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WD 2005/ 019310 PCT/ US2004/ 025772 PROCESS FOR
PROCESSI NG EXPANDABLE POLYMER PARTI CLES AND FOAM

WORDSCLB10THEREOF 5 BACKGROUND OF THE | NVENTI ONPCT/US2004/025772

Field of the invention The invention relates to a
process for processing expandabl e pol ynmer particles,

e. g. PROQEERpHERBaBRECEEFPYNEY FERANDEPSE PARYVMEReBARNBEBRES
par t A0 &PRY, ARAE CLRv @HERBAFr el ates to a process for
processi ng expandabl e pol yner particles that contain

an organic or an inorganic blow ng agent or m xtures
thereof in varying anounts. The particles are first 15
over BACESROUNDe OFWIHE GNYENpLeNexpanded and dri ed;

and then fed without maturing into a nolding machi ne
to farm arpfeam art teteindenBaskground Art 20 Pol ymer

foam artiehesiApPkAedohr P81 £XPANEEDS epr-pOL ¥Rt or
particles are well known. According to conventiona

pr acPFeESSERadIC 6HPENSREA St PEAYMEXpRATEBFEeBOl FREF
parti, Egidéglé Egpg%ggkgﬁg’ ) cbgrggggggllyMgggurs

in three steps: expansi on
noldpagtlﬁhéamﬁst tb&nmnhyntknnmmeaadessed expaadabtefor

I ticl abl e rene
Doy Pepeethant Femar=hlLpeL enebar by pinaaphat contain

part bel 8gganecgerckal linorgeaiasnhlspkihg, agehatbyehyxtures
"hi gh-densi ty" pol ystyrene beads 30 of a relatively

smal Fhsirgel éngvapyass RACHA§Sa dhanpeskieleprone first
abou | i, oeie an a n

Gons Py "o S50t 1600 LarRo - ybrearTy: hesa s aried,
poIysnﬂrEhenbéadswateounpmegnaueg 1mtbhaambﬂdmnggmach1ne

b . 35 pent tc., and
hen“ReaPel f CROGaPOFAFA ot cam 10 produce. |

"pre-expanded" pol ystyrene partlcles,

2. Background Art

Polymer foam articles molded from expandable
polymer particles are well known. According to
conventional practice, the conversion from
expandable polymer particles to a molded foam
article generally occurs in three steps: pre-
expansion, maturing, and molding. The most commonly
known and used expandable polymer particles are
expandable polystyrene particles referred to as EPS.
These expandable particles are generally made as
solid, relatively “high-density” polystyrene beads
of a relatively small size, e.g. beads having a
diameter of from about 0.2 to 4.0 millimeters and a
bulk (packing) density of about 600 kg/m°.
Typically, these polystyrene beads are impregnated
with a blowing agent, e.g. hydrocarbon, i.e.
pentane, etc., and then heated with saturated steam

to produce “pre-expanded” polystyrene particles,
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WO 2005/ 019310 PCT/ US2004/ 025772 5 i.e. larger
particles of |ower density. If hydrocarbon is used as

w0 b@solosw ng agent, the anmount general ly rangeGT/URING/025772

about 3.0% by wei ght to about 7.0% by wei ght based on
the wei ght of the polystyrene. The bl owi ng agent
boil s bel ow the 10 softening point of the polystyrene
and causes the beads to expand when they are heated
with the saturated steam resulting in the particles
bei ng - epr éasgpantedtiolas| ofietowarkdeenstyy offabout 8

refegodsglggbOES gh%sgdf?gxgﬁndggoﬁaﬁéhgégﬁUStggnngaéant

for abnelreaidty abagtsatirbaueboasdigesebal hyighouto8about
24 hours to allow the particles to mature before

t hey ’ 0%n DB VRO EHEA PRACE. g0t pafh BPEPRT e DERENg the 20

mat UpbNgcRLRe8es, &ht BeLWBALesgbhe Eé&ibcbéﬁowaﬁﬁe
the intérnal pressure of the particles, which is

|n|tsaﬁﬁﬁnn@@epOﬂn§n0£tﬁbgphe&y@tygeaduandycauses the

appr S r r . ,
Che' SRR3R, P SRAEPRL VARLERSY foecharb8anilRy' HEE
partbatasae@ap@taaa késpenﬁageihSthseﬁaasltmes being

bl owi ng a t.he condensatjon of pentane _creates an
undeprgrgggﬁpéeéoﬁﬁa?egOWSraPHE§ ﬂ@gﬁﬁ t¥regsapgut 8 to
Duripg mat4eing, this condition is equilibrated and

i s necessary for good nolding. 30 For the maturing
process, The pPsekashpndedt Parhesecsss eTRPIBLY Vg ferred to

nar au WLadow e oA Lol oy nalthe oRLhTM.aging

(mat uri NE th yleld e hrghe
nol dilegstabbbhe amlhbumn1ﬂnﬂdgagetymly hbnﬁs 8The 24

opti m mat r|n me i s determ ned b al. and
G e At IO AL RS I

bead -gihz@e molded into a foam article. During the
maturing process, alr permeates the particles, and
the internal pressure of the particles, which is
initially lower than atmospheric, gradually
approaches atmospheric pressure. At the same time,
the external and the internal moisture in the
particles evaporate. If pentane is used as the
blowing agent, the condensation of pentane creates
an under pressure compared to atmospheric pressure.
During maturing, this condition is equilibrated and
is necessary for good molding.

For the maturing process, it is known that
there is a relatively narrow window (e.g. a few
hours) of the optimum aging (maturing) time that
will yvield the highest quality moldings at the
minimum molding cycle times. The optimum maturing
time ig determined by trial and error and is a

complex function of such variables as bead size,

2
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2 WD 2005/ 019310 PCT/ US2004/ 025772 5 bl owi ng agent
| evel, bul k density, pre-expansion conditions and

woreaoaniasg conditions (e.g. tenperature, ventiPEL/US004/025772

etc.). For the maturing process, the pre-expanded
particles are generally stored in |arge vented bags.
10 In general, a substantial anount of storage space
is required, and scheduling and inventory control of
the bags are cunbersone. In_addition, the maturing
pr ocBdsvwiakesdgeNfelenpdo, bPﬁkp@ﬁFQhéYvspngeﬁxﬁénﬁh@n

bl I df 15
tho Bagesorpnrs AT PREDr T B b SRR EREt oy i s

releaemgepaDUaee vapollsithor, theCabr volune is very
| ar ge and the relative pentane content is Iom“§ﬁ%9is

present s'3h ERTi FORERERAI PEATESR1 et5F Habar P2

requpkes ipnepekréegbhbabii 00 ERofedernt 0a28%8i §eRPed bags.
expl osi ve air-hydrocarbon m xtures. A further

di sadRagcagean t B chestanvéntli emarnpr aét BEerage space is
”HtUEé§Q19Eda95H8 LRBCRLEIEY %ﬂﬁeﬁnGQ%EF£%eéogE£§%eo£°

is the reduction in-t exil
pIantheTbaQS|aretbampeesempandéd padditcbes EEerquureng
t hat the E thn%‘io 4ho rs afteﬁ%
natuPFﬁﬁ E@ @Fefo SOthé nﬁﬁﬁ #BF 8ndSfdl afnphe
eQUI@agwhngnagagtpl@amenggﬂthgebeapbeadslye@éagéabtgom
at this tine. It would be desirable to have a process

t hat thgobages nét feqdiféiguhht bPi AGPELER AREr 8PFLHPE-

o Lor e Bar Cr b ara ey o EYFaRiad: Ther e have Baen'®

soneveevellepgentsadt hae delabﬁverpqntaeestonagatamd low.

matulng of a0,k At gLMedlate prer .35, 8%Panded, produck.
and, requires proper ventilation in order to avoid
explosive air-hydrocarbon mixtures. A further
disadvantage with the conventional practice of
maturing or aging the pre-expanded particles prior
to molding is the reduction in the flexibility of
the plant. That is, the pre-expanded particles
require that they be used within two to 24 hours
after the maturing process. Therefore, the manpower
and molding equipment in the plant need to be
readily available at this time.

It would be desirable to have a process that
does not require a maturing step whereby pre-
expanded polymer particles may be molded
immediately after the particles are pre-expanded.

There have been some developments that do not
require storage and maturing of an intermediate pre-

expanded product.
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3 WO 2005/ 019310 PCT/ US2004/ 025772 5 Collum et al.
U S. Patent No. 5,271,886 assigned to Arco Chem ca

wdembnoiBogy, L.P. and issued on Decenber 21, ROPBS$S2004/025772

uses a noving stream that contains carbon

di oxi de-i npregnated polynmer particles and a heating
fluid. A pre-expansion 10 unit provides a heated and
thermally insulated expandi ng pathway through which
car bon-di oxi de inpregnated polyner particles and the

movi ng He_tlwy %l ad dr ¥ o, HoWhg St3 Rt steam
ContQ%EEB%EdLES RESaeéﬂéﬂggglp?é¥%§§%8§$t'ﬁ'?? gX4ts

from re-expansion unit an fected into a
nol di aguednohi Decefthernd¥i nyo hzat iags f & undvisg chiar ged

toth pre-expansion unit.at,a tenperature. from 2500
Lo  BOOE CHRUSHEST GRABPY. Cifiie RoTbECURT b RELHTeE
tenpgratureckr aAn380ntatr bRGFF120aA f ULt bes - deyehopsent
that elimnates the maturing process_ for pre-expanded
par t FEEEsPBPVéEefoa PRaLABI aNAgtBeEpat sy digerbakadin

A P e t 9 :
ssugi o gaera -t uagos el PR et o1
t he pmpregpansiopo2fmef ERPBtpatésches has hongndeeeating

carriid.gu% wi th Egat of congensatifn Lron1ste m t hat
per nE&tds thE8¥beadl® BRYHEp0ST TR WAt eP - aPEpr o311
W t ht Reeppandikpgneel! polohethgabeadses TBk St & NYLbhi BRe
uses dry heated gas, A such as air, to_pre-expand_the
raw EPS-BERAESERFoUGAT38 EondUEFBACBAI yREThe Bateétnd

| ayef, eﬁﬁhae b%ﬁgsm65§ngfhé§EiH§aff iQYiEhSBFPgeﬁ'Eo the

and the heat penetrates™ conductively inwardly thereby
f or nbmg-expene ipneunékpahdedtestpacatmee( ficoh 2HD Anko

col! S¥ALES) o5 hercBskipheral purlaceach Lhg Bects
wal | spmpbrbharenEebmoB50° to 500°F.

A further development that eliminates the
maturing process for pre-expanded particles prior to
the molding step is disclosed in A. P. August et
al., U.S. Patent No. 6,399,665 Bl issued on June 4,
2002. Thisg patent discloses. that the pre-expansion
of EPS particles has long been carried out with heat
of condensation from steam that permeates the beads
and deposits water droplets within expanding cells
of the beads. This invention uses dry heated gas,
such as air, to pre-expand the raw EPS beads through
conduction only. The outer layer of the beads are
first heated by the hot air and the heat penetrates
conductively inwardly thereby forming a more pre-
expanded structure (with thinner cell walls) on the
peripheral surface of the beads and a less expanded
structure (with thicker cell walls) at the interior

of the beads. The pre-expanded beads contain a

4
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of the beads. The pre-expanded beads contain a 4 WO
2005/ 019310 PCT/ US2004/ 025772 5 hi gher percent

weonnsem31of bl ow ng agent since the bl owi ng age@it/Us®04/025772

| ocked within the interior cells of each bead. The
resul tant pre-expanded beads are dry and can be used
i mredi ately in nolding of EPS foam articles due to
excel l ent flow characteristics and 10 excel |l ent
expansi on capability (due to high residual pentane
cont eRgher ThesechesePibepit nehdel e Ineragedim siHaz & he

pre- gxpang da%%ﬁ@ éef§%igﬁt$f%hﬁﬁeﬁﬂ@1in€@Pﬂ&Pt¢ s of
enl arges peripheral cells nore than ‘interior cells in
eachebehdbenlii | eTls¢ enasatt anbhypis- egramdtd dreads are dry

bead d d . W thi |
Phereny eahanar raca T ieErT Sohy oin P Ted 351 e ddoam
to sybstantkally tbecsasrl deQr £eow Dethai-d et 101 dt 400

explaining the technical reasons for maturing the |
i npr egAat LENpaPYPRNESON 20P a1 EhY af Py t Hoseiglyrresidual

CO”Vﬁghkgﬂé'cEﬁ@éﬁQPtai@ﬁ Qe PEBLPOEHRSLENES DY OMDY From

agen are 'given 1n the ackground section of the
abovehdescpssedxbagied Pat ent shNeam 61 399h &6 5 haimal

tur i od LIy all he internal pent
or es ARG R n=tha: 96° CBFF LoRRER  nee bl hmtphe Tt

pressHeeriorr eathsaist eady bsial ewegué | s behmne@ss iey |
as to dry the pre-expanded beads sufficientlg so t hat
condEABEECHAPEr COaBBFMBAtSt RRCRUPFARe62RF TRRAPRERIS

doesgﬁ@hiﬁagéghtQél???d§he£8b?%8£§§§&§£§ bR beFPSheral

whi ch nmay not easily pass 30 rough the filling val ve
usedand fihkkirngrt belbsl do swbsbynnotliyowhé ntameolewrse .

and narr spaces. 0 the, nold itself. This .agi,ng
peri od éﬁ% ag@ %1%%EOE%§§§%ﬁ ??ﬁi%&ﬁ%ﬁg ?%%N% gl %%%n
condeasednst €am) mathatingr ehénsingdeetrher 6€l psrt dcbssape

t hrough the_cell , o
particularly those for conventional EPS containing
pentane as the blowing agent, are given in the
background section of the above-discussed U.S.
Patent No. 6,399,665. The maturing period generally
allows the internal pentane pressure within the
cells and the atmospheric pressure to reach a steady
state equilibrium as well as to dry the pre-expanded
beads sufficiently so that condensed water vapor on
the surfaces of the beads does not cause the beads
to agglomerate into lumps, which may not easily pass
through the filling valve used in filling the mold
or may not flow into corners and narrow spaces of
the mold itself. This aging period also permits
gsome of the water droplets (from condensed steam)
that are inside the cells to escape through the cell
walls thus drying the inside of the foamed beads.

