1 Elastic nol ded foam based on pol yol efi n/styrene pol ymer m xtures
Description The invention relates to expandabl e, thernoplastic

pol ymer bead materials, conprising AAffrom45 to 97.8 percent by

wei ght of a styrene polyner, Bl) fromlto 45 percent by weight of a
pol yol efin whose nelting point is in the range from 105 to 140C, B2)
fromO to 25 percent by weight of a polyolefin whose nelting point is
bel ow 105

styrene- b%ag(@agngé@ﬁé@zﬁ%g%%orﬁ@nﬁ@feﬁ“ﬁ%ﬁen?358!%]%89#11&??510 percent by

wei ght of a styrene-ethyl ene-butyl ene bl ock copolymer, D) fromlto 15
per cent byPef®iPgPt of a bl owing agent, E) fromO to 5 percent by

wei ght of a nucleating agent where the entirety of A) to E) gives
100% by wghgHventdnteletbs grpariabissierhaplapicqidlyater bendafatedats, samprisingnd
use for the prﬂ%qté'td)évQBer@ér@%ﬁWﬁigHMfg%gﬂJn@ yet, di ngs. Polystyrene

foams ar eg(jzgl %mqf{gﬁs Perpcir) Eﬁwxlgﬁtgﬁsgggglemhésgﬁelt &’pgln?@trt ifi Faﬁlge S a

di sadvant agli ng sec ecause t

cannot provide "%trﬂ ‘ot ection of the packaged product from

i npact, am@)t h@om@dwwttrdmﬁ@s;Walgefopfaspobﬁléﬁdh‘gh%@ nfelting Paipkis RAEW subj ect
to even slight 108Cprmation, renoving the ability of the foamto
protect frgm at}Mm%th@Q@%et&bntlb?%;ghw%rs@yré\fevm&dweemk eodw,a@r previ ous

attenpts t 'n%rﬁ%%%%g ﬁt@%& Y o et atevéwéregﬁ x ESRARdabl e

pol yrner m ners, an po on efi'ns and,
i f approp at e?m'?}f1 tgggﬁﬁf?‘?tb %h‘gﬁé’ﬁ) WINGARAY as hydr ogenat ed

styr ene- biadi &a@ Odpé@l%rcé@ﬁm%?%fa'&tc@awmby way of exanple from
DE 24 13 3wHere PDEcRitety 8f 408 EpgiviE B% MvaEdht, dER-aloPESRs®T Sor prodgetion

2007- 0847 4 the Hamef £k e @bl prédilcrort dTelaefid morded-Rainmiadised t o have
better nechani cal properties than foans corrposed of styrene poI yners,

in partic r bet er elasticit
t enper at utgé’ S*Vé‘tt‘a ALY Eg'ijgagéc o nz)angwﬁéhc Onrsme%ﬁ I%St%h‘f cetate
and t ol uerfisadyRRgeedn e’taﬁ@ea{)@ﬂglﬂt%ﬂ’%’ﬁ‘a@rt?eseé@ e 6PN E’/m %t ures
to retain adeavataprotegiontof therdcikageil profiuciframiimpad), and é‘leg‘p% molsljpgs used
densi ti es,asqpackdghadacurivehehaubjpetasessishiaht fefopesios, ret@ii6d AREH 65 2
descri bes {pldgds bRAR f&h dh seyttteﬁteoétﬁmﬁér&}ﬁa\ve&herefotdr&ehefweutrom 10

to 100 g/I t %Ets% &g%ﬁgem%glag%ﬁwgﬁ s,%,perng foaned foam bead materi al

conposed o an ol yner pellets. The pol yner
pellets corrprl se m xtures conposed of styrene polyners and of other

t her mopl asEipendrbieyrebymer migideseamassehpfshraedolymersandef polynlelghand. én and
subsequentapprepgstay of zeldbiliin demeters sugeds fytiiogenatehstyrFirebutadiane bidcko known
el asti ¢ NdodegmE@A4ErE kGEWHIRSRY P Exaxikaea DIECR4 13t376 PO 94reS 4tEeadE 38
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net wor k c oAb mpariquips Befier paptiFieand igwer %‘fﬂeﬁ?%ﬁt RVIRTRATRIHES: IBvever
the bl owi najscrgeistanct b Solwants, sughi asl ejhybagetaié arnchteiueaqaéwatﬂreth@ewlmfrfheead
mat eri al s, epBfdable folyeieeintigedtasatiin bbeirgtagestdamt théinleahabiietative By and
is suffi C|@éﬁggtlgs,grglgmmt@foggwegs% parppbey t period. WO 2008/ 050909

