I me3de_\.6T?F#1 PROCESS FOR THE PREPARATI ON OF EXPANDABLE POLYVI NYLARENE
#ARTICLES The present in on relates to a process for the preparation of
expandabl e ponV|ﬁmM MHM%EHEMEiCIes and to a process for expandi ng these
particles and to on of foamed articles fromthe expanded
particles thus expandediésFor many years it has been known 4 tg@% cl es of
pol yvi nyl arenes, such as pol ystyrene, can-bé rendered expandabl e and that
the particles thus obtained can be used in the preparation of foaned
articles. In this respect reference is made to, e.g., US patent No.

2,681, 321 whi ch RRGH S8 6¥OR THE RREPARRTHON IO H A XEANDABIE BOL YW NKLZRENE
exposed to liquid hydrocarbons and treaEgQTégﬁF that the liquid hydrocarbon
is dispersed in the polystyrene particles Pcles thus prepared contain
generally 4 to 8 %t of such liquid hydrocarbon such as butane, n-pentane
or m xtures of pentan Thgsg gartl | es cag then be ex anded %o begds W th
a reduced density. g@%a?ﬁ%? den PY?% 1PBr *patkagi hg 5aP PCPes t9pitafly are
20 to 60 kg/ n8.pfeperexpandef, ekpenpavlecpesyainylusetei paatsteast hadt ed
mould to yield a foaned article of a desjred shape. . One of the factors that
nf uence’ t he €3 pBREFBRS of F ne*BERg LRy r ERBSpaper b 6LF sabfetanblRt of
hydrocarbon bl optegapgenbn GEofbihed SkbieLesEpeysl epedeapahashen ca
Technol ogy, third edlilon Vol une 2|, page 838, it can be read that the
density of partP{FELC %ﬁtSFHFn@XBaW ot n- pentane is typically 1080 kg/ nB,

conpared to a val uergf R8P K&ir8 i@rh9§r3e89|Mﬁbwﬁeﬂﬁa@eﬁg§t§8ﬂe§08?arEd
with a cal cul at ed denslty of 1020 kg/nB for a sinple mxture in I

13 March 2003 wWAPEHViREl ﬁr%%%Fan%qu ﬂFsE%iVéHYFﬁnﬁol9§PyP%néen¢?r9@1

pentane woul d bexpinaobs LRhe @@é@utﬁée P@Délé¥ wﬁuédoeeaiaga kKghmBe Thus
it has been suggested that part of the g rocarbon bl owi ng agent is present
k

inlittle voi dsUfectiR poeyRI§PeRREiqnecskfPpBadnBRtIFLES apprebiafe t hat

the above denSlfé@ﬁe@fer@§é£é§é§ dengidd ego, “@'ﬁh cgd beriégeal culated to
apparent densities. 6gartlcle density of 1050 kg/ nB corresponds to an
@

appar ent densi t§° of2 hndz%SEhkﬁmn@ls¢@@$%§bacRr©¢e§ﬁel®re§eﬁb practice is
that during thepéi@§§ﬁpéﬂea?Qr@i@I@QeaPe éﬁﬁoyééxeénﬂfeu ?;&&?f@éar%ons

hydr ocar bons may evaporate fromthe particles, in particu rom-t
voi ds. When t heappare¥esesd apech r@h@‘po"?lﬁ%dlla%‘dl@rh!‘s‘@b@@@irla@nvmy@h@?ersed

tenmperatures ang ofpdug é‘%é@réﬁ@ DL B OF ?aﬂth‘gtfé‘%]a@ﬁué%%‘éﬂgg gay vary

significantly. Apart fro ra sarety neasures t ave to
during transpor@ontaie gemerabhy packaditig: ¢f swmth béq@p@r@EdEQerbhat

such a variatiog, &Ry, iy, AW Al effe6ln on & her 1 esul L?? éf r?{’ér?éé‘ed%ﬁéégr

expansi on. Furthernore, e exparnsi on process 1tself a s Causes’t
hydr ocar bons cwﬁ@ﬁtﬁﬂl@ﬁpﬂ@@eﬁhemrbefﬂ%pﬁﬁd@@nﬁ@db@@dsiniEB arecduceded

qu piront has. BAD SGe PRI TPt ot T REkRREn RIPLLCR T,
further handl i ngypic#£11¢oambaisto oo é@lﬁgﬂﬂmlmm%ﬁ égpéﬁu@@ |@ﬁéalled in the

facilities of the end-user of the particles, i.e. the custoner who produces

the foamed artiRATSCHET LFRgthTed Jddcﬁtﬂﬁﬁp s d i BRUERH AP &Rt Fredt s
With these custfUEf&d 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
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
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US- A+ 5, 358, 675 di scl oses a process in which a polynmeric material, e.g.
polystyrene is conbined with another second phase material, e.g. a rubber,
in an extruder at elevated tenperature. The m xture is inpregnated W th
nitrogen at pressures ranging from 800 - 3 - 13 March 2003 up to 2000 psi
(5,500-13,800 kPa). The presence of the rubber_is necessany pficR2088n 2
suitable cell size above 10 umIf no rubber©is added the cells obtained are
too small. Although the process of this docunent overcones the

envi ronnent al prBBEBNENRL Nregiitres éRcddsisvd vefedsuPesd ySEY rRAS -ndW Béén
found t hat partE@h%én@fwBQhHVb@yHﬂr%B?dga@hgec@&E@@g%gdsHEB%E%?”MB%l@Yb
avoi di ng these high pressures. Accordingly, the present invention provi

a process for tnezpregamétlmhu@flexua@dabba Bakby¢isngdareae patti elfes hien

whi ch conpact pol yvin ren% particles are inpregnated EX an |norgan|c N2-
and/ or 02- cont aP¥RRGC éé OBt P4°PeRBePIERFe 1BePERS §tCan 518 pre8suitd of

100 to 2,000 kPanhgadgeys€qmpaet pakyvikAyhageranpariticheprevibabl ynhavenan
apparent density of nore than 600 kg/ nB, nore suitably nore than 620 kg/ nB.