Without inside drying, the trapped water droplets

5
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35 wall's thus drying the inside of the foaned beads.
Wt hout inside drying, the trapped water droplets 5

wOD0300810©19310 PCT/ US2004/ 025772 5 soneti me PCUSM04/025772

| ocal non-uniformties, e.g. holes in the nol ded
article because each droplet requires |onger heating
to vaporize it before heating and expansion of the
surroundi ng cell can progress. However, care nust be
taken that the aging period is 10 not too |long as too
nuchsemetheeréndunEnéobhémhng uagéﬂrmieigs penganb¢les
may be st b%ddlff% # t he ﬁ g

pre- e?p 8ego Sds 2T FESUF ﬁﬁaPﬁe pret eQﬁ%ﬂ %ﬁ Bﬁgﬂﬁres

t hat 1pacgkenperathayetbheapbirlzbyitt beeypantedtii hfeand
when they are heated during 15 nol di ng. When the beads
do n@f‘péﬁlﬁéﬁ& ohf £PEj EHFWUH@&P%@G%| BRRGPTPHESHDI ded

foamgagtieles cheBdntatbge eagehytﬁaeegheagglﬁétﬁerlod is
crumbl e into pi eces or leak their contents iTe.

cof f aeti hophéopasesotoeoffieh ofupbe Thusiniong hhaying
year oper _ag r 0,.ex ed b has bee
R e Baranca barbela PEUFPre: Bht 1o T BASE faC ©

a de |C|e t ong
needetlet aediy bﬁethenﬁeeseﬂpaﬁﬁeanbeaﬂspdneedlﬂﬂﬁgngn

pr e- expansi n sufficiently short tine
retapﬁeaﬁxﬁaeéﬁatgeﬁﬁﬁuﬁpatopobﬂe laie 5§§ﬁtth% @blllty

pent ape Wphhn rtikenhRr-ewBanexpapdgde Pradsq AghRIngot
only allows some of the pentane and condensed wat er

vapomoildiagcap@hehr shghbenfe del hohabkpand shéficiently

SUff%ﬁ?ﬁhggggﬁ ?gbf%ﬁe Rgﬁdealﬁ ?ﬁ|g8¥§% e%hﬁenleo be

per neat e € vacuum I'ASi
f0||QWDﬂgyeXpaﬂﬂiOHn§Othah d@uinbeepantbchescde 8otleak
col l apse durin stated her ei nabove, the

i nvef F&ﬁsCSPt%n§S lPﬁteﬁ ﬁﬁ@ 15 bhe §88Canf Coffee

6, 392,665 a&euglreekegah9 v8aPEOCESSpbPr a1 NG ESEI Phe-

expandabl e pol yner
expanded beads has been a delicate balance between a
sufficiently long time needed to dry the condensed
steam introduced during pre-expansion, and a
sufficiently short time to retain an adequate amount
of blowing agent, e.g. pentane within the pre-
expanded beads. Aging not only allows some of the
pentane and condensed water vapor to escape through
the cell walls to the surrounding atmosphere, but
also allows air to permeate back into the vacuum
left inside the cells following expansion so that
the particles do not collapse during molding.

Ag stated hereinabove, the inventions of U.S.

Patent Nog. 5,271,886 and 6,399,665 are directed to
a process for processing expandable polymer
particles that require no maturing or aging of the
particles after the pre-expansion step and before

the molding step. U.S. Patent No. 5,271,886



10

15

20

25

30

35

particles that require no maturing or aging of the 35
particles after the pre-expansion step and before the

wordodiomgiet ep. U.S. Patent No. 5,271,886 6 WO PCT/US2004/025772

2005/ 019310 PCT/ US2004/ 025772 5 pertains to particles
that contain carbon di oxide as a bl ow ng agent, and
U.S. Patent No. 6,399,665 pertains to particles that
contain pentane as a blow ng agent. A further exanple
of expandabl e pol yner 10 particles with carbon di oxide
as apbroaing hgendrisclapyehaktcantain STaraeendigide

4,911, 869 LS P ches t se_o0 h
rapi8Ft§ RRILE S M T PR LI
of tbherpaliypetopparttbiss thatscorcessapyntanéiasta
pre-expand the 15 particles and then re-inpregnate

the BaP¥iBPe@9GPth the sane or a different gas just

prior tonnpheinge edigpoBbave & Y3yt ent  No.
5,271,886 gets around this problem by expandi ng the

beadparbichepr vithnghrlensfigxadet pe deadowing pgent is

Fout g 8rtQ€.§?.”8[91”9 QBEEaﬁEQ”?TbRDPQé%?Htﬁﬁ%gg apdne
wi t hout re-"inflating {hie pre-puff prior to no |n8.
The usechbscahbonbdrexsdeofjashasrapbliowy ngiagenhichnthe

expandabl e pol yner particles is alLso disclosed in
voparagpos B2pkaat BT ER SR8 out 35 0s8. B5HF RS Rt ont 25
combppesithesst epsigf nkpBEBARRt LONEiPYE pr-EatkPana eRd

foam ng into a single process, which overcones the
r api @adtitdssoangf thRg €arboRTrdpBRFdetgasrautietest eth

o Lshonafick oL lc abouscUog, Saberbelo. 54130008

t hei Thei nabvdeddbtysasdt HesheadseateNon 57RULe886 Hhes

I cing, ORCTELLOn, 4§ houl malun) g and WARQU Lo s
final density as the beads are in route to the
molding operation without maturing and without re-
inflating the pre-puff prior to molding.

The use of carbon dioxide gas as a blowing agent
in expandable polymer particles 1g also disclosed in
Meyer et al. U.S8. Patent No. 5,049,328. This patent
combines the steps of impregnation, purification,
and foaming into a single process, which overcomes
the rapid diffusion of the carbon dioxide gas out of
the particle. Again, the above U.S. Patent No.
5,271,886 gets around this problem by expanding the
beads to their final density as the beads are in
route to the molding operation without maturing and
without re-inflating the pre-puff prior to molding.

There is still a need in the art to provide a
process which eliminates the maturing step generally
associated with conventional expandable polymer

particles regardless of the type and/or amount of

7
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There is still a need in the art to provide a process
which elimnates the maturing step generally 35

was®mepisted with conventional expandabl e pol yneCT/US2004/025772

particles regardl ess of the type and/or anmount of 7
WO 2005/ 019310 PCT/ US2004/ 025772 5 bl owi ng agent in
the particles after the pre expansi on process so that
t he pre-expanded particles can be imediately fed
into the nold and "good" quality foamarticles are

f or TedOWTRer 29¢8L aiRuERhePahetdl €9 Pt deha PFocTess

10 t | - egnat.i j ;

ol g ORNRRY CE TEE. TRVENT on The oot T e aete
met theskentedsdiTbelyi heéninon pheovidks angrdgess” f or
processing 15 expandabl e pol r_particles that
e|in%H§#éthESamn%£gl? ?Saaﬁ%?5?¥ﬁ%éstep bet ween t he
pre- expansten iand aptichdig sd@PSco IfrdieieeXxp aivcadd £

pol yner particles contain_an inorganic blow ng agent,
e.g. thehrBak i o%igeter rAat BPreoRaebPR aP il @r vieP ymPbiing -
20 anpunt of organic blow ng agent, e.g. about 1.0 to
about 3.0% by wei ght pentane, the invention all ows

t he PEFMMABYKeSFt BHBeINWHEALANely transferred froma
pre-expansjon.step,. to nol di ng_step._The invention
brovi des. SPBr SAESACFGP BFOcEsE  hecs 25 ExgRndabTS

pol ymetvdrad 1d:i€ | @Sotides a fmaiayd i prodespneeess
conprises the steps of: a) subjectin expandabl e

pol yrifPaRtal ¢ e hner hradsiiiemty gy Rt e
' el atiygd yf{% oD RUESSHE diePHAbldeshathe ifkd N&pansion
parti cl es; pre-expandi ng the particles 'so 30 as to
| owerandhenalehisid ystofps he Parthe|espantidlele metlaimdmg a
suf ficient ositiv%ﬁgiessure insLdek5he.rparticH§s an
dryi r%a“ft?ﬁec%fse-%%ta dHpartP By ¢ P-owind agent, e.g.

carbon dioxide or water, or contain a very low

amount of organic blowing agent, e.g. about 1.0 to
about 3.0% by weight pentane, the invention allows
the particles to be immediately transferred from a
pre-expansion step to a molding step.

The invention provides a process for processing
expandable polymer particles into a foam article.
The process comprises the steps of: a) subjecting
expandable polymer particles to a pressurization
step where a relatively high pressure is established
in the particles; b) pre-expanding the particles so
as to lower the density of the particles while
retaining a sufficient positive pressure inside the
particles and drying the pre-expanded particles
while still maintaining a sufficient pressure in the
particlesg; and c¢) immediately molding the pre-

expanded particles to form a molded foam article.



10

15

20

25

30

35

while still maintaining a sufficient pressure in the
particles; and c) imediately nolding the pre 35

wezpandsw particles to forma nol ded foam art i BCEUS2084/025772

WD 2005/ 019310 PCT/ US2004/ 025772 5 Mre specifically,
the process of the invention conprises the steps of:

a) pressurizing the expandable polyner particles with
conpressed gas at a pressure and tenperature to

create a relatively high gas pressure inside the
particl esMolsy goeagfacaldyl ebBe Phecgas pfetbaréniantion

the p I C t ' he pr [.zat . ep a),
pro- cop ae (I8 Eend oL 0" Pt P R L

whi | esxpa md ath he ngo By mestif paict erite posi th weonpressied® das at
the particles whi c$ ressure i s above atnos hfri,c

pr esstr- Qe oT rEgeti F]%“H%r FHOW VIR U atisrely
suf figi @tgdd NBroaderd Nens ad tirgd a5 #t0i drds 1 h&) using at

particles while maintaining a sufficient positive
pr essif@st nthpeIparpTes BErai e Fhprsgurel % arated in

at nos, ri ; rmqgl t | _di he
part i%;%sﬂ) ?%%%Séafg%gln?lggg%% ialfz)l 'e uséla_negi%%@e%tr@%%e

resi domtt gabepressire heatitg nesdiune vdsildgpandaleing a
ol ymer _partic|es . have a bul k ., density of. about _ .

500 KGF5BL GHE kP ont BF P s Pai arie T dViig g ch

€. 0. hyssogaEbon, abote REMANrS hOPAMANHd aidrecting

m xtures_ thereof and/or may contain an inorganic

bl owi aigf bgenet oy dymatair £07¥ a sufflglesnt darpreonto the
di oxi , e ] thereof..o The ﬁgﬂwt

of bl %%jgégg%n%gi%& ﬁ%qe @ﬁ%ﬁ%‘?“‘}e %glr%)c[?aels nay &

r anges.f D bduout pOs WeightpBes pereeint tioe gipoiti @0s which

wei ght percent, The expandabl.e articles may b
ot SRR RS ToRTE P dhaR 1Y e e A Ao ©)

previ pHebyigstapl hshethsethe PaPOI€les into a foam
article using at least the residual gas pressure in
the particles.

Expandable polymer particles may have a bulk
density of about 600 kg/m® and may contain an organic
blowing agent, e.g. hydrocarbon, i.e. pentane,
isopentane, and mixtures thereof and/or may contain
an inorganic blowing agent, e.g. water, air,
nitrogen, carbon dioxide, argon, neon and mixtures
thereof. The amount of blowing agent in the
expandable particles may range from about 0 weight
percent to about 20 weight percent. The expandable
particles may be “pre-nucleated”, i.e. particles
that have a previously established cell or pore
structure where the apparent density of the
expandable particles has been slightly decreased
thus resulting in the volume being slightly

increased. Or the expandable particles may be “non-

9
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structure where the apparent density of the expandabl e
particles has been slightly decreased 35 thus

WO e®al193ng i n the volume being slightly i ncreRGSEUS2008/025772

t he expandabl e particles may be "non 9 WD 2005/ 019310
PCT/ US2004/ 025772 5 -nucl eated", i.e. particles that
have voi ds and no previously established cell or pore
structure. The invention may find particul ar
application for processing expandabl e polystyrene
part reheseekal”  coneai R2EA1GEGANER2BI bawagvageat ane. go
pent 8 ; b0 20, apudhebess:inan. abeut sovhly,pel ont,
or tnat “~contain an inorganic bl owng agent such as
wat er, ca@hbohndeokide, mayr find pattogeharwhpphication

i norgani ¢ bl ow hg agent .g. carbaon di oxide, a
01 SC UL P T 7 11D G St S 1 R GG TR 620 i iy Ehat
out ofohteidSakebtgading vherafprayaumt, of 4 hgentane, in

particles. In this instance, the pressurization step

a) art¥HeoURk eb2TR CRAT tFROHeald My i airh app! it o

t he icles | - Nnsi

that STRe Bt ol s s sor b et B e
20 recpubed ék@ainde oreim, tdwe miolhgwn prvdciess treorganic
adeq ely fuse the particles together for the
A

st ep, hd hei expandaRlEneRar Ty Cd 85 Bf £ QY fu eSS Wiz &F the
with gas at a_25 pressure ranging from about 500kPa to

aboutcebbok¥Rrd B HfOLE tBHperatthe RAGNET + It dBu
- 20C £ﬁsx-(%?8é*,t 311% %E@ésxgﬁ%ﬁtﬂén o €5 to,f 7200

m nut'es days ere i's that pressurize gas

i s crea¢esuaadof eree Nseadtnindiengudirun Amgsl iaed eco ithe30

t he VOidS.O{ in.th%%cells of the, articlga. These

pr esHAT2eE PRrt cHas Rre PRI TGt & (PTHe that

the particles have sufficient pressure for the

reguired expansion in the molding process to
adequately fuse the particles together for the
production of foam articles.

In the pressurization step, the expandable
particles are over-pressurized with gas at a
pressure ranging from about 500kPa to about 8000kPa
and at a temperature ranging from about -20°C to
about 130°C for about 15 minutes to about 7200
minutes (5 days). The result is that pressurized
gas is created and remains in the particleg, i.e. in
the voids or in the cells of the particles. These
pressurized particles are then transferred to the
pre-expansion unit.

