, €3eGBBCAD40EHXF6FTGek621 February 2003 - 1 POROUS POLYMER PARTI CLES The
present invention relates to porous polyner particles and a process for
their preparation. In particular, the invention relates t h Hﬁr

‘pol yvinyl arene particles, which can be expanded to foaﬁEng&%b?IC 3?03F0r
many years it has been known that particles of polyvinylarenes, such as

pol ystyrene, can be rendered expandabl e and that the particles um

obt ai ned can be used in the preparation of foamed articles. In” Mﬂ’”m’m,"m"mlm
respect reference is made to, e.g., US patent No. 2,681, 321 whi ch djsggd0Ses
a process in which pol ystyrene gomouisclpes. vamre expesedeso |iquid hydrocarbons
and treated such that the liquid hydrocarbon is dispersed in the

pol ystyrene particles. Particles thus prepared 15 contain generally 4 to
8%t of such |iquighbydresanpon,bhow 5y @Qﬁﬂes%m&%&ugﬁﬂ%& pentane or
m xtures of pentanes., These particles can then be expanded to beads with a
reduced densitBarppparentndersP¥Pedss of OPpaktkbii M eRATaCIds tbically are
20 to 60 kg/ nBpaEheeuexpandgrd, iRPehboPardistes & e dused dd A st eam heat ed
mould to yield a foaned article_ of a desired shape. One of the factors that
i nfl uence the BkpHh3rBRSoP2FhéChes ystiEhecparkd cdundeqd He afimamad of
hydrocay bon bl guingiagent. From Kirk O hner, Encycl opedia of Chem cal 25
Technol ogy, third edition, Volune 21, page 838, it can be read that the
density of particl BSLcBARKI HPAGSSLY Dak Preprentnpre iatymacl 151 e08eE kg/ nB,
conpared to a Féh9€iﬁ§;%95ge§9/Q@cﬁoéspyéﬁy§@§yéﬁafaﬂﬁgQ%@@%dﬁgkéﬁnpared
with a calculated denSity of 1020 kg/n8 for a sinple mxture in 30 which

t he n-pentane B¥Pangdableednpntpakyshyrepeticleg1ghpembdirlveslicrbe n voi ds
the calcul at edugsasagytﬁ@ubge ‘anratf:igljr FEDEYRRY4 2003 15 . 120 kgl mB. Thus
it has been suggested that part of the hydrocarbon bl ow ng agent is present
inlittde voi dsesRecherpbrysngrend. nJHhe SKil ¢ ed- nehS viPdteppr eci at e t hat

the above densijies ag¢ Bantifkendanstibess whbchocan be Migeal culated to

apparent densities. A particle density of g/ n8 corresponds to an

appar ent densi Pplystarenadr7ZOikgeABarA axpabedktoflidel priveermcprensce is
that during the.transpecl andystqLagenefit Gi4nRYRE ded, par i Céifﬁlae%f@eéo

vol atile organic bl'ow ng agent nay evaporate fr.ot e particles,
particul ar frosnt theyvpiodystiwrenet herpacieel eBanrecieanspos tetepdtédr stored

at varying tenperatyneg andsen dyrapi gn wEthaQQHHtf'€$i§-§ydP@@£§Q8n
retai ned may vary S|gn|F|cantI¥. Apart fromextra saf ty 15 neasures that
have to be takédodumnianggendnspoch, asi ketgas-t hghenpackagr nylxteres| fbe

appr eci ated thaf, $UgR 2 ‘i%lrgis%t' 7 ARy 02 Qna{?hgﬁfﬁgte%‘aﬁé@dr@é“ﬂa%%ﬁg foam

obt ai ned after “expansion. Furthernore, the expansion ocess Itself also
causes 20 t hat wiitdari casluesidngeagéiiys 8pbgirank| gepeétens fartpeckaekpanded

s, Lo s TR b, RIS, RS, g
bl owi nglagent frdre fontharldsamdlel dgsed. gn eoabasnrbaatFAi soehdi paenield to
a foamed article of a desired shape.
One of the factors that influence the expansion of
the polystyrene particles is the amount of hydrocarbon
blowing agent. From Kirk Othmer, Encyclopedia of Chemical
25 Technology, third edition, Volume 21, page 838, it can be
read that the density of particles containing 5.7 $wt
n-pentane is typically 1080 kg/m3, compared to a value of
1050 kg/m3 for pure polystyrene beads and compared with a
calculated density of 1020 kg/m3 for a simple mixture in

30 which the n-pentane is dissolved in polystyrene. If all

pentane would be in voids the calculated density would be
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25 be installed in the facilities of the end-user of the particles, i.e.
‘the customer who produces the foaned articles. This requires additional
expertise and investnments with these custoners.. It has theggh bgeye an
-objective of this 30 invention to prepare,pal yvinylarene particles that can
be expanded but do not have the safety, environnental and foamrel ated

pr obl ens. Froth%g B%t/a@t No. 1,106,143 and PCT application No. WO 98/01489
expandabl e parti e Kidin 5t NRFi o585 SWEges trd t8ed ReTBI 6w h§Sagent .

Al t hough such mgardddd@on bRy Baint2Q@3 predenti HAUNY QRN SQBR 4Qf ihhe
probl ens nentioned, one of the drawbacks ofp such particles is that water is
| ess vol ati | e ¥¥FaP Tttt Y& FentifGn &5 131160 Agragdits aPPREFdRSee Ehafeking ¢

neasures need dd e dakan it 5 e ipaHtata of e ngvanesat wen c8f Wat @k i n order
to arrive at a suitable expandability. In GB patent No. 1,106,143 specific

referefce i s mEFE Y hated 4@ anpareat dedistiitdssl- PoParitielsr §anisd thl & ng

agent needs tqdw added to AIRIdhd 2 13 AL neXRRAARI ol arbdn0 the
i nventive concept came, up to prepare highdensity expandable
pol yvi nyl ar en&.z&ar‘iq/@! es, which could then be expanded using an innocuous

bl owi ng agent. Hovevelywdda KHownhigh-densishy Rakl glseengii lh, 491t i a
relatively high anount of volatile organic blowi ng agent. 15 In this
respect referdn@ipeindnd ¢S qua aft e Wexpanggd gesdriiciasg thel yner

beadswi th a rglativel y,hiah | fdrq H i Lircal desgri bes
that for the pr oducltll'eéonOJcH pocldgq/j;lt%yrler?e %%rn??tgf% sef%% %Iﬁiagtj:herfl Bé’r‘]“sft?‘%
applications iR24%lplossi bire pax uisallaas o Xhepeittigise Ghest Hdre bl owi ng

agent than has,heef Heetid DAl A%d Und A ARSI APRISALLNS.

However, the patent continues t _ erence i s snal that in
particles for teupelensitss applicatdwris itdie fdiet arewd® aft avay rengane$ by

wei ght, wher eas, {01, 9h; qﬂas]'g Ys 12 PRl 4, Gatj o I articl
contain 5.8 to e?. @/{nl%qvﬁaéfg t }EJesnl'izg‘:'?lqnl:jil.qtL \ﬁéﬂ'}{ hg%ea&ga)r/fﬁ C gagﬁey%e Seax%g’ ded to
rel atilvel y hi gheademsés i gsat o e atasriw |tarmuumingdntaaseasit,] likeneeded

for the expansion. nsequently, the resulting high .densjt articles wll
still contain 4bou ]F@bézlp%celf%g%?%b Jgty "ﬁllzjiﬁghbte gaé)rﬁ%r?el.a%ﬁ]de k lrqcr esr’ilth.'l fventi on
now provi des avparittdbe mdathavoi ds eflfle dr awbatiks mentlitdned fakave.

i ovi des porous polyvinylarene particles

Accordingly, the present_jinvention pr
havi ng an appa&%‘h lﬁ%‘ﬁs?fgleﬁoe’bqa%%rib 35 200 kg/nB, which particles
contai n a nucl eat i hgragentoend the expgnfehr yargra2003 t230F byl seicghisedr
ngf& _2*6""560' on L e amount  of, PALYY Iyl Areng; o A 40l & 019G bl owi ng
unexpanded particles are emitted into the environment. In
order to reduce the emissions, complicated equipment has
been developed to collect the emitted blowing agent for
further handling, e.g. combustion. This equipment is to
25 be installed in the facilities of the end-user of the
particles, i.e. the customer who produces the foamed
articles. This requires additional expertise'and
investments with these customers.
It has therefore become an objective of this
30 invention to prepare polyvinylarene particles that can be
expanded but do not have the safety, environmental and
foam-related problems.
From GB patent No. 1,106,143 and PCT application
No. WO 98/01489 expandable particles are known in which