descri bes elastic nol f oanms conposed of expanded i nterpol yner
particles having a core-s ctu re the core. i s conposed
of a pol ystW %}Qg/ of 3Id€?‘ir'ﬂe‘? rﬁf"@?‘%)gﬂa r%‘gd‘agﬁ”%%gdgwg}’ [5 15 the xayias g@g‘d of

a pol yol ef itio Wag&,@btmtaalediaffeemofmefmw fpambe%raatevaie@meqsw Otand
resist anceexpendabmckbngopHSMpm@em Whe ho! RS, pelietsl coriygipe andurasi nl y
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appli cat | o dy ggorﬂ%?%{lb%ﬁﬁeﬁt?&Qm{z%@n&%é{%@@@ﬁ% whi ch

are obtaina rom m xtures conprising bl ow ng
agent, the_dimensions of the domains of these being from5 to 200 nm
It is pref Ehaippe asednovmelagiisiigides fogres compeeRERf eéﬂ’a”gal?!%ln@rwqr

bead materials (e.g. US 2004/0152795 A1). The interpolymers are obtainable via



wei ght, of a rene polyner, 10Bl1) from4 to 25 percent by weight,
in particul d&F @d/fﬁf% 7 to 15 percent by weight of a polyol efin whose
nmelting point is in the range from 105 to 140C, B2) from1l to 15
percent by wei ght, |n particular from 52to 10 percent by weight, of a

pol yol efin wh m? oint, is below,1 Cl) from1l to 15
percent by \BSB’W zaton OﬁgtP’ ‘F Eng i e pfeisﬁ’?ﬁebofPBIY@}e@“sﬁ%??ﬁ‘@‘PPs BNSPRBIiIgfhtand of
a 15st yr ene 9t aitinisrensiraing nebysok ereposed o] styreoepdymers an@opaefrent by
wei ght, in palytiectiHaveterpitie Blofingadenipgifiges taphily s iogihk exSindable polymer
st yrene- et hyLgfpbiaM! Qt{bqt Rk H?e ﬁQ?fBlSérE?Jre%Q)IO\M e:f)‘%tar% o Egﬂﬁggﬁtlyby

wei ght of. a bl ow, ng  age rom0.3 to erce

parti cul F?%%%‘W%FE B@F& o by wei ght, of a 20nuc| eatl ng agent,
wher e the entirety conposed of A) to E) gives 100% by wei ght The
expandabl e, Whe0odipbteo8 idesqribby anestichesigbdtesas terthSosat ef @%hdﬁiht@?do}?mer

preferably Qm%@@ &vifd a E&%ﬂ@lﬁéﬂ‘&tlﬁg \Jh%reﬁt}le chid il E'é:m ogg%Pi st)érﬁréen .
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D) has subngﬁ?leérf'I" r%o%%@ﬁd %'Stqﬁq@pﬁ?eéjfb‘g Oﬂ’geﬁfg%é
A 30 ThédOexparpiapre/ed siasteityiead resistase jnerackiathaenetontpredsvitidiRs, |asé
from 45 to &ikyahe bminyeisgl s trpsepbitpaticiging opaebesrgbhiyscfiep in Altorhsbilé8. 1%
by weight, a@ppiRafidrgl ene polymer A), such as standard pol ystyrene
(GPPS) or |rrpact resi stant pol ystyrene (HI PS), or

styrene-acr Mnl trile copol a)/

acryl oni t ri V&2 B4 28R% degcy %%'éar@é?i@!l%/ﬁ@)‘f@er(f%@ whieh areribjainabée rdmer eof
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GPPS
St andar Sspit%%ﬂr LBl B o B ST S Il Bl e
the range f @tdgtﬁeﬁeﬁﬁﬁ e@ébtw@erﬁﬂ ’ghlari;"ﬁ)ii}etqddﬁﬁﬁ%ﬁphﬁﬁﬁn 190 000
to 280 000 g/nol, determ ned by gel perneation chromatography and

whose mebt Wb POOB/THRS0 MR 288G 1Pn nddtadsr th%%éé@éimlnﬁaldéa tbalRs G E&lRge
from1 to 1Q 8§Q3év?epag%1cen sIESRIR h"esrarl?gﬁe'fF}?n E@tog%%dﬁ\ r{l\gr o rwfh%rc 48 G from