The pre-expansion unit contains a heating medium
for pre-expanding the particles. The heating medium
may be siupplied at a pressure ranging from about

50kPa to about 200kPa and at a temperature ranging
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pre-expansi on unit. The pre-expansion unit contains a
heating nmedium for pre-expanding the particles. The

woeasiomgioredi um 35 nay be supplied at a pressBCBEUS2004/025772

rangi ng from about 5CkPa to about 200kPa and at a
tenperature ranging 10 WO 2005/019310

PCT/ US2004/ 025772 5 from about 100C to about 130C. In
general, the pressure in the pre-expander wll be
above atnospheric pressure and bel ow the pressure

i nsi §som pEopBhar LPEI Estapdhcthel par € cl €3 SSRETRY: fFiot

the gggsgﬁygiéﬁtkﬂg ﬂ?%tex Qhaeffﬁﬁifsﬂé prgssure 10

differentra etween"the pressure in the particles as
a resuhbsphetrhe pressurezatfohe$tvepthadptdesupe essuide

int - ' Lt. The_heating . medi il
causEoPhESFat LI TR ciPPh KhPL BALC ARG PR pradehran the
di f f gi-eakLah zhBibheupatti CrRSsWekbatayse dbetBere

particles to expand. Wthin the pressurized atnosphere
of tHéffpeenEipanbrbreani Fhenerpasrrel €8 wag Barticles

SUbjﬁ%thrEQu%g dEyEng ?EQQQ&?izSthnagﬁgﬁraﬁ&y£H8

process, at t pressufe existing in
pr e- expassicenionthe Phate2Pansjionf tivitt heTlparhest g

are pre-expanded a streamof  _hot dry air be

o1 onBEea B A o B e AT, BoreRtag! Un hhr B aSen b
the patkkokesdifrbernatihvely, thhepdtyinUeofwihe cause
particles can be done in a separate pressurized

conp&renattdrleReto2sxpredexpansion unit or in a
Separatew?ﬁﬁ§ﬁ“£héa¢£8§s ?ﬁéd £¥f§§%ﬁ€4éﬁofrﬁhergref
s rom- the

particles are transferre re-expansi on unit
di r eekbpnenbo thétnbhdi pgrtimatheneayHosesebp]edepéndong

o0 B BE a0 onr aLe a0, LDl A LLABY, P cne

pressure existing in the pre-expansion unit. That
ig, after the particles are pre-expanded a stream of
hot dry air may be transported through the pre-
expansion unit and onto the particles.

Alternatively, the drying of the particles can
be done in a separate pressurized compartment of the
pre-expansion unit or in a separate pressurization
unit.

Preferably, the particles are transferred from
the pre-expansion unit directly into the molding
machine. However, depending on the production rate
of the plant, it may be necessary to transfer the
particles to a holding vessel until the molding
machine is available. The holding vessel may be a
vacuum tight pressure silo that maintains the
pressure in the particles, or the holding vessel may

have a small net airflow.
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particles to a holding vessel until the nol ding
machi ne is avail able. The hol di ng vessel may be a

WO 20a0m3t0 ght pressure silo that maintai ns thePCT/US2004/025772

pressure in the particles, or the holding vessel may
35 have a small net airflow. 11 WO 2005/019310

PCT/ US2004/ 025772 5 As stated herei nabove, the
particles are transferred fromthe pre-expansion unit
or fromthe pressure silo and to the npldi ng machi ne.
The prAZuFebfd fRPEPiRPAPOTRL Vidth RHE GthaT REDF t he

partEQEﬁ%fé@QeHhEESHVEEQUE?QLe%ﬁ%#s%@nZ Pr byt Epgn10ne
pressure inside the particles W e above
at nopphkesiuce Aslohengr essthezedlpangi mdelsieat eFhehe

nol di ng _nmachine,..the partial pressure of the ga

st BeSPRE BarerEraentoadr BarBreRnant: Recr fe "3 o5t o
i nsi darthelesl dhagtArachhieromhest Wkl 15c aképw b€ the
particles to further expand and fuse_ _together when

t he PAFPEFYKFEsiBPédRehiB8dPRATLRLSS nBL U NGC nReAY Re.

Si”CstthFH%rEE?'eﬁBaegéogréEE&riEF& PArtici s eH@%f fhe
sufficrent pressure and the particles are 20 dried,
t he melticobesmachnnbe fkd daretélyptesshee nof dihg gas

hi,ne.wi t hout i th icles. i tabl
qasct GUiEI 124 PATERE! Beb8uPreatrant hami thFop i
devebepkBgra fekatevehy RbURiggsSmpEBssdl e Thhereinl

i nclude air, carbon dioxide, nitrogen, and 25 m xtures
t her 86 OWPEBPePabEyCleRetgadurshes| evpaad #RenfERAR

9r°“Eo%8E§E§F%HQn°Ehéi5arE§EPQ§ Q£8X£Q§Eé@dinnlﬁéures
thereof. It is therefore an object of the present
i nvempildanpomprbyhide a process for processing 30

expandabgfngé)l yrqeéhgalgéégéfgaﬁgflotn at?rpié,estk?e particles
have a sufficient pressure and the particles are
dried, the particles can be fed directly to the
molding machine without maturing the particles.

Suitable gases supplied to the pressurization
unit for developing a relatively high gas pressure
therein include air, carbon dioxide, nitrogen, and
mixtures thereof. Preferably, the gas is selected
from the group consisting of air, carbon dioxide and
mixtures thereof.

It is therefore an object of the present
invention to provide a process for processing
expandable polymer particles that applies a
relatively high gas pressure to the particles and
includes maintaining pressure in the particles
thereby allowing the particles to be directly
transferred from the pre-expansion unit to a molding

machine without a maturing step.
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rel atively high gas pressure to the particles and
i ncl udes nai ntaining pressure in the particles

wo b@sesial | owi ng the particles to be direct! yPCT/US2004/025772

transferred fromthe pre-expansion unit to a nol ding
35 machine without a maturing step. 12 WD 2005/019310
PCT/ US2004/ 025772 5 It is a further object of the
present invention to provide a process for processing
expandabl e pol yner beads into a nolded foamarticle

t hat oveft ¥ esstuyizesr (o gy 1oty Qresanpaiveridn
drie ssu a C

ol 420t HECThOE BBt P eeel ot b Eee My cRr T Sl
artlprymérsbehasfmnthea mbléeﬁ bbat herpt esenthat over-
invention is to provide a%grocess for géoces [

expaRYSBFET1ABFyFEF Barticies: rREar R %fa?% gg%%%n?he

and/ gresk¥pez0f Bhowi B¥cagenhai nhdgi exPaPdabl &= the
pol ymer 15 particles that allows the particles to be

mol dedespunbdeat epytaclies tﬁefgémtacf@%ma@étlcle

pre- expanged, , 1@”9u§t1§é£' Ebﬁ&é%h&‘% ohL eﬁ:%%génﬁ fovention

present invention I's t0 over-pressuriz e expanda
partiid eso gardhiale ea sufddes enfommiate sofi gy esgiarelaA@®
remains. in the particles for_ pre-ex a sion and

mol di Ry Y iSHe REENF BihereFH HEE ot ARG GRGqY
be betjes appsRGHAILhAN undanst %aﬁaﬁs{bﬁéﬁ%olymer

followng description s read along with the 2
accor@wﬁ/i%be@rmﬁﬁm%lw ctlheﬁ st IRRIEEF @Eg(a?lﬂwﬂld@d

gf IEE“ prl&&§§%F2€%é§33 co |oﬁ¥?gg%%§%ﬁzgﬁgﬂﬁlea 3
pol yst yr ened 30stEPB)fpathetlebjace pf et pandeent
naturfﬁbeégggn lSc¥O over-pressurize the expandable
particles so that a sufficient amount of presgsure
remains in the particles for pre-expansion and
molding.
These and other objects of the invention will
be better appreciated and understood when the

following description is read along with the

accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic of the process of the
prior art where conventional expandable polystyrene
(EPS) particles are pre-expanded, matured, and
molded.

FIGURE 2 is a schematic of the process of the
invention where expandable polymer particles are

pressurized, pre-expanded and dried, and then

molded.
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FIGURE 2 is a schematic of the process of the
i nventi on where expandabl e pol yner particles are

wee@ssusized, pre-expanded and dried, and t henPGBUS2004/025772

nol ded. 13 WD 2005/ 019310 PCT/ US2004/ 025772 5

DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a
schemati ¢ of a conventional process for processing
conventional expandable polystyrene particles.
Expandabl e poI yst art| cI es 8 are fed to the

pr e- expanshiap P ¢ b tppl i'ed to the
particlesg r.th of -t he

di scussed %gr glg\r/:/gbcl)%eg sgﬁ@ﬁ%%%&é e%s??@b%%ﬁgﬁ?

ar e tpanstd=s ridr f poon ¢ sl ngprasrexgansh ol wmparﬂd)ab]m 0

| arge vented bags for, the turi process 12, and
o € O C RHOr o PR LG The TR A Ty O e © o
produser@i &8 shegr-d opda B8 tikd &AS- elghtdiepanticl as
of the prior art, if the blow ng agent, e.g. pentane

i s t gvheBRy SRR bardprlied dendrie IRpErcIRedel Janey dhe
pres ( hown) f I

af t er&éer?u %@ggmtf hgl%Zogpr e- e&%%n%%nﬁurgnﬁé%%i ar%dll@lnakéove’
IS a slehehowec @éns;hteymancle&slerﬁ diee tranmt‘r&rmd filwen the
process of the inventjo nvol v over uri zi
BB SRR Bt ) eich T ceatha gt £ the
for %@E@ﬁﬁﬁkﬁlﬁlﬁé@gs siep, adden-S dansfidtdirddeo the
pol ymer_particles to a pre- expansi on unit 20 for the
pre- 5P Al e ylhgto o el fhershehedhan el y

to a chi
pr odu%qeégéqgfgn?%hedﬁfeié)%%np%ﬁjf% e E%d%{)@ I%élrtl caﬁes
used tiee ebhodisy gnatet beads, ppeldret sis drocmo]msw,nmm

[
P ecggartlcles generally are placed into a pressure tank

(not shown) before entering and/or after exiting the
pre-expansion unit 10.

Figure 2 is a schematic of the process of the
invention. The process of the invention involves
over-pressurizing expandable polymer particles in a
pressure vessel 18 for a pressurization step, then
transferring the polymer particles to a pre-
expansion unit 20 for the pre-expansion and drying
steps, and then immediately to a molding machine 22
for the molding step to produce a finished foam
article 24.

“Particles” as used herein designate beads,
pellets, or comminuted pieces.

Polymers suitable for use in the process of the
invention are thermoplastic polymerg. These
polymers include, but are not limited to,
polystyrene, styrene copolymers, e.g.

styrenic/maleic anhydride copolymers, polyphenylene
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Pol ymers suitable for use in the process of the
invention are thernoplastic polyners. These polyners

w0 p@botB10 but are not limted to, 35 pol ystyrePer/us2004/025772

styrene copolyners, e.g. styrenic/mleic anhydride
copol yners, pol yphenyl ene 14 WO 2005/019310

PCT/ US2004/ 025772 5 oxi de, pol ystyrene-pol yphenyl ene
oxi de bl ends, pol yoxynet hyl ene, pol y(- nethyl
nethacrylate) nmet hyl nethacrylate copol yners,

pol yévfmeené.oo sp%ﬂxrpﬁ—w@fy@ VA& yAlkerels

copol v I | ol t

pol y ﬁéﬁém eérr{e%htﬁ}] { n%%hﬁssr%/ L va?cleat'l cr)nr?sthyl
t her enffthacrublmtre moephdlivese neer gicdnsthareesf,, bl ends
thereof and nterp etratin netmorks th reof e g.

pol y ST RRE G Fol ST RAH L Aot

such @51 vpei Yt Yateneeidd, \Wilveaayuefer r %ﬂal 1@1@;

w || be discussed wth reference to expandable

pol ysiSfFepfe-iEmg)e, sl iddkedhs aniditdarned thenaad

prec P%@c@{?ﬂh e 't hereof,
partlgq]k% . g. expanof'q{ﬁhL lqpo yet ene%l('%et sree
expar&tablmtp@tgqn@mdtan@ (@ﬁ)qu@o téieyrmrﬁ .ce.g.

copo C be e oyed |n arrying ,out the

i nve erb%li}{%rpcb]éﬁ) rcjizeesd oftt ‘31}%/%7‘533:[]1 oﬁfefrléls’
expargi&m %g pdhait dwe general |y contain a bl ow ng
agent. The bl ow ng agent may be_incorporated into 25

the partiBRésedar PRg PEF AT ngTePdiRenparii £l s, diprussed
bl owi NG 1 AG8DE e FEBY- D& PTG 131 d fb‘H eg{ [Hpdhur es

t hereof. Organi ¢ bl ow ng "agents rray ocar bon
e.g. prpetkere (Iwriveliqremdanie) thdammdm@mﬂa@mph

ZES m Xteluj% :e:xé?fn%% anedlyarrpedr 3poalpl:r:L(;“cfl(:“r abley.’g .n_ x%rz]at %%%le
polyethylene (EPE), expandable polypropylene (EPP),
styrenic copolymers, etc. may be employed in
carrying out the invention.

The polymer particles of the invention are
expandable in that they generally contain a blowing
agent. The blowing agent may be incorporated into
the particles during forming of the particles. The
blowing agent may be organic or inorganic or
mixtures thereof. Organic blowing agents may be
hydrocarbon, e.g. n-pentane (normal pentane),
butane, isopentane, and mixtures of pentane, and
preferably, n-pentane and mixtures of pentane.
Inorganic blowing agents may be carbon dioxide,
nitrogen, air, water, and other pneumatogens and
mixtures thereof.