35 water is used as blowing agent. Although such particles



It wll be evident that these particles have eradicated all above-nentioned
‘probl ens. Because the 5 anpbunt of volatile organic blow ng agent is 2. G% by
wei ght or less, the majority, if not all, thereof is diss i
.polymer matrix, so that it does not readi I3y evaporates. T 1&‘%@?"043!%@3
pol yvi nyl arene particles according to the~10 present invention are
typically pre-expanded particles. That entails the advantage that the
particle al redthr Hvertceramg P pdhe Prelemst meattdraedpecags e ft frde
pr eexpansi on Q?zsa‘bd’{é'kscw &d sygh Likat ;the rapraiLeat. densi ranges from
600 to 200 kg/nB, the pore;éqarep%S relati vlel ﬁllhsmal Ia andqt%hee?cél ume i ncrease
conpared with e inlex pavidhe dnqedy tdagivenits operly bdipmdilngs @ gelndts -t he
transportatio Y% : (RE;% raohi hitive. i ly, .the apparent
density do raﬁ”g*g‘? ifoogr%a'S%O&to%l@% g/S%égng‘&egaﬁloy,ﬁ%t tﬁ%?e#egtr?s that the
vol umeSof t he 20inplestex pared e qrarta tcloe mey wednees iimc oeaised tly afrmdmealagut 1. 5
to less than 3. tj| ed 1 vol of the . original, un anded
particle. Thi s m%@?é%%%%{puan%&a%nlcﬁgcgge fﬁggs Bn&at%ené:orl?]lé) 'Slr}(f hlo'té Hg‘?%t he
transport at i orsrost Sl outeds gindda adwva® ageshevifstcts ibtadblay, atddd ta®nal
apparent densi . an fromA4so t Kk . e . por re suitably
such that the %(\y/%gtgb%eap%re%ansllcze@%ogp]fnrggﬁ%%%q\toq{fggﬂs) jl:’rl_&mb%pragf%eer%ab Oy from5 to
60, nost prefestatdin 10 a0t 40F amnolthe esdpamalpd iddrtey .si ze is nmeasured by
cutti ?r% the particles half way through and Ciann%giurég Lhe 30 sr%nﬂie wth a
JEOL JSM T220A Scanni ng E'€ctton MTT 6s¢ope ™ isihy "To KéVB5&anm &er gy, 8-38
nm cont i nuous| genmot &Ky nex ol rsd mnice , p slecamdarayr ealee qlarorni dlnesgi Ry L can et d lrim
resol ution (‘Jthrei S, & tradeneacg kJs‘i The r.leseonceouosf 4 G&rt ai n hare structure
in the particl&s®df>® 2PPFeDFuary 003" -5 °THe Hresem™d A&t ion al | ows
themto be inpiiegaated thye atndwmdciugusddr sovi yngpsageantl e sThe iddr tdosltes rofa t he
present inventjion contain a nucleating. agent,. which is a,compound that
pronotes the Sr?g?%‘{?g%n%lfg%eﬂosgnﬁ\luc e‘g%ellantglléageonrtgsansllﬁ tbé‘tﬂq{/)ln&iasgter%s' a
separ dte phaselnnthhe pesysttyrentdbdovd ngs agedd /tnud eaitiany agent system at
the glass trangitign ature of. t he pol ystyrene/bl.qwi ng agent. m xture.
Advant ageousl| y[,éot h&ﬁ?ﬁ?ﬁa %%%Ié]grﬁfsrf%/ pdﬁéf%lbtyﬁeeadjesld“totﬂ} cﬁ%g‘r?g‘lﬁn“ﬂ?ely
pol yvi nyl ar enehgghr dxns Pt ef eTiabl iya t én thugg eeai f ingp lAge nte AS s atertaddr
particle size om 100 nmto 10 um as_neasured by .el ectronic mcroscopy,
ot e pr of or abl GhEr BRPIIBE b1 B N E RIS e RS, AT oM B o b um
Nucl eati ng agedéfssate spplabiyiasedit N arpdssiaginunto afsd. ldHsd w39 by
wei ght,, . based on _vinyl arene referably in an amoynt qf 0.05 tp 20 by
wei ght2 Exanpl BER62"UET caE TG AHERRS T ndty ditpdiesdh Yarst ohi o
conpounds, orgpareiebapoBads] andd@os yieragaridcat eens ExXesydwse artehear bonat e
conpounds such _as 20 cal ci um caybopat.e u%Tghate conpoun suc s _barium
cul bhate and cBAEFOM COPPhALES ERTFcHie ThRIOTHIRS ARalh A1d thay In
magnesi um si | i pakeicaser phousost+tiecaity Ppaplicdesongeadia tmstaiat omaceous
earth, oxides such as magnesi oxide and. titanium oxid 1 Xtures of
sodi um 25 bi caFBBﬁSPz U\lﬁaghbﬁi ?an] cﬁ(gg}m,w%)r%%‘n cw}b'?ﬁﬁﬁ%ef%mjaqkh"i Rpsity
conpowsls, naphppalieaeieaappubdstypohyCyLt t Lcbson@dn ta iyt cxardonsos asy bon
bl ack, cokes, chars, graphite d dj anond dust araffin and fatty acid
derivatives sué’ﬁlﬁgtsggagaflg'aﬁgeﬁakﬁ??%t%aﬁ%hﬁ%%ﬁd%r.e m%%gotfg[sui tabl e
30 pol yner partiechesvang pebyvidexkcbles) denlpok ypiopy | &eun pod § eyt ene,
acrylonitril butﬁﬁi gne styren& r ubper, stllll/rene but adi ene rubber,
styrene/ mal ei ¢ "Anty 8Fi ESE6Fof §helr S cRI PP 35RY - Furt HRFUEXEhH €4S nel ude
pol ar pol yners rasudeselig bedhi Beasgty\VWr 88{ 01691winhi cht CONPESSEain about

30 4.3 to 5.5% by weight pentane.

The current invention now provides a particle that
avoids all drawbacks mentioned above. Accordingly, the
present invention provides porous polyvinylarene
particles having an apparent density dgy of 600 to

35 200 kg/m3, which particles contain a nucleating agent and



21 February 2003 - 6 e.g. starch, and starch nodified by esterification or
‘etherification, enmulsifiers as described e.g. WO 98/01488 and WD 98/ 01489
whi ch conpri se bisal kyl sul phosucci nates, sorbitol -C8-C20- g3iFag g3 and
. Cg- C20- al kyl xyl ene 5 sul phonates. Particularly suitable ag?ggcﬁég??ng agent
are pol yet hyl ene waxes having a wei ght average nol ecul ar wei ght of 500 to
S, 000, which are.typically finely divided through the pol yner trix in a
quantity of 0.%191.8% B?léBFg?lf,Y‘Bi%edb‘?ﬁe‘%h%“a%b%n‘?m LF“?/i%I%‘?%ﬁ"e, 10
preferably fromifylatend, 5&f by welgbhile TheganhDurtlofivgl agédte, or gani ¢

bl owi ng agent in t article accordi to this invention is 2.0g by weight
or less, based on Pﬁe éL%uR? %Yl%%?9v€ﬁ?$aF%$%§ &ﬁ%ﬁ%ﬁiﬁﬁ)ﬁaY$e anount of
organi ¢ bl owi ngrageptted hesSabbas-med0idyedSp neh s . M eapsefeabl y t he
amount of volatile orggnic bloﬁjng a%ent is as |low as poss'Q#p, e.g. less
than 1.9% by welgHES V61 401 7Eof gBRPEbF oM ARG er? S  ar S wel ¥ 5 Kidwn in t he
art and are typeeghkyo€21€6sal tpBahk oI GANI Cf DhOW MNPL AGERE Seo SULH as

pr opane, butanghﬁgegtageh 20 hexage, cycl ohexane or halogenated or gani c

bl owi ng agent sS*RBSL VEFefBr ABFYPOLKBEpaPRFEFEs 8P ™17 kel bFda®® oR9ani ¢

bl owi ng agent . rAdwany,ageayskyrekhe pol yner particles according to the
present invention will contain | ess than 3.0@6bg,25 wei ght, based on the
amount of pol yvi nyFBReRBFOHE RAL B¥1nYh? §eBFoRAE CbFl Gt 2FCPed1ypi Al F§ej ust
the maxs mum anpuatehhatnkerRiBs atbetypi 6QDYENHEONGkpSHEHENSALPRicles .

pol ynmerisation. Contrary to the teachings of GB patent No. 1,6 106,143 and
PCT appl i cati of"RG. ©ADA83F0ER8924KB"8RISpERAFi ENReR3TF S Padbreadpel e aken
to hold extra watertiaint BerpanteehesscPneterabl yechhge apmangrof water is

| ess than 1.5% by wei, nost preferably |ess than 0.5@6bg%meight. The

ght p
porous particl XP30EdCA RG St BeEhe CRPEYEREI3EUFRVERE F ohP e aAPPREPREpPar ed i n

several ways. dedkifebruagyks2003mAspossbbbeoway /moul dnbepspeprerexpand
conventi onal expandabl e pol yvinyl arene particles to an apparent density of
bet weeh® 600- 206 UG/ g <did SFe lduBPectPEnESeUME VRAELBATAnaPBP2R_dt VRGNt 0

evaporate the (Ehel atiey@avidear @8k t3ce¥cessvBkoWsng1 a08Ht chklowener, it is
desirabl e to preexpand expandabl e pol yvi nyl arene particles containing | ess

bl owi ng agent . *AGEGRALTGISY ON ©oS Spréler Fed PECpRepRFeNERetpBPous particles
according to the;itRyart,i emebuppsirdatadehese§sdl,Nr¥hLeh expandabl eo

pol yvinyl arene 10 particles containing a nucleatlng agent and fromO0.5 to
4. 0% by wei ght 20f0 XI¢R-Ce ToPd&Ritd Yhl SRitAgmageat thphsEBeoropBIgvPAyFAReNe,

are pregexpandedd-@ @ aARRa §Rirtdensl hky0ha080iherdf8eKabPBerMr 8bout
preferably, the porous particles according to the invention are prepared by

using a 15 process % MficHhétpanddpree 58%§9Fﬁ9l5Peﬁ€ep§P%P@Fe§fCBHFaining

fromO0.5 to 2. Q%ikyi i gie YfarieOlpatricliel1er.ganie Rhow BgecageNtimebased on
pol yvi nyl arene, are preexpanded to a apparent density of 600 to 200 kg/nB.
Alternatively, JiCHESDHLET MAMPEREE tHEPPSPBLs H36 ﬁaﬁpﬁeprb‘aﬁﬁpm es may

al so be prepar et drys expansign e takierapakigesl.esicalt aunedohy, actpeocess as
described in Applicant's co-pending application _No. 98203098. 3. Herein,
conpac?Sponvir%ﬂ%ﬁ?ﬁﬂ?;ﬁﬂ%ﬁﬁﬁy[inWWQHg§§ &rem fpPefRated k§/®A i nor ganic
N2- and/or 02-cont apfd H@AS are suitably such that the average pore

size 1s from 5 to 100 um, preferably from 5 to 60, most
preferably 10 to 40 pum. The average pore size is measured
by cutting the particles half way through and imaging the
30 samples with a JEOL JSM T220A Scanning Electron
Microscope, using 10 keV beam energy, 8-38 mm
continuously working distance, secondary electron
imaging, and 5 nm resolution (JECL is a trademark). The

presence of a certain pore structure in the particles of



25 at a tenperature below 95 C and at a pressure of 100 to 2,000 kPa gauge,
to yield expandabl e pol yvi nyl arene particles. Another possibility is to
prepare the porous particle of the present invention "in»Sigdhry 0880,