General |y, the a8ppHFeRENGeRdrEy2sF Pﬁé§écéérﬁﬁéﬁé§lﬁﬁklWﬁéﬁheﬁé§e89700

kg/ m8. Typi cal | yechheutampackopabyuirBykanengipacki.chepatibhe Beasert, of

i nvention are not expandable before they are inpregnated with an N2- "and/ or
02- cont ai ni ng gaQSOIhg¢m§ctp¢eespanSWEQnanth@patbey densaicy béssrvhad 0. 5%
by wei ght, based on_t hesanount of vinylarene, of volatile organic
conpounds, nore® peF@/&BIy | ess than 0.1$ by weight. Mst preferably, the
conpact p0|yV|ny|arﬁn§rB§bbbﬁ|8$ deecNples@AtapRadRy c¥ok 8t khgtOHARRKE the
conpound at all. The ampunt of water In the conpact polyvinylarene
particles will SGRPEBPYEn8RdegéeEaIeUPBy thei gpexrpaded Barthelgafount of
vinyl arene. Theh?@?BéSEbBHEYMEQYE@EBB?aE@rEthe%hga%aQﬁlgi@QarEﬂ by various
met hods, includinhg bulk polynefization, solution ynmeri sati on, and
suspensi on pol ypericzatilen srom kher ¥eids .t Hasa ﬁﬁ?héégtlpﬁéﬁeﬁaﬁly t he

pol yneri zati on edqoyt 4i/B ul-k4pgky 4 S 13
March 2003 - 4 £§aﬁ§E%?|zat?gﬁ/pfoégsggd %kbgg %hggﬁ foratppes L8/

pol ymeri sation dgréanpnedtbatamﬁuatéonﬁentgonaenﬂayetée@b@aed BANl vary
particles (nibs)qp H%EEQE%QB PRLYERN k$ahi aRiackuges, tR@aEH%BE“@hQ% gEve

vi nyl ar ene monoRer ih an agueo phase and po ynerls ng the suspende
droplets. Both nethedsaéﬁsuder@nattgaﬁspomentl&ﬁEdgaaralphésenckhginne

pol ymer particles |kt i g a . 022 cont ai,ni g can
be inpregnated.gguggggsp%nggg%ggé%gggt?ghglgagalg %?%lggﬁgﬁegggubgge ?ﬁe
presence of suspéﬁsbbnostabblksenéthglfabmeobuspeagieﬁtstabkphsensnare
wel ! cnown In the AEL-BRC.GRIRL ! SRPAlNOYLLERRRLL: S OELTE! 210T0aes
pol yvi nyl pyrrolldlne yacrylanld Fnor a flsers gudh &

al um na, bentonthet hagnesambnsslDcagena&lphpsphahES;nlthe unexpanded

Lri oal ot umphosphat e.a0dioc,df sedt bulydregen, BnasRhaley0etl oRaLtHel e
conbi nati on witRh®an I'Si g “Compounds ~ien PeBhed 8aPrT&F. “The
anount of stablkedecenayesamnabhpnsaryompmmtetédteqelﬁm@Mt hbaskdenn t he

car i ed out at CHOCLRESr BPuPE  LPRGore: RANALEH CHA-DERPEPAr uF e hophber
first stage is handl8hg} 01180 EombdsthohheTheéeonduspmgerti $sftonbél5 to 140
c 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.
US-~-A-5,358,675 discloses a process in which a
polymeric material, e.g. polystyrene, is combined with
another second phase material, e.g. a rubber, in an

extruder at elevated temperature. The mixture is

impregnated with nitrogen at pressures ranging from 800



The polynerization per se is well known in the art. It may be initiated
thermally, via free-radical polynerization or via anionic polynerisation.

Al t hough all nethods are equally possible, preference is given to
free-radical polynerization. Suitable free-radical initiators can be

sel ected fromconventional initiators for free-radical polgngirch2op9n- They
include in particular organic peroxy conﬁb&hd§j such as peroxi des, peroxy
carbonat es and peresters. Typical exanples of these peroxy comnmpounds are
C6_20 acyl peroxpdes,28d@hpas decahdyl3pePoxkHe) . bBheoytepenogi dé, tbet anoyl
per oxi de, - 5, C egry xL d t h

t-butyl perbenzoa?ggrt %u?@%ggg?g% ?atébpgig % ?uﬁggﬁggbg%yragyge 2Bove

t - but yl per oxy- (QeemMylhEXWb)rabbenaie atiyeld opee oxetles antailhbydanearbyl

per oxi des, such as_those containjng -10 hydrocar byl noieties, including
di -i sopropyl befBehe: nyHFbPRIBXFRL, PH?C?SBU?§ItBeFoQPG%meHFCBH?FCB@FEX|de
or CO”b'nat'OnStE@eéﬁ@Iroﬁﬁéﬁfalnp%b@l@ﬁs ﬂtf£§&§DEe§r9£b9§§9¥¥ conmpounds
are also possible, e.g., a & azob|3|sobutyron|trll The vinyl arene
conprised in thREPSFYRRS - of t t heS prescheehr Hewad tbatiBastpeéearably mainly
of styrene. Thepepwiwy&@éﬁ@ecgﬁybgoekemdy@ g@féﬁ’c{@mf of aa%ﬁermy nyl
group cont ai ni ng nononer, such as acrylonitril, acrylic or net hacryli ¢ acid
or esters, subs¥$¢®@e@l§$yPéﬁ%5u§%éh as chl orostyrene, or a-nethylstyrene,
or_divi nyl benzene. HOUBYELn ref@ﬁ@b;%y edbige iAVLAL 86 bPol igepOL VYL BYkaRENe
consists for nore than 99 ¢ rene. More pref erd%

