02/ 46§§€m§9/x¥c591é§a8%§ SONPO ité{g&v@f@sag Itq,%st one vinyl
group nonomer in an anount rangi ng et Vier fd 0" Wei gtht b based on the
nononer conposi tiondie SEatd athytéad tddtddwughtedier &fom allove with 5 regard

to the extrusion processes, the bl ow ng
10 extruder. In this instance, heat from the
extruder that is inherent in the strand or
pellet will cause the blowing agent to vaporize
and to expand within the matrix of the strand

or pellet to form the foamed cellular particles

15 of the invention. The temperature in the

extruder may range between 200 and 250°C and its
pressure may range between 300 psia and 3,000

psia. It will be appreciated that the amount of
blowing agent and heat in the extruder, and the

20 type of cooling means used at the die face can
be controlled to obtain the desired bulk
density of and the desired amount of blowing
agent in the foamed cellular particles of the
invention.

25 The expandable particles may be formed in
an extruder where a polymerization process
forms the polymer composition. The components
of the polymer composition along with an
initiator and other additives may be introduced

30 into the extruder. This process generally will
include the step of admixing a styrenic monomer
in an amount ranging between about 70 and 100

weight % based on the amount of monomer
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agent can be mxed into the nolten conposition before it is drawn through
the die face to produce strands which are then cut into pellets or the
pel |l ets oe@dobes286pregnated with the 10 bl owi ng agent whi cRCEUS0IE4SREequent | y
formed into foamed cellular particles or foamed cellular particles can be
formed at the die face. In the polynerization, extrusion, and the 15

pol ynmeri zati on-extruder processes described herein above, the expandabl e

particles have a hubjpdensidy #an9ing hefneethdQ ReHn Q_:ECCFL@];E cubi c foot
(641 kilograms per cubic nmeter) and 32.0 pounds per cubic foot (513

ki |l ograms per 20 cubdmoms: e¥t) aIThRBQUIPartand gy fratvres e dwd viken 70 C and

110 C, preferably bet 0C ) l'y subjected
to a pressure of 10. i{’\%e@ aﬁoso éc? &%%h %‘Q%qu‘f)eer %5%&%”@% absol ute
(170 kPa), preferabdimPEaOby kiRa tioatl lithdde: dbsodiit egbdws wad th me rangi ng

froml1l mnute to 60 nlnutes to formfoamed cellular particles. The foanmed
cel lular particles FRERFS tF dohtfe e b A iR F2HRyi rfg"eb tiRBPSAbout 34. 3

30 pounds per cubi c;400t &DP0d&ih LA REM KIS £ Rt &I p&et dn 5 pounds
per cubic foot (200 kilogranms per cubic neter). Pref erably, the bulk

density of the foaneefees| il ars plirave| desrogh Whe 20145 2810 9CTP US01/ 48289
ranges between 28. 1 pounds ot ra per bic neter)
]P o éj oo%m%%S@j{( a]g %:Qnerlf él%’.g %Egeel§%é

and 21.9 pounds per cu ogranms per cu ubi ¢ nd nore
preferably, the bul&dﬁﬁélp@ll&@b@m 26 Dmpostotst g rw ttbi €hd oot (400

ki | ograns Per cubi c blow:Ln
g agent which are subsequently formed
into foamed cellular particles or foamed
cellular particles can be formed at the die
face.
In the polymerization, extrusion, and the
15 polymerization-extruder processes described
herein above, the expandable particles have a
bulk density ranging between 40 pounds per
cubic foot (641 kilograms per cubic meter) and
32.0 pounds per cubic foot (513 kilograms per

20 cubic meter). These particles are heated
between 70 °C and 110 °C, preferably between

80°C to 110 °C and are simultaneously subjected
to a pressure of 10.1 psi absolute (70 kPa) to
about 24.7 psi absolute (170 kPa), preferably
25 95 kPa to 110 kPa absolute, for a time ranging
from 1 minute to 60 minutes to form foamed
cellular particles.
The foamed cellular particles have a
reduced bulk density ranging between about 34.3
30 pounds per cubic foot (550 kilograms per cubic
meter) and 12.5 pounds per cubic foot (200
kilograms per cubic meter). Preferably, the

bulk density of the foamed cellular particles
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nmeter). The blow ng agent |evel of the foaned cellular particles is |ess
than 6.0 weight % based on the weight of the polyner conposition,

pr ef er abiwopzamges between 2.0 vt % and 5.0 wt 10 % and nP€EURIRBR3%AD] v
ranges between about 2.5 weight %and 3.5 weight % The foaned cellul ar
particles have an average particle size ranging between about 0.2 and 3
mm preferably between about 0.3 and 2 mm Each particle has an 15 average

cel | size ranging bfs}ggsg Béeygeé ?gd%egf@mgn&; OPSeu Pl £F £68D! ya et ween 10

and 60 mcrons, and st preterab en 10 and 50 mcrons. The
heating process utikiZedramsther 2@biaveatéoh andf?dind ngovhés fpaned

cellular particles f onlghe e§§$8dgb#e solid garticles ngé e carried out
in a fluidized bed P4 b8PER CONtPALONR Reht PR BrBeess  With or
wi t hout nechani cal pgitapireRe@abYibrahé OpulRS5d&hBetysust abber heat i ng

met hods may include contact heating, non-contact heating, infrared
heating, mi%crowave ReBPffigPedi €MBEer Fechekt P AghkllagraradPer f F@eilency

heati ng. Pre-expand gui pnept. as.Yensr Y Upedeq 30+ t he,pLgcessi ng of
expandabl e particle@éFg sjéuita%le For ?hgé%repara?%on o?ﬁ?he ?oaned
cellular particles otlihgarnpentiohesAns3Red® ORA1628d RETFISOR/ 48289

| e of h - der is Hi h 3000 i ded by the Hi h
Company. The.f oamedPGEFRuPHr Char PCPEE OF Ve BPAVERE! BHORATL=HEEN found (o
exhi bit equival ent p5e@ErsHPer i-ahgeXPBaERBELI byochar ackeai stbcscconpared to

the conventional expandable
10 %, and more preferably ranges between about 2.5

weight % and 3.5 weight %. The foamed cellular
particles have an average particle size ranging
between about 0.2 and 3 mm, preferably between
about 0.3 and 2 mm. Each particle has an

15 average cell size ranging between about 5 and
100 microns, preferably between 10 and 60
micronsg, and most preferably between 10 and 50
microns.

The heating process utilized in the

20 invention in forming the foamed cellular
particles from the expandable solid particles
may be carried out in a fluidized bed in a
batch or continuous heating process, with or
without mechanical agitation or wvibration.

25 Other suitable heating methods may include
contact heating, non-contact heating, infrared
heating, microwave heating, dielectric heating,
and radio frequency heating.

Pre-expander equipment as generally used

30 for the processing of expandable particles is
suiltable for the preparation of the foamed

cellular particles of the invention. 2an
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particles. This

the foamed particles to achieve a required fina
about 0. 8v0 02/6:284 pounds per cubic

neter) for the
conventi onal ex

i ncl udes the expansion throughput rates and the ability of

foaned articles at the foam nolder's plant whe
pansi on and nol ding equipnment. 15 In general, t

life of the polymer particles can be correlated to the rate at

bl owi ng agent d
that the foane
life conpared t

| ow 10 density, i.e.
foot (12 to 30 kil ogr ar€T/peo1/48089 C

n using
he shel f
whi ch t he

iSSiggéﬁglérS%‘Eﬂ b OP&%ﬁ%&?an&E !%stggr%@ﬁ%P%%%% bel i ef

d ce partic nventi on
0 t herotaarenbiyonak ﬁX@aadabbapaayticles It is

hypot hesi zed that this occurs for one_or re of the fallow ng

Since there are

| ower pgﬁﬁaﬁéaﬁ€9eP§19Hlﬁﬁepﬁﬁéﬁﬁée§epﬁuFQF 25

ave a longer shelf

reasons: 1)
particles,

there is less driving,£ar¢enf ?i%tvedbfefeﬂspfgﬂnef tEh@xH§BE%n@ a%a%nkhe cells
of the particles. 2) Since the foaned cellular particl es are

t he convent$ onal

t he pentane through t

I I d d
"o C R PaRRG “EeFPEl SPURANELEPES RAURTEAShPou ng agent

room tenperatu
wei ght | oss at

| easpatb ¥l @ s50%rB3 s\WDn02/,46284nBCEAPSALA 68289

|'arger than

erpandabliré oparctibendspilheynehnarpathriier186 diffusion of

| ower than

that of the expandable particles in the sane tinme at roomtenperature. 3)
The cellul ar strucFUF@ugbpﬁﬁerﬁ@&ﬁeé“@eFP@léPllethélE§6n§9amﬁﬁerently

better retain the SPQQQWh@gSaggngcthgesgog@qgl§gg shippi Ag,PuUr poses, the

10

15

20

25

30

density, i.e. about 0.8 to 6.0 pounds per cubic

foot (12 to 30 kilograms per cubic meter) fo

r

the foamed articles at the foam molder’s plant

when using conventional expansion and molding

equipment .

In general, the shelf life of the polymer

particles can be correlated to the rate at
which the blowing agent dissipates from the

particles. It is the inventors’ belief that

the foamed cellular particles of the invention

have a longer shelf life compared to the
conventional expandable particles. It is
hypothesized that this occurs for one or mor
of the following reasons: 1) Since there are
lower pentane levels in the foamed cellular
particles, there is less driving force for
diffusion of the pentane out of the cells of
the particles. 2) Since the foamed cellular
particles are larger than the conventional
expandable particlesg, the mean path for
diffusion of the pentane through the particl

is longer. For a predetermined time, at room

e

e

temperature the foamed cellular particles have

a blowing agent weight loss at least 15% to 50%
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foaned cellular particles of the invention are placed in a

pent ane-resistant plastic bag that is closed at the top by a wire tie. The
bag is 1WQupps4ded in a carton and then shipped to the POHUSOM{SeRYr. The
cartons for the foamed cellular particles can have a material conpressive
strength of 10,000 pounds. It is believed that this material strength can
be 15 less than that being used when shi pping conventional expandable

particles in SpeCi%B%é?dtﬁgﬁégﬂétwbkhtﬁe”?&Eéhé£b§érﬁ?@EQc@Es.§ out 12,000

pounds. This woul d be possi since the foaned cellular particles in
their 20 | ow bul k dehsi sgmeocamaebghrbesstpepeuattrevoBun®hehan t he

expandabl e particles. n_bein hi pped, . the_foaned cellular particles
will have a total sﬁ?bﬁ@ﬁ?rmél§%F%u§§b§?aﬁhﬁaF??mgﬁug?EhBE?ﬁe t ot al
shi pment 25 wei ght phrthelexpasgabhiepantiol Bettbf theaihotak maxi num

weight a tractor-trailer can transport is 30,000 to 50,000 pounds, the
nunber of chrtons uBéEWiRJt PAREBorting the foamed cellular particles nay

range 30 respectively begggegtgﬁgggdaﬁg.Sggﬁgiﬁggggnggéégnﬁhgave been

descri bed above for shippingt oaned e Invention, it is
t o be understood t h&baneerel3duWBr0RA46284cPCHLUSDHE/ 48288t ipackages can be

exampl 0. plasci c- 11 PAPBGs et RECGPURE L CPLBEF A P UL BURObGBEE and
packagi ng that is 5;igetuppabl gkr eusabbg BanabgivsedieBul khkraagpeet can
al so be used with suitable safety
10 supported in a carton and then shipped to the
foam molder. The cartons for the foamed
cellular particles can have a material
compressive strength of 10,000 pounds. It is
believed that this material strength can be
15 less than that being used when shipping
conventional expandable particles in
specialized cartons with a material strength of
about 12,000 pounds. This would be possible
gince the foamed cellular particles in their
20 low bulk density form weigh less per unit
volume than the expandable particles.

When being shipped, the foamed cellular
particles will have a total shipment weight
substantially equal to the total shipment

25 weight of the expandable particles. If the
total maximum weight a tractor-trailer can
transport is 30,000 to 50,000 pounds, the
number of cartons used in transporting the
foamed cellular particles may range

30 respectively between 45 and 80.