. styrene is 30 bulk polynerised in an extrquder in the presence of "a bl ow ng
agent. Wen the hot polyner nelt exits the extruder, the blow ng agent wll
be released tgo effec re- expansi on to a nsi ty. qof 600-200 [ 8. The
slightly expat%]deeogrg?ér%rﬁ%sl% rStolloynnearllaorwes ?ﬁ}ser?l it 1o %6 ra%qr?ati&%é{% an
particles of imeopuesentlommentdagemtln this technique, it 21 February
2003 _ g _ wll beh%r eferred to use carbon di oxi de as bl owi ng agent or

so-cal | ed cheni cal "l bW M st s, Cieh i S8 DI WS Lfe it tHd Gonpounds

that rel ease gaseealsi c@NPOSLN! SyRRADN nead | gnpkhel latdtern Lmmaunds,ar e
usually solid and are S Pal‘tl cularly used in bul k polynerisation

techniques. EXaRPREsCRrer caf bbh: diwxieRhing g oyl iakdhatgfiF s ¢
conpounds sucfe@gg-agedpcasbonanige. , &/ PAYM YA pane particles

from which the porous particles according to the present” invention may 10
be obtai ned, taploetprepagedt byyvEem cis Pt hblsss Theyes jiticiude bul k

pol ymer | sati onensokuELeD el VABrLSALLP-ANd SLSRAS | AL AOlys farisat | on

techni ques. The polynerisation reaction itself may be initiate thermal ly,
via free radi&dvapbhygeensbat i bheyraxe shamp @i eo pol ybrd st wied The 15

bl owi agent d b re, J ter risation.
Apar t Fr om hy S oeaPBeas . €ae ot B P e b et o N BT e

hydr ocar bons, naadeasteg, ageher hib o ngvateee seamyl @l & os bee usean Ex@nphes
are inorganic_pl ow agen j oxl d i.n e case of
Appl i cants co-tgegm Hg’ a%%l %‘%%??gﬁgl\%? %%%g&rgigﬂji(ﬁ%c%%o e ﬁlgq]}%nd/ or

02- cont ai ni ngpgagesablkyr fhen EXanpheso af eutheid £alpbd o e @oerds. | n bul k
techni ques, the polynerisation is carried out in a conventional way to
obtain smal | p4Pt REl &8 AnkPs)NPSlon EMI hagen beehr ¢ npt eyt edis8d him dh owi ng

agent,.. I n the_pr Nt i Vet LQngy. t Q.S i g i i f carried
o0t W ih 0. 5 FRPEIDy \wr oht tor 7k o it CPAERTELLRE 08 PLE AN O
preferably w phe@e5abdy2iB%abyameight obf0a0T2té 2% ganiwebylowi ng agent. A
nucl eati ng agent e_ad i t I i sation.
Advant ageousl vy, tﬁ%@é@%%d% gﬁgégfglég{‘isgé?g%br%g%rQ%‘%)#/ gd‘{s)%)s%fer%séon

pol ynmeri sat i oanprgeess icomphiucHsyi aytanénecosppohyaesind ool ymaygueous

cuspension | D438 B EsEnss abag, el enl Lo age kot D 15 by 3¢

20 calcium carbonate, sulphate compounds such as barium
sulphate and calcium sulphate, silicate compounds such as
talc, clay, magnesium silicate, amorphous silica
Sr———
particles, zeolites, diatomaceous earth, oxides such as
magnesium oxide and titanium oxide, mixtures of sodium

25 bicarbonate with citric acid, organic bromine-containing
compounds, naphthalene compounds, polycyclic aromatic
hydrocarbons, carbon black, cokes, chars, graphite and
diamond dust, paraffin and fatty acid derivatives such as
stearate and palmitate compounds. Examples of suitable

30 polymer particles are polyvinylchloride, polypropylene,
polyethylene, acrylonitril butadiene styrene rubber,
styrene butadiene rubber, styrene/maleic anhydride
copolymer, cellulose. Further examples include polar

polymers as described in e.g. WO 98/01501 which comprise



organi c bl owm ng agent is added before, during or after the polynerisation,
‘wherein the anount of blowing agent is from0.5 to 9% by wei ght, based on
t he amount of vinylarene, to yield expandabl e pol yvi nyl ar L, 6b@F- 5
- The nucl eating agent may bs added before_of during the po?gﬁggﬁ%% ?Jﬁ?
preferably before. Mre preferably, the expandable particles are prepared
i.n such a process, wherejin thg anount of blowing agent is from0.5 to 2.5%
by weight, basBdIonStRECRNOAME BF2TFRyIA eheSd PO FHE Tk Sipesi Oh

pol yneri sati one fRAY i FEEROESN ANEmk Né { F & P& Sa AT §e KAOWWEJ |, %.hlvso resAeciss
reference is nmade to, e.g., US patent Nos, 2,656,334 and 3, 817, 965, and
Eur opean pat enf"8pPPi 847 PoA8 Rowhies, oampripr phva e b sl RROTYGHER ther ei n
are al so appligabherbn-¢ EC?QEEQE@&J(QPa%s ;h&@aéil@gég%lhéymyltme present
invention. Particularly Suitfable are organic peroxy nmpounds, such as
peroxi des, per8RyPbanrpbaat eB2ahdcpbreby epdltaybe cad RukgR enofagdrise

per oxy cowpoun9§eagslgétﬁpléﬁ¥| wQ§é9X$Q€§mgsycwheﬂf‘hge§@@Pé/ e RES OXL G,
benzoyl peroxide, octanoyl peroxide, 20 stearyl peroxide, peresters, suc
as t-butyl perweagbhtef POButgl SpePlcevhieh 2rdutyriperivobinglunte,

hydr oper oxi des gandydishyfli-86aRbYhe PEE O¥indESma SHER 23 4 |pi ng C3- 10
hydr ocar byl nvoi eti es, inclugﬁng 8i§§sgprop$? Eenzgﬁe R@%%ng€%§+ge,

di -t-butyl per8xPdel-25 bybueybper oRgs¢2- @b hyhdexydyeardbnat vy 1 2l engny |
peroxige or copbiratheny kheresfs Gbhersiniyi@logsedifferent from peroxy
conpounds are al so 2055|ble, e.g., a,a' -azobisisobutyronitrile. The
suspensi on pol yrer F8&t eBAYNE 8&i vabaylEar e reen butb Bowing t d@epy ek nielee of
suspension stabhlik§ens. .subbabhg sYSPEDS! PRyELAPLLT BLTS & & yeld ; in
the art and cogﬁfise poFyvinyP glcohoﬁ?, geYat?ne, agar, pg?%S?n§ RE8:
pyrrolidine, pékgacrpeasdden icher ganiintspabbPpigeisysacenas Bfefenably,
bentonite, mag i il cat I o] L e3, =~ uar y. 2003

i ke tricalciuﬁgﬁoggkgpg %ﬁdﬁéaa ?Eog?gﬁ%ggr%agﬂtphggﬁﬁg%e?ﬁ%%t?b%gl?8 in
conbi nb%i on wi wWieigin .oMotrikee psedbirkbdiyngheoapountsofrenel ahete eargaric The
amount of - st abihigahTaYANI 1abhy YBLYALrBmL031Lo 0.9 Sikssbased S on the
wei ght of the aqueous phase. The suspension polynerisation Ts suitably
carried out at 1t.WG tenperdatur.eVotlagése prngahichbibeingnpeeatsrarenwehd
first stage is fr 1 C.and i - d~stage_i:s 115 to 140
C. 10 The expaﬁﬁﬁ%ﬁ%ngkﬁfiﬁggrgﬁg SE?tFQ?é§g§3?t%§|§ h%%gpgégg%erage
particle size ofrgur2d<3.0.awhngl agender socpreexpandatbenputhese pantackes
will be,exposed. t te ratur re_t in e. W)l plasticize,
and cagge t he gvz%%%ati nﬁgﬁeta&eﬁ?%mﬁﬁég§8§%%¥gTﬁ¥é§é?PIb%%L#% ult in a
smal | pre-expargicor: of Mdst expdrdablle, pobypviaykaréne paet frkesofnan the
particles of t resent, | tiaon. This pre-expansion can be carried out
by several netggéggl Lﬂhaﬂﬂggabaq%%Qﬁomm nmet hods i ncl ude the use of oil

bat hs, infra red oAdiariagemesler, sheapoll0er Steanriay becaseéingf to
tenperatures of_,100Q to 168 .C at pressuynes .10 gauge, ,.dependi ng
on the presencet%éf %a%edsl%}q‘velgv}r%/ oo‘r?1 E{&Sr C%féﬁt?}%ér%gg% F gnegpgﬁdggl e

pol yvi 8%l ar ene waEirdhtc] aded tdre thas@nolungoloysppignényilbresepr efewnédrt.o use
saturated st eamof, a, 28, femenatiire of (190.L33,Coak PLEssHies O 9:00,230
kPa gauge. The ‘expan abi e particles may - al'so g Bre-expan e gy exposing
themto war m wathert ddnasimetdfocn s prefventednalln sukpsnembodpreégt t he wat er
suitably has a e 1 t p re.has a
duration of 5 é%§€§§%§gﬂﬂiﬁgL¥%%8§%3% %%gfggﬁgg§ﬁéfh§g ?érggggﬁgxpansion in
the present invénmtibnlds, 1he arse BSIT kg ldicat ileaviNeg @0t 8ApeRid8a&r enof from
90- 200 .G, prefe o] - t .pneferab fr 0 G140,

The exggsure pr%z?%;%%{é rﬂ%%aagéd%rh%%ﬁcog%%uggtk%HS t%o:t}%%.d %%%QFS rtl%;%r §92003
- 11 the particles. Preferably, the amount of water is less

than 1.5% by weight, most preferably less than 0.5% by
weight.
The porous particles according to the present

35 invention can be prepared in several ways.