pol yvi nyl ar ene fer pthe PoDITFE PR, Oftehmyn%@bhﬂvnﬁlﬁ@b@ﬂ%arenpolynerlse

t he vi nyl arene t S

pol yphenyl ene oé? EU|tg%I£ﬁb ypﬁﬂgg? %812?%229%g€§éb §PE %§§FI &d in
EP- A- 350137, ETimpmﬁgmaeeenﬂwE?nA@®©4@®®1CTMg—p@mehenQQeﬂenbaLdengsgas
preferably present |n an anmpunt of_ betweepn 1 and based gn

anount of vi nyl &f éhe ?ﬁﬁﬁﬁﬁﬁgreamﬂlﬂ%y9$np?o%%dtﬁE ?|@¥%?%9r%f°Fhé0° to

pol yvi nyl arene podyorekpa Thgugonpact pol yvinyl arene particles may contain
vari ous conventional additives. Such additives include chain transfer

agents, cross- I|nklQQPE&ﬁﬁuEP%#NF?X%ﬁﬁﬁﬁ?rﬁf%&ﬁﬁ&%s it t 2Pt 8 RXRRPRBs of
chain transfer %én@f§é§§ %? ?% % {ﬁgﬁt g?@3 %9¥9°g§f¥gbl¥an

mer captan, t- do nmerca nerca nerca

Gt her agents arrﬁoﬁ@n&}@me@m et AR, %@neral]l@ “@ﬁ@halgﬁ’&’:?ezﬁ@edghg‘éfyof:f
a- net hyl styrene. Exanpl es of cross-linking agents are butadi ene and

di vi nyl benzene. t%@@éemarmgch@snw$lhrmoagem¢sedhé@Opk@hm§e cell formation

and are suitably used in, an, anpunt of 0.01 ¢t bas d on
vinyl arene, prefer Zﬁfpyl(fan gﬂrjoun?orﬁﬁa%t O%Of% I%\%ggéﬁr I 8§ of
nucl eati ng agenttrse qmee‘.emmlyn*dersqz)mrseajre nmtgaeupam@amb@rﬂdsfom g‘almeg are

conmpounds and gf ?g §§ agyggple igrggggéfglgo oundfnsuch as
cal ci um car bona a e conpoun STHR% riam sulph %t 2% and Cal ci um

sul phate, sili C@é@c@ﬂf@wﬁdﬁs ShiEAn St K 24 %h@yaa@n@@meﬁéyéneméﬁcet §% by
anor phous silica partlcles zeol ites, diatonaceous earth, oxides such as
magnesi um oxi deve kR ¢ iRt AR XHR, AU Ures BEN XA ERE bi @BrPohat&1fi t h
citric acid, organici brOMAEaNt ahdhd% COFPAINGS . 1 St ial eme; ogpounds,
pol ycyclic aromatic hydrocarbons), carbon bl ack, cokes chars, graphite and
di anond dust, Uiﬁ'laglﬂin meQ@e%ﬂﬂdeﬁh@/aﬁ¢m¢%mﬂh§%¥bﬁf%@% and

pal m tate comp c @fcowe ﬁpqléfi‘ﬂli)@réf ¥ Empound at
pol yvi nyl chl ori po ypropy ene, yet ene, acrylon trlf

but adi ene~st yr eEn]el ¢ Btreramastng eafe Vtﬁﬁ%ﬂdllehethmbt@'ﬂpa%’@ ypehey by baxene

anhydri de copol . /4l t S efy | I¢g¥? I YOEr'S
as described i ﬁye. glé\r% 3&1015%%%%@% I{(}gt'rrrprl se e. Q. Hgarc ,]-pg'n as?%écﬂg

nmodi fi ed by esttdrd famatritorrbrvigtheridneati on, enul sifiers as described e.g.

10 BrCi4E0 5 (AN LA Il el 0l o oo

Particularly suiyw atﬁracaxﬁ nmﬁﬁlmshnguag]emlreg epr]d¢ mlmqmezm haV| ng a
wei ght average C. 500 t ely
di vided thr ough 2:1340 fr?er “?rgn}{ b l|°%"a ag‘udzn{%pi %gf&%hﬁ%%é,&bf JtDP

based on t he ammiwttumss vahylrersneane fdrefer aEtrqua‘zrajm_\,O thhe cpd)l;ﬁmebyza\mgﬂnt

- 13 March 2003’15 carried out in a bulk polymerization or suspension



The conpact vinylarene particles may al so contain anti-static additives,
flame retardants such as hexabronocycl ododecane, dyes, filler material,

pl asticizers, such as white oil, stabilisers and |ubricants. The particles
are suitably coated with coating conpositions conprising silicones,
silicates netal or glycerol carboxylates. Suitable carboxysaifeen 2063

gl ycerol nono-, di- and tri-stearate, zinc 4tearate, and m xtures thereof.
-‘Exanpl es of such conpositions have been di sclosed in GB patent No.