Even though cartons have been described
above for shipping the foamed particles of the

invention, it is to be understood that other
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precautions when handling particles containing flanmable organic bl ow ng
agents. In practicing the invention, i.e. formng 10 expandable particles
into foamedowed2Bul ar particles at the pol ymer producer' sPETAIS01243289 t hen
shi pping the foanmed cellular particles to a foam nolder for the subsequent
production of foaned articles, the properties of the foam 15 articles,
such as nechanical strength and particle fusion, wll be at acceptable

levels. It is to bﬁaéﬁ&éé&'é‘éﬁdbéhﬁée&hﬁnf9§£H§péﬁHHJt;aEhQafééﬁé§5 of the
i nvention can be pre- expanded and nolded into foamarTicles

convent i onal stean1eﬁbhnéannpandlnbEdlhg thet hoas, mahdess nﬁﬁrloned herein
above, and wth convent gna, ggagng hout tQa n eg to ggregnate t he
foamed cel | ul ar par?l%W%s MAP a |on ' dhount or %?bmnng agent. The

foam 25 articles mnakuﬁ@yebalhub&géenanaypaanggmgg bestwees about 0.50
pounds per cubic foot (8.0 _kilograns per cubic neter) and about-6.0 pounds
per cubic foot (96. EeRPFB@PéﬁérBEFaééﬁlEannﬁ?e9§e SOBF% i sTe&BSBeTEurt her

appreciated that thg,,h ﬁgggc?ébggeglthﬂgsggggﬁ§eegé§ég during the

production of the foane ular particles of the invention can be
capt ured, condensedpaadaeslvﬁsO@h&ﬁzaanﬁtih@SE&rﬂBQB@S resyelindngnt o t he

processes for nanuffﬁturigg t he _ex aﬁgable poI%nEr particles or burned at
the pol ymer producefr*8"BFant. °THE it Rod¥ 4Ad* =P pnent for doing this are

conventional. It 5 is torhepidetheingppheciatedtibal atel heorpohynmer
prOducerlslylant, tggpggég£ie0;a¥gggles into foamed cellular
particles at the polymer producer’s site and
then shipping the foamed cellular particles to
a foam molder for the subsequent production of
foamed articles, the properties of the foam
15 articles, such as mechanical strength and
particle fugion, will be at acceptable levels.
It is to be appreciated that the foamed
cellular particles of the invention can be pre-
expanded and molded into foam articles by
20 conventional steam expansion and molding
methods, and as mentioned herein above, and
with conventional equipment without the need to
impregnate the foamed cellular particles with
an additional amount of blowing agent. The foam
25 articles will have a bulk density ranging
between about 0.50 pounds per cubic foot (8.0
kilogramg per cubic meter) and about 6.0 pounds
per cubic foot (96.1 kilograms per cubic
meter) .
30 It is to be further appreciated that the
hydrocarbon blowing agents emitted during the
production of the foamed cellular particles of

the invention can be captured, condensed and

35



emssions in formng foanmed cellular particles of the invention can be
controlled within the allowed regulatory standards for the respective 10
geogr aphiwab2/&2eq, and that at the foam nolder's plant, PORPE801/48289 s are
reduced. Exanples The foll ow ng exanples are intended to aid 15 in
under standi ng the present invention. However, in no way, should these
exanples be interpreted as [imting the scope thereof. The experinental

foamed cel | ul ar parfé&}@ﬁed%@o%l@@%f&cé@s@s|§&Qﬁarﬂif&éttﬁ%ﬂ€§ and were
20 evaluated with sone snall-scal e conmerci al equi pnent. Batch expansi on

was done by using ®hthexpandoplaghobyrer Ragaldbrs b dhiuenganader with a
perforated screen bottom ortln t he, ticle hat sub ected to
’gh f\érﬁ)é)r gu%er Wi %afant ST}E% @%%%gs Ji

steam at 25 atrmspher?ép ssur gaHrs pressure

expander (Preex BOOQiulﬁm@nweﬂbﬁHQOngrﬁﬁﬂ@a@ﬂaw@snﬁsmﬁiwﬁ@ﬂby headspace
gas chromat ography, the nethod of which is well = known to those skilled in
the art. The 30 heatpaRdant¥riiey R RFTEREKERRE Mdeth 694 gas

chronot ograph aut o-sappler Wddyaepeat Era@ﬁg6ﬁ6¢éf@ apdysept um needl e
term nation. The oven enperature was 250 he tenperatures 36 WO

02/ 46284 PCT/ US01/ 48289s1dwme b@tﬁormengrém@m@d ¢éhkeuland paetsahpde | oop
were 150C. The gas ¢ mat ogr a a de 890 with
split/splitless ca flf%?y g%?%Ylgﬂdc%ﬁ %ﬁé@gﬁéo ybhﬁ%t% for. The
colum used in the QEEOW@@Fﬁ@@hD@t@WYSM@Sd&d§LWOJDQH1Q wetbear 30 x . 53
nn1cap|IIary and a 1.50 um filmthickness.

geographical area, and that at the foam

molder’s plant, these levels are reduced.

Examples

The following examples are intended to aid
15 in understanding the present invention.
However, in no way, should these examples be
interpreted as limiting the scope thereof.
The experimental foamed cellular particles
were prepared in a lab or pilot plant and were
20 evaluated with some small-scale commercial
equipment. Batch expansion was done by using
either a non-agitated, 2-gallon batch expander
with a perforated screen bottom supporting the
particles that were subjected to steam at
25 atmospheric pressure or by using a Hirsch® 3000
pressure expander (Preex 3000). The pentane
percentage was measured by headspace gas
chromatography, the method of which is well
known to those skilled in the art. The
30 headspace unit is a Hewlett Packard Model 7694
gas chromotograph auto-sampler with a heated

transfer line and septum needle termination.

The oven temperature was 125°C. The temperatures
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Bul k density was nmeasured using a 25 mllineter graduated cylinder and a
certified analytical 10 balance. Exanple 1 This Exanple 1 illustrates that
the bl oweagragent retention of the foamed cellular 15 pRETUSIIES289 t he
invention may be increased conpared to a control conprised of conventiona
expandabl e particles. Commercially avail abl e expandabl e pol ystyrene
particles were used as the control 20 and as the starting material in the

broducti on of the exgerjieqt aho! 0agRdree! hubar .Rar Lhe! gsmp1Ineoggpandabl e

pol ystyrene particles were produc using a "two-step” process wWith an

initial suspension pek¥NMeEbZAL I Orhé Odd © Wit dia Bo Pba S bise il eindw &pF egnat i on
process. The resulting expandable particles contai ned_hexabrono-
cycl ododecane as a PRFkaret ¥pdaat S8R ¥ikhxEntet/sPLABLAEF pent ane,

i sopent ane, and cchQBg@§%g§iiﬁ§eghgng!ggkmgmgggggﬁggggg wi th other typical

30 additives, such as cant coating, e.g. ycer ol - nonost ear at e.

For the conirol, a sabpkteoonf Ekparddbhe psekystiyrehe gasticles contained a
total pentane 37 WO 02/46284 PCT/US01/ 48289 _content of 4,24 w % as
measured by headspafBFOPa5°8hPrBHYEt 8§Faphy & ThBSel exfahBaBl °BaFticles had

a bulk density of 37585mpouagdsipeiycHBiCa 108h (R06; kil @R aREREl cubic
neter) and an 5 avera?e particle size of 0.886 mm The particles were

pl aced on a tray inBalki Agheitvayer mpgsberd peinggadafsmallivefer
temperature. The tgtgl,penkane GARLENL Nt BE eXPR0GaBLE vt ical

10 balance.

Example 1
This Example 1 illustrates that the

blowing agent retention of the foamed cellular
15 particles of the invention may be increased
compared to a control comprised of conventional
expandable particles.
Commercially available expandable
polystyrene particles were used as the control
20 and as the starting material in the production
of the experimental foamed cellular particles.
The expandable polystyrene particles were
produced using a “two-step” process with an
initial suspension polymerization followed by a
25 subsequent impregnation process. The resulting
expandable particles contained hexabromo-
cyclododecane as a fire retardant and a mixture
of normal pentane, isopentane, and cyclopentane
as the blowing agent along with other typical
30 additives, such as a lubricant coating, e.g.
glycerol-monostearate.
For the control, a sample of expandable

polystyrene particles contained a total pentane
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particles after 19 days decreased from4.24 w 10 %to 2.71 w % based on
the weight of the polyner. This was a reduction of 36%total pentane
content wobhes2particles. For the experinmental particles, PEDaREMS28%] | ul ar
pol ystyrene particles were prepared 15 fromthe sanme starting naterial as
the control. To formthese foaned cellular particles, one pound (454
grans) of the expandable particles was placed in a fluid bed dryer with a

glass body (Lab-Lipgynkesnspeedafhui thedaQraﬁsasNanl goh%aag 9c£1985)) and
was subjected to atnospheric pressure wwth an inlet air tenperature of 85

C for 25 mnutes. Fhe rbgombtpgrbpaped EbesalaxpapdablelQarhadlasbulk

d t f 26.37 bi t 2 b t 25
aﬁgs; ¥o?al pentaﬁgﬁggn?eﬁgigg%§h%ég§fogbgé 85988%?@8 B§ hEB %%;cgeg:;)

chromat ogr aphy (GC) foothecavekagegpamti pke shiBecWastdriSanAMinThe
particles were arranged in a single layer on a tray and left for 19 days
at room t enper at ur e2V8D2PRe PESLALIBeRt BReCE oAt BRE MR-t héNBarticles after

19 days decreased fggg& 88 W t%éA?é& ﬁﬁ @@QQ ed,op Egﬁgmglght &L t he

pol ymer. This uction o tota penta e content~in
02/ 46284 PCT/USOl/48289r thnd parfti cbes19THagst he empartempéahtﬁnaned

1 ul ticl h t 47% bl t retenti
Capaci 1y compar od t BAENECEoN FEPCRF: FePEsE 47 E ArpPBP s AP L Beampl o 2

illustrates that thgarexpaesi efteat eof gayhhgeteagBdacelbil ara4paeticl es of
the invention may be at | east
10 % to 2.71 wt % based on the weight of the
polymer. This was a reduction of 36% total
pentane content in the particles.
For the experimental particles, foamed
cellular polystyrene particles were prepared
15 from the same starting material as the control.
To form these foamed cellular particles, one
pound (454 grams) of the expandable particles
was placed in a fluid bed dryer with a glass

body (Lab-Line Hi-Speed Fluid Bed Dryer Model
20 #23850 (1985)) and was subjected to atmospheric

pressure with an inlet air temperature of 85 °C
for 25 minutes. The resulting foamed cellular
particles had a bulk density of 26.37 pounds
per cubic foot (422 kilograms per cubic meter)
25 and a total pentane content of 3.86 wt % as
measured by headspace gas chromatography (GC).
The average particle size was 1.155 mm. The
particles were arranged in a single layer on a
tray and left for 19 days at room temperature.
30 The total pentane content in the particles
after 19 days decreased from 3.86 wt % to 3.11
wt % based on the weight of the polymer. This

was a reduction of 19% total pentane content in
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conparabl e to the expansion rate for the 10 control expandable particles.
The expandable particles were taken fromthe sanme batch of expandable

pol ystyr av@op#ansd cl es used in Exanple 1. For the control pPCBUSOp8e8Yds (1589
grans) of pre-weighed expandabl e pol ystyrene 15 particles were used. These
particles had an initial bulk density of 38.05 pounds per cubic foot
(609.5 kil ogranms per cubic nmeter). These particles contained 4.30 wt %

pent ane as neasuredtﬁgfEg§g§g§g§hgaﬁﬁﬁgrgggggggggg%enggf e8Q.Rarticles were

pre-expanded in batc rmin rsc pressure éexpander at a
steam pressure of ©e33ubar padtacihesohghlpat higheroperddldtpoinds per hour

to formwhat is referred.to, in the art _as "pre-puff"’ particles, i.e. 25
particles that are g&ﬁaﬁ&8ﬁlﬁgi89ePB 58Fﬁﬁtéﬁa C%BPB?Eg.C?ﬂgaﬁﬁﬁk density
of the pre-puff pakti ehescwasr8188apetndeper cubic foot (14.1 kil ograms
per cubic neter). Foaned cellular particles of the invention 30 were

pandable” parilclen s Bl ar kot oog ucsd Lo she cot ot i n e frel a hed
drSer t hat mgs 1.229 ft ?hk%9E$§P%g%422§§§gaﬁ?6gggl§§§%99haianeter. The

batch tinme was 20 nesptesiandrthe foenpeeratuaeedaseBY@lafhe resul ting bul k

density of these foaned,cell ul ar pol ystyrene artjcles was 18.41 pounds
per cubic foot (295p§rgFFg§Fa Eg? gﬂﬁ EtﬁEPeg?y #ﬁe@% teafked cellul ar

particles containedc3mp8ribiec%epephanexpansiBasuned byrheadspace gas
chromat ography. The foaned cellular particles were then pre-

10 control expandable particles. The expandable
particles were taken from the same batch of
expandable polystyrene particles used in
Example 1. For the control, 3.5 pounds (1589
grams) of pre-weighed expandable polystyrene

15 particles were used. These particles had an
initial bulk density of 38.05 pounds per cubic
foot (609.5 kilograms per cubic meter). These
particles contained 4.30 wt % pentane as

measured by headspace gas chromatography. The

20 particles were pre-expanded in batch form in

the Hirsch® 3000 pressure expander at a steam
pressure of 0.33 bar and a throughput rate of
113 pounds per hour to form what is referred to
in the art as “pre-puff” particles, i.e.

25 particles that are expanded prior to aging and
molding. The bulk density of the pre-puff
particles was 0.88 pound per cubic foot (14.1
kilograms per cubic meter).