The blowing agent, particularly for expandable
polystyrene particles, will generally range from

about 0.1% to about 8% by weight based on the weight
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I norgani ¢ bl ow ng agents may be carbon di oxi de,
nitrogen, air, water, and ot her pneunatogens and

wWOorRoos119$0 t her eof . The bl owi ng agent, parti cul B€T/Y¥S5004/025772

expandabl e 35 polystyrene particles, will generally
range from about 0.1%to about 8% by wei ght based on

t he wei ght 15 WD 2005/019310 PCT/ US2004/ 025772 5 of
the polyner. Incorporation of the blow ng agent into
the particles_may occur when the particles are,

f or ned. tIRi BORHPEHe cuFNFATROBARL QR epf stRP MBI agent
proc 0 h ' n i joto
The BAFe SIBeCaf For  ERe Bhr (7ol be ars Torrad | n Mhbtoe
10 i Sogendr al Triseheyredctn as a tme-step sSuSPeEnsian

process. If little or no blowi ng agent exists in the

Dar t PEPESS5 L REnERebURE-pFessthe Hipl Pec o CiAtad into
part tgkepakbithespaessyr tgat hoh: $¢€Ps 0dré heodded in what
invention will provide sufficient pressure in the

part i-€| gsnghalpressfietred Bai A afnedof dFeR helgpension
expa?§58gsqu nmol di ng steps. As an exanple, if 40 Dbar
of pressure is applied to the particles for about
three (3Jfhbitrisle not heo grlessing zageron «tieg,s 20 tihe

in th d be about 22.5 bar. A process
L O N e a0

fast pdi-tfiuskanihatBeObrépohgaRLEi Rl SVEPToRTEMES, such
as carbon di oxide_and/or water. This process naybe
r ef et PEENEHCRS W pi ePHOEE 8t FBRT1CDENt PpEeHRETR a1 oRne

of t Lel i i.eved by :sli y i _
Che PaFTTClee ThoaHonal Ty (Ral= Te Rl Tore (harP e
t i mesxpensionhandt heldingi aaépsdendst ynoéxatele, if 40

art pelegs The-particles usedsipo HALS,RLE oyl epLLon
about three (3) hours in the pressurization step,
the pressure in the beads may be about 22.5 bar.

A process had been developed that decreases or
eliminates the fast diffusion rate of inorganic
blowing agents, such as carbon dioxide and/or water.
This process maybe referred to as “pre-nucleation”.
“Pre-nucleation” of the particles is achieved by
glightly expanding the particles to a density that
is not more than 3 times lower than the original
density of the particles. The particles used in
this pre-nucleation process may contain the
inorganic blowing agents discussed herein above,
i.e. carbon dioxide, nitrogen, air, water, and other
pneumatogens and mixtures thereof, or may contain
water and/or a small amount, e.g. about 2 weight
percent or less, of an organic blowing agent, e.g.
hydrocarbon liquid, e.g. pentane and/or mixtures

thereof. In “pre-nucleation”, the initial nuclei of
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30 inorganic blow ng agents di scussed herein above,
i.e. carbon dioxide, nitrogen, air, water, and other

w@e@sosogens and m xtures thereof, or may CONPEI/IS2004/025772

wat er and/or a small anount, e.g. about 2 weight
percent or |ess, of an organic blow ng agent, e.g. 35
hydr ocar bon I iquid, e.g. pentane and/or m xtures
thereof. In "pre-nucleation”, the initial nuclei of

16 WD 2005/ 019310 PCT/ U82004/ 025772 5 the cells are

f or meds rralie paig ifdraed TRk thecRsirtdcleme cdiiss nyicd el

then diseg,d G.oubsequentlon Tldd el Lxpapddfiey curther

particles pressuri zed gas to the fina
densidxypanid ddmreraoitalcliaw evigst prEmyriceesgafsorto the

preparin re-nugl eat ed articl.es, .i.e. rticles
Phat iy HOVETE S8 A e G it et

di scl osephd otdeedH! # O figpdMhPatentmdoymy s. WO
00/ 15703 (U S. Patent No. 6,538,042 Bl issued. on

Mar crpaz'ﬁil%) ¥ -atReF tis 5ot mtp&lﬁﬁw deeife 2 15

part 'cgéxgéa unexpanded.pard 'é‘a]secioasfe% sl ghid Xfollowmg
expanded to create porous particles having a certain

cel | tsto ysdteret atabwarerdppar ent density rangi ng

by vt G 1 ate Dol DI S Aents” THuak 28 por s

partigh esvdreme #5 valanme ingraase ddgodd mmngltarene
1.5to Iess than 3 tines conpared to the volune of

the (RREPEPERY parts UKPasBb/PEF 04 (RS Srepatiem Ny,
6, 453, }gg? cfé? ﬁt&dea@ SR EIR -241 200%) 0] &f €% AiQiin

a proc 25 preeparation of expanded "porous
partictEs dsiyrmc;mnesgrmtd reg mmanmres dend iy aadaisia y

200,00, LBI G002 B0 MO L BT LIOT S 00

nmore i%a@y3melght of an organic blowing agent. These
porous particles have a volume increase that is from
about 1.5 to less than 3 times compared to the
volume of the unexpanded particles.

WO 00/15704 (U.S. Patent No. 6,455,599 Bl issued
on September 24, 2002) relates to a process for the
preparation of expanded porous particles by
impregnating particles having a density ranging from
200 to 600 kg/m® with an inorganic gas and expanding
the particles to a density that is not more than 3
times lower than the original density of the
unexpanded particles.

A process for preparing expandable polymer
particles that contain voids in the solid particles
ig disclosed in the following patent document.

WO 00/15702 (U.S. Patent No. 6,573,306 Bl
isgssued on June 3, 2003) relates to a process for the

preparation of expandable polyvinylarene particles
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times |ower than the original density of the 30
unexpanded particles. A process for preparing

wexpandsibl e pol yner particles that contain voPCBEUS2004/025772

the solid particles is disclosed in the follow ng

pat ent docunent. WD 00/15702 (U.S. Patent No.

6,573,306 31 35 issued on June 3, 2003) relates to a
process for the preparation of expandabl e

pol yvinyl arene particles 17 W 2005/019310

PCT/ Us200u/dp 522 d Ly iR rssls @3psripiory candrd ning

part '&% F% G %rﬁfé%na"de%s 1 @:4J0Yiegnaked by jexposi ng

the so parti to an I"'norgani c “compoun 'Sel ect ed
f r ompehe i gregu - o Givs i istanmygrdfc N mgredinor s@2 ecxirridaifiviong the

gas and a te erature ressure of
100 0 £ G00da e o o amcohbLPLER: dre aRd 2
pr ODQfémptsfacﬁuxtéwqaé/wmdsas T el sol id paddaleess The to
|norgan|c]%%§ contains a | ow vol unme of organic

conmpoly Jaygeds sEHigBiad T rhens tFslofvEe mad | x
compar.ed,d.q {de o qap %&Qi@%%% q.fd“gﬁft‘lfc% ofhe

t he |n gani c gas renains essenti al e Vol
t he siglombgrard |gases:dmrazaw @x;izmswmiunfe tdfe orgamc

partlcles t cess of e |nv ntion,

expantabi € %% %m% SIS 6ﬁV§ﬁ%¥ﬂ%§ matrix
ex pangsi£-e20 wlwror®ﬂc @m@ﬁﬂﬁﬁs‘% Rely hereifere,
EPS) particles, . expandabl e pol ypropyl ene (EPP)

par t i ‘dIRsiNBIHHAAIIRS TOR/SthyASSFEEPRY dar tihe ewids
cont Bk A1 DAL N ARk Apaaihlion ng: agent

as discussed above. The expandabl e polyner particles
may quﬂxplﬁb{we nucl eated particles prepared in

accorda the t eac s of U. S Patent
6, 538, 04 f/\g ]ﬁ §n‘ﬁé}tejn‘¥ ¢h ei%?“??é’le

Bl (\W2lymer partlcles may be conventional expandable
polymer, e.g. expandable polystyrene EPS) particles,
expandable polypropylene (EPP) particles, expandable
polyethylene (EPP) particles, containing an
inorganic or an organic blowing agent, as discussed
above. The expandable polymer particles may be pre-
pre-nucleated particles prepared in accordance with
the teachings of U.S. Patent No. 6,538,042 (WO
00/15703) and U.S. Patent No. 6,455,599 Bl (WO
00/15704), or the particles may be those prepared in
accordance with the teachings of U.S. Patent No.
6,573,306 Bl (WO 00/15702), the disclosures of which
are all incorporated herein in their entirety by
reference.

The blowing agent in the particles of the
aforesaid patents, and therefore, the invention may

also be carbon dioxide.
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00/ 15704), or the particles may be those prepared in
accordance with the teachings of U S. Patent No. 30

WG2®381806 Bl (WO 00/15702), the disclosures oPCTHIBZN4/025772

are all incorporated herein in their entirety by
reference. The blowi ng agent in the particles of the

af oresaid patents, and therefore, the invention may

35 al so be carbon di oxide. 18 WO 2005/ 019310

PCT/ US2004/ 025772 5 The expandabl e pol yner particles
may cont alfRewgEeRTEREL & POblERdeRRE AL EReMali pREEREN
hydr o n oW, N r . liIsed as

the o516 bl B hg Sgoe e T At Th U SRRt Nos.

6, 127h¥38océrh60s 0B Yowang &y2d2s 540 esisegnemh tloe NS as
10 Chem cals (International) S. A 1n the atents

wat or EPEL AP R NG AGL0 sm 4P R" (RRd. SHHR vt gl S+ Pacedt Nos.
per ceqnfage, ofoyat pLeh po2useans & iesd) v Ngs SR A CaH NOVA
range from1l to 20% The disclosures of U S. Patent

‘Nos. @namycaley (Enggpnadionad) 65 242, cUp Hresqpatents,

incorxPQ{é‘?:-eg "chﬁFﬁ&raSé‘ﬁ%é% e NELEL N Dy & eszcg{ €.
The expanda ?e pol yrrer " particles may be pro ed via
an expeudentédpat ohasabar uhderuswatas tlhaitbhkrowimy agent can

f ' I ' .pellets..ln th t ,
chem FaRS0) 6 Ro  apRnt 0t hat T AR b th b afeent
gas maysbesysed, asof he, bsoywony agend, 2 ades£0 thee

bl owi ng agent is_mxed into the polyner to
"pre- HucPeRPEAtER &0 FRRHT cRPFLTehY therpbr yherrefrrenge.

exits therext ryden dide @@qunggr@he%egmaz%get S
such as gaseous carbon di oxide, pentane, 25 CS,
and GP>&icad wisoabecutdededi ezt | yas can hendext waitker .

A 20, SRR SEEo PR b el o RSB A2 1 e
extruder, a chemical blowing agent that releases
carbon dioxide gas may be used as the blowing agent
where the blowing agent is mixed into the polymer to
“pre-nucleate”, i.e. form cells in the polymer, as
it exits the extruder die. Additional blowing
agents such as gaseous carbon dioxide, pentane,
HCFC'S, and CFC’S can also be added directly to the
extruder. Also, expandable particles may be
produced in an extruder with a blowing agent, e.g.
pentane and without foaming at the die, for example
when making non-nucleated particles.

The expandable polymer particles may be foamed
cellular polymer particles as taught in Arch et al.
U.S. Patent Application Serial No. 10/021,716
assigned to NOVA Chemicals Inc. The foamed cellular
particles are preferably polystyrene that are pre-
expanded to a bulk density ranging between 600 kg/m’

to about 200 kg/m®, and contain an organic blowing
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pent ane and wi thout foam ng at the die, for exanple
when neki ng non-nucl eated particles. 30 The expandabl e

w@eiopoersiparti cl es may be foaned cellul ar pol ReEDS2004/025772

particles as taught in Arch et al. U S. Patent
Application Serial No. 10/021,716 assigned to NOVA

Chem cals Inc. The foaned cellular particles are
preferably polystyrene that are pre 35 expanded to a

bul k densjty rangi ng between 600 kg/nB8 to about 200

kg/ NnB2IERH i%”ﬁ%%u %e%% ‘har © BroVdHg PareRs . preferably

2005/9&19%54199; RCIL 182004 9257 12 + 5 Rgenfe | £velnd 6xsed han

6.0 wei ght percent, preferably ranging between 2.0 w
% t 0 Broferabdy ananaore priefegald y5 rengd nge between . 5

The drSetgcaferib "ERER O idfe (A5 | B i sure

i ncorpprated sarids NO. entjoEt y7hered ndyorefeientein its
If the ex andﬁ]gl e olgmar articles are foamed
cel | UFRY L POFY nBFr o t P61 e e cussed in the

precedi ng rpatagr aRPaflabl et E&%@@nga@k?c@@gya@é foamed
particles are conventional EPS particles, then there

15 megebEubasupel vhentparpimteofab| diveupsenin i the he
ecesdhfset iy RiEabrant s P Ol AR n e

part ishesidbeat ateasdtn@Sniyorvel ERS dadwticles, then there
pressurization stg of the inventiaon assures that, 20
Fotra

t her €"¢% 2dequat UrdPH et paktrresgent in the
regargh £sscDést figat Ve anek AmL 2 0f o:D| OV NG RA06ME e

the particles so that the particles can be adequately
f used e@YREHEY : | FOT XM i ngL St pentmadestet dmghe

the |QYEnlLpOsTelales 10.@ o 2%, Process. Torppr ocessing

expandabl e pol yner particles a npri ses a

pressuréZsidnastiep, stepret the invention assures that
theré is adequate pressure in the particles,
regardless of the type and amount of blowing agent
in the particles so that the particles can be
adequately fused together in the molding step.

In broadest terms, the invention relates to a
process for processing expandable polymer particles
that comprises a pressurization step, a pre-
expansion step that includes a drying step, and a
molding step. The particles may contain voids,
cells, or cell-nucleating sites depending on the
process the raw beads had been subjected to prior to
being subjected to the process of the invention.

For example, i1f the raw beads are pre-nucleated in
accordance with the teachings of U.S. Patent No.
6,538,042 (WO 00/15703) and/or U.S. Patent No.
6,455,599 Bl (WO 00/15704), the beads used in the

process of the invention will generally contain
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expansi on step that includes a drying step, and a
nmol di ng step. The particles may contain voids, cells,

w@roos@id3imucl eati ng sites dependi ng on the 30 PCDUSNE4/025772

the raw beads had been subjected to prior to being
subjected to the process of the invention. For

exanple, if the raw beads are pre-nucleated in
accordance with the teachings of U S. Patent No.

6, 538, 042( WD 00/ 15703) and/or U. S. Patent No. 35

6, 455¢8bbs B1 {IWGip0/1B7092d8 rdpedy yskd 9atadie 1.e.

proce i t | [y, it Al

D005/ DTISL0 PETT D00 DA 72 6 el et Fr R
beadsPatrent ndm- nbIch eat W ,B1 . BI0 f4 ¢ AL5 pracessed beads
according to the teachings_.of U S. Patent No.