1,409, 285. | nst ead yade rStzeATIAIE prajte SEY I $UIUSQ cDHiRfR Qr iRl M tate. The
coating conpositigns have been applied to the particles via dry-coating in
a ribbon bIendePO&ﬁmﬁQ%%?QﬁQHwﬁgxiaQQHQQiQH¥ iR @ CerFan; ieagduriad @
l'iquid. The compaetsiROlsmainy lanene iRar tinklhas are dganamatrd ydh it ion

i norgani ¢ N2- and/or 02-containing gas, at a tenperature bel ow 95 C and at

a pressure of 160cl®dR00E %P NATRs & igeydas e fEBIoRedoritaiad nor e
than 90~ by vol ke RASeH A% e 1WA AT i1RE 1935 s B M Y1 Yp 184 TOr €
suitably nore than 95% Dby vol une. ""lnorgani c” neans that the gases

according to th&ogpheg@ihdds émsua® g tc emfdile i@ thystl deeane wylagent Hdased
on the vol une of.th L©f.0nganiG 0 nef ar t st 3PSy
vol unme. Most précgqtgr %ﬁg'sl,?ﬂet hgsae gasees g'gmr%o%g?r?t zg’:ih(r%3 gﬁ%ﬁrﬁ cm%cor‘?‘lpou/;~é> S.
One of the advaumbhbageetsinipld cals @ash ol ik jegeserid.i nvention is that the

i norgani ¢ N2- an&/or 02-containing gases that are used show a m nor .
interaction with théuseeppdonp@olymeriifsagipn Neny vddaipdivcicalr dileghviong in
agents, such as | atil dr r (s i ; o Pr wiet hyl ene
propyl ene), vo|§¥%|g&ﬁ§%%g§h§?§§?%@%%géng%ﬁﬁ%%giggIﬁet%&?ngﬁg?ide) or

car bon di oxi de, sdispsoisieon ¢ tadrid ieerenta nentve lhé&nsoiny fey thet @int. aid s neans
that for sonme a i catio AR t,0 r ved .w . Mar ch
5005 orfore i BBk ep%f"é%?’é“%e&é?%@éf'f Bodtiaey el pflysihial
safety, health pyrirodiicdinegy poSyelt rdilsadviant dges gand celsitmbidtied dyy susibng
the present inventiqgn, .The il n_wll reci,at e .t hat r s Wil
di ssolve to songsefgiélﬁilrﬁgﬁ tst):%éltﬁg’qugr m\rglgtnre’lsgl,%bﬁﬁlt cgtgea%é:s%&%géml%%etsﬁe
present inventi dikar ¢ rfiarllcdsspholsphlac el @nidie rp iyl urktydnogeman t he
conmmer ci al bl ow agent s QE?Li above, The _i_npre i [
preferably nitr8§%3p§FE§'r. 1é§§33 sés %5@%lﬁﬁgqgﬁh?@3%hg$“gg§%ﬁ?§be t hat
t hey are effectistebdid singa g canped unaise men tiegaid wa rdner.oMientaalowrt kel t h

i npact. Preferre enperature ranges.for _the dnpregnatio re fromQ to 50
C, nore preferaﬁgﬁgﬁggﬁﬁfang {0 ot sﬁaﬁﬁéﬁkgﬁbﬁyﬁ Fﬁé%f§nﬁ@Fat5F§e sed

i S room tenperabtr ehel wetijhs way thie aviedsisi phalse .particles are filled with
t he gas wi thout the golyvinylanene bg&g% heat ed suych thg% i,t deforns. Such
defor mati on might hav€ ZVFECASHER: & ECC3GAOPhe SsEPIEARtY SR TEShEMS es
of the voids andtt heehgnpe natulréd Bavwged,negawhieh APaCiempeida@ure in
expandabi ity of the.resulting inpregnated particles. Noreover,~the | ow

t enper at ur e ensﬁF&s%ﬁﬁég &9 aﬁFiéFgg %gnﬁpnlhpee%fﬁ&ﬁ g FERSE sti ck
to each other, whihge [sgltroacqus ith ke irgpregnati on woul d be conducted at
hi gher tenperatures hThe ressyre under which the iqp%g nati,on %akes pl ace
is from 100 to 2,000 EPBogé(ﬂ‘Gé.lzﬁFéPér PEY SPedSur&dlaki®nd: wlek oG and
1,500 kPa gaugeytmpiag Reefierizhlay cdetheenaldqy,and a8@Q ckPaagiduge. The

enpl oynent of | ower pressures would nean that the voids would _nerely be
filled with gasPoéYgerifpiti6genor 18 AP1QN14hBAL YACRDSHtd e BriédSwdd. such
a repl acement wauhdpeeplds iaeaquasdlf beise@lbieypareiretenick aRY gikiegheh
pressures than 2,000 kPa gauge are poSsible, but are undesirable for e.g.
econormi cal and $&PEryafdasonyolemegizpréoiur §1E88ers free-gadiealvar ch 2003
nmust be better equippedlys Maneg¥eke13@ABLI RYRECORBEnFYGRaTDR @ 1 @iiklibgul t.
After the inpregnation the inpregnated particles can be taken to a
conventional expaAstéfearrricaloPénmesiBatégpandBgyt 6NEpPEFeAn densities
l'ower than that gt +tRg160MBaghknRel YeirBYLateRgoRalL], Clkash Theperbkies,
necessity to taﬁe any specific precautions in taking the particles to the
expansi on uni t . PREREYeFArPENEEEFd3PE RSEREISES - dB YRUER Ly RE2BPPRES S e
sluice. Accordipglke be§o&pe%%abouﬁw§ng&enchgg BEQYI He$odiREeacess hohst he
preparation of expanded polyvinylarene particlFes in i ch expandabl e

pol yvi nyl ar ene patkhelésparexptepabedzbylapptrogess, ascdeacyilbedrakove, and
the inmpregnated particles thus obtained are expanded to an apparent density
| ower than that of the conpact pol yvinylarene particles.