Foamed cellular particles of the invention

30 were formed in a batch-wise process by placing
10 pounds (4.54 kilograms) of expandable
particles similar to those used in the control

in a fluid bed dryer that was 1.229 ft in
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expanded in batch formin the pressure expander 10 at a steam pressure of
0. 33 bar and a throughput rate of 113 pounds/hour. The resultant pre-puff
bul kK densvoy24@s4 0. 88 pounds per cubic foot (14.1 kil ogr e@BUREr48289bi C
meter). This is equivalent to the bulk density 15 obtained for the control
sanpl e even though the foanmed cellular particles contained 19% ess
pentane than that of the control sanple. Follow ng a normal conditioning

period.  i.e . abouhiduLee2d haurgactherpre- gL 2¢0npARLLE! eia0fnLhe

control and the pre-pu particles produced fromt oaned cel l'ul ar

particles were steagempkdaduirdt @ag bk iTha r&Qmened abhyk avai l abl e
W eser @ nol di ng machine wth dinensions _of 2490 mm x_640 nm x 740 mm 25
The two resul ting bABERtHePé hHegeahdawnd FaléulpbapadvasyagnfAeat ed

netrument with SorPBECIX UGt Sran 8. 68, B0 1281 Pahr o et ng Che Torl ow ng

met hods fors 30 obt akhingrdenspty andicompressiveThesesfaamed neasurenents:
Density: 40 WO 02/46284 PCT/ US01/ 48289 AETM D1622 "Test Method for
Appar ent Density of SRFgPd2EePPALAFIePl G8PFRS™CE Eofifr ¥Esi VePPBSPEEance at

10% def ormation:  ASIMnDi682tcqTest hMBHBRH-E 052 CONREERELY8raphpperties of
Rigid Cellular Plastics" 10 The results for both sanples net the

conpressi ve resi st afibe fegueferenlylpsr pIypécles were then pre-

expanded in batch form in the pressure expander

10 at a steam pressure of 0.33 bar and a
throughput rate of 113 pounds/hour. The
resultant pre-puff bulk density was 0.88 pounds
per cubic foot (14.1 kilograms per cubic
meter). This is equivalent to the bulk density

15 obtained for the control sample even though the
foamed cellular particles contained 19% less
pentane than that of the control sample.

Following a normal conditioning period,

i.e., about 4 to 24 hours, the pre-puff

20 particles of the control and the pre-puff
particles produced from the foamed cellular

particles were steam molded into a block in a

commercially-available Wieser® molding machine
with dimensions of 2490 mm x 640 mm x 740 mm.

25 The two resulting blocks were aged and cut into
boards using heated electric wires. Core
samples were tested on an INSTRON 4204 Model
instrument with Series 1X Version 8.08.00
software using the following methods for

30 obtaining density and compressive resistance

measurements:

Density:
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rigid cellular polystyrene thermal insulation as outlined in ASTM C578
"Standard Specification for Rigid, Cellular Polystyrene 15 Thernal

| nsul at i ov0 02/44286 Exanple illustrates that even with the PCDWS01/48e8% ane

| evel of the sanple containing the foamed cellular particles, i.e. 3.48 wt
% pentane, equival ent expansion results were 20 obtained conpared to the
control sanple of the expandable particles with the higher pentane |evel,
i.e. 4.30 wt. % penfapg. pExasapl e 3“Té§%ﬂm%§%@ﬁ|fb§.ﬁ¢ H@Pk.e. expandabl e 25
pol ystyrene particles were used for both the contr and for the starting
material for the production of fo@ﬂ@@itﬁl¢ﬁ|%¢gp@r@eb1@$arThe expandabl e
pol ystyrene particles were produceéi\ia usin "one-step" suspension process
in which 30 pentane bl owi ng agent BT HET oduced into the on-going

pol yneri zati on process. The resulting expandable particles contained
hexabr onb- cycl ododecane as a f|re retardant and 1009641 WD 02/ 46284

PCT/ US01/ 48289 nors@lRBEass b1 He®ion to other
conventional additives. For the control a sanple of the expandabl e

pol ystyrene particles had a pentane 5 content of 5.93 wt % as neasured by
headspace gas chronb$Tgrapbgl ThestTexpdiciabded partCohesessdimde a bul k
density of 36.88 pounds per cubic _foot (591 KLl a ubic neter) and
an average particle size of 0. 754 h S he"10° aﬁ? %&ngﬁi?ﬁ Al aced on a
tray in a single layer and left fpra2Pidays at room tenperature.

10 The results for both gamples met the
compressive resistance requirements for Type I
rigid cellular polystyrene thermal insulation
as outlined in ASTM C578 “Standard
Specification for Rigid, Cellular Polystyrene

15 Thermal Insulation”.

This Example illustrates that even with the
lower pentane level of the sample containing
the'foamed cellular particles, i.e. 3.48 wt %
pentane, equivalent expansion results were

20 obtained compared to the control sample of the
expandable particles with the higher pentane
level, i.e. 4.30 wt. % pentane.

Example 3
Commercially available expandable

25 . polystyrene particles were used for both the
control and for the starting material for the
production of foamed cellular particles. The
expandable polystyrene particles were produced
using a “one-step” suspension process in which

30 pentane blowing agent was introduced into the
on-going polymerization process. The resulting
expandable particles contained hexabromo-

cyclododecane as a fire retardant and 100%
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The pentane content remaining in the particles after 20 days decreased
from5.93 w %to 3.95 w% This was a 33% pentane reduction in the 15
particl eswOPv#628he experinental particles of the inventiBPET/US@zseR)
cellular polystyrene particles were prepared fromthe sane starting
material as the control. One pound (454 grans) 20 of the expandable

pol ystyrene particles was placed in the fluid bed dryer used in

Experinment 1 and t i r e essure with
an inlet air terrpg?a?[ﬁéie %%ﬁ%x\% %or%%eﬁtﬁgjf ei %ﬁ@zﬁrée%% J{n% f oamed
cel lular particles tadoghéul kondeunlsicbzyabfa%ﬂv@@unds per cubic foot (388

kil ograns per cubic neter and a pe content of 4.66 wt % The average
particle size was 0.863 /M “Hfec %éﬁ?? 16% SRR rehange® 30 in a single

| ayer on a tray andekﬁéﬁdél@lez}golgﬁzﬁr 20M { eNDerAl 4T £ pdhe pent ane
content in the partlcéggga;éer mgg had decrea;zgzg;£0n14 66 Wt %to
3.46 wt % S5This wascean wWox 8als PGTH $IS0L agepaeme reduction
appear 1o better rerarncRRet e g N eSS R T R BT o
particles. 5 Exanpllead TheuTknd¢ndiexpahded) &8 podbysdy rese cysadicles with a
pentane level of 5.93 wt % and, the experinental foaned cellular particles

of the invention wPRta(pdht ShECTEVEF RFT LWLt RA2Y 3 Exanpl e 3

were also used in Exaupl&edparfidly 4D Of aisyof the pagticles were added
to

10 particles were placed on a tray in a single
layer and left for 20 days at room temperature.

The pentane content remaining in the particles

e

after 20 days decreased from 5.93 wt % to 3.95
wt%. This was a 33% pentane reduction in the
15 particles.

For the experimental particles of the
invention, foamed cellular polystyrene
particles were prepared from the same starting
material as the control. One pound (454 grams)

20 of the expandable polystyrene particles was
placed in the fluid bed dryer used in
Experiment 1 and the particles were subjected

to atmospheric pressure with an inlet air

temperature of 78 °C for 50 minutes. The

25 resulting foamed cellular particles had a bulk
density of 24.22 pounds per cubic foot (388
kilograms per cubic meter) and a pentane
content of 4.66 wt %. The average particle
size was 0.863 mm. The particles were arranged

30 in a single layer on a tray and left for 20
days at room temperature. The pentane content
in the particles after 20 days had decreased

from 4.66 wt % to 3.46 wt %. This was a 26%
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a non-agitated, 2-gallon batch expander wwth a perforated screen bottom
At nospheric steam was introduced through the screen into the 15 bottom of
t he exparvden2/aied t he particles were expanded for 2 m nut PET/UE&I¢48289
experinment was done in duplicate. Through visual inspection, the control
sanples, i.e. the expandable polystyrene particles, exhibited significant
20 aggl oneration and "l unpi ng" during expansion. This was expected since

t he expander was nq%%neg%gaggchgpgﬁrfﬁytﬂg_Eg'ﬁedtgglf§fg%inental f oanmed

cellular particles r ree ow ng and ~ displlayed no aggl onmeration during
bat ch 25 expansi on peenithesgh Thes exipanfiedmed@scabiul agipatetkldable 1
contains the data for this Eéa le 4: 30 4' A WO 02/46284 PCT/ US01/ 48289
TABLE 1 SAVMPLE EXPARBPERF TFREPAVERAGESBULK CBENSI VA Rpod@eRt per cubic

foot) Control mﬁthcgmggggge§03@h§8c§n@§g@Pq@%@@gcgpggroI with 2 mnutes
0.95 5.93% Pentane Foaned O m nutes 24. 22 [lular Particles with 4.66%
Pentane Fdanmed 2 m nutes 0.95 Cell ul Bxapadei él es

The control expandable polystyrene
particles with a pentane level of 5.93 wt % and
the experimental foamed cellular particles of
the invention with a pentane level of 4.66 wt %

10 used in Example 3 were also used in Example 4.
Fifty (50) grams of the particles were added to
a non-agitated, 2-gallon batch expander with a
perforated screen bottom. Atmospheric steam
was introduced through the screen into the

15 bottom of the expander and the particles were
expanded for 2 minutes. Each experiment was
done in duplicate. Through visual inspection,
the control samples, i.e. the expandable
polystyrene particles, exhibited significant

20 agglomeration and “lumping” during expansion.
This was expected since the expander was not
agitated. Contrary to this, the experimental
foamed cellular particles were free flowing and
displayed no agglomeration during batch

25 expansion even though the expander wasg not
agitated. Table 1 contains the data for this
Example 4:

30
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with 4.66 Pentane 5 The data in Table 1 indicates that the sane
expansi on occurs, i.e. a bulk density of 0.95 pounds per cubic foot is

obt ai ned Woon2/bash the control sanple with the higher penp@n®&sauisbgnvel of
5.93 wt % and the experinental sanple wth the |ower pentane |evel of
4.66%wWw % Exanple 5 Exanple 5 illustrates that the blowing 15 agent
retention of the foamed cellular particles of the invention may be

i ncreased 44 WD 02/ 46284 PCT/ US01/ 48289 conpared to a control conprised of
expandabl e particles that are produced in an extrusion process.
Commerci al ly avail abl e expandabl e 5 pol ystyrene extruded pellets were used
as the control and as the starting material in the production of
experinmental foaned cellular particles of the invention. The expandabl e
pol ystyrene particles were produced usiapgean 10 extrusion process in which
pentane as the blawing agent was nixed with polystyrene and extruded
through a die and [tH¥PEEr ands co§KBHN53ﬁHT€NF 7/ EBPEE URE e x pandabl e
cylindrical pelletls. The resulting expandabl e |pgiisetrs LR GRRt ai hed carbon
bl ack and 100% i sgpentane as the bl ow ng agent . along wi t h ot her
conventional addilti ves, such a$ a |ubricant d@& ABPLiFcFeqMHe control, the

expandabl e pol yst\yiehReopeli@al S| Gontahfey 4. 69 . g%
5.93% Pentane

Control with 2 minutes 0.95

5.93% Pentane

Foamed 0 minutes 24 .22
Cellular
Particles
with 4.66%

Pentane

Foamed 2 minutes 0.95
Cellular
Particles
with
4.66

e

Pentane

The data in Table 1 indicates that the
same expansion occurs, i.e. a bulk density of
0.95 pounds per cubic foot is obtained for both
the control sample with the higher pentane
10 level of 5.93 wt % and the experimental sample

with the lower pentane level of 4.66% wt %.

Example 5
Example 5 illustrates that the blowing

15 agent retention of the foamed cellular

particles of the invention may be increased
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20 i sopentane as neasured by headspace gas chromat ography. These
cylindrical expandable particles had a bul k density of 32.79 pounds per
cubic foowo(52B8L kil ograns per cubic neter) and an averpgEUS@mgesy of 2. 23
nmm and an 25 average dianeter of 0.62 mm These particles were placed on
atray in a single layer and left for 21 days at roomtenperature. The
total isopentane content in the control particles after 21 days decreased
from4.68 wt 30 % t@mAaPdaWo% EBhSLHS @oﬁﬁ?ygé&OBfoéxﬁa{%ngléhe

i sopentane content in the particles. The experinental foamed cellul ar

pol ystyrene particlesripectepr paredrer pnedhecd 45n\Won02k482840RCT/ USO1/ 48289
sane starting naterlggcggsthe control. One pound (454 grans) of

experi nment al partlcPes Was™ prepared at atnospheric pressure with an inlet
air tenperature of 80 C femm@bchbbiyesavanlabbefbupsnbedidryer with a gl ass
body (Lab-Line H - Speed Mdel #23850Q0). The_ resultant foamed cellular
particles had a buIRoagﬁEYF9n8fe§§r?§edp6ﬁ%8§t%eWeEﬁbPéeﬂoéﬁ £1880. 4
kilograms per cubigofetgl) aaRd8 EHE%tﬁQPﬁQ%Q@eEQQEGEE Phel0 4.34 wt %
as measured by headspace gas chronatography.”The average particle was
appr oxi mat el y spherbtafiurhiohapé aﬁphramena@br5&amadeCdﬂéuéaer of 1.14 mm
The particles were arrgngfd |n £ac |n9nve on, g ﬁ g 15 were left
for 21 days at roon??enpera?u tota |sopen?a%X 2BAF %? in the
particles after 21pdaystpadndepaeasedefsr@m:é Bhodicdit as4nd7amt % The

t ot al |sopentane content in the particles was reduced 1.6% Thus, the

extrusion process in which pentane as the
blowing agent was mixed with polystyrene and
extruded through a die and the strands cooled
and cut to produce expandable cylindrical
pellets. The resulting expandable pellets

15 contained carbon black and 100% isopentane as
the blowing agent along with other conventional

additives, such as a lubricant coating.