The vinyl arene conprised in the porous polyner particles of the present
“invention consists preferably mainly of styrene. The pol yvi nyl arene may
contain up to 10% nol e of anot her vinyl-group contai ning ﬂPPQBﬁfryiM&ﬁ 5 as
.acrylonitril, acrylic or methacrylic acid or esters, substituted styrene,
such as chlorostyrene, or a-nethyl styrené, -or divinyl benzene. However,
preferably the vinylarene in the polyvinylarene consists for nore than 99%
nmol e of styrene. bbpespriefier abkywotile pe. kyvppglakpardlBohsepolysbyrene. It
may be advant ageous polxnenisi the vinylarene in the Bresence of ot her
pol yners such® aﬁ&?&gﬁeﬁﬁlgﬁéné PAENCTRASELGt-R&r *PoPYnBPRARE)  be added
before or duridegstity pd yeewicsat ic00-peackiygn3 andmay beabfeesednhiebesktbu 15
previous to the start of pogynenisation of vinylagen . Suitable

pol ypheny! ene Y65 485 QY€ hEER FdBYc FPhEY PR BPEATE501 59 1 2 EBVRL Y0383 9%And
EP- A- 391499. TEhede Hihkenyngenageaxi.daove vpief etahly dpsesanl i Roapramount
between 1 and 30 wt % based qQn the anount of vinylarene, 20 and nay inprove
the rigidity GHPANE SORARCRPILEr BRe YIORYheF S Neh@adkp5h8abFENEAUPSRIpor ous

pol yvi nyl ar ene & 51685 gTaY ea@Nt alckovraihguy, cerveat beaakraddi tbves. Such
additives include chain transfer agents and cross-1inking 25 agents.

Sui t abl e exam@ﬁ%?%ﬁetﬂﬂ%rP%W%H%F@FtéﬁéﬁFsa&FQId2P£5t§IEg? ABVERBELARAs such
as n-dodecyl mRr GaptraN.a trrdRdasy i nMpheant akpahulvh ¥l ceeK¢aRl,2a-and n-butyl
mercaptan. Qther agents are pentaphenyl ethane and the di ner of a-nethyl
styrehB. Examfl%es 16Tl &T SSELUAIAKRINTG 2330 adERTd Nar @ I5dadrénéraRd0 -5 to

di vi nyl benzene.  okhg,exRangadls and,at Poev@rRanded.Ragt hekas , MUsalsen
contain anti-static additives, flame retardants such as .

hexabr omocycl RRIGEEHHE, 2 TS, H59 [PEe REPEnialc, TSt bidPPagrst Frastityi 2ér s
such as white Qid .cANtho 1&l/fROMAY 2R3 ranhd, LR ieaRLS. pike iRakki cl es
are suitably coated with coating conpositions conprising silicones,
silicates meta@CHATHNT vl thrarioeptdras arsuPrapias scaryoRyliages are

gl ycefel rn”“*pré&ésé”%htJHféﬂ‘ﬁyﬁgﬁaabé%n%OQEQQE%H%me%Qdp%rgh%ﬁgges
thereof. Exanples of such conpositions have been’di sclosed in B patent No.
1, 409, 285. | nst@uth biing ebrait € - i@ ey *aloyo Wes@hdi tafare vel aallei t at e. The
coating conpositdiohs. havs, AR 1Q the Rartiig ihd dry-caating in
a ribbon blendefior %ia a’s urry or 10£2qluti5ﬁﬁﬁﬁhésgééﬁfly 3¥§o??%ing
liquid. Contrarspardednien iagtrratgidedendin &0 itey 1280eks /par-ti cl es, the
particles accordi ng { O UESENy | NUENIOBRIE RNRC t¢all ¥hRoBe¥Randabl e.
This means that when exposed t'o conventional expansion conditions, i.e. 15
exposédfe to sapekwred BIeGemalt misshdls eiaresag dvt ¢xpeachioa fifhal
tenperature of¢ J05,C-£081 30 S8COoNAS dhe RATddS £ OfadNG iBeSeRt 1 nvention
expand to an apparent density which is at ‘nost three times |ower than do.
Preferably, thPpht¢ietes Rt ing tPRHE P ricgedtc 205204898i-6n expand
under these copgdidiQNScdfpfcdeNSI i Rf1 Ale Dol 1 IgIBS jlqwer Jthan do. In
order to render the particles of the ‘present invention sufficiently
expandabl e, thEpPaFE#Fpd egnaded M R HIOW 2Ty HGEME ReEandidgiing e
presents i nvent}on, 2p. ahePa Pl Y1 esod NS Use A the PYQUS BV HChey to
according to this invention in the preparation of expanded particles and

foamed articl e 0PPekBaByget hed Y eichg ayeritakle mOlipmededeed i s an
i norgani c gas.,As.akrgady explained above, the volune of the pre-expanded

particle
Another possibility is to prepare the porous particle

of the present invention “in-situ”. Hereto, styrene is

30 bulk polymerised in an extruder in the presence of a —
blowing agent. When the hot polymer melt exits the
extruder, the blowing agent will be released to effect
pre-expansion to a density of 600-200 kg/m3. The slightly
expanded strands of polymer are then cut to obtain the

35 particles of the present invention. In this technique, it



30 may have increased by fromabout 1.5 to less than 3 tines conpared to
"the volune of the original unexpanded particle. This ensures that the pores
in the pre-expanded particle are of such a size that are EBRJ agpant of
.i-norgani c gas can be inpregnated into the8voi ds of the gﬁ? ebra&l;lry 2003 -
13 particles. "lnorganic" neans that the”inpregnating gases may contain at
nmost 1% by vol une, based on the volune of the gas, of organic conpounds,
preferably at Widdt b@ PRy rreldute. uMBstappbenetrlapkydet 48 bhovfasi eggases do
not 5 contain_anyQrgani S .exa f L l 41 ani ¢ gas
i's carbon dioxide. Ho%eq\fzgir ,%%{éﬁ\?gg?ntbé? é?ésgan!aﬁﬁgf hgh%gl\%/%?ngf‘gggﬁ matri x.
Li ke many commgegital axlcowiompoagelst $hiat dirdsebeegaseoysnecsropantsntponhe
POl yimer Mt [ %02 By B3NS 1LAAL 1 3ok BELAANPR0PL AL INSoh EqWhhh RRye Lo be
renoved with effort in view of potential negative effects, e.g. in the
field of saf epprthieailtdrlyr usex dol bgyk Caiborrdsexide, tabbnifjeeng a

wel | - known gr se s,. s therefore not preferred,.Preferred are

i norganic gasgg{%twﬁ)% éa\g/% r?gr%gnsgéﬁxédreleggfi gé%ésﬁs& lénar?ﬁéflgs%&ﬁfiess

i nteraction widdmptchendsolsyrer asatarzioxiickxaopkeidefl such gases are inorganic
N2- and/or 02-contai hin ases,, heli neon_and argon, Mre. preferably,
the i norganic gastﬁﬁ}l{?g& or etﬁ)gliyr‘r’ﬁrn g%fefq%np%g%g?%gt g’d"%%ﬁf-?ﬁo{;gsni c N2-
and/ or 20 02- panaimnigaygades atheseigases suet abkgecontaivanmapba nhgn 90%
by vok me, ba eed o%r]ﬁatiheea/ol une %f tge as, of VN2.z<;13nd/ or 82~ m)gg sui tably
more than 95%1y SO1URE MY PrefrRAiryY PRe 24018 RRFPSGEn SP28Fr. Not
only do these igasesichardlly paitvetefrarsatiionh tsbhéupdbyineplyatrixathoh thay 25
are also effective and chealp and h%ve n n%%ati ve epyironpent al oghealth
mpact . The | AR OHAL 10 ROV a (eoTdve S8 A HaRy wa)S. BRONBYEF Sart oS
preferred to imquegnat el tdel patdyi tleed ndedardidngheambhily,i riantirea by an
anging from UG EOFFTH S HER (e o1 4 LPALFNE b APEFrBE aPe FIFI ed
with tbe gas wldwitg tdeepolnm md arekrel beifogcheatuedngueh tiakri thdef or ns.
Such deformationlm' ht have a detrinental effect on the structure and
properties of 2% ¥Iﬁ%r%"i‘tci’s°réncf“%ahretr M PYTERCE TREVE * a ®ndgalRv&6i npact on
21 February 2003diroddrbdéhe @xpearidafinatied ofyddoearesulst i agdi maptegnat ed
particles. Moreqgver,, the | ow teq_peratur ensur es that, the_particles remain
free flowi ng ach%‘%l’b %%?WJSW ACTE el GREr POWNSER  niESRIPIECURTRE t he

i mpregnati on woub sty del € ontueiefl ajerft )i gheh enmperdbur @s oxRuef ekr,edn
tenperature r es are fromO to 50 C,_nore .preferghly from10 to 30 C
MBSt pPef er abl §1° (FRT chbet B bt @ st d 4SS 0RA EREITSAGER The i mpr egnat i on
is suitably such. th@203mo8 he, pat@syanfid e -penes Habt-icehne ad nphes gakesaf 100
to 1,500 kPa 1@1€a%%e IS acgi eved. Pref.errleg) pressures in the pores are

bet ween 200 and*itPPH RFEARLLYE - St Brét e PN We ARESTS300 and 800 kPa
gauge. Lower pressuiesul hatedididiRes gairge plun nmean ithati st ke reqieds oweul d

merely be filled Wil 9a%e: St Jij O Rdnard (AORUL 2USRNEY ¢
25 which have been impregnated with a blowing agent. In the
present invention, this impregnation is preferably
carried out with 0.5 to 4% by weight of a Co_g organic
blowing agent, more preferably with 0.5 to 2.5% by weight
of a Cp_g organic blowing agent. A nucleating agent may
30 be added before or during the bulk polymerisation.