In the expansi on process, the inpregnated particles are expanded to a fi nal
apparent density which is suitably at least 3 tines |lower than their
original density. More suitably, the inpregnated particles are expanded to
a final apparent density of at least 5 tines |lower than that of the compact
pol yvinyl arene particles. Although the expansion can be ceyqiftr%06® any
density desired, it is practical to conduct® tie expansion to an apparent
density which is up to 20 tinmes, nore preferably up to 40 tinmes | ower than
t he apparent dessédred pérokedepnpacéspelyyi sytharesetpantytl| psrbdhecate,

expansi on process rrj e desired final arept densi is
typically carri%db%€¥fiéég%%%éé£$he?e$%£y?h%eﬁﬁﬁgﬁggﬁr%g?yvfnéngéne
Farticles obtaimeﬂomﬁ%ﬁz—ehhybuaapsbomgb@ﬁa3?yan%agepusbxiagaiananpaegﬂated
"re-inpregnated; it n i norgani ¢ N2- and/ or containjn as and the
thus re-inpregn i%%g%%???BY%Sp%ggxbéﬁfh %&5%nﬁ§d?g9ﬁ§ 5?5%%8%989 83510
re-inpregnatio catr 13- Ma rgpe o} er of
times. Fbmever?hfﬁgogﬁf?yédﬁg%%?%gﬁ'm%f?léggﬁgeggoﬁgg gggﬁ%eb e?%ggn t he
duration of thehy@pregnaride, i dlofdentyd pexdxnide, t hecamplnpeobxidpregnat ed
gas on the one hand; and;a.lowm ounber ofLepelitlons. of 41 BecLopEegpati on and
expansi on sequence on the other. Suitably this w ead To a process in
whi ch the inpregeatkpncamdoengansrenassepsoastbiepeat gd, betaten 1 and 4
times. As alread% i ndj cat ed the,ex§€n5|on can be conducted in any
conventional expaRIShSCAFLYTSRtE ht@ns that the expansion can be effected
by the use of hot affe WWhylatefe Gohdtioed battheipdIpmeedof aghati on or
m crowave radi ati on. ?t isygreferredﬂfoluse t he £%3?6c%n n_net hod, i.e.
the use of stedFSLEREPHAGDHR TRRT: OFS tRAPEF BRI BsMdF N 4P0°F 05 18RS at

pressures of 0 Tige 6981 fPen goaigene drPenEdnga DR thetPresenaslof cadghbtnes
and/ or other polyners in the gre;expanded pol yvinyl arene particle, In the

case of polystyfEmet FTOVR GPRE24P eyl tRORIBeSat BHER eS st eayt oprihril,

temperature of 400,125 & ahePhessyres £Eid & 230kPp gawgeichieds hovever
observed that other commrercial nethods can al so be used. Expansion by neans

of hot air havifigreerenpebalhuie orlopesbprene| sonl gomsthyhptBrenepa®ti cul ar

95 160 C and et AETRT BT ® 1 oot 0o 1t ety e NATPER M o Ohne

duration of up pel@viwylarers adneidsysi Hor cadee thman h@d désclée péfon above,
expanded partic iLab LNt o h t he
expanded partic%gzrgﬁgéqggégtégﬁpg%a%r ﬁd@@gﬁggﬁ%ﬁpﬁ%gfﬁéﬁgafgi% %%.

Therefore the ipwkydtyrederther provides a process for preparing a foaned

article in which expanded gglyg&qyéarene particies obtaiq;d b¥%€}%rocess

according to this i hvehiy of” a7 feat et 1h = ot { e T i<t eeb% @?%?ene

particles soft emrasmkess i Tk tlhoggthesenandof het hent poll ymet sl $inels abt ai ned is
cooled to 13 ch 200 rticle. T in the

- 11 . ielg f.oamed he heati
moul d i s converRTDARIRAEETS Thiital T4t P T heo s ARSI YA 1971 021022 The
invention wll losenldestrdied by DRans3®ilihe Ep+A-odheR Bxamdl e(s) .
EXAMPLES All a re ities were nmeasured in accordance with the
Fo'ovt ng mot nEFU AN fF08 (e AET SRR o udS o GRS ETTY L " v ng
an inside di amgissserit 6in nan adrbunthed §be he X931 NI dveB0 Weighesh $ ed t e

nearest 0.1 gra at nospheric pressure, roomtenperature)., Subsequently,
Tha eop was 1 1V SHER DGt S i TR e RO Eh b I L TH Ty et

scrapper was useihidit@pof htlee pdIesiagod fede thel whete, of the cup and
subsequently to scragpe off the excess terial on the top of the cup,

wi t hout shaking t her &uF O R e DY 1R 1 RAF S F3HE near est
0.1 gram and t heseb@htceivd it grod i vadud eirede, Udh CAdRsi i ivegl aimc Didd cnB
was cal cul at ed and,convertgd to Kg/nB. EXAMPLES 1 and 2

chain transfer agernts, cross-linking agents and

nucleating agents. Suitable examples of chain transfer

agents are Cp_-15 alkyl mercaptans such as n-dodecyl

mercaptan, t-dodecyl mercaptan, t-butyl mercaptan and

n-butyl mercaptan. Other agents are pentaphenylethane and



Conpact pol ystyrene particles were prepared by a suspension pol ynerisation
process. Hereto, 4,000 gram dem neralised water, 3,680 gram styrene,
conventional suspension stabilisers, were mxed at a stirring rate of 475
rpm The polymerisation was started by raising the tenperature to 84 C and
addi tion of peroxide initiators. After around 6 hours, thg ﬁ@@bgre was
rai sed to around 120 C where it was kept dfring 2 hours A?ter i ni shing