For the control, the expandable

o\e

polystyrene pellets contained 4.68 wt
20 isopentane as measured by headspace gas
chromatography. These cylindrical expandable
particles had a bulk density of 32.79 pounds
per cubic foot (525.2 kilograms per cubic
meter) and an average length of 2.23 mm. and an
25 average diameter of 0.62 mm. These particles
were placed on a tray in a single layer and
left for 21 days at room temperature. The
total isopentane content in the control
particles after 21 days decreased from 4.68 wt
30 % to 4.54 wt %. This is a reduction of 3% of
the isopentane content in the particles.
The experimental foamed cellular

polystyrene particles were prepared from the
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20 experinental foamed cellular particles had a higher, i.e. 46% bl ow ng
agent retention capacity conpared to the control particles. The anount of
bl ow ng agent4&2Bat is lost in the particles over time haBCHUS@/4828r i ous 25
effect on the expansi on and nol di ng performance of expandable particles.
The foaned cellular particles of the invention indicate a tendency to

i nprove the anount of blowi ng agent retained in the particles. 30 Exanple

6 This Exanple illugthatgsat-hatythe: bl-oyi ngs @H@%oﬁ@f@i‘“ ohof the foanmed
cellular 46 WD 02/ 46284 PCT/USdi/48289 particles of the invention conpared

to a control of expaadadl é4parvirehes ahyekperimeneabeparthcids swaxanpl e,

i npregnated, extruded gé&eté neﬁgsﬁ%%g%$l h%%%ﬁ?g§g§%§°|,ft enerﬁ?éﬁly

used as the startlnﬁrﬁg eriaf

avai | abl e expandabl g; hi QQmpéHQ@&ire POE Y56 Yien& 24 ydedi el ligf §, were used
for both the control and for the starting 10 material for the production of

experimentd foane@leed| bedrdpaetieliels. a Theaes pandnbleab hihghe | Hjpact

pol ystyrene was proguced ysing rus rocess in.which pentane used
as the bl ow ng agen?emgsMﬁg§ed§£3%§&Llgﬁflnpg%?uiéa%%lg%?@?ine and

extruded through a dedlabdrtpert st andsades ebghl @dnanely cof 1. form
expandabl e cylindrical pellets. The resulting expandable pellets

cont ai ned 400 nornaPOBEﬁFaH%FnC%%h?a%%?t APB0 600k 1 SopERERNRSAS the bl owi ng

agent al ong cubic meter) and a total isopentane content of

10 4.34 wt % as measured by headspace gas
chromatography. The average particle was
approximately spherical in shape with an
approximate diameter of 1.14 mm. The particles
were arranged in a single layer on a tray, and

15 were left for 21 days at room temperature. The
total isopentane content in the particles after
21 days had decreased from 4.34 wt % to 4.27 wt
%$. The total isopentane content in the
particles was reduced 1.6%. Thus, the

20 experimental foamed cellular particles had a
higher, i.e. 46% blowing agent retention
capacity compared to the control particles.

The amount of blowing agent that is lost
in the particles over time hag a deleterious

25 effect on the expansion and molding performance
of expandable particles. The foamed cellular
particles of the invention indicate a tendency
to improve the amount of blowing agent retained
in the particles.

30

Example 6
This Example illustrates that the blowing

agent retention of the foamed cellular
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20 with other conventional additives, for exanple, a lubricant coating.

For the control, a sanple of expandable polystyrene pellets contained a
total pewanz4628ontent of 3.89 wt o0 as neasured by headspRCEUS®B8289S

chr omat ogr aphy. These cylindrical expandable particles had a bulk density
of 33.24 pounds per cubic foot (532 kilogranms per cubic neter) with an
average length of 2.09 nm and an average dianeter of 0.56 mm The 30

particles were placﬁgrgﬂcﬁegréf £Re 1§V@H£§on|@¥ﬁ§a£9? 24 days at room
tenperature. The total pentane content in the particles after 21 days

decreased from 3. 89¢enbr3l40% eThigdakhbe apa7t WL 62/ maP 8de PCT/ US01/ 48289
reduction of 12.6%t ot al Ee&tage cgnteﬁ i n the, artlclqﬁi The
experimental foamed EEFFAFET " phPt FRtgs XQEP%epréﬁﬁr%%n??% the same
starting materi al 5ef8rtibedCcoallots ohadlbi sr&xanphe-ifhgcpound (454 grans)

of experinmental particles was prepared at atnospheric pressure with an
inlet air %enperatBPeYBEYOUONE YoFS 26SRiinak ekhE nShaFring mpeerdryer used in

Exanpl e 1. The resukting 185 0aged-gel {;yLas particles had a bulk density of
25. 32 pounds per cug%c gote 405 g ﬁograns per cubic neter) and a total

pent ane content of 3. 55Cmmm@&asahtﬂswveﬁlbblheaﬂﬁﬁa@ebgashlghfonatography
The average partlcle Si z in dl&ﬂE#ﬁ and was g roxi mtely
F&er

spherical in shape. Tﬁ%cgaP? €F grﬁﬂ?enn%?gﬂagdpe SES SV RHT e on a
tray 21 days at roofbrtBEpRI 8her €onThelt ahal fpentnseseopteny in the

Particles Bter 21 Cays def B tnl ST duation of experimental
foamed cellular particles. The expandable
high-impact polystyrene was produced using an
extrusion process in which pentane used as the
blowing agent was mixed with high-impact

15 polystyrene and extruded through a die and the
strands were cooled and cut to form expandable
cylindrical pellets. The resulting expandable
pellets contained 40% normal pentane (n-pentane)
and 60% isopentane as the blowing agent along

20 with other conventional additives, for example,
a lubricant coating.

For the control, a sample of expandable
polystyrene pellets contained a total pentane
content of 3.89 wt % as measured by headspace

25 gas chromatography. These cylindrical
expandable particles had a bulk density of
33.24 pounds per cubic foot (532 kilograms per
cubic meter) with an average length of 2.09 mm.
and an average diameter of 0.56 mm. The

30 particles were placed on a tray in a single
layer for 21 days at room temperature. The
total pentane content in the particles after 21

days decreased from 3.89% to 3.40%. This was a
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20 3.41% This was a reduction of 3.9%total pentane content in the
particles. Thus the experinental foaned cellular particles had 69% better
bl owi ng avent/46284 enti on than the control particles. 25 ABCBUAMR$289n
Exanpl e 5, the amount of blowi ng agent that is lost in the particles over
time has a deleterious effect on the expansion and nol di ng performance of
expandabl e particles. This Exanple 6 also gives an 30 indication that the

foamed cellular partkahesionfothe2i pyenbtan paMeadet epdessy 1A LARrove the
anount of bl ow ng agent retained in the particles. 48 WO 02/ 46284

PCT/ USO1/ 48289 ExaRpFei¢ldhis Exanple 7 denpnstrates the production of
foanmed cel | ul ar particle§?gsg eg%&gﬁEa§t98§he$ ngi&f%rig gtfgﬁggnically
usi ng I bed:

agitated device instead o of alr ITn a ur di ze € starting
mat eri al was expandabke ppebgstgrEnem( ERS) senat atarning. 998endaial

pent ane, 0.33% cycl opept ane nd. 0.01% 10 | sopentane, The average particle
si ze was 69945 nnlaghggﬁa?g?gﬁflhag 5%§?a#§?ﬁﬁyﬁu!konﬁéﬁgF?§ gg54.

approxi mately 39 pogﬂdﬁspebfCéﬁpﬁriﬁ@ﬁtalTbngE&Eéba%aéﬂgré ated with a
surface coating of 500 ppm zinc stearate. A lesch(ri 1 acut rans 3000-H

batch pre-expander #as2hSe8Pheriprpuaeeurnewibhned elell airparticles. The
condi L1 ons used wer L SLEALELeSPUBE (PSS £k AL 4n o Aiq 20 101
bed dryer used in Example 1. The resulting

10 foamed cellular particles had a bulk density of
25.32 pounds per cubic foot (405 kilograms per
cubic meter) and a total pentane content of
3.55 wt % as measured by headspace gas
chromatography. The average particle size was

15 1.15 mm in diameter and was approximately
spherical in shape. The particles were arranged
in a single layer on a tray 21 da?s at room
temperature. The total pentane content in the
particles after 21 days decreased from 3.55 to

20 3.41%. This was a reduction of 3.9% total
pentane content in the particles. Thus the
experimental foamed cellular particles had
69% better blowing agent retention than the
control particles.

25 As stated in Example 5, the amount of
blowing agent that is losgt in the particles
over time has a deleterious effect on the
expansion and molding performance of expandable
particles. This Example 6 also gives an

30 indication that the foamed cellular particles
of the invention have a tendency to improve the
amount of blowing agent retained in the

particles.
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Steam Tinme 53 sec. Total Cycle Tine 74.5 sec. Expandable Particles Feed
Charge Weight 25.1 I bs. 25 Resulting Foaned Cellular Particles Product
Bul k Denavoy2/2880 pcf. Equival ent Production 30 Rate 122RCTHS01/48289 The
resulting foanmed cellular particles had an average particle size of 1.148
mm and contai ned 2.86% nornmal pentane, 0.39% 35 cycl opentane, and 0.02%

i sopentane. 49 WD 02/46284 PCT/ US01/ 48289 Exanple 8 A copol yner of
styrene and n-butyl acrylate was used as the expandable particle 5
starting material. The expandabl e particles were prepared in a suspension
pol yneri zation process with a nonorExadylend’ of 98.5 wei ght percent
styrene and 2.5 wei ght Pg %cen acry | at e based on t e co ol ymer

t
wei ght, not 10 i ncl udi ng-th& ﬁﬁmfﬂ%yZd%% © %%EaE%io? n

suspensi on i npr egna@ﬁdf@hﬁ\@dn@éﬂﬁhl@@%@fﬁﬁlc@ést hgubc_bjoa\w@c@g@f@am Sui tabl e
suspendi ng agents, surfactants, and tinme/tenperature _exposure were used
to conduct % he |npr%@%%%?%n1@53p@%@%%%l%%l%Yeaﬁh%%heﬁod%ﬁb%% skilled in the

22?IuPZLng t hese expandablie, gaﬁg%ﬁéeﬁog §%a£tffg g§%% g%% t he foaned
particles were produce TUf d bed dryer W a gl ass body
(Lab-Line Hi - Speed Bed Drher stdbdehg#23850141 9853 ) exdémedalebell ting materi al
polystyrene (EPS) containing 2.99% normal
pentane, 0.33% cyclopentane, and 0.01%
10 igsopentane. The average particle size was
0.945 mm. The material had a starting bulk
density, of approximately 39 pounds per cubic
foot. The material was coated with a surface
coating of 500 ppm zinc stearate. A Hirsch®
15 Vacutrans 3000-H batch pre-expander was used to

produce the foamed cellular particles. The

conditions used were:

Steam Pressure (psig) 0.50 (air +
steam)

20 ’ Inlet Temperature 100 °C

Steam Time 53 sec.

Total Cycle Time 74 .5 sec.

Expandable Particles

Feed Charge Weight 25.1 lbs.
25 Resulting Foamed Cellular

Particles Product

Bulk Density 25.0 pct.

Equivalent Production

30 Rate 1221 lbs./hr.

The resulting foamed cellular particles
had an average particle size of 1.148 mm and
contained 2.86% normal pentane, 0.39%

35 cyclopentane, and 0.02% isopentane.
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had a pentane content of 3.4% For conparison purposes, a conventional
expandabl e pol ystyrene (EPS) honopol yner 25 sanple, (i.e. not containing
butyl acmwoar/eps4 contai ning 4. 33% total pentane was used. PCBOB6I/4888%r i al s
were then expanded in a non-agitated, 2-gallon batch expander with a
perforated screen bottom Atnospheric steamwas 30 introduced through the
screen into the bottom of the expander and the particles were expanded for
varying tines in mnutes. Fifty-gramfeed 50 WO 02/46284 PCT/ US01/ 48289
charges were used for each experinent. The results appear in Table 2.
Table 2 5 SAMPLE EXPANSI O\I TI ME BULK DBERNSICLE 8( pounds per cubic foot)
Conventional EPS 2 m nutes 33% Pent ane ventional EPS 3

g with g COE i
mnutes 1.67 with 4.33% P‘éRPS ECERTeRFYORAF B8 2 RihYites 1.49 with
4.33% Pent ane Foanmedr&ehtul ahs2uBkAubesthedéxpPanbbteesawttinld. 46% Pent ane

Foamed Cellular 3 mnutes 1.34 Particles W|th 3.46% Pent ane

5 starting material. The expandable particles
were prepared in a suspension polymerizatioﬁ
process with a monomer blend of 98.5 weight
percent styrene and 2.5 weight percent n-butyl
acrylate based on the copolymer weight, not

10 including the blowing agent. The copolymer was
then suspension impregnated with normal pentane
as the blowing agent. Suitable suspending
agents, surfactants, and time/temperature
exposure were used to conduct the impregnation

15 process as are known to those skilled in the
art.

Using these expandable particles as a
starting material, the foamed cellular
particles were produced in a fluid bed dryer

20 with a glass body (Lab-Line Hi-Speed Bed Dryer
Model #23850 (1985)). The resulting material
had a pentane content of 3.4%.

For comparison purposes, a conventional

expandable polystyrene (EPS) homopolymer
25 sample, (i.e. not containing butyl acrylate)
containing 4.33% total pentane was used.