6 e H (WD B 0B i BRI L Goet th IRerally
processn®©hit heel Dventieu: wd lsganeral ly contain
cell-nucleating sites. 10 In the pressurization step,

t he expand&bl8c psE§fEriparirel eschaythavexpapdiklie

densj gi . u 0.k s
CEnSLEL ER0EAD: 1610 001 00, KGLER ABHA0, SO0t
expafidaly ebpokysEp kpémi iagides nnisidmehawetanivekk dendioty as

i 15 200_kg/ b 00 kg/ 18
and PROMomE S AL ancoRt STERUTIY Dot weBrPabEtt. 2807 vier

kg/ mBaandc308 wkyinBavknat belpr @sspltzatbhngisd ePetiiben
particles are szbgected to a conpressed gas at a

pr es&BPEL PRAGKAG & WSEIP A G0 FkPa 2B abButome

8000 t ' e i b 2n. -2
80 %B@tf@ﬂ@e@, %Qnalhagfﬁg%@&gh abafgl 880 E§m7§88 Q&0

130C for a period 5 mnutes to aboUt

m nukedm{5 da¥ys)the pederablzat o stem 440 pamitdses

(24 g%%rshbugtkld %ge gas ﬁrgssure gn Lhe pa&tig&gg,

i e. 5 GSPIESFPS RucPeSPTRGSEPEEsI By 2tel| RTFR

suf f keheihof BettvBen28bbagusvedrdensi ¥otiedastb@Pa dhd at

the pressure of the , . .
a temperature ranging between -20°C to 130°C for a
period of 15 minutes to about 7200 minutes (5 days),
preferably less than 1440 minutes (24 hours) until
the gas pressure in the particles, i.e. voids, cell-
nucleating gites, or cells is sufficient for the
required density reduction. If the pressure of the
gas being applied to the particles is 2500kPa, then
the particles may be subjected to this gas at this
pressure until a pressure of 2500kPa ig attained in
the particles.

As stated in the preceding paragraph, the
temperature of the gas in the pressurization unit
preferably will range between -20°C to 130°C.
However, i1t has been found by the inventors that for
expandable polystyrene particles temperatures higher

than 90°C tend to soften the polystyrene, and

therefore, the temperature for expandable
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WEe@SHW3E unt i |

gas being applied to the particles is 2500kPa, then
the particles nmay be subjected to this gas at this
a pressure of 2500kPa is att ai PEOUBI004/025772
the particles. 30 As stated in the preceding

par agraph, the tenperature of the gas in the
pressurization unit preferably wll range between
-20C to 130C. However, it has been found by the

i nventors that for expandable pol ystyrene_ particles

t enpEPAYEEESShRgherdss5tehan 9Tt eh@l € 008 okeesn- t helso,

ol e

epatiabre be2loraunt Bh85 ho bl RRReh oSSy Shgrene
polyﬁaytenéeeeédsthe beeaboni z80o0nruhess. a Abspjodtof
has been, f oun t for.,e dabl e styr ..

o PBR R EreBbuk oni R ReRP ey PP IR VSR et o
hour at-piabeuthei ghkihedr sriabbhrbei SUthe chePtidéDes in
achi eve the desired Eressure in the particles in 10

prepRFEPREACELER £AE phe-BXpansPRRSLARtUDIE- will be
appreci ated, 1 patpa 1 écf%«!rlédtéhatpaa{t St vl

require a | ower pres t he gas elng supp |ed
to tperpneﬁsuwoméﬁlnaqumre aThaWerspreséut@ef@artheI@ss

enterin the ization unit 15 have a, dens

Shourt 8ok BrrBL SBReRor Rhe P ESRt Bl S n R L6 el s,
pressar taat pa@tueuésmmtéﬁlhgl oMe 59PkEau L bza babs) unit
i.e. about 50kPa (0.5 bar) to about, 100kPa (1.0 bar)

si ncBa¥ehprgAepPes¥uPE BPOBBOBRPAT(BObAMEn Ville nuaRFuLe
crushnt pgef g?gbéﬂglEQt?5 aﬁn&? mﬁglﬁé BOLLR EH8kpa . (

particl es, espe0|a pressure IS ralsed
too beireklyiin. thbopteéshPazéﬂLBnban)tto dlpowt ded 0k ba

oo T B TS 2hAY 5oLt 3PS OF ATBLEES corn

presgunizakhantst epushhenparbbfl 88d to break the cells
in the particles, etc., especially if the pressure
is raised too gquickly in the pregsurization unit.

In order to assist in maintaining a desired
and/or required pressure in the expandable particles
obtained in the pressurization step, the parﬁicles
can be conveyed through suitable means at a
pressure, for example, of about 50kPa to about
200kPa, from the pressurization unit to the pre-
expansion unit.

For the pre-expansion step, a pressure vesgsel is
generally used. The pressure vessel may be an
automatic batch device and the pre-expansion step
may involve a continuous process. For example, the
particles may flow into the pressure vessel on its
one side, be pre-expanded and dried, and exit from

the pressure vessel to the mold on its other side.
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25 can be conveyed through suitable neans at a
pressure, for exanple, of about 50kPa to about

WQROEMP®31d rom t he pressurization unit to the pPEFUS2004/025772

expansion unit. For the pre-expansion step, a pressure
vessel is 30 generally used. The pressure vessel nmay
be an automatic batch device and the pre-expansion
step may involve a continuous process. For exanpl e,
the particles may flowinto the pressure vessel on
its oneExspesipe pf etles papidetc ekl drdwes Bndlexinre-

Si do 230 e o B0EP 01410 BT BebofafBat 7ant i #ad Have

ExpaastempetathEepaang¢hgsbetwaes Laothe pre’expansipnto

di
f;ﬁgégg?aﬁe analﬁﬁgggbaﬁeﬁaTﬁﬁng %E@%??Zi%Ft?ozookPa

248Frhanaeat@538ﬁaaeumamglagpb@é&eea BRet 92200kPas for
The heatin iumis applied to the particles for 10

aboufPsuto>190 %8@oﬁ§§OF68pF@ Eipaﬁﬂpaﬁ@ bb?tP@¥b501$@

a depnsity 0

o a Ly 4EARgLD gggggg H8PAULL 128040/ 185 ! o AROUL aBouc
poundskgwm?dzf@otpbd%&rlexgnmmdﬁ/mhbaccdb@tngotabout 0.5
convent i Eracﬁlcg t he_densi t gf thf articles 15

o BB RRZEHPAS HESE) ep FETARBOIPB00KYS RCTHEILIG To
accoedhignt 9oaanvepktonak phactiksgitiherdensi pyroicies
the particles as a result of the pre-expanding step

wi | | 1BethBobte8SKEiABROTHECReAEi AGOWE P HfkeaY E@aany
ﬁonvseEbea§hgdgatbeﬁvgﬁgaaﬂal gacéﬂﬁénltﬁgtdéﬁgit

ot water eat, convecttion heat, m cro-wa
heat thhki ghrtietaeney aadeaulbn¢fothelprepenp@néing.step

B t I ff t I bet t
o cobarL PR EREUbaPLFGTBY artht HF FEELFE R e be any

pfe-@&ﬁﬂaﬁhﬂanémlheathﬁgpﬂéahﬁhﬁsewgl|s@é&ﬂpdhot air,
hot water, radiant heat, convection heat, micro-wave
heat, high frequency radiation, or electromagnetic.

Because there is a pressure differential between

the pressure in the particles and the pressure in
the pre-expansion unit, the particles will expand.
The pressure remaining in the particles allows the
particles to be molded.

One generally accepted method for pre-expansion
of impregnated thermoplastic particles is taught in
U.8. Patent No. 3,023,175 to Rodman that uses steam
for pre-expanding the particles. In the invention,
the particles may be pre-expanded in a similar
manner. However, asg stated herein above, a certain
pressure will remain in the particles while steam is
applied for the expansion of the particles. The
pressure in the pre-expansion unit may be maintained

in the pre-expansion unit for the drying step.
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25 The pressure remaining in the particles allows the
particles to be nolded. One generally accepted nethod

wo enosprsiexpansi on  of inpregnated thernopl astPCT/US2004/025772

particles is taught in U S Patent No. 3,023,175 to
Rodman that uses steam 30 for pre-expanding the
particles. In the invention, the particles may be
pre-expanded in a simlar nmanner. However, as stated

herei n above, a certain pressure will remain in the
partlclesmﬂﬁIH?Q&%%%%SlﬁaYaﬁﬁlﬁé&eﬁoPYtH@JéﬁﬁaﬁglénféPW

t he %%”s't%le% oF§ 35 d&rye%w eni-Bubhe tRepexra gsﬂgmn

uni t nay be nmai nt ai ned in the pre-expansi on un
the dmjitn @nsi @@tozamopa@w/c@@%10D9@Ihgszoe4ﬂ®25ﬁ§2
ow .or

5 Th rti £ dried i.nj_ec

stre%&% t%i aﬁ%éfﬁ%ﬁhﬁgﬁgﬁ%¥ﬁes%Fggg gﬁQE ROCAGH;

and @ﬂgﬁe&h@nmméuné e. a@utbn@athadhyaﬁgovék@@esbh@e in
part| es are %ggflstently kept under a hlgher

press M YARIoFEFRr B8¥UFERTATYS Pﬁ&ll

part%%be%atgﬁl%'%k%'&QC%F%Be”%ﬁe%%ﬂ%bﬁ?%r%@%blfr
wat er vapor from'the st eam evaporates Trom inside t he

part ilgisésle [thet penpriesssre in the pre-expansion unit
Is betwe P kP hen_the pressure in_th
q% %%@ %r%%s%g% % g%prEe ex angéﬁaaugﬁa g

15 particl'és may range gener et e
200k Betvidfert 150 kPaesaure OkiPat, he hphe texpaprdesure in the

br ought do to about 30kPa, then the particles my

r ema PR e Epg'éfﬁ&ﬁd@@nﬁﬁﬁﬂﬂytH@tﬁF§§s§P§P?naﬁﬁe

part i2¢log®al.s aouhegualsshoet Bat tha bhe- @&%a%ger is
expander. As mentioned herein above, "according to

conv&roiughdl demaic tticc eboaitt 80kPhe pbuenu thesparéipies may
eXpaQ%ﬁgl q%.QE%§%%e—expa%g%rpuntlfp%ﬂgeﬁréssure in the

particles is about equal to that in the pre-
expander.

As mentioned herein above, according to
conventional practice, after the particles are pre-
exﬁanded, the pressure in the pre-expander is
gradually brought down to zero and air is injected
through the pre-expander and vented there from.
However, in the invention the pressure in the pre-
expansion unit is maintained, and for the drying
process of the particles, preferably hot dry air is
injected into the pre-expander and is retained
instead of being completely vented into the external
environment. This hot dry air may have a
temperature ranging from about 20° to about 90°C and
a pressure ranging from about 1kPa to about 10kPa.
The hot dry air may be directed to flow over the
particles for about 1 to about 900 seconds without

venting all the pressure from the particles and
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gradual Iy brought down to zero and air is injected 25
t hrough the pre-expander and vented there from

wolmswers10 i n the i nvention the pressure in theP@r/E82004/025772

expansion unit is maintained, and for the drying
process of the particles, preferably hot dry air is
injected into the pre-expander and is retained 30

i nstead of being conpletely vented into the externa
environnment. This hot drg air may have a tenperature
r angWhERPEENYEBEERI 2811 ot BB 0Bt T 9B Ankihe aS Y E5QURRAE

fanghﬂg gégﬂh@beéigék%aﬁOvéPQUilﬂQfé’aor JS%Q?M@H

air e directe flow over the 35 particle
abouhydrboaabouts 9eOgsep@nblsnwm@u@rai/bmula@dadw 2 he
pres re.fron1thg par gleg 99124 WO ZQQSIO 9 19nt the
PCT/ Us2804702877 WUt ven?lhg af | ?h into

t he eBwbsphaest, the result belng that very I|ttIe'or
no reS|duaI hydr ocar bons, e.g. pentane, generally

used as a® BIBﬁFn@xQ@@ﬂFdrndEF%@p%?¥F%F%§S 7R BFitted
i nto {hfeqBLEOEPNEF£hs AT B & ARG o1l §fb1ding

particles can be inmediately transferred to a
convem i . nDFQﬁtrmgarﬁmclmsweara:omcmd iwldsyr greessure in

nol ded under sure in the presence of steam uslng
any ot?ha ]%un%er of f i0ds and apr}%r aft s ‘that arozf

wel | reieied & Oazt@oqq)aﬁétwlﬂﬂaﬁﬂ dre twel larknowiherd tdise
particles exit the pre-expansion unit, the particles
w1 el bbed-préird%led, e.g. having a pressure

rangi ng fWRghaQHHtF§QEEé1é§ QQQHttﬁQO Pa. ex ﬁgléﬂeunit,
beads enter the noldi ng nmachi ne, 0 par gas

pr esstire past Hel ehevipb tb&:l@selr@@erseeane:rzed,hmg héreaiimg

PressyrecLoside Lhe.ml ding, mElnes 6D A ddiea
When the beads enter the molding machine, the
partial gas pressure inside the particles is greater
than the air pressure inside the molding machine,
which allows the particles to further expand and
fuse together upon further heating.

For the molding step, the process of the
invention uses the residual gas pressure, and in
gome instances, the residual blowing agent in the
particles to adequately fuse the particles together.
If there is very little or no residual blowing agent
in the particles for the molding step, then the
residual gas pressure in the particles will be
sufficient to adequately fuse the particles
together.

Ag discussed herein above, the production rate
of the molding machine may be such that the
particles cannot be immediately transferred to the

molding machine after the pre-expanding/drying
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fuse together upon further heating. For the nolding
step, the process of the 25 invention uses the

WO e®sdusho gas pressure, and in sone i nstancesPCT/iig2004/025772

residual blowing agent in the particles to adequately
fuse the particles together. If there is very little
or no residual blow ng agent in the particles for the
nol di ng step, then the 30 residual gas pressure in the
particles will be sufficient to adequately fuse the
partieFeRs -t ofjet Hets IestRutussielr iatdiitidsovan thee

pr odugti Pl LAt €, Of pides il ?éjgﬂo maghi e Ry e S4UGkcteq

that the artlcles canno I nmredi at ely
t ranstertled m@lctlhreg madlimy. felvhi meesdumr giHe is

pre-expandi n yi.n VWO 2005/ 0193

PCT) CRS00aT 096777 S STt PTTPTH S sk i el end

par t i a4 est £anedeit ofve yesh-t oo Pr eSEUMT € Biddhurhich the
may be copnected to the ol ding nachine. The pressure
silo PRrEEEhes rRY e?aa%%%hf‘f”%takﬁf?léésiﬁl"ep%qq el d

and pgypbgined in the particles. This pressure in the
10 particles may range from about 30kPa to about

200k Pa. Iﬁnth@elmm@nﬁt@nn,aarebéatveeyyhhg@hppessauee is

s ffréétcégaéggdln t@ﬁ part%%&&%%%%%%t %qlaﬂeggequate

adequa%e pressure IS rTHI

t hr oughestudd 1 hemdpie: £xged di i g 1ed oty d1g: 5 e pSorfthout
that an adequate gressure exists in the particles for

the HoPdPHY SXRPIFIDMRhelBhVE, StePT AP ddat an
appre&a&gﬁgté heteddigre RLOLESS O L€ JIMENIIAQN £or - the

provides for a sufficient 20 pressure existing
part iwbedifarster. pre expandi ng/ dryi ng steps and for

the nDldI%%o%t%Re above, it can be appreciated that the

process of the invention provides for a sufficient
pressure existing in the particles for the pre-
expanding/drying steps and for the molding step
regardless of the amount and/or type of blowing
agent initially incorporated in the particles or
remaining in the particles in the pre-expanding and
molding steps. In the pre-expanding, drying, and
molding steps, the particles are expanded by using
the residual gas pressure, and in some instances,
the residual blowing agent in the particles.