t he pol ynerisation, the reaction m xture was cool ed. The particles had an
apparent densit yghdl dbhe6560£6868mkghyBsantdeacpackenpeesi 2€ thokBeliargagof
700-900 Vim - 12 - 13 Nhrch 2003 Subsequent | t he conpact pol ystyrene
particles were FAPREJnAFEACHFEALEPE B?dsﬁbVﬂﬁglgﬁéﬁ?Pﬁ aNBFé§§ tB9vessel at

r00”1tenperatUr@g@ﬁtgnaﬁbra9é§§§UE§a9fp§QHoEEac9§99§orﬁEE§6n1§nBOHEé the
pressure was rel eased, the inpregnated conpacb Eo ystgrene particles were
e

t aken out and pFHéEﬂb@ﬁ BSRORTZ Rw480opatchfsPedin eRpahdey WAEEBtt hbgseere
al l owed to fotBﬁrv§K?§39e£5U Zeférébi agﬁngﬁklmolﬂg gfpgngsogocggdbglons

are set out in Tab From t he partlc es thus obtained, the apparen
density d2 was WehshFedExsupiegueht nycleatipar epents aseefagaly subj ect ed

to the InpregnaaigaeeggdeXHaeaaﬁﬂcp&eﬁsgaﬁ asoggoﬁ%bbegmaggxas whyh the

exception that the pressure was rel eased after ours e resulting
appar ent densi t§oHgneasPaehsoied. FHasppescedar eaphonpbpeacedpouwndapsach

times, until a partlgle,fayl Fgoﬁgt@Pngfgﬁfgg”éb%¥09§d§a§u89tQE”Berlﬁe

results are indicated in Ta
Ex. dlexpanS|ondi@kphmseoﬂd@eﬁpéﬂ$hmnd4bpbaﬁsioaﬂBLkgtecoqmpounds)$kgh-esndi

g 531P: 190 kP b oae 10 KBRS S ae kes E)ca R BRt B 1080 10T 117
Ct:15 sec.t:15 ﬁ@nticlas,seeolluésseciaﬁéﬁﬁceﬁﬁsk@arghBSJEddeﬁ &kPah as

g, 320P: 190 kP2 g, 50P. 149 KFR0; 18,87, 129, CT. 126, CT: 126, €1, 4260 38

sec.t:15 sec.t: Séc ean1pressure
bicarbonate with citric acid, organic bromide-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
polymer particles are polyvinylchloride, polypropylene,
polyethylene, acrylonitril butadiene 'styrene rubber,
styrene butadiene rubber, styrene/maleic anhydride
copolymer and cellulose. Further examples include polar
polymers as described in e.g. WO 98/01501 which comprise
e.g. starch, and starch modified by esterification or
etherification, emulsifiers as described e.g. WO 98/01488
and WO 988/01489 which comprise bisalkylsulphosuccinates,
sorbitol-Cg-Cop-carboxylates, and Cg-Cop-alkylxylene

sulphonates. Particularly suitable as nucleating agent
are polyethylene waxes having a weight average molecular
weight of 500 to 5,000, which are typically finely
divided through the polymer matrix in a quantity of
0.01-1.0% by weight, based on the amount of vinylarene,
preferably from 0.1 to 0.5% by weight.
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March 2003 - 14 CL Al MS 1. Process for the preparation of expandable
pol yvi nyl arene particles in which conpact polyvinylarene particles
containing voids are inpregnated by an inorganic NZ- and/or QZ- contai ning
gas at a tenperature bel ow 95C and at a pressure of 100 tq3Z1f}ER 266 ogauge.
2. Process according to claim1, in which Yhe~pol yvinyl arene particles are
pol ystyrene particles. 3. Process according to claiml1l or 2, in which the
conpact pol yvi nyl arléree quangdaat e/sirhal\eerm Wimﬁesdenej tal saf auteaiman 600
kg/ nB. 4. Proces ac ordin one..of clar ns i.n whi.ch the

pol yvi nyl arene %’a TS a%écf eegsr{atfe]tfmbey Cfl st rﬁeucd'éﬁsi c‘r%’éa to the

i norgani ¢ N2- &m@hﬂcyﬁidﬁuﬁéﬁdhéuydyﬁsEﬂfﬂkﬂﬂkﬂmﬁuﬁﬁﬁalﬁﬂﬁmdﬁti¢1m&ﬁsI0 SO
C and at a pressure of 00 to 1,500 auge. Pr.ocess accqrding to any
one of claims FPYF 4 Gt ’hesﬂfgsﬁl%erﬁgﬁradb%r%‘btr“aqar t%. Ptocess for
the preparati Orp&ftl@q,w@ece el WE BT afcene Parid | @sat g efp expansiedl e
pol yvinyl arene particles are pre ar ed by atfrocessigfcordrﬂg:to any one of

claims 1-S, andoMAe 3iHF gt Sar t53ch Qhanded to an
apparent densi tas g1 ddead, thatt 0914 e gmacdt 0l and rlj/ldy?é’@fts?l RAhd <) es.
7. Process according to claim®6, in which the inpregnate articles are

expanded to a f3imaldTghpdriert airdary zclfncatsqee"’é‘satt% tarrh%-gmrwe% han that of
the conpact polpphdrdAr éleemples of such compositions have been

disclosed in GB patent No. 1,409,285. Instead of
stearate, one may also use citrate or palmitate. The
coating compositions have been applied to the particles
via dry-coating in a ribbon blender or via a slurry or
solution in a readily vapourizing liquid.

The compact polyvinylarene particles are impregnated

with an inorganic Nz- and/or Oz-containing gas, at a

temperature below 95 °C and at a pressure of 100 to
2,000 kPa gauge. These gases suitably contain more than

90% by volume, based on the volume of the gas, of Nj
and/or Oy, more suitably more than 95% by volume.