Both materials were then expanded in a
non-agitated, 2-gallon batch expander with a
perforated screen bottom. Atmospheric steam was

30 introduced through the screen into the bottom
of the expander and the particles were expanded

for varying times in minutes. Fifty-gram feed
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Foamed Cellular 4 mnutes 1.19 Particles with 3.46% Pentane The results in
Table 2 indicate that the foanmed cellular particles (containing butyl

acryl atewexpane4sto a | ower bul k density even 10 t hough tRepUsSaMsa8n 20%

| ess pentane than the conventional expandable polystyrene (EPS) sanple
(not containing butyl acrylate). Exanple 9 15 This Exanple 9 denonstrates
the superior expandability of the foaned cellular particles versus
conventional expandahkeqpe! ystyr€8€4 (ESD) e PRt LLbE- WRSH: eV diat ed at

equi val ent 20 pent ane %Iomﬁng agent contents. e control sanple was
conventional expandabltétpobyseyrebe Whlbhea2bul k density of 51 WO 02/ 46284
PCT/ US01/ 48289 39 pounds per cubic foot, an average bead size of 0.95
nm, and a total pentane content of 3.0% The experinental sanple was
foamed cellular particles forned in acgabdance with 5 the teachings of the
present invention. This exanple sanple had a bul k density of 25 pounds

per cubic foot, a verage-bead size—of 1 aan an otal—pent ane
content of 2.98% I§§f“ﬁLsanpl es Werﬁex‘%ﬁ?rfogczi%%at aUﬁdgmiIﬁg 10 |sane type
of conposition inj|simlar anounts. The conposit ?51 )nix off gl ycer ol

nono- stearate, QINEGCETOlTibhiT ShEAT ALBnulad CI UM >§Qﬂ{ate and—si|l i cone
fluid. Both sanpl esvictwer.esexpanded in a H rsch(r) Vacutrans 3000-H 15 batch
pre- expander to a |fdengdne’ prepuff”| bul k
Conventional EPS | 3 minutes 1.67
with 4.33%
Pentane
Conventional EPS | 4 minutes 1.49
with 4.33%
Pentane
Foamed Cellular 2 minutes 1.57
Particles with
3.46% Pentane
Foamed Cellular 3 minutes 1.34
Particles with
3.46% Pentane
Foamed Cellular 4 minutes 1.19
Particles with
3.46% Pentane

The results in Table 2 indicate that the
foamed cellular particles (containing butyl
acrylate) expand to a lower bulk density even

10 though they contain 20% less pentane than the
conventional expandable polystyrene (EPS)

sample (not containing butyl acrylate).

Example 9
15

This Example 9 demonstrates the superior
expandability of the foamed cellular particles
versus conventional expandable polystyrene
(EPS) particle when evaluated at equivalent

20 pentane blowing agent contents.
The control sample was conventional

expandable polystyrene with a bulk density of
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density of 1.8 pounds per cubic foot. The expansion conditions and results
are shown in the Table 3. Table 3 20 EXPANSI ON CONVENTI ONAL EPS FOAMED
CELLULARWBRY4@ZBES CONDI TI ONS OF PRESENT | NVENTI ON St eaP€pUseissesy, 0. 32
0.32 (psig) Expander fill 10 10 tine (seconds) Transfer tinme 10 10
(seconds) Vacuumtinme 10 10 (seconds) Expansion rate 144.4 351.5 (pounds
per hour) As can be seen in Table 3, at equivalent starting total pentane

| evel s, identical |yghe Rgsoati-ng uRts-and,couResiLLi ag under
i denti cal expansionggoﬁaﬁtgong, thlel@J oaneét'chlglargggrgggﬁeggg? t he
i nvention di spl ayedof52.90 02/.46284 BCTOUSD1p48R288e &4B¥%ehigh€r expansi on

rates than the conyention expandabl e | ystyrene (EPRS). ile the
present invention hds Been%hﬁaF§PEEFQFF§BEe¥aP§ﬁ?hWF% £8PRE0f specific 5
embodi ment s thereof ceilll udblk! phetdrdessteedeininvhewoehahhe ynshant

di scl osure that nunerous variations upon the invention are now enabl ed
yet reside %ithin tkeesespehanoeheli krenprefent Ate¥eatAgRy, ThéSi nvention

i's to be broadly 10.6opsheugd @Rd hif Led,9R! ¥eh¥ithe $CoReB0Mas

per cubic foot, an average bead size of 1.11
mm., and a total pentane content of 2.98%.
Both samples were surface-coated with the
10 same type of composition in similar amounts.
The composition was a mix of glycerol mono-
stearate, glycerol tri-stearate, calcium
stearate, and silicone fluid. Both sgamples
were expanded in a Hirsch® Vacutrans 3000-H
15 batch pre-expander to a final "prepuff" bulk
density of 1.8 pounds per cubic foot. The
expansion conditions and results are shown in

the Table 3.

Table 3
20
EXPANSION CONVENTIONAL EPS FOAMED CELLULAR PARTICLES
CONDITIONS OF PRESENT INVENTION
Steam pressure, 0.32 0.32
(psig)
Expander £ill 10 10
time (seconds)
Transfer time 10 10
(seconds)
Vacuum time 10 10
(seconds)
Expansion rate 144 .4 351.5
(pounds per
hour)
As can be seen in Table 3, at equivalent
starting total pentane levels, identical lube
25 coating amounts and compositions, and under

identical expansion conditions, the foamed

cellular particles of the invention displayed
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spirit of the clains now appended hereto. 53 WO 02/46284 PCT/ US01/ 48289
WHAT IS CLAIMED IS: 1. Foaned cellular particles for use in 5 formng foam
articl esvoadysasd foaned cellular particles formed from PRPHRG2SRE pol yrer
particles, said foamed cellular particles having a bulk density ranging
bet ween about 34.3 pounds per cubic foot (550 kil ogranms per 10 qubic
nmeter) and 12.5 pounds per cubic foot (200 kilograns per cubic neter) and
a blowing agent in ! I 6 o on the polyner, and
for a predeterninedl??ﬁeﬁggﬂé¥o%%??%%%g?af%$%éhg%$ﬁ3@g?blomﬁng agent wei ght
15 |l oss at |east 15&huvebSfiohaleexpanpabbd polsaidremxpéfdabl e particles in
the sanme predeterm ned @#nf at. roomtenperature. 2.. Foaned cel |l ul ar
particles of claim1l whPerf S&F dPhPOR g AYeht1PS BaF eRFed fromthe 20
group consisting of paget enear1Ppt Byt aeetnt en betavesr heyaperis- pent ane,
cycl opentane, cyclohexane, isopentane, isobutane, neopentane, HFC s,
CFC s, HCFG s, wat efTPaaémeiks uresrepher bf Wikl coprbimde T oROAft Allcar bon
di oxi de, 25 nitrogep;_.an LL j ween .0 W% and 5.0
w % 3. Foaned ceIPﬁFgrgggF%?c %gg%?ggﬁg%%igggtﬁg$%%% salﬁréP%mjng agent
is selected fromthearjgaoupnsonsost thg phvageionearaetdyl enagklatle, 30
but ane, hexane, n-pentane,.cycl openta cycl ohexane, . i sopent ane,
i sobut ane, neopent a&. rgﬁﬂg%1Yfg?%§ Fﬁ$r§8¥P?nO§n€% tHYSrahgitng  bet ween
2.5 w %and 3.5 W a¥eobdingly, the invention is to be broadly

10 construed and limited only by the scope and

spirit of the claimsg now appended hereto.
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WO 02/ 46284 PCT/ US01/ 48289 4. Foaned cellular particles of claim3
wherein said blowing agent is n-pentane and m xtures thereof in an anpunt
rangi ng beovweens4 2.5 t %and 3.5 w % 5 5. Foanmed cel | up@r/upawr4sesdl es of
claiml wherein said particles contain an established cell structure
conprising an average cell size ranging between 5 and 100 mcrons and a
fixed nunber of cells. 10 6. Foaned cellular particles of claim1l wherein
said foaned cellular particles are conprised of a polymer conposition
conprised of: i) at least one C$_Cl2 vinyl aromatic nononer which is
unsubstituted or suBERIt iBe@LAEMBD &8e or nore substituents selected from
the group consisting of C1 6 alkyl radicals and hal ogen atons in an
anount ranging fromabout 70 to about 100 weight % ii) at |east one

monorer sel ected from theogmeypcednsisti pgroic20:C8ob etBylgnically
unsat urated carboxylic acids, anhydrides, imdes and Cl1_12 al kyl and

al koxyal kylS esters EREN&BY, Laal e3CEClephgnenseaf| joansat apatedaRitriles in
an amount ranging %599&8?8 ngTEQ Qgﬁﬁ QQ aﬁﬁQB§§d98ﬂ¥ﬁ§rthe wei ght of
a bl ow

t he pol yner conposition il agent oaned cel | ul ar
particl es of claln1ﬁarMMeﬁesn EﬁiﬁsfeemedtedllubartperQLOMQs consi sting of
styrene, al pha neth ara_neth chl rostyrene and

bromo- styrene, ii)"f ¥1E§[§258&ﬁf?§ﬂF%E¥ 5?%%bngy%ﬁgW§?Pna BF* et hy!
acryl ate, ethyl acryghatepoubdbybeactybateroset hgkonkthagryhat geret hyl 55

10 gubic meter) and 12.5 pounds per cubic foot
(200 kilograms per cubic meter) and a blowing
agent in an amount less than 6.0 wt % based on
the polymer, and for a predetermined time at
room temperature having a blowing agent weight

15 logs at least 15% to 50% lower compared to said
expandable particles in the same predetermined
time at room temperature.

2. Foamed cellular particles of claim 1
wherein said blowing agent is selected from the

20 group consisting of acetone, methyl acetate,
butane, hexane, n-pentane, cyclopentane,
cyclohexane, isopentane, isobutane, neopentane,
HFC's, CFC's, HCFC's, water, and mixtures
thereof in combination with carbon dioxide,

25 nitrogen, and air in an amount ranging between
2.0 wt% and 5.0 wt %.

3. Foamed cellular particles of claim 2
wherein said blowing agent is selected from the
group consisting of acetone, methyl acetate,

30 butane, hexane, n-pentane, cyclopentane,
cyclohexane, isopentane, isobutane, neopentane,
and mixtures thereof in an amount ranging

between 2.5 wt % and 3.5 wt %.
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WO 02/ 46284 PCT/ USO01/ 48289 nethacrylate, acrylonitrile, nmethacrylonitrile,
mal ei ¢ anhydri ded, acrylic acid, nethacrylic acid, itaconic acid, and

mai m de, ve@d2/ad2Bd is selected fromthe group consisting PET/ESE48089, 5

nmet hyl acetate, butane, hexane, n-pentane, cylcopentane, isopentane,

i sobut ane, neopentane, HFC s, CFC s, HCFC s, water and m xtures thereof.
8. Foaned cellular particles of claim7 10 wherein i) is styrene, ii) is

butyl acrylate, and.iiiFoamed ReNUaNG AR XIvEeSt bakaaf 3 9. Foamed
cellular particles of claim1l wherein said foaned cellular particles are

conprised of a pol yWBETERPESLE & crigisr PI8ALt15SoR-PERtaNe 8a6t one C$_ Cl12
vinyl aromatic nongagk MAICR S dFsubstitu r Hg§ ' y one or
nore substituents sgﬁecfggsfroﬁafﬁg gr%hp E@%@?sfﬁn %?I%%%gegpky

radi cal s and hal ogén5awan® kemdal .&eants.r angi ng from about 20 70 to about

100 weight i) at |east qQne ol r.selected from the_gr.oup consisting of
pol ypheny! ehe oxide%'but FPE &ﬂﬁg}éraﬁﬁrﬁﬂgﬁesi aEG%ﬁB] styrene in an

amount rangi ng bet wegrreabout i30 pand i@ 1wei ¢bhtand kil ksabhowheg agent. 25
10. Foaned cellular particles of claim9 wherein i) is selected fromthe

group consi sting ofestly FERECTAShEORBIRFI ISt pReAFeTagar £kt FjlZest yr ene,
chl orostyrene and b&gﬁg%g§;§%%&%e%n% bhg)lb% &gbﬁgh%dakbpg?%ﬁ§egroup 30

consi sting of acetone, | acetate, butane, exane, n-pentane,

cycl opent ane, isopemuairer ofsaslflane, neopentane, HFC s, CFC s, HCFC s,

vwater, andlgiXtures6Fher%%gme 6cellular particles of claim 1
wherein said foamed cellular particles are
comprised of a polymer composition comprised
of: i) at least one Cg. Ci; vinyl aromatic
monomer which is unsubstituted or substituted

15 by one or more substituents selected from the
group consisting of C;.¢ alkyl radicals and
halogen atoms in an amount ranging from about
70 to about 100 weight %, ii) at least one
monomer selected from the group consisting of

20 Cs;-¢ ethylenically unsaturated carboxylic acids,
anhydrides, imides and Cj.i2 alkyl and
alkoxyalkyl esters thereof, and Cs_g
ethylenically unsaturated nitriles in an amount
ranging from about 30 to 0 weight % based on

25 the weight of the polymer composition, and iii)
a blowing agent.