Suitable gases for the pressurization unit are
air, carbon dioxide, nitrogen, and mixtures thereof.
The preferred gas is selected from the group
consisting of air, carbon dioxide, and mixtures
thereof.

The process of the invention may find
particular application with water blown expandable

polymer particles, preferably water blown expandable
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regardl ess of the anmount and/or type of blow ng agent
initially incorporated in the particles or remaining

WO pooshe3particles in the pre-expandi ng and 25 pol/tibaeg4/025772

steps. In the pre-expanding, drying, and nolding
steps, the particles are expanded by using the

resi dual gas pressure, and in sonme instances, the
resi dual blowi ng agent in the particles. Suitable
gases for the pressurization unit are 30 air, carbon
di oxi BRlYarYFoRerparhtchext (WERSk herlebth usgr water as

prefe : ted.f Q C i-St. .
e R e
pr oceslse ohfohesahd elit $ onPategm i i Mok 35 Pt i43d ar6,160,027;
application_yit ter _blo expandabl e ol r
parti%?és?’%%%fgﬁﬁﬁlyfﬁﬁ?€$gﬁl§§;9 ?ﬁﬁkﬂ??gg%%?%m9f 20
2005/ 103 P31 0rPCELYS2004h025%E8n BopAkYyshyt eRBePant LEL €8n
(VEPS), which uses water as the bl ow ng agent, as

t hoseOpari 9| RECRHFIEI BR@ITFM 1 He- dfai@sed doafween 500 to
P 127,.439;, .6, : ,
T e

order to achieve densities o ess,
has beentéopedathats t hengmpecdbevred F the g0 °C according

pressurized gas,. i.e. rangi ng. between 500 to 2500

bar s ?%r%%%oﬁ?ai%lﬂgﬁu?gsgg?)%ﬂﬁﬁﬁ%%ffbd”ﬁﬁﬁﬁ§§ Ht

t enpes gt U &5 hangdgs Bes ween: 129 teB0G aeeor-di ngrh {9
the teachings of the invention creates an equival ent

pr essRF@SFRT ¢ heXt el na nie| Ere .cahis ab fhesarteicles can

exi st in.t.h S rti C :
reeq Tad Be el o Srand R pdOnfe: G o qles
hi gh phressutlee i hsgldeptdespes tindbde causgmriheles causes

expansjon of the cells resultjng in the desired ower
densiif]il%se}é?aﬁf)l%/?}ﬁ} Wel%%i.s%f?%ltﬂ]i%%ds%e het e red
abovelof@f ddEsities of 20 kg/m® or less.

Ag discussed herein above, for the
pressurization step, the particles are subjected to
a highly pressurized gas. This highly pressurized
gas, in effect, may be used as the blowing agent.
The applying of this highly pressurized gas to the
particles can occur at the molder’s location prior
to the particles being pre-expanded and molded.

The applying of this high-pressured gas to the
particles at the molder’s facility may eliminate the
shelf-1life problem generally associated with
conventional EPS in which all the blowing agent,
e.g. pentane is added at the resin supplier’s
facility.

In the pressurization step, the pressurized gas
may be air. It has been found that the use of
pressurized air may eliminate some of the

disadvantages associated with the use of water as
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pressurization step, the particles are subjected to a
hi ghly pressurized gas. This highly pressurized gas,

w0 poosoi®seds, may be used as the bl ow ng agent. PdT1ES2004/025772

applying of this highly pressurized gas to the 25
particles can occur at the nolder's |ocation prior to
the particles being pre-expanded and nol ded. The
appl yi ng of this high-pressured gas to the particles
at the nolder's facility my elimnate the shelf-life
probltén demerialg wassdoci dthed ddififwsdere gimentafomadlr EPS
in ' ' - t .Q...pent [

ar ¢, B a 230ee SeloaRl 06 AR
pr essledz atdmid sthepy wWaierpregsur,i zed gaerafmrehe adixr .

It has been .found .that the use of 35 pressurjzed air

Ty IS Soe g 1 S SREGES He S5 &t qEnoeT
Wi t h ddiei dis & Oft Mt &Thaas wade O 2005/R10F 0 neated to any
PCT/ US2004/ 025772 5 the bl owi ng agent. The diffusion

rat e 'MRETA GO RN 1yl e R ee Tiaes 1af fanasevr lgdag
t her ghor gpa%ﬁsﬁéﬁ%p'&éﬁ% WALRL BROL erfc%‘iil t hengl ot
rally wlil HE 68 For 8

air gen remain in the par
| ongerommpet iwicbvwifng iaperitsyn neetderto Alg heait doe deateedtheir

to a 10 tenperature and still bhe effective i

or ottt Pty BECHE pif (470 W 4% VLRIST Y che
pent aneLyridie, MSiot KO M GRS Jleeda R air
heat ed above their boiling point in order to soften

and eXpdite tIRrtigolamers YRt e aipAgntiife csmdggisgg in

ot CaRdeRBe | T The SOl A er Srpei o A aRg o

cont rileute nigntreat tdre & ithenatdtorriofg teheepridetviarg sthep

bet ween t he re- expansi an, and | di ng steps.

Al t er?iEt 1VET S ¥t ‘—‘Frﬁgnﬂﬁ iszll%tﬁsdn step, the

Alternatively, for the pressurization step, the

pressurized gas may be carbon dioxide. There is an
advantage in using carbon dioxide as the pressurized
gas in the pressurization step and as a blowing
agent in the particles, especially those that are
pre-nucleated or non-nucleated particles prepared
according to the aforesaid U.S. Patent Nos.
6,455,599, 6,538,042, and 6,573,306, or are solid
polystyrene particles that are impregnated with
carbon dioxide gas and then pre-nucleated according
to U.S. Patent No. 6,573,306 in that the efficiency
of the process of the invention generally may be
increased. Carbon dioxide is better soluble in the
polymer matrix, and a higher load of pressurizing
gas may therefore be obtained for carbon dioxide
compared to air or nitrogen. Also, the kinetics of

carbon dioxide absorption is better. Finally, a

carbon dioxide based process may allow the recycling
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20 pressurized gas may be carbon di oxide. There is an
advantage in using carbon dioxide as the pressurized

w@a®siom3the pressurization step and as a bl ow POI/E§®N4/025772

in the particles, especially those that are

pre-nucl eated or non-nucl eated particles prepared 25
according to the aforesaid U S. Patent Nos. 6,455,599,

6, 538,042, and 6,573,306, or are solid polystyrene
particles that are inpregnated with carbon di oxi de

gas ard itustpriehfeatégrabromdikagy bettes. upat eft this

No. 6,57 ' at the efficiency 30 of the process
of t é%%%ﬁ%ﬁ%%ﬁ?%%herally may be increased. Carbon

di oxi de i $hbeptretcessl| abl ehe nithent poh yeesematslkxy and

a higher | oad of pressurizin g may therefore he

obt ai HEPFETS RE @i%&%@’&@&% Ry VgieT darticles,
ni trQgen. oAb 5033 ddheadd neties ahSSreaidhien doXYAeicles,
absorptionis better. Finally, a carbon dioxide based
pr ocexstd e edt o R Rc kst yidle mye ZXPADESh HapgFil@s into
PCT/ 004 in tard t [

bet t (Le{r%geﬁ 3?5(4 %)%151}7% iznéa Cﬁ%;:ir%{eee'n h ?d:: & ég g‘igp%%eél tp Egﬁaﬁéﬁ‘@( te%%

i nverdd ony éssentwial dly i3 nwed/esorpreessigrialiingg for the
expandabl e pol yne articles, re-expandin nd

dryi e AHE B o (50 AR IS, P P TSk Bigpesure
pl aci-pgedde, prier@xpandest Paddwdes dii0 y the Pldiditing
machine. It is apparent that both the aging bag,

whi ctERR ardERD ivasrtioied | yabog d ingmedessi ng of

EPS partigle con Ss ' LS
ssed convart LSRGyt ogt R apBusy the ot BREELes di ot
par t i ehesndatele heolele thynadred . (BRE )stat eckdeerdsibiieabove,

exparEbTE 6T 47 o7V one. (1BP) T TS T3t tfoes

the common blowing agents such as pentane, carbon
dioxide, or CFC’S diffuse out of the particles very
quickly so that the unexpanded beads impregnated
with the blowing aéent cannot be easily shipped to
the molder’s location for expansion.

Instead, a typical process for EPE and EPP
particles is to first produce extruded mini-pellets
with suitable additives. These mini-pellets are
then suspended in water with suspending agents in a
manner known to those skilled in the art. The
blowing agents are added at high temperatures and
pressures in relatively small pressure vessels.
While the pellets are still at a high temperature
and pressure, the vessel contents are quickly
discharged to atmospheric pressure where the
particles expand to final bulk densities ranging
from about 1le6kg/m® to about 80kg/m® (1 to about 5
lbs/ft?). The fully expanded particles are aged and
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common bl owi ng agents such as pentane, carbon 20
di oxi de, or CFC S diffuse out of the particles very

w@riosklopieso t hat the unexpanded beads i npregnaP@mUS204/025772

t he bl owi ng agent cannot be easily shipped to the

nol der' s | ocation for expansion. Instead, a typical
process for EPE and EPP 25 particles is to first

produce extruded mni-pellets wth suitable

addi tives. These mni-pellets are then suspended in

wat ednjiech PiSFe @ FETAGEATS | RAgKFRRAer aRﬁoﬁhlPBlng to
t hos [ irn t I; The s b ' e

added " TGt SrpGrATras and 30 preasufear qivEs the

r el ataseeloj sl Icopites odr envgedels “aiwfi | é -ehevpeall etght

are still at a high't erat.ure_and pressure, the
vessdie it &d? gsqﬁf:gg]@l ;alsgiaélgﬁgrged to atnospheric
pressure ohes eat henhe pasidedes ex@adtithd 0 ficngdadilKes

densities ranging 35 from about |6kg/nB to about
80k g/MeBlL %t glesso e Be MesAPEIptethiftly pyJagpahdedcally

particl.es ar. d : .20 : 0

PCT) GF00d 038775 "BIGATS prior 1S Conveytage PressuTe

packagigeplandsid ghiendputle tdemstolyderd’ $heopatitdorleFhiis

general ly involves t associated costs,. of shippin

"air 'e,xqg./eér}eq\Yell)?“i'i gHt™® Reitg Rt SEEFECMEs Y %ﬁggra&uagly

di st anceSa QT &wr the My der 'heurogatdied itherder to

particles 10 usually need to be re-inflated with a

gas, &¥pitdhsy PaRtLCLRS &b SROiERTGRITHINY Pegarrest 1Y

[ar 96, QIESSINe MRSSAlSR1Ce d il Aensid voph siche
SIS I b

partic extre y low. The air pressure nust be
gr aduadpg3dly ncrased vy gant 4 ltes 24 ehdmt lpéeidod tihey must

greﬁ::kéﬁt %FHS%%.%StHIEe%)%&% célln%z/grr ?nrgl%%ld 4 lcﬁlgyw%lg re

e pressure |I's excesslve-an
appl it dapivithirOnee tha Ipadheltes«arE deifdaateed,
they nUStThe process of the invention may be
particularly applicable in processing EPP and EPE
particles. The pressurization unit can be located
at the molder’s location and used prior to pre-
expanding and molding.
The invention is further illustrated, but is

not limited by, the following examples, which

pertain to expandable polystyrene particles.

Examples
Example 1

This example pertains to pre-nucleated
polystyrene beads containing water as a blowing
agent. These beads were produced in accordance
with the teachings of the aforesaid U.S. Patent No.
6,127,439 which discloses the use of polar water
absorbing polymers as water retaining agents, and

in accordance with the teachings of the aforesaid
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be hel d under pressure and/or nol ded quickly before
the air within the cell structure dissipates. 20 The

wee@sess1®f the invention may be particul arl yPCT/US2004/025772

applicable in processing EPP and EPE particles. The
pressurization unit can be located at the nolder's

| ocati on and used prior to pre- expandi ng and nol di ng.
25 The invention is further illustrated, but is not
l[imted by, the follow ng exanples, which pertain to

expandatt e ot y Aajiaste Noar t6 /& 3ds. 0424801089 1 55h0@nplaedy

30 Thig exaiml & Pafd aids, 40 %;99 ]éluc(lmﬁ)ato% 15%%& yhens
beads contai ning water '‘as d bllow ng Hes

beads mcpﬂocquedimmﬂammrpdmmcl\matuwt fve sidea @midn gs

of the afores %) %gfnt No. . 6,127,439 which

di scl d¥EEGHE 1R €V PbI HemE2%5 absor bi ng pol yrer s
as water refia @k@t@%ﬁ@e@h%wsalﬁﬂatl Rhaceeedaneeewtth Hhgds
teachi ngs of the aroresaid 30 WD 2005/019310

PCT/ USFOD A0 B5Prdssl 3rgl mgldedpdivedti uNG. pees3RrG42(0a0D

00/ 157%

00/ 15704 E%%SU %nr{:%g% itk yq‘é‘ 2L o Elgie(“\éﬁfglmgtet e
beads kerwtis mpﬂmnﬂssnatomkngaltmd reselsb éadsicethithe pre-
exanpl e _shows that.t re-n cl eated beads 10 can be

expandad B HbIdeh "B%ngﬂ S5 suri zing the beads,

and then pheoexpandongbaadnnpk-dindclBercBesdsaw t Bodhe
mat ur i n%sﬂt he beads bet ween the pre- expansion and

nol di g 9 hﬂadﬂesr &S'o’—'r@@tn@dn S@ere1 horelcEdrad Op&4ds,
about )t fr 0
0. 900- ! ]125520‘51r(5[1mll %fesreo partl Xijpan ega% ﬁ%%tta(l[ena%nl §r

an Erlenbach PVD 80 batch pre expander (previously
Polytech PVD-80). The initial density of the beads
prior to pre-nucleation was about 600 kg/m®, and
the density of the slightly expanded pre-nucleated
beads was about 419 kg/m’.