"Inorganic" means that the gases according to the present
invention may contain at most 1% by volume, based on the
volume of the gas, of organic compounds, preferably at
most 0.5% by volume. Most preferably, these gases do not
contain any organic compounds.

One of the advantageous implications of the present

invention is that the inorganic Ny- and/or Op-containing

gases that are used show a minor interaction with the
polymer per se, if any. Many commercial blowing agents,
such as volatile hydrocarbons (e.g. ethane, propane,
ethylene propylene), volatile halogenated hydrocarbons
(e.g. methyl fluoride) or carbon dioxide, dissolve to
some extent into the polymer matrix. This means that for

some applications they will have to be removed with



8. Process according to clains 6 or 7, in which expanded pol yvinyl arene
particles obtained after the expansion are 13 March 2003 - 15 agai..".
i npregnated with an inorganic N2- and/or 02-containing gas and the thus

i npregnated particles are again expanded. G Frocess according to any one
of claims 6 to 8, in which the inpregnated particles are

exposing themto steam of tenperatures of 800-168 C at pressures rangi ng
fromO to 600 kPa gauge. 10. Process for preparing a foanmed article in

whi ch expanded gFadapti M asiane dradd tdris Dbt 1 Y & fHACESSe aFcordidget o
any one of clains 9 are heated ir. a nould till the polyvinylarene

6t
particles softéﬁ%&ﬂjéﬁi%ﬂg%QXﬂﬂhﬁﬁ¥tQﬂﬂftQRﬁ%ﬁﬁﬁQﬁYTnﬁHQPtQﬂE?QﬁﬁQﬂ%ﬂﬁFis

cooled to yiel dra fNaMhAdd Yyeusihly HOGEES N {fRePrapar alion of
expandabl e pol yvi nyl arene particles in which conpact polyvinyl arene

particles cont &kilAgd @ads verld ARG B2 logingahait Yool ve

pol yvi nyl ar ene (Rarddnfd &% dedhtan i RYIFH G BN 0r, Qe GO ajJUdY Hasg ar _d
at a tenperature bel ow 95C and at a pressure_ of 10D to 2,000 kPa gauge to
mai ntai n the stiudhe EIEFRENIT dpviantdProfazifR W oiers 5P 58P dongde

pol yvi nyl ar ene It + e8] jd d i e Q%ﬁgntaining
gas cont ai ns a["jlle%1L vegll 3%5 of otﬁfggln?%iegodﬁ%n S a;lnghv%\glrr}g{ ;ggseal i horgani c
Nz- and/ or QZcowndilsngg gdovebeilig |igpyr egylatbing iges Hes rolefieralniat ri x

compared 0 sai] Q9a0] & CUTMOURISs d A BRI d i gald vol ds of

sai d conpact polyVvi arene particles I an expansi on of said particles.
.AH. A5. AHf . A3 advantage that they are effective and cheap and have no

f9. Any . AH?. Af Q. Ay. 2. A AS AV A neH AS?. A(FS6FERaY%k >?748: @GN wr mhb] W] ca]
cal] ca] cRa] ca] g’aﬁéxcéaﬁgca cavc%%%é{giég%acqaigclgﬁceaﬁ&c%] glétﬁ)gaa 19(Efa] cal calca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] cRagferaleM temyp=rature ranges for the impregnation are

[\ BKVbouvGH w gger ] Jsalealeal aalcal saloal sal el caloalaplfal<al galsal cal o

a] ca] ca] ca] ca] ca%ca] c]at] cé‘:’] ca] daf“ca cf] ca%caa] cé!ﬁla—g;qr aI—Jﬂ
preferably, the temperature used is room temperature. In
this way the voids in the particles are filled with the
gas without the polyvinylarene being heated such that it
deforms. Such deformation might have a detrimental effect
on the structure and properties of the voids and thereby
it would have a negative impact on the expandability of
the resulting impregnated particles. Moreover, the low
temperature ensures that the particles remain free
flowing and do not stick to each other, which might occur
if the impregnation would be conducted at higher
temperatures.

The pressure under which the impregnation takes place
is from 100 to 2,000 kPa gauge. Preferred pressures are
between 100 and 1,500 kPa gauge, more preferably between
300 and 800 kPa gauge. The employment of lower pressures
would mean that the voids would merely be filled with
gas, e.g., nitrogen or air, at about atmospheric
pressure. Such a replacement would result in an
insufficient expansion, if any. Higher pressures than
2,000 kPa gauge are possible, but are undesirable for

e.g. economical and safety reasons (e.g. pressure vessels
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to take any specific precautions in taking the particles

to the expansion unit. However, it could be useful to do
such via a pressure sluice.

Accordingly, the present invention also provides a
process for the preparation of expanded polyvinylarene
particles in which expandable polyvinylarene particles
are prepared by a process as described above, and the
impregnated particles thus obtained are expanded to an
apparent density lower than that of the compact
polyvinylarene particles.

In the expansion process, the impregnated particles
are expanded to a final apparent density which is
suitably at least 3 times lower than their original
density. More suitably, the impregnated particles are
expanded to a final apparent density of at least 5 times
lower than that of the compact polyvinylarene particles.
Although the expansion can be conducted to any density
desired, it is practical to conduct the expansion to an
apparent density which is up to 20 times, more preferably
up to 40 times lower than the apparent densities of the
compact polyvinylarene particles.