7. Foamed cellular particles of claim 6
wherein 1) is selected from the group
consisting of styrene, alpha methyl styrene,

30 para methyl styrene, chlorostyrene and bromo-
styrene, ii) is selected from the group
consisting of methyl acrylate, ethyl acrylate,
butyl acrylate, methyl methacrylate, ethyl
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WO 02/ 46284 PCT/ US01/ 48289 11. Foaned cellular particles of claiml

wherei n sai d expandabl e pol yner particles are formed in a polynerization

process 0eviee4 fromthe group consisting of suspensi on, PEIUKY1/4828%and

solution. 12. Foaned cellular particles of claim1l wherein said

pol ymeri zation process is a suspension process. 13. Foaned cel |l ul ar

particles of claim12 10 wherein said suspension process is selected from
the group consisting.ef 89§1§£§P andtuRi st ep, p&&@ﬁéé?§loﬁftrf@é”9d
cellular particles of ?alﬁl wherein sai d expandabl e polyner particles

are 15 formed in amaéricushbpdpidedssactBlifoased, cetthbaryparticl es of
claim1l wherein said. foa d cellular partlcles are forned. n. a heati ng

process sel ected frgﬁ%ghe 8F8ﬁbcc%ﬁ§|$tlﬂa 5 lm%ﬂ?ac?nﬂea%l ®hon 20

contact heating, inkeaeedebedibgLhsi gkOM@V@onBEQtLﬂg ofi abeebﬁeg; heati ng,

and radio frequenc

y heating. 16. Foamed cellular particles of claim1l

wherein said foamedVeEhvll aFepakei cPesaafe BSXABENed PR1ERBati ng process

including a fluid
wherein said foaned

wherei n said expand
PCT/ USO01/ 48289

10

15

20

25

30

g§cggxﬁeané7 1Eegaﬁgaﬁ@|Iygégueéﬁélcles of claim1

s are forned Iin a heating process
i ncludi ng a pre- 30nerpentdene, 1BFCFgan€dCcel | HFEE ' par vhteesanfl claim 1

elTular particl

ab&gugartkﬁles are produced 57 WO 02/ 46284

mi ereo

8. Foamed cellular particles of claim 7
wherein i) is styrene, ii) is butyl acrylate,
and iii) is n-pentane and mixtures thereof.

9. Foamed cellular particles of claim 1
wherein said foamed cellular particles are
comprised of a polymer composition comprised
of: 1) at least one Cg. Cy; vinyl aromatic
monomer which is unsubstituted or substituted
by one or more substituents selected from the
group consisting of C;.4 alkyl radicals and
halogen atoms in an amount ranging from about
70 to about 100 weight %, 1i) at least one
polymer selected from the group consisting of
polyphenylene oxide, butadiene rubber, and high
impact polystyrene in an amount ranging between
about 30 and 0 weight and iii) a blowing agent.
10. Foamed cellular particles of claim 9
wherein i) is selected from the group
consisting of styrene, alpha methyl styrene,
para methyl styrene, chlorostyrene and bromo-
styrene and iii) is selected from the group
consisting of acetone, methyl acetate, butane,
hexane, n-pentane, cyclopentane, isopentane,
isobutane, neopentane, HFC’'s, CFC’'s, HCFC's,

water, and mixtures thereof.
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froma polynmer conposition in a suspension polynerization process, the
steps conprising: adm xing at | east one styrenic nononer in an anount
rangi ng wonradeut 70 to about 100 5 wei ght % based on t hPCHEUSUMS289f

pol ymer conposition with at |east one vinyl group nonomer in an anount
rangi ng fromabout 30 to O weight % based on the polyner conposition to
form expandabl e particles, and 10 prior to, during, or after said

suspensi on polynerhgatlggaﬁggcgéflg1§£gg?%gfgggg bkowg %gm agent sel ected

fromthe group consisting of acetone, acet ate, butane, n-pentane,
cycl opent ane, cycl obranén samﬁeexpaadabsenpobgméanpart$obe£aaee hexane,
HFC s, CFC s, HCFC_s nd. m xtures,thereo aid _styrenic
monofrer and vi nyl gF8EBWﬁDﬁ8n§rpoiﬁmeﬁbﬁﬁEﬂOBeP?ﬂFﬁ?sp%?f?%?%@ of claim1

wherein said expandabbg paet jebes abBspEodHgedr 20sHERBIEnPObYIR!
conposition in a suspension polynmerization process, the steps conprising:

adm xi ng at’ | east oRBAsEPLERi€ADNOMEr in an anobunt rangi ng from about 70

to about 100 weight, @6bg§%§88n?%g%¥?ﬁg ggrggcgggyggrcgglﬁOﬂP05|t|on W th

at | east one pol yner sel roup consrsting of pol yphenyl ene
oxi de, butadi ene ruhherelandahﬁgpolymetizapmbyspyoeGES|ﬂsaa anmount rangi ng
bet ween about 30 and 0 wei % based on the polyner 30 conposition to

f or m expandabl e par?PEP@QSlgﬁdprB??ﬁ? to, during, or after said suspension

pol ymeri zation process, ®bxhBe b813aldrbhowtng1ca9eat sgigcigd fromthe
group con5|st|ng of 58 WO 02/ 46284 PCT/ US01/ 48289

10 wherein said suspension process is selected
from the group consisting of one-step and two-
step processes.

14. Foamed cellular particles of claim 1
wherein said expandable polymer particles are

15 formed in an extrusion process.

15. Foamed cellular particles of claim 1
wherein said foamed cellular particles are
formed in a heating process selected from the
group consisting of contact heating, non-

20 contact heating, infrared heating, microwave
heating, dielectric heating, and radio
frequency heating.

16. Foamed cellular particles of claim 1

wherein said foamed cellular particles are

25 formed in a heating process including a fluid
bed dryer.
17. Foamed cellular particles of claim 1

wherein saild foamed cellular particles are

formed in a heating procesgs including a pre-
30 expander.

18. Foamed cellular particles of claim 1

wherein said expandable particles are produced
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acetone, nethyl acetate, butane, n-pentane, cyclopentane, cycl ohexane,

i sopent ane, neopentane, isobutane, hexane, HFC s, CFC's, HCFC s, water,
and m xt wee2/4d28¢ eof with said 5 styrenic nononmer and sai BCpoOR§umsesd 20.
Foanmed cel lular particles of claim1l wherein said expandable particles are
produced from a polynmer conposition in an extrusion process, the steps
conprising: 10 adm xing a styrenic polyner in an anount rangi ng between

about 70 and about QR wei ghth . 0asednlst Pe.AMUNL gfigBRLYIEL Cconposition

with at |east one vinyl g oug pol ymer 1 n an anmount rangi ng between about
30 and 0 wei ght % baségméFieattibe pobyaes, cohpostepencohpatishggand adm xi ng

said polymer conposition.to obtai o| yner |t and injecting said
blomﬁﬁg égent sergcted f POR-HES agogﬁgﬁgngthgﬁ§r8F180@PBH@?rnéghyl

acetate, 20 butane,aﬁ-amahaﬂerahgah%yﬁﬂem s¥6lepent aBeabofi¥Chohexane,
i sopent ane, neopentane, hexane, HFC s, CFC s, HCFC s, water, and m xtures

thereof, exiruding YR&Ipsl jnbrseel enasha ameund ahdpo2smekopping it into
|l ets, and heatin lets. t a et e about 70 and
ik Sokpe el Lt 1t 3 TOTEE oL p0n°arly

110 C at a pressure ra about absol u a) to about
24.7 psi absol ute (dRBmePalint har ebypuhdr nringisgi dx3f f eborwd sel tal ar

particles. 21. Foaned cellular particles of claim1 wherein said
expandabl e particlgg HFéngoauggaedSQH B2oPA6Y BRI PETTPRE1FA82858° from a

pol ynmer conpositionfppmaBx@¥hidslieNparticles, and

10 prior to, during, or after said suspension
polymerization process mixing in said blowing
agent selected fromthe group consisting of
acetone, methyl acetate, butane, n-pentane,
cyclopentane, cyclohexane, isopentane,

15 neopentane, isobutane, hexane, HFC’s, CFC's,
HCFC’s, water, and mixtures thereof with said
styrenic monomer and vinyl group monomer.

19. Foamed cellular particles of claim 1
wherein said expandable particles are produced

20 from a polymer composition in a suspension
polymerization process, the steps comprising:

admixing at least one styrenic monomer in
an amount ranging from about 70 to about 100
weight % based on the amount of polymer

25 composition with at least one polymer selected
from the group consisting of polyphenylene
oxide, butadiene rubber, and high impact
polystyrene in an amount ranging between about
30 and 0 weight % based on the polymer

30 composition to form expandable particles, and

prior to, during, or after said suspension
polymerization process, mixing in said blowing

agent selected from the group consisting of
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process, the steps conprising: adm xing a styrenic polynmer in an anount
rangi ng between about 70 and about 100 weight % 5 based on the anount of
pol ymer o0Opw46284 on with at | east one pol yner sel ected frPaTAURE/43R8UP

consi sting of polyphenyl ene oxide, butadi ene rubber, and high inpact

pol ystyrene in an anmount rangi ng between about 30 and 0 wei ght 10 based on
t he pol yner conposition, heating and adm xing said polyner conposition to

obtain a polyner ne rugi h r as..a and choppin
said strand into peFFSF§§E15QF§%V39%§F?EEQ?h%ﬂgéﬁﬁét?'R?b%gggrd blomjngp )

agent sel ected froneyhéogeotpneonsiysilohgxehe, acebparfamet hyl acet at e,

butane, n-pentane, _isobutane, cyclopentang, cyclohexane, isopentane,
neopent ane, hexane, “FREFS-2EEC §¥OLE aﬁéFCﬁ@?a teﬂgéaﬁd ffxt Gres t her eof,

and heating the pehbetsstowatkenpenat wiethargerpbrabeut,i¥8 apdgllo C at a
pressure range of about 10.1 psi absol ute é?O kPa) to about 24.7 psi

absol ute (170 kPa) BRE¥FeBycf BPRPRgrsand s8iflopmermesk|ular particles. 22.
Foarmed cel | ul ar pargbqlegogkegl%bqh%%a$hgggggcggslgﬁsgggg d,foamed

particles contain a coating conposition oam par eS of claim 22
wherein said 30 coahemginospdsi tixpandabiel petredclesnat-hepgbdupedconsi sting

of silicones, netal and gl ycer ol carbogglates, and m xtuyres thereof. 60

WD 02/ 46284 PCT/USO§?2§289 O3 MCELSAMBRPLFEPBs 1B 28| SFMFE81RRer ei n said
gl ycerol carboxyl at gsoaegssekeet edcbtobbhBeising:

10 admixing a styrenic polymer in an amount
ranging between about 70 and about 100 weight %
based on the amount of polymer composition with
at least one vinyl group polymer in an amount
ranging between about 30 and 0 weight % based

15 on the polymer composition,

heating and admixing said polymer
composition to obtain a polymer melt and
injecting said blowing agent selected from the
group consisting of acetone, methyl acetate,

20 butane, n-pentane, isobutane, cyclopentane,
.cyclohexane, isopentane, neopentane, hexane,
HFC’'s, CFC’g, HCFC's, water, and mixtures
thereof,

extruding the polymer melt as a strand and
25 chopping it into pellets, and

heating the pellets to a temperature range

of about 70 and 110 °C at a pressure range of
about 10.1 psi absolute (70 kPa) to about 24.7
psi absolute (170 kPa) thereby forming said

30 foamed cellular particles.
21. Foamed cellular particles of claim 1

wherein said expandable particles are produced

59



group consisting of glycerol nono-stearate, glycerol di-stearate, glycerol
tri-stearate, 5 zinc stearate, calciumstearate, and nagnesi um stearate,
and m xt wee2/4d2e4 eof . 25. A system for extendi ng the shel PCTAUR& /43289
expandabl e pol ynmer particles by making said foaned cellular particles of
claiml1. 10 26. A foamarticle forned fromthe foamed cellular particles
of claim1 and having a bulk density rangi ng between about 0.50 pounds per

cubic foot (8.0 kil egrang ggiyﬁgpig HﬁégﬁiiaﬂdinGaQ pounds; pgr cubic foot

(96.1 kilograms per 15 cubic neter?. . process for preparing foaned
cellular particl esproapessetdhef shepel yoepreemposition for use in naking
foamarticles, the steps_.co rising' 20 aéehe ting expandabl e Qolyner
particles with a bul k d@ASi¥y FargPhy BBt ReBRIEBSHt 407 pdlREE per cubic
foot (641 kil ogransrpagifybbetwaeheaboand7abanl 3800t poundgepghtcybi c f oot
(513 kil ograms per cubic neter) and a bl owi ng 25 agent in an ampunt |ess

t han about 10.0 wePgRedopBakbd BMOHAE @éi@ﬁgymﬁrtﬁ@mggﬁyﬁﬁ@n ¥dhPosi ti on

at a tenperature raggimggggtgggnggggﬂgg g%%%ggﬁﬁlggbﬂngggtggogﬁessure

rangi ng between about ute a) an about~24.7 ps
absolute (170 kPa) tontbshisgi df poapplevglEunkaoxpdetiblibadwehh a bul k

density ranging fro et ween .34. 3. pounds_ per.cupi c foot 550 kil ograns
per cubic neter) anaﬂhgﬁﬁt 33d5hg9h\HE3 £ 6B8AY BEIf €8011 28289 pounds per

cubic foot (200 kil ggbans PehgEHEi BetWBEAN Abald 80bhAWi HOwaggAt &N an
amount | ess