Advantageously, the expandable particles are prepared
in a suspension polymerisation process in which
vinylarene is polymerised in aqueous suspension in the
presence of a nucleating agent and from 0.1 to 1% by

35 weight of a free radical initiator, wherein a Cp_g



15 Such a replacenment would result in a insufficient expansion, if any.
"Pressures higher than 1,500 kPa gauge are possible, but these are
undesirable for econom cal and safety reasons. The externg{ Fésraaft2603
-applied, required to establish the desi r_ecg pressure in the pores, 20 is
preferably of 100 to 2,000 kPa. Although it is possible to use higher
external pressures, this would require better equi pped pressure vessels and
it woul d make SEAFH NP IS QiIFFSFuIHS s Radiare + iR o Armadieer nal
pressure enpl ayed ol il dRan SuiHatdin the 2 N RS Wk AP i ed
is the sane as the desired pressure in the pores of the porous particle.
After inpregnatd onf M th 2 P Wb Ry aFemnt t Re Sehdyidtedneant Afes obt ai ned
are suitably expamiedid, aAppadRte GaRwAR) OfpAlyvieast ddiee @ aldtiRs d ower
than do. 30 Preferably, the inpregnated particles are expanded to a density
of at Peast STEWWCF%%%?W%%% MY Rsugtidate kebedivsiodn didr e tdenduct ed
to any apparenic dgRst{ya@est | §be tdrdis PRAGGR! M L AUCE G xpansi on
to an apparent density which i's up to 20 times, nore preferably 35 up to 40
times |ower tHaPavdaTe Ra@aks)oh ath ePared Habisyshy a2po®cess5  carri ed
out by the sang, JBt fhods,as,dascs i bed ol dde i exPansen, Preferrad is

the use of steam as expansion nethod. The ‘expanded particles are
subsequent |y fhiged idet Hexsed @n o oG ¢fd Yicered et dlags.th® The

preseniy i nventi on L] oRe b hdessd d U5t LhdPh e i oW NG e A are
limting, exanples. ~vIn~nr Trc. Al apparent densities were neasured in
accordance w tknewe. f b | o hgreaneed: refe enga ifdmas teup €ofg 100 cnB +/ -

2 cnB capaci typaxg@e(ﬁ NGo@n 4 Ned des g ef,ﬂ{;ﬁ@aﬁma&mﬁ B Ul a3 M
was wei ghed to the nearest 0.1 gram (atnmospheric pressure, room

tenperat ure). SepbecuehenyNot hE8EuP GasTife | Jraid 3 tdr patantiiprieal difeerein
particles. Ap e - t MES; t r i mes
agai nst the si%geé o%ié%egéﬁ%l%% su%getarﬁéeﬁt I gjato sc#gg% o\-%fet ?F%ertt’gix@:esst‘s

mat erildl on t heftbpeopredentupnventhout Fhakiag ahey cupitdaihee rterial in
the cup was wej .10 e j.aht of  t

pol yvi nyl ar eneb%%r%gll{::l %%Pc%é?l §5lg$%%§d%’1‘ g%@ééﬂm%&goa cuﬁqag’t epcffrzfn converted
to kg/ n8. All panbanatesntedtseneseeneasiyed-a tdxkyas! chralrdtioggeaphy usi ng

N-hexane as the.] r a 1 [ hy r red in
accordance w tﬁejt:ﬁ;égKgr p%g@ e‘%g%e@%b%g\%(gykﬁg%p e %%?e%aéygtaals%n of EPS
particl es Pol ydegaraglpaerpsids, weerzpykpee ek bie a auspensi geroxide,

pol y { sation s et 0, 4 m i i 4 litre),
5650 o st yr SheTEEE pe gy Gepoon ok El R OBl X R M E At
cw, based on theutgilgherefeseyeene;bofyh pot eyt wret svax)ydne-

peroxides and dihydrocarbyl peroxides, such as those
containing C3-1g hydrocarbyl moieties, including
di-isopropyl benzene hydroperoxide, di-t-butyl peroxide,
25 t-butylperoxy-(2-ethylhexyl)carbonate, dicumyl peroxide
or combinations thereof. Other initiators different from
peroxy compounds are also possible, e.g., a,a’-azobis-
isobutyronitrile.
The suspension polymerisation is suitably carried out
30 in the presence of suspension stabilisers. Suitable
suspension stabilisers are well known in the art and
comprise poly(vinyl alcohol), gelatine, agar, polyvinyl
pyrrolidine, polyacrylamide, inorganic stabilisers such

as alumina, bentonite, magnesium silicate or phosphates,



0.25 amt white oil were mxed at a stirring rate of 475rpm The
"pol ynerisation was started by raising the tenperature to 86 C and by

addi ti on of peroxide - 16 21 February 2003 initiators %ﬁ% n
-addition, 0.0S %u diner of a-nethylstyreame-was added. Af%gfggfou 20%#

hours, 81 gram pentane (m xture of 75 %wu n-pentane and 25 %wm iso pentane)

vas added andyihe teURenatunen¥@snsalSelayor SapLoundnl20: Gahere it vas

kept during 2 hours. After ni shing the polynerisatio e reaction
m xture was c@bPeghatie pesabnphyypohyseppinat pantvitlesacpnefi tee 2. 1% by

vel ght pentang. B3sedAd tRRHWEhAN! nohct BReROLYPLYLENER, 20 400K NRE 2
particle size in the rarge oF~0:'90" nm and a polyet hyl ene wax content of
0. 25% by wei ghtabbdded romaiyheuneaghy vérpoEysmydehetoPdedekpanshasedhe

pol ystyrene parti.cle l.a Ln t th 15 of 100 C for 900
second%. Subsgéugﬁfliflthgygﬁegggd?ﬁggo% géa%?for 15 m nutes. The

resul ti ng pre-expaheedupaeniscbesphagmarbsbkidensst yuioalol y 508r kjédBoua

pent ane conte f 1.77% by, weigh based on, th ight of polystyrene, and
et er cont oAt oF oD ERFE AT g 98 Bt b ThE® pr enBREARYG 1h

pol ystyrene paht diestwertegpel acedrbn A5KURTZ1BVAE0abat ch sheaseexpander,

usi ng saturated _steam qver heri.c,pressure to reach a final
t enperature oF%afESLE %ﬁ@ﬁTgﬁgD%g ?ﬂgde rk). The expansion time was 25 30

secont®. The part Ttleeexpxpantded polavbolhkrdeasphytilcbés362i kghh8. hdhe
calculated ratio do/d was 1.4.lExan%Ie % §h _Prgcedurg accgrdigg to Exanpl e
1 was repeat ed WK HE EXEEHE6n Sth5t °Fh 'go yst Plena"p8FtFEl 68 REFe 30

pr e- expanded iexpanKURRATKVADE skabalk tpetéeexpabliebe @kpoged sbeam pressure of

80 kPa gauge at a tenperature of 117 for 15 second The resultin
pre- expanded partieded dfad rﬁuFPedgﬁg?F§n§ a5?“83813}I,T Shéfit afie gBﬂtent

of 1.92% by cause the evaporation of the blowing agent. This will

15 result in a small pre-expansion of the expandable
polyvinylarene particles into the particles of the
present invention., This pre-expansion can be carried out
by several methods. Suitable well known methods include
the use of oil baths, infra red or microwaves or steam.

20 . Steam may be used of temperatures of 100 to 168 °C at
pressures of 0 to 600 kPa gauge, depending on the
presence of additives and/or other polymers in the
expandable polyvinylarene particle. In the case of
polystyrene, it is preferred to use saturated steam of a

25 temperature of 100-125 °C at pressures of 0 to 230 kPa
gauge. The expandable particles may also be pre-expanded
by exposing them to warm water. This method is preferred.
In this embodiment the water suitably has a temperature
of from 60 to 100 °C and the exposure has a duration of 5

30 to 120 min. The most preferred method for pre-expansion
in the present invention is the use of hot air, having a
temperature of from 90-200 °C, preferably from 95-160 °C
and most preferably from 100 °C-140 °C. The exposure

preferably has a duration of up to 3 hours.