These four liters of pre-nucleated beads were
then pressurized in a batch vessel (having a 4
liter volume) with compressed air at 2250kPa for 16
hours at room temperature and then were transferred
under 200kPa pressure to an agitated 100-liter
expansion vessel. This expansion vessel had an air
pressure of 5kPa. The beads were treated with
steam at a supply pressure of 70kPa for 20 seconds
to expand them to a final density of 34 kg/m®. The
resulting wet foamed beads (referred to as “pre-
puff” or “pre-foam”) were then dried by blowing air
at room temperature for 180 seconds through the
pre-expansion vessel while a positive pressure of
30kPa was retained in the vessel. From the

expansion vessel, the beads were transported to a
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Er |l enbach PVD-80 batch pre-expander (previously
Pol ytech PVD-80). The initial density of the beads

wW@rI0s/019300 pr e- nucl eati on was about 600 kg/ nB, PEMUID04/025772

the density of the slightly expanded pre-nucl eated
beads was about 419 kg/nB. These four liters of
pre-nucl eated beads were then pressurized in a batch
vessel (having a 4 liter volune) with conpressed air
at 2250kPa for 1625 hours at roomtenperature and

t hen wWEPRVERahST2t rBel diipeg eracnoiPa (Hress Uf45 twidn a

agi tatggd; =1 & | V. : | Sy expansi on
vessel Pad o & T epreedin Al EIER o e d -
treat ethed résidtahnat prespory presddrchofbddkPadind as

20 seconds 30 to_expand themto a final density_ of 34
g/ B, S TRECVHRIPYTRG Wet: FouiR BERRRIYTRE SRy AN Hep-

"pre- pufihe ofiol Preg feadhinaerend here shiied pys bFOvi NG g
air at roomtenperature for 180 seconds through the
pr e- exPptstan DrSBENe Wie oreed iate Prewsient ofngs

30kPa yas3 1L aknef. i n; the y@é?esﬁ#@@é??ﬁ ansion, o
vessel, the beads were transporte 0 a !

2005/ 01984 0o PO/ 4482004 0257 2f odbn qorevenined ndmdid i £
machi 51<(. urtz K45 with a nolding cavity measuring
300mM by Omm by 50mm). The residual air pressure

i nsi de t hertheads AdLt Foand rl1WRY RELR iRy Lie sy
subseglgeng mol di ng step.. In the nolding machi ne, the
pressuf¥ Thas FEIBhIEEUEG dREPERS iRdchithe wesdsperaeeyell

at a_conyentd.onal il B P CYE Lyl t syre of
100kPa; steam tilrrre of gse%oﬁn{dgn]%ar‘?ge fosoigr%}gérgfgosaﬁe
denol dregriofed 15KkPze Jhes s -dsudalanty foammulidiary thad a

g:gzist%\%s?&elta%rﬁ 1Poé<r9/w¢§s' ml:erac?'srﬂrveidS uaaclccirn ipn%CttioondEI\% hle2089
with a value of 204 N at this foam density.
Example 2

This example involves pre-nucleated polystyrene
beads that contain a small amount of pentane as a
blowing agent. These pre-nucleated beads were
produced in accordance with the teachings of the
aforesaid U.S. U.S. Patent No. 6,538,042 (WO
00/15703) and U.S. Patent No. 6,455,599 Bl (WO
00/15704) . The process and equipment for Example 2
were gimilar to that used in Example 1.

This example shows that pre-nucleated beads can
be expanded and molded by first pressurizing the
beads, and then pre-expanding and molding the beads
without maturing the beads between the pre-expanding
and molding steps.

In order to form the pre-nucleated beads, about

4.0 liter of beads having an initial density of

about 600 kg/m® and containing about 1.9% by weight
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fused and virtually no shrinkage of the foam occurred.
The cross-breaking strength of the resultant foam was

wore@s1sdo according to CEN 12089 w th a val uePOf/USDA4/025772

at this foamdensity. 20 Exanple 2 This exanple

i nvol ves pre-nucl eated pol ystyrene beads that contain
a small anount of pentane as a blow ng agent. These
pre-nucl eat ed beads were produced in accordance with
the teachings of the 25 aforesaid U.S. U S Patent No

6, 538=0UANRS 00 5TDBY Lo RIS PR M No. 2 6L v 55y ed

Bl /15 T i
oL RS RLSTER) o oo sygreasian, sl Al fen. one

Thi sagxanp| ef shbwsihdatgane- nuet catreal behdsn chre 3ade

expanded and,nol ded by first pressurizi t he beads,
and FFEﬁrpFE%%xB%ﬁH?ﬁ% %ﬁﬂaﬂﬁﬁa?hﬁa?héJ%%éP Wi

W out

mat up,ingat Be bradsebghvesn the pegdexpanding and
nol ding steps. In order to formthe pre-nucl eated

beads, abBhese3bourolitesr of BEAURURESF T dASIRF L VEFe
densj of . 0. i nd 17 991
oy e eR DsothBSatE) S TR0, TS Ao e S

PCT/ US2004/ 025772
pent anepassthd biowahg2agekPaweee parhparsyaexpapded

wth hot air to a l.ower density of 40
anouﬁ?mBFrBFBﬁFnangggﬁ?ntﬁﬁ?n?%ﬁﬁfﬁédg?ég%E%O%%g%s

af t ep, bR rRakb @heeégaeah@a wapahs20mbyeueeghof basegle
on the wei ght of the beads._ 10 These four liters of

pre-ﬁucl@@?e@xﬁééééoﬂeVésSﬁﬁeﬁaﬁr@§SBFFZEHe§ﬁuﬁebQFCh
¥gfs%%P%g Exanple g MEDe €ABRr esegdcal vith 3280kPac a

ur$ at room tenperature and then transferred
undersudRlkParepsessuré V0kPhefayi 24t edcerpanspofxpand
Vess%%e%ft%ﬁ%ﬁ%&%al density of 19 kg/m*. The resulting
wet Foamed beads were then dried by blowing air at
room temperature for 180 seconds through the pre-
expansion vessel while a positive pressure of 30kPa
was retained in the vessel. From the expansion
vegsel, the beads were transported to a conventional
molding machine of Example 1. In the molding
machine the pressure was released and the machine
was operated at a conventional molding cycle with
the same settings as that of Example 1.
The resultant foam had a density of 19.5 kg/m’.
From visual inspection, the beads were well fused:
and virtually no shrinkage of the foam occurred.
The cross-breaking strength of the resultant foam
wags measured according to CEN 12089 with a value of
176 N at this foam density. This value is
comparable to that obtained with conventional EPS

beads.
Example 3
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15 1. The expansion vessel had an air pressure of
5kPa. The beads were then treated with steam at a

W@ asloye3pr essure of 70kPa for 20 seconds to exPertsS2004/025772

themto a final density of 19 kg/nB. The resulting

wet foaned beads were then dried by blowng air at 20
roomtenperature for 180 seconds through the pre-
expansi on vessel while a positive pressure of 30kPa
was retained in the vessel. Fromthe expansion

vessel , tRéwhosdsdansiaitleansported veed éonFaampdral
nol di i f le .1 .t.he |_di 3
nachﬁ%g‘t e p?gggﬁfg%%ggx}e gg?%ékghg%?ﬁgoggcé?ﬁgg/Was
oper amned watrea promesseido mdmideirdicng thyel e fwEkhmpilee?2 .
same.settings,_as that. of Exanple 1. The resultant foam
nad 4T eRa Ly O 19 kGRS XRRGRRF S8 Terdpect PORES-
the leads were iwalds besede m30cand wabt HabkWsA®y of
shrinkage qf the foam occurred. The cross-breaking

st r eddt®/8Y - t e eBAFEARE CF odRTe wasaRebstred Becar di ng
to It u N_at i .
denstey s VAl ue i Sofparabrs o POArtonra negLied
wi t h teotentiagrdlc1ERS 3IBebpadsicEeanpkeee3tBdnWiolded
2005/

. 19310 _PCT/ US2004/.025772 5 Raw b il
t hat f%é:eé]ji r?eé?élﬁl‘lp% é"%z "’\/\E?Saﬁlr E?EEE}{Y%S? ggSng?adggﬁ“gy

of alfouim 3BOKEIRB, hadnd Weneipko6ESSedqIhPi | arhd octdad
of Exanp The pressure in the pre-expander was

le 2. .
hel d 450K SETPRESE Y2t MEPESTEEr 8FECRBLAEN§OhEE A
densiibyy g@f 1@ nl AKgLNBe EﬁetﬂéétH%h%%t%f%%oggﬁnﬁferred

to a pressure silo where a pressure a was
applied BeveelpadditienalThenpaweicel psrfieraetihenth the

?ﬁgdﬁgw E%%d%sw%%%%n%%ea%r%sgﬂggnkgrgﬁéu£geggxgggggi was
decreased until 15kPa for the first run, 10kPa for
the gsecond run, and 8kPa for the third run. The
respective densities of the beads before molding
were 15kg/m’, 16kg/m®, and 16kg/m°. The beads were
molded for 17 to 19 seconds at a steam pressure of
90kPa. The foam produced had a density of 18kg/m?,
19kg/m?, and 18kg/m®, respectively with respective
cross breaking strengths of 183N, 172N, and 163N.

This example illustrates that the lower the air
pressure of the pre-expander, the lower the value of
the cross breaking strength. Thus, it may be more
desirable in most instances to maintain a pressure
of 30kPa or greater in the pre-expander for better
strength foam products.

Example 4

This example pertains to solid polystyrene

beads that are impregnated with carbon dioxide and

then pre-nucleated, i.e. slightly expanded to 400
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foam produced had a density of 20kg/n8. The cross 15
breaki ng strength was neasured according to CEN 12089

woRrak/og3val ue at this density of 221 N Sever aPCT/US2004/025772

additional runs were perforned with the raw beads

where the pressure in the pre-expander was decreased
until 15kPa for the first run, 10kPa for 20 the second
run, and 8kPa for the third run. The respective
densities of the beads before nolding were 15kg/n8,
16kg/MB ™ angiTékgrnBo The B@é@@l%ﬁeofn’éh@e@lf%?swdtTd S.

19 secgnds afo a6st59@m3pbr6cess kPa.,The faam
produced had a denS|ty of 1 g ?agg 9@9} ,Sandalr as
18kg/ti8 nwsspEeutiiass] was tin téespectissar icpassnbuedki.ng

strengt hs of. 183N, 172N, and 163N Thi s exanpl )

i | lustrat é[gqﬁﬁwftxatnﬁ 9 SRS Ij%‘ g }De&dgsggpge%a?ﬁg with
pr e- expaiderdidield eweY thie yaleueefl ealth® ¢heS$e over-
breaki ng strength., Thus, it may be nore 30 desirable

in MAECIHEHARRL YU Fditnt B1F -2 Prasistr e 28 BoRBador

gr eat,gr Hdd %&fﬁ@r%&d %reafd%r ReLLRE Sk %'}%U%x QA o
products. Exanple 4°This exanpl e pertains to soli

pol ystng emel BBicheddpst-hat are | npregnated w th carbon

expanded 1 FIGCUSE W2 008 019516 PETI LS00 G5 P2

5 kglex@ymsidy ladiouto stohe iteaghiofgscofidt @@l?fs@ﬁ/@é@.led beads
U.S. Patent No. 6,573,306. Thig exanple also uses air
as  tHebressnsitad nga§30nkﬂlv{@ O RYSARYGFERtiim a

Thi s examle shows it hatknbeads Jnmere %ﬁ@%e%ow %gho‘a%%bgg a

di oxi de and then pre-nucl eated can be over- _
pr es qwssAatrenicath 580 kBgr @texp@nde@mpamtmbded wist hout

"ol g dde headh BRMECO,LA° RLBCRXBANSHAL. 204
impregnation step was followed by a pre-nucleation
step with a batch steam expander (Erlenbach PVD-80).
The pre-nucleated beads were then processed with
equipment and conditions sgimilar to that of Example
1. That is, the pre-nucleated beads were then
pressurized in a batch vessel (having a 4 liter
volume) with compressed air at 2250kPa for 16 hours
at room temperature and then were transferred under
200kPa pressure to an agitated 100-liter expansion
vessel. This expansion vessel had an air pressure
of 5kPa.

The beads were treated with steam at a supply
pressure of 70kPa for 20 seconds to expand them to a
final density of 20 kg/m’. The resulting pre-puff
beads were dried by blowing air at room temperature
for 180 seconds through the pre-expansion vessel
while a pressure of 30kPa was retained in the pre-

expansion vessel.
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To produce the beads initially used in this exanple,
about 20 liters of solid polystyrene beads 15 with a
walensiotopiof 630 kg/ mB were pressurized in a prESEUSE04/025772

vessel with carbon dioxide for 3 hours at a pressure

of 500 kPa at roomtenperature so as to inpregnate

the beads with carbon dioxide. This inpregnation step
was followed by a pre-nucleation 20 step with a batch

st eam expander (Erlenbach PVD-80). The pre-nucleated
beads wer & ¥R RIS BPWIIPR stpfigaienttlendeads were

condidi0Ng,Sitad arg t - 1. That .is, e
pre- nucl eat ed beados ﬁeércgﬂ{ rgjr%%?g@soaﬂlzn rﬁlar?khllbeat @ﬂ;rtz
vesseéf4{ heddgira Bkdngler 125 vathere)essidunlc enpr e8setkure

air at S50kPa for, 16 hoyrs at roomtenperature _and
t hen l\/\%rzcéjei légaen%ciserk}eéapeﬁﬁ&e? e%ﬁﬂgéﬂj‘rﬁ g tdier in
agi t aftedl dGtilrg efte@xpansitoe wassely mERiks RXPangi on
vessel had an air pressure of 5kPa. 30 The beads were

t r eatFEHEIF SteamBkeasaslppld) thsr apsiriaenfvar) e rfadred

20 seqonds.diR, &anith it hemd; hnal jdensity of 20
~kg/ nB. The resulting pre- pulfq“f9a cﬁjgz} s v%/e'r%e' rﬁ\éeg)rk?yssure
bl owiafy 1HI0kEst; rdman erpd atamcedsf;0rnt8Eeac gndsssure

thro t re- ion vessel 35 while a pressure
of 3 é)lvfugsrp@{re fgi)&%gfa}'n the pre- expansion vessel. 35

WO 2005/ 019 Q- 2N/ HIDR0 2 2672 1 oy Fl@Mat RRnsity of 26
pre- x/argsi on vessel, the beads were transported'to a
conveér/i®bnal FRBINdVA§URRC ARABeCKLPRz thasbasdd ware well

Examigsel) ani&inesiAua)l R Is iERIE of '%hteh%ogx%ads

hel ped to expand the beéads further “in the nolding

st ep.cagqunres .nolTieng nrechibreaktiing B renegdung whs

rel egsed 5 t machi ne was operated . . at

convent) o%a%trm o&mn&ra(’syéqe&sqr_e _ aggpr&lggsﬁroe CEN 12089
with a value of 330 N at this foam density.