BASF SE. To_I npro uring
processing 16 ﬁP@SPﬁ‘ée %B?’lﬂcﬁ'g"a"ﬂ reus HLsiugR With Borg dntetese of ﬁktﬁ'/'\n ng
grades, sucHa@sieEnplew(PJ0IB6L (I nnovene). PF 60664 4 Conponents B
The expandabl e thernopl astic polynmer bead materials conprise, as

conponeps Blo kAR 1% §fh'af‘§'F stm n%ir \E/\iﬁj’ogts 'rd?%x@ﬁpgfthosg cbrﬂpés@‘a Jdiange

105C. The. nEETTRS GNP PR WER FARPEsle, 1ot Bron KARe Biprpanas ol

DSC ( dynam genseiiffeyRn® & 8parnesrmpafibilly with ipeafednmey, emaedabjle maatmene:t e.
10 The expafiRe)beads Reomogibrastthe difforelitiesm beads igaiel oahSwrapesse from

1 to 45 per 35% by wei ght,
part CUWH@3%?‘2‘?&%%’%?%“%%&‘1@%%P?ﬁe%t'*%f% Wegnt, of

pol yol eftn Bl). The pol é lefin Bl) used preferably corrprl ses a hono-
or copol ynelt was ap ehigfiah Bhegiienent inperdiply taeprevidhemandans itheymbplastic pohener
range from fea@imaterids @ @Mbic(vd@j—egm foesl atidhiGieEN JRIOR Lapdbilityp Vh bleQHb !
pol yet hy! engyn dEiRalaRe RN b At B URfos@fdbolrd: RA bidit! @

Lglmerg 1:|Ogl {T‘gasco“ﬁ{glgl ﬁ Fg%%%r%ﬁ%ﬁ?ﬁﬁgnﬁb%Bg@ﬂic%fo Net hyl ene, e.g. LDPE

(i nj ect#on-nol di ng grades), LLDPE, or HDPE, or copol ymers conposed of

gt hy: Iene a\r}d fupthepittetien Wes Gat thd peneh RE2R40mapidstdiiyeRt biadiRadRakbam
asel | or

(EVA), of hyﬁnﬁdgftlyig éf\gi‘lgg%n lté%mwaablghaYQtﬁQ@ebﬁﬂgigh@Xé{)a%%eotf?Fo%eSSIng

(EBA). The Pl a’i“ﬁ&’@ e '&’@6@/’ esgvagyEn aﬂﬂé'gﬁﬂﬁwﬂrﬁ?ﬂeé%s

i s usual | y and alsrehighenfsoy ahsaimgon t@Q?ﬂIHD with T@rieidly, imarmded blestibitnsetistans

usual | y40 n tokeackinggmdieatm@eldrgy.0 0. 95 g/cnB. Bl ends with
pol yi sobutene (PIB) can al so be used (e.g. Oppanol (r) B150 from BASF

The expandable thermoplastic polymer bead materials described above have



40al ter nat i nl%ﬁqt%rd PB1 bl ocks and soft, elastomeric P32 bl ocks,
these being ‘co fici al | y avail able as INFUSE(r). PP 60664 5 Ability
to retain blow ng agent increases markedly with a relatively snall
proportion of poI yol efl n 81) The shelf gife of the expandabl e,

t her nopl asti ¢ g ]m% rrateri als and their processability are
therefore ndt fi‘g 'I”§ In the range from4 to 20% by wei ght of
pol yol efin, expandabl e ther m)pl astic polynmer bead material with |ong
shel f 5li fe Tdweénvebtian alewiprovitidshthia Sodnirpeids IPE Rbtaffablenga Slef8iing of the

properties Qi érfb%bmhg%pfé% Jﬂ AgUGEH njial?&rafsf 5 %he Mbidbd 8a ﬁ[ﬁélﬁggle by
way of exa gaoeulbn %erﬁ ] )y tow c ression set Eset In the range
from 25 to B PIHE 8 %%ﬁﬂ% et aihar rT%Pastl c pol yner bead materi aI s
conprise, as polyolefin B2), 10fromO to 25 percent by weight, in
particul ar flherxpdraiallsYhbynoptEstidipolymartead atirals ppsfefaplyabmpri§e: om 5 t o