21 February 2003 _ 17 _ weight, based on the weight of polystyrene, and a
“wat er content of 0.1% by weight. After being placed in the KURTZ KVv450

bat ch st eam expander the pre-expanded particl es expanded 2603
.density d of 427 kg/ n8. The calculated_ja;iq_do/d was 1.3?PE§%ﬁ%hg 3 The

procedure according to Exanple 1 was repe ked with the exception that the
pol ystyrene particles were 10 pre-expanded in a KURTZ Kv450 batch

pre- expander, usi Af§eavingamrpnessareropedoirpPahgangecuat Palveaper ature of
117 C for 45 secondsesThe resublbAdnpr ¢noxARNERd-BALLEELe | k
density do of§%56 ngﬁB, a pentane gontgnt o% 1.%70 %y me?éﬁ?grggggd on the
wei ght of 15 peliydtyycdnetvardea Wheepodyntioyilastne. msybygoneaght upAtper
bei ng pl aced iR ,t U bat. s e 2r .t he - expan
particles expé@éegﬁ?g §E§€5¥$§%ﬁs?§§gé é?g§§4éggﬁggEl§ﬁem§é§@§?ét3gggatio
do/d was 2. 1. az0 aE&rariplra t& iThe aprodedure aetbedirygitoaExdnplkeetteas,
repeated with the exceptjon that in the suspension 62 gram pentan S

swps%j[§§%és%}y e, such”as 2Re rostarfpgo 8§ %epﬁﬁgy ent ane

used. The resdltin tyrdTe particl e§ contarne
and had a par tsitghrens,z&d Hiltieydbenarge .0Holelel, IpiBreTAB1gMpHAL Of

pol yet hyl ene wax was 0.250 b w%k%ht” ﬁ@bseﬂuentlyh t he pol ystyrene
particl es meré”ﬁ%@é%ﬁﬁﬁﬁé@i%#?a K2 WVAS6  FafeRSprESetBantiere GhaBr a
pressure of 40 RkPaHOIUGTE ait i drRPMcaiclhe oGl rb®9 ¢ fae §61§Oisﬁgqg@dﬁe The
resulting pre-expanded particles had a bulk density do of 350 kg/nB, a
pent ah® cont ert® &PYY %/ 48 Swei ght, based on the wei ght of pol ystyrene, and

a water content ofrtO.mksy e WRIvGHtageodd kebpdakine2083 thd8vidybhsequently,
t he pre-expanded particles were placed in the KURTZ KV450 batch steam
expander for 30" déoRFE RNy Yatii e @ t@sh o Ve tatfoEPRIPIE 888 ure to

reach a final dgmeer atide: ofthklb (G liyasleachadf He02ddedThe fo rRakl ¢h@S ng

expanded to a bulk density d of 125 kg/nB. The cal cul ated ratio do/d was
2. 8. the polymerisation reaction, or may be formed in-situ
15 previous to the start of polymerisation of vinylarene.

Suitable polyphenylene oxides have been described in
EP-A-350137, EP-A-403023 and EP-A-391499. The
polyphenylene oxide is preferably present in an amount
between 1 and 30 wt%, based on the amount of vinylarene,

20 and may improve the rigidity of the polyvinylarene
polymer.

The expandable and/or porous polyvinylarene particles
may contain various conventional additives. Such
additives include chain transfer agents and cross~linking

25 agents. Suitable examples of chain transfer agents are
Co-.15 alkyl mercaptans such as n-dodecyl mercaptan,
t-dodecyl mercaptan, t-butyl mercaptan and n-butyl
mercaptan. Other agents are pentaphenyl ethane and the
dimer of a-methyl styrene. Examples of cross-linking

30 agents are butadiene and divinylbenzene.

The expandable and/or pre-expanded particles may also
contain anti-static additives, flame retardants such as
hexabromocyclododecane, dyes, filler material,

stabilisers, plasticizers such as white oil, and



Exanple 5 Preparation of EPS particles Polystyrene particles were prepared
"by a suspension 10 pol ynerisation process. Hereto, 67,7 kilogram

dem neral i sed water (67.7 litre), 79,34 kilogram styrene Ik

- conventional suspension stabilisers, 0.5 %vt based on thz(eﬁ\j\se}ebf}g%'y f
styrene, of a polyethylene wax were nixedtat~a stirring rate of 15 170 rpm
The pol ynerisation was started by raising the tenperature to 86 C and by
addi ti on of pérw!miidl@nitﬁ:i -t iTareops rt@c3Zsontrk. sAfiteblar ooaded, ihburs, 2,5
litre of pent G e etane) was
added and the%?%tler atur wastzrgéllé&s'\%gglp §%%§r 832 °f§8gc wﬁe%g thfas‘was kept
during 2 hour $net/éif11 err fglnicgrolg chlr®oggllymersi. sahhmabléheal&eaayualﬁem Xl e
was cool ed. The resultin poI ystyrene particles contained 1.66s by weight
pent ane, base@q’é'r?etrr?el % SEt é‘%%%oﬁ??ﬁ%ﬁé Zt‘ﬁgysﬁﬁarétﬁarﬁflgle
size iB the I‘aﬁ.gﬂ:LQfeSO.t4re&eBfmnE‘.xaﬁ'@lasp@lfyehhw enepsax teonkert vef Haeb% by

wei ght, based gn the i.ght . _of s{yrene. Xpansi on Th pol ystyrene
particles wer &pre-2 n%‘e&amp }sé Pect ﬁagf%Q% g“ﬁ&? i P havi ng a

t enper at ure ofst¥Ed00:,C dmy rr%malsecm@s citheteesul plamgularaeeexmaeded

particles had a bul k den5|t do of 428 kg/ pe ontent of 1.290 by
Pel ght . based G S GG 0501 tier SRR AR 1D St r EGnPeREGRB. 296 by
wei ght . 21 Relhr uary-23ng 19 aBExpaksinon LERE epr arewandedmelry/swrene
parti ;bes vvere | aced in a KURTZ KV450 batch séeam expander, using
saturated ste Orht%ﬁrﬁﬁ% Ly §800re St 8% a4 final tenperature of 5

105 C. The expansicyhtddm, Was 3 vetarRas1 Eh@hp@rewsqlt@sp%w@rielgdatr@n@ bul k
density d of 316 kg/nB. The calculated ratio do/d was 1.4. Exanple 6

Pr epar ati on ofpaEﬁSle]a‘?rstll s PEF PAILPSt s Pt it 8SSRERE PrEFaTéd by a

bul k pol yner i satd gil JU0CesiSl f oldrweeh il 1SUS IeNS @k apel YRk S&kinon
process. Hereto, 69 litres of styrene, 3S4 gramof nmalefic anhydrlde and

1000 g of st arTHPIRTD l?ﬁx%?i‘vaeintd-oélqlr reé‘rpar“étlé’”ofcoﬁjﬁtllﬁlﬁﬁslTHe

pol ymesi sat i one 4o y¥ase Stard £t JRisHdMh et & sgwérr&ct k2@ ueeand by
addition of peroxide initiators (0.02S ow). After 90 mnutes, the m xture

was cool ed doweaeh 60 0 kemResiadiyred afo 1ot ﬁefOVeégeFec%ﬂér nthel
ki Iogr am de.m %?mp\%(%%?éejs V@f et{hégjjrejéetr{te)rnv?eqwtl%% %@(tpad' blél K apparent

pol ymeri sati o and con t1onal suspension sta i1 Ser SPRRere i xed
at a stirring qenseiy wiybchpm athenqed] yarerses dtiimes Aapsvegt a;rhtaad dla>y raising

the temperat urg. 1 9. 86, and by, Addidy D Qe AIRNRY 49 Tl gAYl 0 30 owt) .

After around 5 hour S,
20 invention expand under these conditions to a density of

at most two times lower than dg.

In order to render the particles of the present
invention sufficiently expandable, they are impregnated
by a blowing agent. Accordingly, the present invention

25 also provides the use of the porous particles according
to this invention in the preparation of expanded
particles and foamed articles. Preferably, the blowing
agent to be impregnated is an inorganic gas. As already
explained above, the volume of the pre-expanded particle

30 may have increased by from about 1.5 to less than 3 times
compared to the volume of the original unexpanded
particle. This ensures that the pores in the pre-expanded
particle are of such a size that a reasonable amount of

inorganic gas can be impregnated into the voids of the



25 tenperature was raised to around 120 C where it was kept during 1.5
“hours. After finishing the polynerisation, the reaction m xture was cool ed.
The resulting polystyrene particles contained 2.6% by wei g{ﬁ[:emtawzodyased

- on the wei ght of the polystyrene, 30 they,fiad a particle size in the range
of 0.9-1.6 mm Pre-expansion The pol ystyrene particles subjected to hot air
having a tenperature of 127 C for. 100 seconds. The resulting, 21 February
5003 50" *pr bRt pArOEaRas aded TR S kot YTBEGNaS409 RGPRE
Expansi on The npre-exraiided ppalosst inens panuimel, esavede opl aged vioh ukea offURTZ
KV950 bat ch steam expander, using saturated steam over atnospheric pressure
to reach a fird® tEfperdt FEOH 1 FPTEONASSaB T6F F5 ¢ 2FnBoSkpansitoR Yt i me

was 30 secondsyorltie .pa/rasjt_clpec%f%&@m%ed the anRwglsendenglatk sdqef @98 kg/ nB.
The calcul ated ratio do/d was 1.1. 10 Conpar ative Experinent Expandabl e

pol yst yrene p&aitdies amst @ idpdr cOTROHESi-ng to the nethod of Exanple 1,

with the exceptiond halargfe PAM RENLARE MBS SR 1icNghead ;0L ,8L,9ram The
resul ting polystyrene particles contained 6.2% by wei'ght 15 pentane, they

had a particl eisi%icds n Ranevangdhéfs dr4egiPoem didhc Sheapréd vénasgrisne
wei ght of a pqlyethyl eﬁﬂﬂcé’%nys%wtalﬂ:bl%n@ma%%)ﬂseﬁ% Rallioqhes vere

preexpanded by placing themin a water bath witha tenperature of 70 C
for 600 seconds® SEHee reesifntt ng Yy ddepRrdedepamdtalies Fadsameanie ddadity do

of S2Qokg/ nB, @ peniane Gontent; s 3.:9%:hy hased @ Hehe Rt WAfen

vinylarene and a water content of 0.15% by weight. After being placed in
t he KURTZ KVAS®E bt tehl s telgh 25 edqieaiddr luidse tiye edidatisons -¢f- éxarfplee 1,

the particles Q@ﬂgd@p 4 0r & pulile dansidy ) afcohdb R KYaBonThe Saleul at ed
rati o do/d was 34.9. 21 February 2003 -21

also being a well-known green house gas, 1is therefore not
preferred. Preferred are inorganic gases that have no

15 such a negative effect and that show less interaction
with the polymer matrix. Examples of such gases are
inorganic No- and/or Op-containing gases, helium, neon
and argon. More preferably, the inorganic gas used for
the impregnation is selected from inorganic Np- and/or

20 Op-containing gases. These gases suitably contain more
than 90% by volume, based on the volume of the gas, of Nj
and/ox O 6 more suitably more than 95% by volume. Most
preferably, the gas is nitrogen or air. Not only do these
gases hardly interfere with the polymer matrix, but they

25 are also effective and cheap and have no negative
environmental or health impact.