While the present invention has been set forth
in terms of specific embodiments thereof, it will be
understood in view of the instant disclosure that
numerous variations upon the invention are now
enabled yet reside within the scope of the
invention. For example, it is to be appreciated
that both the pre-expansion and the molding units
may be equipped with a separate pressure supply
source. Accordingly, the invention is to be

broadly construed and limited only by the scope and

spirit of the claims now appended hereto.
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of 100kPa; steam at 8 seconds; and foam pressure
denol di ng of 15kPa. The resultant foam nol ding had a

waletsiorgpiof 26 15 kg/ nB. From vi sual i nspectiPCT/Us1964/025772

beads were well fused and virtually no shrinkage of
the foam occurred. The cross-breaking strength of the
resul tant foam was neasured according to CEN 12089
with a value of 330 N at this foamdensity. 20 Wile
the present invention has been set forth in terns of

speciel efbddefts YSereof, it will be understood
in view ofy the | that ~
in view ofp the,ddst and, r%.‘ge%%lirr% r?g%anen%b re%%;_é/tmer

variations upon the invention ar
r esi deawictibilest heogpopeing:t he 25 invention. For

exanple, it,is to he appreci.ated t bot h .t he

pre- expansall)or‘Ir)raensdg]‘%rnleZ FiH lﬁﬂa?%aaﬁ?&f FeldgGpped

Wi t h pearseipdread eripite $s WS ¢RRISEUTS O Ga A0 HRGLY o
the invention is to be broadly construed and l[imted

onl y Byt MRS &G stE dosdpier ispish pers ielaisms now
appended r et - ; 9 RCT/US / Q2 .

5 \WHAT I$|19CLAII5I\37ﬂEeD e?%a\{j@.l%%o %ﬁagge%gftégﬁgoé’g% %g%éé%mg
expantgBiempatypepreparreclkesginonpbpsengtmaypheric

pressurizi saj xpandapl e pol yner articles.with a
hi gh %é%g{l}?ﬁzgégggggg‘g gﬁ%aggsagr%sﬂgﬁhlﬁﬁab‘flessure

i nsi dpasaiidlpar tkchesesh) t poe- e¥pANE) Ngngai ey Pkt {164 6Sre-
with a heating nediumat a_pressure rangi ng above

at mospRBRFEEIpPREELFEe8nd®Bel ow t he gas pressure in

sai d partd)CligmeRS a2 195 ot a8hoSkeR & I 0g, Lh
pre- 15 expar%qled pz?rti gseg; angsc) in‘#gg‘iregtcgl% r[lrgltgl %g
sai d papwm eresclatvsang at least the residual gas

pressure in said particles.

2. A process of claim 1, wherein said drying of
sald pre-expanded particles in step b) occurs while
said particles are kept under a pressure ranging
above atmospheric pressure and below the gas
pressure of step a).

3. A process of claim 1, wherein said gas in the
pressurizing of said particles of step a) has a
temperature ranging from about -20° to about 130°C
and a pressure ranging from about 500kPa to about
8000kPa and said pressurizing occurs for about 15 to
about 7200 minutes.

4. A process of claim 3, wherein said polymer is
polystyrene and said gas has a temperature of about
90°C or less.

5. A process of claim 4 wherein said heating
medium for said pre-expanding of said particles of
step b) has a temperature ranging from about 100°C

to about 120°C and a pressure ranging from about 50
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foamarticle using at |east the residual gas pressure
in said particles. 2. A process of claim1, wherein

w@200d/003y0 ng of 20 said pre-expanded parti cl eBCT/OSHDEMRS772

b) occurs while said particles are kept under a
pressure rangi ng above atnospheric pressure and bel ow
the gas pressure of step a). 3. A process of claiml,
wherein said gas in the 25 pressurizing of said
particles of step a) has a tenperature ranging from

abouthkERFR FRMBut2 ABIE2 o d preepdires rtangiadg from
about, 5Q0kRa. te 1 RO0QKP | ressuri zin
occurps for ab%(ﬁég%uttolrgégboutﬁf%%%%n%[b%&% %’gtﬁ apout
procesy cfexiralsn 3, wherein said polyner is

pol ystyrene and said gas has a tenperature of about
90C 06Ir' | ess PR Hroces$ ot 2clwgﬁeﬂn%&r\/\ﬁ@|l@i Gyarg of

heat isxgid regianiddmaai it 1ye-iexparg By orsdids of an
particles of 35 step b) has a tenperature ranging
f r om3dodt! oI M o dtePPIC taRE & 3 Ssufa omamgiong 20°

fronﬁﬁpQﬂkn§p9d¥%\%&¥QQ§QQ%%§&% %%%%ﬁ%g?%éﬂ? % t i

kPa to about 200 kPa and“is applie particles
for &Ra e edmyithg O rdia aoutiss appldedutto E20.dseeandsles

6. Aprocess of clai.m?2 erein said drying of said
expar?g)éfdcapz_'rjtn}eclreagl qﬁﬁl%t%%“b)ab(%‘%silslt? Ot 280 r

f | owdemrdiriags .a t enperature ranging fromabout 20 to
about_ 90C and a pressure ranging fromabout 1 kPa to
about’ 10 RPERTESSs Hppllicdd Sow Sr@iparceiel exockss a

ti me ;angidig ddngypiaheut. 1 to about 900 seconds. 15 7.
A process of claiml erein said process

after pre-expanding of said particles of step
b) and prior to said molding of said particles of
step c¢), transferring said particles to a pressure
silo to maintain the pressure in said particles.
8. A process of claim 1 wherein in steps b) and ),
the pressure in said particles is maintained at
least at a pressure ranging from about 50kPa to
about 200kPa.
9. A process of claim 1 wherein said pressurized
gas in step a) is selected from the group consisting
of air, nitrogen, carbon dioxide, and mixtures
thereof.
10. A process of claim 1 wherein said pressurized
gas in step a) is selected from the group consisting
of air, carbon dioxide, and mixtures thereof.
11. A process of claim 1 wherein said heating medium
in said step b) is selected from the group
congisting of steam, hot air, hot water, radiant
heat, micro-waves, high frequency radiation, and

electromagnetic waves.
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further conprising: after pre-expanding of said
particles of step b) and prior to said nolding of

wa200d/opsrd i cl es of step c), transferring sai dPCT/US2004/025772

particles to a pressure 20 silo to nmaintain the

pressure in said particles. 8. A process of claiml
wherein in steps b) and c), the pressure in said
particles is nmaintained at |east at a pressure

rangi ng from about 50kPa to about 200kPa. 25 9. A
proce%g'oﬁ'QFﬁpﬁﬁf RheFérAmsai Hhpredsuppiédrogaseinis
step akiksrsgl d 0 i stin of air

ni trogen, cgﬁbgﬁbgig%%dg%ggﬁdgﬁgﬁ?a?gga ?%e?%% §£¥5?ni
proce®slottolvaenel whéyernpgakdepr esduahzedc80pgastiating

step ' el ect f the graqu onsisting ,of_air,
carboﬁgahéiﬁdg? %gyﬁﬁggh?gg %H§r§8iym§{?zﬁngb%%%s of
cl ai mmtrowmhedei mesahd.heating medium in said step b)
is selected fromthe group consisting of steam hot
ai r, ot WatBRrCsSicdnC 135 thdat vherels- wadds pohivger is

freqfﬁﬂggﬂ' it ion, and electromagnetic waves. 38 WO
2005/ 019310 PCT/ US2004/ 025772 5 12. A process of

cl ai ¥l whergiaress @ipoilpier 1i sheeledat ediflr exptihdable

grou ISt . ol ystyr.ene ol yet hyl ene,

pol y fb&&%gﬁ Fggﬁ 15% Fﬁpg%ﬁgn@tFﬂPWﬁﬁg é@?%6r§68FCted
pol yétrduyl ehe grdupolopmeiiszedgV oy kn @h@&g&hﬁcr§§bﬁ§ng
10 13. A process of claim 12 wherein said polyner is
pol y§&éne 3 ATIRNGFoLeSY1HE apshim 1anemérausaid
expartaki-gf pol ynmer particles contain a bl owi ng agent

selected fromthe group consisting of an inorganic
bl owiltkg A process of claim 1 wherein said expandable

polymer particles are polystyrene, are pre-
nucleated, and contain an organic blowing agent in
an amount less than 3 percent by weight based on the
weight of the particles.

16. A process of claim 1 wherein said expandable
polymer particles are pre-nucleated and contain an
inorganic blowing agent selected from the group
consisting of carbon dioxide, nitrogen, air, water,
and mixtures thereof, and wherein said pressurized
gas in step a) is selected from the group consisting
of air, nitrogen, carbon dioxide, and mixtures
thereof.

17. A process of claim 1 wherein said expandable
particles are pre-nucleated and contain carbon
dioxide as the blowing agent, and wherein the gas in
step a) is selected from air and carbon dioxide.

18. A process of claim 1 wherein said expandable
particles are comprised of solid polystyrene

particles that are impregnated with carbon dioxide
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15 agent, an organic blow ng agent, and m xtures
thereof. 15. A process of claim1l wherein said

wexpandsbl e pol ymer particles are pol ystyrenePCHUS2004/025772

pre- nucl eated, and contain an organic bl owi ng agent

in 20 an anmount |ess than 3 percent by weight based on
the weight of the particles. 16. A process of claiml
wherein said expandable polymer particles are

pre-nuc| eated and contain an inorganic bl ow ng agent
sel e ¥ FImRFe YOG RS c omst stharg iof téar howssurized

0 oxidies 0l 1Rgeny A ooBlog g Wl UES Lhergor
and wherein said pressurized gas in Step a) |
sel ectigxkifdeom t he group consisting of air, nitrogen,

carb di,oxi de, .and m xtures . thereof. 30_17. A ,
pr 0021;53. of T8 I%I%J\ﬂ#eer O es ré’%’p&%’@a:@loélymﬁé”r Pratdsles
ar e predaicieentritoand rep MAiHheC 2R s sdicexideg i3s 1t he

bl owi ng agent, and wherein the gas in step a) is
sel ect%d FAgh&GeSakd a6 dicorrdéngl8o Atppscessanfl

cl ai M)l whengl o sRidLxpandahle; 35 particles are

conprised of solid polystyrene particles that are

i mpr égnat éd wittla rednisorf odi eriode s39nW0e208566193100lymer
PCT/ g%%%q4l%2857é2 2..and then pre-nucleated, and

wher ein the pressUfiZzéd"§ds in step a) is sel ected
fromair angreashen zadion deitl@orApkeaBuatitichesaig
formed fromthe polyner particles processed according
to t RETPrGeEss it i Papeesurd zed. Spar tPclasaperoeessed

aCCO%&%@%U&% %56%%1@)p%%@icﬁksthEQGiBr %g%?e%ft g%i e
1. 21. An apparatus for processing expandabl e polyrmne
par t belegsureowpitisdidegsaid particles;

a pre-expander unit for applying a heating
medium at a temperature ranging between about 100°C
and 120°C and a pressure ranging above atmospheric
pressure and below the gas pressure in the particles
so that the residual gas pressure in the particles
is used as the blowing agent and said pre-expander
unit including drying means for drying said
particles in said pressure ranging above atmospheric
pressure and below the gas pressure in said
particles until the particles are dry, and

a molding unit for forming a foam article.

22. An apparatus of claim 21 wherein s=aid
pressurized gas in said pressurization unit is
selected from the group consisting of air, nitrogen,
carbon dioxide and mixtures thereof.

23. An apparatus of claim 21 wherein said
pressurized gas in said pressurization unit is
selected from the group consisting of air, carbon

dioxide, and mixtures thereof.
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w@e@ssuw3eo i n said particles that

a pressurization unit for pressurizing said 15
particles with a pressurized gas to create a gas

pressure outside said particles; a pre-expander unit
for applying a heating nediumat a tenperature
rangi ng between about 100C 20 and 120C and a pressure
rangi ng above at nospheric pressure and bel ow t he gas
pressure in the particles so that the residual gas

pressdre i IRPFFATISCIAEs clipg mugdd vasrehiea seodi hgating
agenty2ndinsaid S %g(%andlérlu byl ck udi gegaél N8y om
nmeans for drying said 2 rticles in sai pressure

r angiting &b@ve>axnmspﬁam@nofpsessnrehamdahelohbtheagé3

pressi,urdealtri nar L cl e% Eﬁ" t he partlél es are
dry, “an r%ﬂ<mW+ it S or* e ﬁ&uﬁanaﬁP teFdpPe, and
22. Auemaafmguﬁetqfc Gladii@cdbrvherei n said 30
pressurized gas in said pressurization unit is

sel ected fromthe group consisting of air, nitrogen,
carbon dioxide and m xtures thereof. 23. An apparatus
of claim21 wherein said pressurized gas in said
pressurization unit is 35 selected fromthe group
consi sting of air, carbon dioxide, and m xtures

t hereof. 40 WD 2005/019310 PCT/ US2004/ 025772 5 24. An
apparatus of claim 21 wherein said heating nediumin
sai d pre-expander unit is selected from the group
consi sting of steam hot air, hot water, radiation,

m crowave, high frequency radiation, and

el ectromagnetic radiation. 10 41

41

IS greater theer/UBm®04/025772