The expansion process to arrive at the desired final
apparent density is typically carried out in steps.
Thereto, the expanded polyvinylarene particles obtained
after the expansion are advantageously again impregnated
("re-impregnated"”) with an inorganic Ns- and/or Op-
containing gas and the thus re-impregnated particles are

again expanded. The process of re-impregnation can be
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repeated up to a number of times. However, the skilled
artisan will strive to a balance between the duration of
the impregnation in order to maximise the amount of
impregnated gas on the one hand and a low number of
repetitions of the impregnation and expansion sequence on
the other. Suitably this will lead to a process in which
the impregnation and expansion steps are repeated between
1 and 4 times.

As already indicated the expansion can be conducted
in any conventional expansion unit. This means that the
expansion can be effected by the use of hot air, hot
water, a hot o0il bath, infra red radiation or microwave
radiation. It is preferred to use the most common method,
i.e., the use of steam. 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 pre-expanded polyvinylarene particle. In
the case of polystyrene, it is preferred to use saturated
steam of a temperature of 100-125 °C at pressures of 0 to
230 kPa gauge. It is however observed that other
commercial methods can also be used. Expansion by means
of hot air having a temperature of 90-200 °C, is also
suitable in particular for the first expansion step.
Preferably, the air has a temperature of 95-160 °C and
most preferably from 100-140 °C. The exposure preferably
has a duration of up to 3 hours.

As already indicated in the description above,
expanded particles are suitably put into a mould and
heated so that the expanded particles fuse together to
produce foamed moulded articles. Therefore the invention
further provides a process for preparing a foamed article
in which expanded polyvinylarene particles obtained by a
process according to this invention are heated in a mould
till the polyvinylarene particles soften and stick

together, and the heated mould thus obtained is cooled to
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vyield a foamed article. The heating in the mould is
conventional and is typically in the range from 110 to
125 °c.

The invention will be illustrated by means of the
following example(s).
EXAMPLES

All apparent densities were measured in accordance

with the following method.

A cylindrical cup of 1000 cm3 +/- 2 cm3 capacity,
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
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
in grams of 1 cm3 was calculated and converted to kg/m3.
EXAMPLES 1 and 2

Compact polystyrene particles were prepared by a
suspension polymerisation process. Hereto, 4,000 gram
demineralised water, 3,680 gram styrene, conventional
suspension stabilisers, were mixed at a stirring rate of
475 rpm. The polymerisation was started by raising the
temperature to 86 °C and addition of peroxide initiators.
After around 6 hours, the temperature was raised to
around 120 °C where it was kept during 2 hours. After
finishing the polymerisation, the reaction mixture was
cooled.

The particles had an apparent density dj of

650-630 kg/m3 and a particle size in the range of
700-900 um.
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10T\T\!@p’loqa¥1¥§§%%é%ed with air by storing them in a pressure vessel
at room temperature at an air pressure of 600 kPa gauge.
After 16 hours, the pressure was released, the
impregnated compact polystyrene particles were taken out
and placed in a KURTZ KV450 batch steam expander where
they were allowed to further expand (KURTZ is a
trademark). The expansion conditions are set out in
Table I.

From the particles thus obtained, the apparent

density d» was measured.

Subsequently, the particles were again subjected to
the impregnation and expansion procedure as described
above, with the exception that the pressure was released

after two hours. The resulting apparent density d3 was

measured.
This procedure was repeated two more times, until a

particle having an apparent density ds was obtained.

The results are indicated in Table I.
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CLAIMS

1. Process for the preparation of expandable
polyvinylarene particles in which compact
polyvinylarene particles containing voids are
impregnated by an inorganic N,- and/or 0,- containing
gas at a temperature below 95°C and at a pressure of

100 to 2,000 kPa gauge.

2. Process according to claim 1, in which the
polyvinylarene particles are polystyrene particles.

3. Process according to claim 1 or 2, in which the
compact polyvinylarene particles have an apparent density
of more than 600 kg/m’.

4. Process according to any one of claims 1 to 3, in
which the polyvinylarené particles are impregnated by
exposing the particles to the inorganic Np- and/or
Oz—contaiﬁing gas at temperatures ranging from 0 to 530 °C
and at a pressure of 100 to 1,500 kPa gauge.

5. Process according to any one of claims 1 te 4, in
which the gas is nitrogen or air.

6. Process for the preparation of expanded
polyvinylarene particles in which expandable
pelyvinylarene particles are prepared by a process
acccording to any one of claims 1-5, and fhe impregnated
particles thus obtained are expanded to an apparent
density lower than that of the compact polyvinylarene
particles. '

7. Process according to claim 6, in which the
impregnated particles are expanded to a final apparent
density cof at least 5 times lower than that of the
compact polyvinylarene.

8. Process according tec claims 6 or 7, in which expanded

pelyvinylarene particles obtained after the expansion are
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them to steam of temperatures of 100-168 °C at pressures
ranging from 0 to 600 kPa gauge.

10. Process for preparing & foamed article in which
expanded polyvinylarene particles obtained by a process
according to any one of claims 6 to 9 are heated in a
mculd till the polyvinylarene particles soften and stick
together, and the heated mould thus obtained is cooled to

yield a foamed article.

11. Process for the preparation of expandable
polyvinylarene particles in which compact
polyvinylarene particles containing voids are
impregnated by exposing said compact polyvinylarene
particles to an inorganic N,- and/or O,- containing gas
and at a temperature below 95°C and at a pressure of
100 to 2,000 kPa gauge to maintain the structure and
properties of said voids in said compact polyvinylarene
particles, wherein said inorganic N,- and/or O,-
containing gas contains a low volume of organic
compounds and wherein said inorganic N,- and/or O,-
containing gas, being 1less soluble in the polymer
matrix compared to said organic compounds, remains
essentially in said voids of said compact
polyvinylarene particles for an expansion of said

particles.