The impregnation can be conducted in many ways.

However, it is preferred to impregnate the particles
according to this invention by an inorganic gas by

30 exposing the particles to the gas at temperatures ranging
from 0 to 95 °C. In this way the voids in the particles
are filled with the gas without the polyvinylarene being
heated such that 1t deforms. Such deformation might have
a detrimental effect on the structure and properties of

35 the voids and thereby it would have a negative impact on



CLAI M5 1. Porous polyvinylarene particles prepared from unexpanded
pol yvi nyl arene particles, said porous polyvinylarene particles having a
certain pore structure and 5 an apparent density d of 60 1tgbbggg),ylmén8,
.. and whi ch porous particles contain a nu_clleliat_i ng agent and 2. 0% by wei ght or
| ess, based on the anount of polyvinylarene, of a volatile organic bl ow ng
agent, and which porous particles have a volunme increase that is _from about
1.5 to less t ¥ $XRANEERIdrsar &4 th°t RESVOrdRe dMPrEapaatiRexpandégles.
particles. 10usrd2Afdd Clies aceOhdpa rheutkabislreWhialthake aa -aRRALENT
density d of 530 to 250 | l%.{%nﬁ. 3. Particles according to claiml or
whi ch cont ai n 99855l Hei£ 3 0 pananghdo pasedtofkt ke gastinPtHRT, which
pol yvinyl areng,; fifc WRl&Ir % RS tiple§natsendi,Bd1konaNYoARRcREdChRI ™ 1 to
3, which when exposed to saturated 15 steam over atnospheric pressure to
reach & final Nti&hser dramne it WGSC For {30 rede 6raprexpand rengan apgar ent
densi ty which d ity M5lsd M d 2Pp auebifal n S0 RAY boChes gecqr ding
to any one of clainms 1 to 4, 'said pore structure havi ng pores w th an
aver age pore sirafeyfals .o G0 YempegatRaet uskds 1gcrordi Bgmpe ratyrene of
claims 1 to 5, inmhch R Ny arereyiis 20 ROkKSEYEENe L7 o RaNi Cl es
according to clai nrglvﬁlH V\hé%ﬁ} f urlt her co#pri se§/an icnolrtgani éﬁggg.e g.orggrti cles
accordi ng to cfaitrhey paditush dadrigdsi @ gas seoweaiods 180 mrost, 0% kPavol une,
basedygn the v ‘H%f@ 4 él?e%[. & FHG3RILC GAIRAYRLS 1 19+ 1BY Qg far, the
preparation ofﬂpo oul(s)J ol yvi nyl ar ernee epar%tdl (E,)I es, q)il n mﬁinchhexgagggbla%e%
pol yvi nyl ar eneo g et es0 & amnchi Inidy & Fauglagigtei, ngoage e eded abdymbe.theen 4% by

wei ght of a C2 o) { i ent | yyi.nylanens,
pr e- expanded t%&angrgg;ga(foeﬂ{ﬁge%ﬁ' %w€g€%?%s%%6gﬁcé r?@ tlgof %r%r% ?aglgret ain
polre st I’:JCt ur w¢¢ﬂ?_&tﬁ¢;ﬂarpo¢fmjs P ymc;(r)w}flbaﬁoelriei E@rztalcy: (O3] efli](}lwiqf! ahé?s;bor ous
pol yvi nyl arene rticles,c 0. by i or .Sali W
organi ¢ bl owi n Ep%’geéﬁt - E%lsglﬂg%énrptcﬁre alndur?}tﬁeg% 6: S&m%\%i%r?%lralr(s:e g oSS

15 Such a replacement would result in a insufficient

expansion, if any. Pressures higher than 1,500 kPa gauge
are possible, but these are undesirable for economical
and safety reasons. The external pressure applied,
required to establish the desired pressure in the pores,

20 is preferably of 100 to 2,000 kPa. Although it is
possible to use higher external pfessures, this would
require better equipped pressure vessels and it would
make sampling more difficult. Preferably, the maximum
external pressure employed is 1,500 kPa. Suitably, the

25 external pressure applied is the same as the desired
pressure in the pores of the porous particle.

After impregnation with a blowing agent, the

impregnated particles obtained are suitably expanded to a
apparent density of at least three times lower than dg.

30 Preferably, the impregnated particles are expanded to a
density of at least 5 times lower than dg. Although the
expansion can be conducted to any apparent density
desired, it is practical to conduct the expansion to an
apparent density which is up to 20 times, more preferably

35 up to 40 times lower than dy. The expansion can be



10. Process according to claim9 in which the expandabl e pol yvi nyl arene
pani cles are 21 February 2003 -22 prepared in a suspension polynerization

process in which vinylarene is polynerised in aqueous sus i i e
-presence of a nucleating agent and fromO0.1 to 1 % by meigﬁ?%gﬁnHV?ng

radical initiator, wherein a C2_6 orgari ¢®lowi ng agent is added before,
during or after the polynerization, wherein the anount of blowi ng 5 agent
is fromO0.5 t624%-B¢ @kitght, thasedmenme heodspant descyipgd afenethé opyeel d
expandabl e polLyyLnykapene i.che cess rdin ims 9 or
10, in which t%é pré-expaﬁg?%kkgb ?ﬁegéipg%gaﬁfesg%%ﬁvg%yggé%%%lﬁgrticles
is effected bpeskpdsi Ahet ksprndeHopaabicle?. aPe oselsse@eent by nfusedcl ai m 11,

n which the Bt 3iL N33 4 heMRATBLULE.Ph ELOMLA0.LO; 4P, 200C 13 Process
according to c Fm i N i ch the porous po yV|ny?arene particles are
furthe? inpregnat Edewptrhksanti norgahiongasli obe sfibselgeent 1 bxpanstea land/ or
nol di ng proce s 14. Process according to claim 13 wherein said inorganic
gas contai ns ;?gnggglfwﬁﬁﬁy Tgnvgﬁﬂﬁ%}g%asaéa%ﬂf%ﬁe vol une of the gas, of
organi ¢ conpoBH@8IPLES. Use of the particles of clains 1 to 9 in the

preparation of ex ded particles and foaned articles..
DA AL ASY. A, 5. ARG LA PR SR s BEREL ARG AT Ay . o2 AT R AR EC AR
. AY" e. AY{. A3s wAehAlthBCifwlljoking method:

(v 4 ool o) cekoalqalraleghoaloal pathon efel 7o) s oglgalee) ool ool ool
having an inside diameter of 66 mm and a height of 293 mm
was weighed to the nearest 0.1 gram (atmospheric
pressure, room temperature). Subsequently, the cup was
filled with polyvinylarene particles. A perfectly flat

15 metal scrapper was used to tap three times against the
side of the cup and subsequently to scrape off the excess
material on the top of the cup, without shaking the cup.
The material in the cup was weighed to the nearest
0.1 gram and the weight of the polyvinylarene particles

20 in grams of 1 cm3 was calculated and converted to kg/m3.

All pentane contents were measured with gas
chromatography using N-hexane as the internal standard.

All water contents were measured in accordance with
the Karl Fischer method.

25 Example 1
Preparation of EPS particles

Polystyrene particles were prepared by a suspension
polymerisation process. Hereto, 4,000 gram demineralised
water (4 litre), 3680 gram styrene (4 litre),

30 conventional suspension stabilisers, 0.25 %$wt, based on
the weight of styrene, of a polyethylene wax, and
0.25 %wt white o0il were mixed at a stirring rate of
475rpm. The polymerisation was started by raising the

temperature to 86 °C and by addition of peroxide



9;

"3+, 34| wrmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 4z{89-.2367cd!

- Fthtjrg!l|wnmhc”Y] ] ca] ca] ca] ca] ca] ca] calc ]sca] ca] cal] ca] cg{ ca%scaTrgaﬁ ca) cal ca
] ca] ca] ca] cal ca] ca] ca] ca] ca] cal ca] ca] ca] caI gl st ir?" @ ####$$9%8800 %€ %980880

T&e&k&----4| vqgl f af

VL cal cal.]] calca cal ca] cadica caj ca] ca] ca]cajcaJcalc
a] ca] ca] ca] ca]‘&h'a]% PER] €3] 221 T4 lea) 5%&] @AWRRUY— Y4Y
DhUh\ hhi i m) gogupk 1; fahd g2l CQ@J&@W}Q@J&@]&@J&?M@%]&?JSWL@PG&LC&}] call ca

] ca] ca] ca] cal] ca] ca cal] ca] cal] ca] ca] ca] caU] ca] ca] cal] c
nnnoVooo/ p7pnpéqgBgne si;rBuSU\ZUSV(]K/xm sWif {104 varp cbmdl'IZSa[%vda]mYa-] cal c”fa] c”a
| cal cal call calgpy 6n8] cql §"adead catd cale Al &gl LAl frdlafl o aleal qal cal calcale

a

D]Yga% tCS?tJ]S}Cgtgkfa\le a@]>c]@a\]llccaz]@;a;]ma]&sa]@maqkma]r@]ma]ma]sca]m@q@f‘a] caU ca]
ca]c”a] ca] c"a cal ca tcl’\a‘_] ca,}}c’\a ca ca +/\ 8z. X

wzupkf a\Wfa[% ? ? ? ? % ] a]ca ‘ca] ca] caE] ’] a’]eca"]%sa] calcalc
a] ca] cal] ca] capcagda] cal ca] ca] cal] ca] ca] calfE DL$10%\/IV& () t- L$109& ()- t-L
109B&' () - $109B& &10%3&' " 10O 0% ~ o