10 based on the polymer composition,

heating and admixing said polymer
composition to obtain a polymer melt,

extruding the polymer melt as a strand and
chopping said strand into pellets,

15 impregnating the pellets with said blowing
agent selected from the group consisting of
acetone, methyl acetate, butane, n-pentane,
isobutane, cyclopentane, cyclohexane,
isopentane, neopentane, hexane, HFC’s, CFC’'g,

20 HCFC’'sg, water, and mixtures thereof, and

heating the pellets to a temperature range

of about 70 and 110 °C at a pressure range of
about 10.1 psi absolute (70 kPa) to about 24.7
psi absolute (170 kPa) thereby forming said
25 foamed cellular particles.
22. TFoamed cellular particleg of claim 1
wherein at least said foamed particles contain
a coating composition.
23. Foam particles of claim 22 wherein said
30 coating composition is selected from the group
consisting of gilicones, metals, and glycerol

carboxylatesg, and mixtures thereof.
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t han about 6.0 wei ght % based on the weight of the polyner conposition. 5
28. A process of claim?27 wherein step a) is perforned at a pol yner
producer 'VeOp2/&i284 and the steps further conprising: b) aPCHUR@as$R8D| der' s
pl ant - subjecting said foaned cellular particles to conventional 10

equi pnent to formfoamarticles with a bulk density rangi ng between about
0. 80 pounds per cubic foot (12.8)kilograns per cubic neter) and 6.0

pounds per cubic foet . (9§®am Fé@giémﬁspéf cEHBhCo BB RE) Yh 1 BOYY the need to
i mpregnate 15 said foamed ular particles with an additional anmount of

bl owi ng agent priorgﬁﬁceéﬁbaﬂarthﬁhdtﬁﬁlarﬁgsetgct¢ds§3®@nth@r optim zing
the shipping and pagkagi ngof PPLYTEE BRLLLELESLLOL Use,f0:20 making foam

articles, the steps~c rrsin Mer producer’s p?ant a) using
expandabl e pol yner QayEEEbESdebheaaabalkgﬂ?ﬁéfby tahgsbgabetueen about 40
pounds per cubic foot (641 kilograns per cubic neter) 25 and, about 32.0
pounds per tubic foé%nF5§§eﬂFFB@raﬁ@lﬁéPmCEE?ErﬁE?er?n%nﬁa%n%?bﬁpng agent

in an anount |ess thap;abhedt 1Qq0nyRights%PRasedron the weight of the
pol ymer conposition and heating said expandable 30 particles at a

tenperature ranglngZBetmeénsyabemtf¢©CEahdndb09tth@OSHEbﬁdlafeaO§ressure

bet bout 10..1 | ut bsol ut d.about 24.7
el Jabsol ut & (170 KPAPBIAr BoPdESRaL PEtF o1 PAsIo L Abeg) GEES' Lo for m

foamed cel | ul ar par Fbehes welbhudabupkrdensebyofanuairg 1rom bet ween about

10 26. A foam article formed from the foamed
cellular particles of claim 1 and having a bulk
dengity ranging between about 0.50 pounds per
cubic foot (8.0 kilograms per cubic meter) and
6.0 pounds per cubic foot (96.1 kilograms per

15 cubic meter).

27. A process for preparing foamed cellular
particles comprised of a polymer composition
for use in making foam articles, the steps
comprising:

20 a) heating expandable polymer particles
with a bulk density ranging between about 40
pounds per cubic foot (641 kilograms per cubic
meter) and about 32.0 pounds per cubic foot
(513 kilograms per cubic meter) and a blowing

25 agent in an amount less than about 10.0
weight % based on the weight of the polymer

composition at a temperature ranging between

about 70 and 110°C and at a pressure ranging
between about 10.1 psi absolute (70 kPa) and

30 about 24.7 psi absolute (170 kPa) to form said
foamed cellular particles with a bulk density
ranging from between 34.3 pounds per cubic foot

(550 kilograms per cubic meter) and about 12.5

61



34. 3 pounds per cubic foot (550 kilogranms per cubic nmeter) and about 12.5
pounds per cubic 5 foot (200 kil ograns per cubic neter) and with a bl ow ng
agent i nveaozsaeht | ess than 6.0 weight based on the wei BtiT/US#1/48R89 pol yner
conposition; b) packaging said foaned cellular 10 particles of step a)
whereby the required strength of the packages used in transporting the
foamed cellular particles of step a) is |ower than the required strength

of packages used whgp oLk e d [ S.JR:with a
hi gher bul k densit&eanaaﬁﬁg%gréﬁkggj%ggtaggﬁg F§%§$P%%53§%% %%;lﬁgd c)
transporting sai d fuoehed)cehfiuhablopangi egestainaathobtmbushi paeat wei ght

substantially equal .to the total shi t .20 wei.ght of the, expandabl e
particles ofystgp afhaahg OPEaﬁsBoW?E&EQSEiBaﬁﬁﬁgﬂHaBP% Bﬁ??ﬁEIE . 30. A

system of claim29 whergbn ﬁ@rs&@@%@Qit§@hd expandabl e particles are heated
at a tenperature rangin %etmeen 0C and 110C and 25 at a pressure of
about 13.8 Psi absoPéte gQBrORPﬁSa@EOP@ﬁéW andvhpveini1stegi ahbsel ute (110

kPa absol ute) for agggkorggdtQtGQaﬁégg&ggéR£$gﬁé %3 tggégylkaggnsity of

said foaned cellul particles r en - a 307 pounds per
cubic foot (450 kil ogeanstpps €ubthernmebep)yiandgabout 21.9 pounds per cubic
foot (350 kil ograns peL@beiC ngter); iég wherein said, bl owi ng agent in
the foaned cellul ar 63 03F 482892 BCTP LT/ 489897 paf P efesinid in an
anount rangi ng bet wagngabeshed2¢01Wi1%-2pdr-B:i 018t £6 conventional

10 equipment to form foam articles with a bulk
density ranging between about 0.80 pounds per
cubic foot (12.8)kilograms per cubic meter) and
6.0 pounds per cubic foot (96.1 kilograms per
cubic meter) without the need to impregnate

15 said foamed cellular particles with an
additional amount of blowing agent prior to
expanding and molding.

29. A system for optimizing the shipping and
packaging of polymer particles for use in

20 making foam articles, the steps comprising:

at the polymer producer’s plant,

a) using expandable polymer particles with
a bulk density ranging between about 40 pounds
per cubic foot (641 kilograms per cubic meter)

25 and about 32.0 pounds per cubic foot (513
kilograms per cubic meter) and a blowing agent
in an amount lesg than about 10.0 weight
% based on the weight of the polymer

composition and heating said expandable

30 particles at a temperature ranging between

about 70°C and about 110° C and at a pressure
ranging between about 10.1 psi absolute (70 kPa
absolute)and about 24.7 psi absolute (170 kPa
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31. A systemof claim?29 wherein said blowing agent is selected fromthe
group consisting of 5 acetone, nethyl acetate, butane, hexane, n pentane,
cycl opentve@d@/4@9£l ohexane, isobutane, isopentane, neopenP@RESOIHBERIS,
CFC's, HCFC s, water, and m xtures thereof in conbination with carbon

di oxi de, nitrogen, and air. 10 32. A systemof claim 31 wherein said
blowing agent is selected fromthe group consisting of acetone, nethyl

acetate, butane, hexgngiyubz) PESt BHER ﬁg&%gge?%§€§1%ﬁy 1 phexpne, isopentane,

i sobut ane, neopentane, and m xtures thereo nmount rangi ng between
2.5 and 3.5 wei ght #ithasedubh démesivey ghanoinghérpol yeeveenngosuti on.  33.
A syst em of claim3§ﬁ erein.said bl ow I | ected fromthe group

consisting of pentafie> aRA AT tRTEsC %Sgg?g ﬁ?%%bZﬁiﬁﬁgriﬁsr%ﬁﬁing bet ween

2.5 and 3.5 wei ght 8ubasededar) thedWeb@ht 0% .%heoRRhyB&rconposi tion. 34. A
system of claim 29 wherein the packages wused in transporting the cellular

particles @&re sel eEPell {28 kheogranp RORsFYPLAgnetepapan R iddys pl astic

(i m b, 1L coetonsgaribals S ofLRC SR NN Dopaet

returnabl e packaging. system aim 2 erern

of the foaned cel | ukabapadt ogl €se of wsigpt 80 thetpahgperted by said
transportation neans i s about 30,000 to about 50,000 pounds. 36. A system
of claim29 wherei n"°8%P3°*&XPAhdabl e pol yner particles are formed in a 64

WO 02/ 46284 PCT/ US01/ 48289 pgéamg@iﬁgtgggdpf@§@§§ seleecigd fromthe group
consi sting of suspension, bulk, and sol ution.

10 particles of step a) whereby the required
strength of the packages used in transporting
the foamed cellular particles of step a) is
lower than the required strength of packages
used when transporting the expandable particles

15 with a higher bulk density and higher blowing
agent level of step a); and

c) transporting said foamed cellular
particles at a total shipment weight
substantially equal to the total shipment

20 weight of the expandable particles of step a)
when transporting said expandable particles.

30. A system of claim 29 wherein in step a)

said expandable particles are heated at a

temperature ranging between 80°C and 110°C and
25 at a pressure of about 13.8 psi abgolute (95
kPa absolute) and about 16 psi absolute (110
kPa absolute) for about .05 to 60 minutes;
wherein the bulk density of said foamed
cellular particles ranges between about 28.1
30 pounds per cubic foot (450 kilograms per cubic
meter) and about 21.9 pounds per cubic foot
(350 kilograms per cubic meter); and wherein

said blowing agent in the foamed cellular
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37. A systemof claim36 wherein said polynerization process is.a
suspensi on process. 5 38. A systemof claim 37 wherein said suspension
pol yner i X0 ou#62p¢ ocess i s selected fromthe group consi SPCHgS@i48e8%e- st ep
and two- step processes. 39. A systemof claim?29 wherein said 10
expandabl e pol yner particles are forned in an extrusion process. 40. A
system of claim?29 wherein said foaned «cellular particles are transported

to a foam nolder's_plantjand;the step h 5. GOARE I, SLNO. in said
f oam nol der' s pIantP sugjectiﬁg ga%g ggéﬁéé %é?%ngrB§%$§%§|%%g%B
conventional equi pgefAt wto%fent &.0oam &rticle wth a bulk density ranging

bet ween about 0. 80 ungs per 20 cubic.foot(12.8 kil ogr er cubic neter)
and 6.0 pounds perggubgcsgﬁg?m(ﬁg.TiﬁFWog%aW§eBEFn Egbgggﬁ§Wé?$ wi t hout
the need to inpregnagentsakdstrasedacetbul 8hepgtbip! esn¥ithiag oadditional

anount of bl ow ng agent prior to 25 eannding and nol ding. 417 A system of
cl ai m 29 wher ei n sargefeagedmetbylupaptphrti bhesnar ehévaned in a heati ng

process selected fr ghggﬁﬁgggyg%éggﬁkgﬁgngc?%%oﬁgg%§§zc?§géhﬁgn non- cont act

heating, infrared 3 owave heat I'ng, rirc ea?ing, and
radi o frequency heattengenhasai dnpbpahtahe, SHFA' pol grer spradeces, 42. A
system of claim 31 wherein said, foaned 65 WD _02/46284, PCT/US01/ 48289
cellular particles y?EeForﬁﬁg PR*EURgat FRGTEPFotBsSOTREPREIAY WiEPui d bed

dryer. carbon dioxide, nitrogen, and air.

10 32. A system of claim 31 wherein said blowing
agent 1s selected from the group consgisting of
acetone, methyl acetate, butane, hexane, n-
pentane, cyclopentane, cyclohexane, isopentane,
isobutane, neopentane, and mixtures thereof in

15 an amount ranging between 2.5 and 3.5 weight %
based on the weight of the polymer composition.
33. A system of claim 32 wherein saild blowing
agent is selected from the group consisting of
pentane and mixtures thereof in an amount

20 ranging between 2.5 and 3.5 weight % based on
the weight of the polymer composgition.
34. A system of claim 29 wherein the packages
used in transporting the cellular particles are
selected from the group consisting of paper

25 . bags, plastic film bags, fiber cartons, metal
drums, fiber drums, bulk bags, and returnable
packaging.
35. A gystem of claim 29 wherein the total
weight of the foamed cellular particles of step

30 c) transported by said transportation means is
about 30,000 to about 50,000 pounds.
36. A gystem of claim 29 wherein said

expandable polymer particles are formed in a
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43. A system of claim 29 wherein each said foaned cellular particle has an
established 5 cell structure conprising an average cell size ranging

bet ween 3va@nz4680 nmicrons and a fixed nunber of cells. 4BCT/BS&ly4828m of
claim 29 wherein said expandable particles are produced froma 10 polyner
conposition in a suspension polynerization process, the steps conpri sing:
adm xi ng at | east one styrenic nononer in an anount ranging from about 70

to about’ 100 vei ghio9%hased. ook heG00UNt o Of - POLY MELod B SOTROSIL T On Wi th

at | east one vinyl p nononer in an anount rangrng fromzabout 30 to O
wei ght % based on tbenpdsymey chnpeospénaionp bhibk m axpanohbt 2oparti cl es,

and prior to, durin or_after said suspensio 20, pol rizati on process
m xing in said blom?%g %g%ﬁ?tiﬁl%gt%ﬁaﬁPoﬁ§t o pﬁ%ﬂﬁsisting of
acetone, methyl acepaifmebitaneon pPERESHE] s, §y§ﬁ§p@xﬂém,%§a@é§£exane,

i sopent ane, neopentane, isobutane, hexane, HFC s, CFC s, 25 HCFC s, water,

and nmixturés thereod8wi th susbemseyremmndhoweerald s37g| group monomer.
45. A system of cl aé%%%n&@%ﬁe'Qogﬁhgri%@?@%ﬁ{g?ggétigl?eélé‘é@ecﬁ’md”ced
fon in Spensj on pol'y

froma polymer conpos nerization process, the
steps conprising: adonxthg gtolpastnenet shyrehi cnavgioserand twad- anmount
rangi ng from about 70 to about 100 weight % based on the anmount of polyner
66 WD 02/ 46284 PCT/ €/BR/BB289°S%®nposition with at | east one pol yner

sel ected fromthe gsouppcepsishi 88 OfapPR! YPhERYLEDE said
10 expandable polymer particles are formed in an
extrusion process.
40. A gystem of claim 29 wherein said foamed
cellular particles are transported to a foam
molder’s plant and the steps further
15 comprising:

d) in said foam molder’s plant, subjecting
gsaid foamed cellular particles to conventional
equipment to form a foam article with a bulk
density ranging between about 0.80 pounds per

20 cubic foot (12.8 kilograms per cubic meter) and
6.0 pounds per cubic foot (96.1 kilogréms per
cubic meter) without the need to impregnate
gaid foamed cellular particles with an
additional amount of blowing agent prior to

25 expanding and molding.

41. A system of claim 29 wherein said foamed
cellular particles are formed in a heating
process selected from the group consisting of
contact heating, non-contact heating, infrared

30 heating, microwave heating, dielectric heating,
and radio fregquency heating in said plant of
said polymer producer.

42. A system of claim 31 wherein said foamed
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oxi de, butadiene r

about 30 and 0 5 wei ght % based on the pol yner conposition to form
es, and prior to, during, or after sai dPETVERENSREN
mxing in said blowing agent selected fromthe
group consisting of 10 acetone, nethyl acetate, butane, n-pentane,
ohexane, isopentane, neopentane, isobutane, hexane,
HFC s, CFC s, HCF r 1 Xt S o it
éllM@a?SP%%QP%?%%§%%ﬁ1%%Pﬁégi%?2%.@%erel sai d
expandabl e parti cl esracespr bdatedifig oam Al updl yekrdepsposi ti on in an

expandablveo pasd2s<|

pol ymeri zati on process,

cycl opent ane, cycl

nmononer and sai d pol yner.

extrusion process,
anount 20 rangi ng

ubber, and high polystyrene in an anmount rangi ng between

he st isjng: adm , t i I
Bt weknSRBOTE 70 S BrG Y A00 Wi S 06= #hoed on t he

S8 styrenic

in an

anount of polynmer cospaséitEeNIWLAR patt] €BSthABE NI Ay 19T Dup-pOl yner in an

amount  rangi ng between about 30 and O weight % based on the polyner

conposi tiof, 25 heaffhy SREUAEWFR FRIRE} 91 10| §erveramposetl oPLi® obtain a

polymer nelt and
consi sting of acet

CFC s, HCFC s, wat
extruding the poly

10

15

20

25

30

one, acet at e, n

| PLEGHADGLsE Ao OLNG AgE T SEbactady (L oM ddie  or oup
nmet hy but ane, 'n-pentane, T'sobut ane,
cycl opent ane, 30 cyohmwhexang, cekbpent ane, neopentane, hexane, HFC s,

er, and m xtures_ thereof, 67 WO 02/ 46284 PCT/ US01/ 48289
et - meft SRS SO F AP HR P CHERPT R i 524Nt o pel l ets, and

heating the pelletsckpasahd1éepPef Bt are produced from a

polymer composition in a suspension
polymerization process, the steps comprising:
admixing at least one styrenic monomer in
an amount ranging from about 70 to about 100
weight % based on the amount of polymer
composition with at least one vinyl group
monomer in an amount ranging from about 30 to

0 weight % based on the polymer composition to

form expandable particles, and

prior to, during, or after said suspension

polymerization process mixing in said blowing
agent selected from the group consisting of
acetone, methyl acetate, butane, n-pentane,
cyclopentane, cyclohexane, isopentane,
neopentane, isobutane, hexane, HFC's, CFC’s,
HCFC's, water, and mixtures thereof with said
styrenic monomer and vinyl group monomer.
45. A gystem of claim 29 wherein said
expandable particles are produced from a
polymer composition in a suspension
polymerization process, the steps comprising:
admixing at least one styrenic monomer in
an amount ranging from about 70 to about 100

weight % based on the amount of polymer
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range of about 70 and 110 C at said pressure 5 range of about 10.1 psi
absolute to about 24.7 psi absolute thereby form ng said foamed cellular
particl ew04746284 syst em of claim 29 wherein said expandabCEUREW43289 es are
produced froma 10 polyner conposition in an extrusion process, the steps
conprising: adm xing a styrenic polyner in an anount rangi ng between about
70 and about 100 wei ght % based on the anmount of polynmer conposition with

15 at |east one pO'¥Hﬁbo§§k§8£eQ1EEOQ%tP@aQEOHHe ﬁQP?hé%'Q?lQéted
pol yphenyl ene oxi de, butadi ene rubber, and high Tnpact polystyrene in an

anmount rangi ng betméenmabbatQBOuanGOQSmetQMQ obasedyphethkepeol yner
conposition, 20 heatin Xing._sai d pol sition to obtain a
pol ymer melt, extrudin fh u§85§ ﬁ%ﬁ?eﬁs %Mgﬁﬁéﬁﬁ gﬁﬁ YSEHopptng sai d
strand into pelletsinigar é@ﬂahtngahﬁﬁn@eﬂ)é@dbéew bBogai dobkewi mg 25 agent
selected fromthe group consisting of acetone, nethyl acetate, butane,

n- pent ane, 3 |sobutaW619€9cFobéﬁF§n@n ehe | BREXERE, CPEBPERE APR, tPeopent ane,

hexane, HFC s, r tu t hereof, and 30 heating
the pellets to sald t£ﬁ$§§%§ﬂ§§@i8 %ggg?ﬂé%ou%ﬁéo and 110 C at said

pressure range of aboutpitfot psi ébsnhgteorOaﬁbentséﬂd?sﬁsp&MEﬂaﬂ46284
PCT/ US01/ 48289 psi _absol ute herebX?fornlqg sai d foaned fllular

particles. 48. A syQ? ¥GF L EPE R BT PReS St ePE* 1Pt hBr S2LBnBr PET Y

agent selected from the group consisting of

10 acetone, methyl acetate, butane, n-pentane,
cyclopentane, cyclohexane, isopentane,
neopentane, isobutane, hexane, HFC’'s, CFC’s,
HCFC’s, water, and mixtures thereof with said
styrenic monomer and said polymer.

15 46. A system of claim 29 wherein said
expandable particles are produced from a
polymer composition in an extrusion process,
the steps comprising:

admixing a styrenic polymer in an amount

20 ranging between about 70 and about 100 weight %
based on the amount of polymer composition with
at least one vinyl group polymer in an amount
ranging between about 30 and 0 weight % based
on the polymer composition,

25 heating and admixing said polymer
composition to obtain a polymer melt and
injecting said blowing agent selected from the
group consisting of acetone, methyl acetate,
butane, n-pentane, isobutane, cyclopentane,

30 cyclohexane, isopentane, neopentane, hexane,
HFC’'s, CFC’s, HCFC'’s, water, and mixtures
thereof,
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5 prior to, during, or after step a) applying a coating conposition to
said expandabl e polyner particles or to said foanmed cellular particles.

49. Foanwdoomid2ed ar particles of claim1l 10 wherein sai d PRpERUASREY
particles are produced froma polynmer conposition fornmed in a

pol ymeri zati on process in an extruder, the steps conprising: adm xing a
styreni ¢ nononer in an anount 15 rangi ng between about 70 and 100 wei ght %

based on the anmount of ARPENBESOPROSLL1 GRaW LByt ool gast-9ng yLayl group
nononer i n an anmount rangi ng bggmeensgﬁogﬁeBO and %Smeig % ngéggd on the

mononmer conpositi onchoppong shi dnpol yakket20 godposition, heating said
pol ymer conposition to optajn "a pol melt and.injecting said bl ow ng
agent selected fromthe a?tﬁﬁgcgﬁgié%f%%t%ft%c%?bﬂe#emﬂ%¥%9?r%cetate,
butane, n-pentane, {.308UtgRes3n:CYE! QRN Bnesc Cycl ohexane.  d . sqpent ane,
neopent ane, hexane, HFC s, CEC s, HCFC's, water, an nixtd?es t her eof
extrudi ng tshe pol yneangel bfagbaustiantd and albhopptagtotaboto pelvets, and
30 heating the pellets tg altgnpeﬁat re £an e of agogt 70 _and 110 C at a
pressure range of BBOUP EB 1 pst absSY u %r%%%?Pﬁﬁl ot8BBEE 24.7 69 WO
02/ 46284 PCT/ USO01/ 4828911881 pabsotute. (170 kPA) thereby form ng said
foanmed cellular particles. 58. A system of claim 29 wherein said

expandabl e particl e$7are Predaeed Pfopdals pBl yhereeonpasdti on forned in a

pol ymeri zati on expandable particles are produced from a

10 polymer composition in an extrusion process,
the steps compriging:
admixing a styrenic polymer in an amount
ranging between about 70 and about 100 weight %
based on the amount of polymer composition with
15 at least one polymer selected from the group
consisting of polyphenylene oxide, butadiene
rubber, and high impact polystyrene in an
amount ranging between about 30 and 0 weight %
based on the polymer composition,
20 heating and admixing said polymer
composition to obtain a polymer melt,
extruding the polymer melt as a strand and
chopping said strand into pellets,
impregnating the pellets with said blowing
25 agent selected from the group consgisting of
acetone, methyl acetate, butane, n-pentane,
isobutane, cyclopentane, cyclohexane,
isopentane, neopentane, hexane, HFC'’s, CFC's,
HCFC’s, water, and mixturés thereof, and

30 heating the pellets to said temperature
range of about 70 and 110 °C at said pressure

range of about 10.1 psi absolute to about 24.7
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process in an extruder, the steps conprising: adm xing a styrenic nononer
in an anount rangi ng between about 70 and 100 wei ght % based on the anpunt
of nononmayOows2esition with at 10 | east one vinyl group nPODWEI1/4828%N
anount rangi ng between about 30 and 0 wei ght % based on the nononer
conposition to formsaid polynmer conposition, heating said pol ymer
conposition to obtain 15 a polyner nelt and injecting said bl ow ng agent

selected fromthe g%ggpaggpghﬁgiggggg%ggﬁéﬁﬁgn ggggykogﬁggate, but ane,

n- pent ane, i sobutan cycl opent an exane, isopentane, neopentane,
hexane, HFC s, CFCsceHCECas, pad@twaies, and m xtures thereof, extruding the
polymer nelt as a strand_and choggi into gellets, and heating the

ng it
pellets to a tenperaturePr S¥GESoPLabbat ™76 ahBS 126 af U5t BPEssure range
of 25 about 10.1 pgbmgggghgbe (70kPA) to about 24.7 psi absolute (170 kPA)

thereby formng said oaned cellul ar particles. 70
5 prior to, during, or after step a)

applying a coating composition to said
expandable polymer particles or to said foamed
cellular particles.

49. Foamed cellular particles of claim 1

10 wherein said expandable particles are produced
from a polymer composition formed in a
polymerization process in an extruder, the
stepsg comprising:

admixing a styrenic monomer in an amount

15 A ranging between about 70 and 100 weight % based
on the amount of monomer composition with at
least one vinyl group monomer in an amount
ranging between about 30 and 0 weight % based
on the monomer composition to form gaid polymer

20 composition,

heating said polymer compogition to obtain
a polymer melt and injecting said blowing agent
selected from the group consisting of acetone,
methyl acetate, butane, n-pentane, isobutane,

25 cyclopentane, cyclohexane, isopentane,
neopentane, hexane, HFC's, CFC'sg, HCFC'sg,
water, and mixtures thereof,

extruding the polymer melt as a strand and
chopping it into pellets, and

30 heating the pellets to a temperature range
of about 70 and 110 °C at a pressure range of

about 10.1 psi absolute (70kPA) to about 24.7
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psi absolute (170 kPA) thereby forming said
foamed cellular particles.
50. A system of claim 29 wherein said
expandable particles are produced from a
polymer composition formed in a polymerization
process in an extruder, the steps comprising:

admixing a styrenic monomer in an amount
ranging between about 70 and 100 weight % based
on the amount of monomer composition with at
least one vinyl group monomer in an amount
ranging between about 30 and 0 weight % based
on the monomer composition to form said polymer
composition,

heating said polymer composition to obtain
a polymer melt and injecting said blowing agent
selected from the group consisting of acetone,
methyl acetate, butane, n-pentane, isobutane,
cyclopentane, cyclohexane, isopentane,
neopentane, hexane, HFC's, CFC's, HCFC's,
water, and mixtures thereof,

extruding the polymer melt as a strand and
chopping it into pellets, and

heating the pellets to a temperature range
of about 70 and 110 °C at a pressure range of
about 10.1 psi absolute (70kPA) to about 24.7
psi absolute (170 kPA) thereby forming said

foamed cellular particles.
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