~& ()-9!8L$10%B(B r?s‘rll 4(35&‘?%1%1%/%? 55 QYRR )21 t?
LL$109Y8BB& ()-tzeignt<ps$ﬂ.@ﬁ/& (ba&@ﬁr@%%)g@ﬂ@?x@&o@fw I()tHe ;ﬂ:ﬂBﬁf.‘s?t;@ené.,OB 10B
10B&$; 109B&' (): ~M =l As$109& 3= 9 '

s$109%%: ()-%E%l@%ﬁ b3F %ﬁ%é‘ 15 - 5 5548 06 ‘8 SF 114100868 ()2 09| &
()-!'s 10%| & &) polOEniD&Le wax content of O. 25% by weight, based on

10GE Ys$10% Q%HHR' ()= 3zX6r SLI 1 F$10% | ' | & () - 3! AS10% | & () - 3! $10
% 0 0% ()- 3% %%&W?)lgﬁg fg%]ggﬂr%“%low&' ()-3"3-\=l11s
10%&'()-'810‘3/&ré)-exﬂ:64]sld264| 104] $10%| & () - 3! - $10%-RHR’ () - 3$510%

R e e

15 of 100 °C for 900 seconds. Subsequently, they were dried

at 60 °C for 15 minutes. The resulting pre-expanded
particles had a bulk density do of 500 kg/m3, a pentane
content of 1.77% by weight, based on the weight of
polystyrene, and a water content of 0.2% by weight.
20 Expansion
The pre-expanded polystyrene particles were placed in
a KURTZ KV450 batch steam expander, using saturated steam
over atmospheric pressure to reach a final temperature of
105 °C (KURTZ is a trademark). The expansion time was
25 30 seconds. The particles expanded to a bulk density d ot
362 kg/m3. The calculated ratio do/d was 1.4.
Example 2
The procedure according to Example 1 was repeated
with the exception that the polystyrene particles were
30 pre-expanded in a KURTZ KV450 batch pre-expander, using a
steam pressure of B0 kPa gauge at a temperature of 117 °C
for 15 seconds.
The resulting pre-expanded particles had a bulk
density dg of 536 g/l, a pentane content of 1.92% by
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with the exception that the polystyrene particles were

10 pre-expanded in a KURTZ KV450 batch pre-expander, using a
steam pressure of 80 kPa gauge, at a temperature of
117 °C for 45 seconds. The resulting pre-expanded
particles had a bulk density dg of 256 kg/m3, a pentane
content of 1.77% by weight, based on the weight of

15 polystyrene, and a water content of 0.1% by weight.

After being placed in the KURTZ KV450 batch steam
expander the pre-expanded particles expanded to a bulk
density d of 124 kg/m3. The calculated ratio do/d was
2.1.

20 Example 4
The procedure according to Example 1 was repeated
with the exception that in the suspension 62 gram pentane
was used. The resulting polystyrene particles contained
1.6% by weight pentane and had a particle size in the
25 range of 0.7-0.9 mm. The amount of polyethylene wax was
0.25% by weight. '
Subsequently, the polystyrene particiés were pre-
expanded in a KURTZ KV450 batch pre-expander, under a
pressure of 40 kPa gauge at a temperature of 109 °C for
30 20 seconds. The resulting pre-expanded particles had a
bulk density dgo of 350 kg/m3, a pentane content of 1.1%

by weight, based on the weight of polystyrene, and a
water content of 0.1% by weight.
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10 pclymerisation process. Hereto, 67,7 kilogram

demineralised water (67.7 litre), 79,34 kilogram styrene
(86.4 litre), conventional suspension stabilisers,
0.5 %wt, based on the weight of styrene, of a
polyethylene wax were mixed at a stirring rate of

15 170 rpm. The polymerisation was started by raising the
temperature to 86 °C and by addition of peroxide
initiators (0.57 %wt). After around 4,5 hours, 2,5 litre
of pentane (mixture of 75 %wt n-pentane and 25 %wt iso-
pentane) was added and the temperature was raised to

20 around 120 °C where it was kept during 2 hours. After
finishing the polymerisation, the reaction mixture was
cooled.

The resulting polystyrene particles contained 1.66%

by weight pentane, based on the weight of the

25 polystyrene, they had a particle size in the range of
0.4-0.7 mm, and a polyethylene wax content of 0.5% by
weight, based on the weight of polystyrene.

Pre—expansion

The polystyrene particles were pre-expanded by
30 subjecting them to hot air having a temperature of
97-100 °C for 2700 seconds. The resulting pre-expanded
particles had a bulk density d, of 428 kg/m3, a pentane
content of 1.29% by weight, based on the weight of

polystyrene, and a water content of 0.2% by weight.
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ratio dg/d was 1 4,

Example 6
Preparation of EPS particles

10 Polystyrene particles were prepared by a bulk
polymerisation process followed by a suspension
polymerisation process. Hereto, 69 litres of styrene,

354 gram of maleic anhydride and 1000 g of starch were
mixed at a stirrer rate of 175 rpm. The polymerisation

15 was started by raising the temperature to 120 °C and by
addition of peroxide initiators (0.025 %wt). After
90 minutes, the mixture was cooled down to 60 °C and
transferred to another vessel.

Herein, 91 kilogram demineralised water (91 litre),

20 the obtained bulk polymerisation ﬁixture and conventional
suspension stabilisers, were mixed at a stirring rate of
175 rpm. The polymerisation was started by raising the
temperature to 86 °C and by addition of peroxide
initiators (0.30 %wt). After around 5 hours, the

25 temperature was raised to around 120 °C where it was kept
during 1.5 hours. After finishing the polymerisation, the
reaction mixture was cooled.

The resulting polystyrene particles contained 2.6% by
weight water, based on the weight of the polystyrene,

30 they had a particle size in the range of 0.9-1.6 mm.

Pre-expansion

The polystyrene particles subjected to hot air having

a temperature of 127 °C for 100 seconds. The resulting
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over atmospheric pressure to reach a final temperature of
117 °C instead of 105 °C. The expansion time was

30 seconds. The particles expanded to a bulk density d of
298 kg/m3. The calculated ratio dg/d was 1.1.

10 Comparative Experiment

Expandable polystyrene particles were prepared
according to the method of Example 1, with the exception
that 267 gram pentane was used instead of 81 gram. The
resulting polystyrene particles contained 6.2% by weight

15 pentane, they had a particle size in the range of
0.4-0.7 mm and contained 0.25% by weight of a
polyethylene wax.

Subsequently, the polystyrene particles were pre-
expanded by placing them in a water bath with a

20 temperature of 70 °C for 600 seconds. The resulting pre-
expanded particles had a bulk density dgy of 520 kg/m3, a
pentane content of 5.9% by based on the amount of
vinylarene and a water content of 0.15% by weight.

After being placed in the KURTZ KV450 batch steam

25 expander under the conditions of example 1, the particles
expanded to a bulk density d of 14.9 kg/m3. The
calculated ratio dg/d was 34.9.
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CLAIMS

1. Porous polyvinylarene particles prepared from unexpanded polyvinylarene
particles, said porous polyvinylarene particles having a certain pore structure and
5 an apparent density d, of 600 to 200 kg/m®, and which porous particles contain a
nucleating agent and 2.0% by weight or less, based on the amount of
polyvinylarene, of a volatile organic blowing agent, and which porous particles
have a volume increase that is from about 1.5 to less than 3 times compared to the

volume of said unexpanded particles.

10 2. Particles according to claim 1, which have an apparent density d, of 530 to 250
kg/m’.
3. Particles according to claim 1 or 2, which contain less than 3.0% by weight, based

on the amount of polyvinylarene, of water.
4, Particles according to any one of claims 1 to 3, which when exposed to saturated
15 steam over atmospheric pressure to reach a final temperature of 105°C for 30
seconds, expand to an apparent density which is at most three times lower than d,.
5. Particles according to any one of claims 1 to 4, said pore structure having pores

with an average pore size of 5 to 100 pm.

6. Particles according to any one of claims 1 to 5, in which the polyvinylarene is
20 polystyrene.
7. Particles according to claim 1, which further comprise an inorganic gas.
8. Particles according to claim 7, which inorganic gas contains at most 1% by volume,

based on the volume of the gas, of organic compounds.
9. Process for the preparation of porous polyvinylarene particles, in which expandable
25 polyvinylarene particles containing a nucleating agent and from 0.5 to 4% by
weight of a C,.¢ organic blowing agent, based on polyvinylarene, are pre-expanded
to an apparent density of 600 to 200 kg/m’ to form a certain pore structure in said
porous polyvinylarene particles and which porous polyvinylarene particles contain
2.0% by weight or less of said C,.¢ organic bldwing agent, based on the amount of
30 polyvinylarene. '

10.  Process according to claim 9 in which the expandable polyvinylarene particles are
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prepared in a suspension polymerization process in which vinylarene is
polymerised in aqueous suspension in the presence of a nucleating agent and from
0.1 to 1% by weight of a free radical initiator, wherein a C,.¢ organic blowing agent
is added before, during or after the polymerization, wherein the amount of blowing
agent is from 0.5 to 4% by weight, based on the amount of vinylarene, to yield
expandable polyvinylarene particles.

Process according to claims 9 or 10, in which the pre-expansion of the expandable
polyvinylarene particles is effected by exposing them to hot air.

Process according to claim 11, in which the hot air has a temperature of from 90 to
200°C.

Process according to claim 9 in which the porous polyvinylarene particles are
further impregnated with an inorganic gas for subsequent expansion and/or
molding processes

Process according to claim 13 wherein said inarganic gas contains at most 1% by
volume, based on the volume of the gas, of organic compounds.

Use of the particles of claims 1 to 9 in the preparation of expanded particles and

foamed articles.