10 t [
o B 355 IR R R oD,

range from Q. 86 o 'm ned to ASTM D792). Ther nopl astl C
el ast ondfs Bdsedoprt @l%fn%n(mpwg%tr@ pasictlpcionar ity 1§ hercertiiby weimht of
pur pose. Parti cpblolefir eh@reandtng igiiviethd manddfrah hgh enptoect ene

I )
i o bR A

material s Whl ch R F[EI‘I se Cco Een processed to give

f oam nol di n§d) t faP iRrPmefcen %\W@f&t inmprtisvianEtin 6thS B @stRenipyerrighyyofand
ul ti mat 45t ensi | etysinednitadenedhcoopdymestt s C It is known fromthe
sector of makyi ﬂbﬁhs'leto@@ DEFBENt BY HeRAE irf R cuMPFbmRod WEFetcdH: By welght  pfa

bl I th Fl
:zsuff'th;“o:gyﬁ;gggﬁ% BB e 0t enother T o R
t

function of perﬁ?'étsbggYeéghtgfsaaWBW@Héﬁ?’@al constitution. I|f
i nconpat i bl & polrgmek¥iodt rerednhkeweigbt, aresriubt fiem Ocotd mEmtdny by whight, of a
deni xi ngodoes netcletiogagéit, t he macroscopic level but only at the

m Croscopi Cyh&¥8he ehtir@y cBnddan 0§ﬁ OEE fvel BB0d, %ﬂ g’rhpf the indi vi dual

pol ymer chain. The termused in ase st ore m crophase
separation. _The result is a w de varl ety of mesoscopic structures,
e.g. | amel | ke expardapim dermepiasiic poiimer beabmeterialo are BOInueph otefarales,

cl osely rel atrepbsta of gootponpits A REISE B thé QancCityzbs ebtapebie Sebitdnsigent  of

the desbs edpaRiapfte], #BbioviRSRAEH RickiBRES of ROUBRRER @{y% ﬁﬁdﬂﬁrggdm

Accor di ng to %he I nvention, an | nprovement 1n co

achi eved vi Bt REEEGTSa ni xture of st yr ene- but adl ene bl ock

copol ynmers or styrene-isoprene 35 bl ock copol yners as conponent )
and st yreneCembyieaha- butyl ene bl ock copol yners (SEBS) as conponent
C2). Even small amounts of the conpatibilizers lead to better

dh b th h th t |
e oI g L 4
conpari son i a b Weignipet a sigrede pelymersilze of
the pol yol efich-asistndakasystyemedGPPBRdr inbacteasimaitipbiybiyzae (sipaRidri zes
smal | dropl &fenyk hﬁﬂﬁ&éé&@n@rs (SE!NI\T a&%cFﬁﬂﬁth @Féhlehggty}éﬁte%ﬁagﬁerﬁ PF
SSSSﬁdibfg%a \}§ §m§%ﬁﬁfﬁﬂﬁfﬁfﬁgﬂ BRI AR 1 B o JeieoFane
donai ns33 n ¥5€ tHBiogides,th @ff@m@@qdﬁf amefermhly chmposastardss] polysivreny (QRAR) .
It is parti Mtﬁehqpqﬂyméreﬂi)abehrﬁcalhairefbi’eac@ﬁs@a@d@@ét@ndér@@éf@ﬂbﬁééﬂa@es
m thgoggfgg%@tvﬁergr@la%rag@me@m‘a%@ [I% gé ﬂPrﬂSI%O I%BbY qaoﬁﬁ&
phase, and '3 '8%@%%’“39@3@;‘8@5 Bﬁg r@ﬁ'&dl@gﬁ'i %et”?"?"l‘ﬂ?f’ed wi t hin
t he conti nuBRNHRGSRNY levhosa mealthvelugsmelerddR £200PG6 &grionSOsIt183 is in the
essent i40 | yrande tanmanedtmA10 Min, hemiles BainglPS P88 KE168RSL 146G GBASE RS
essenti al | ys©itoGRERAB &Y Bsib oARE 3t b¥adndidridid GurR§ s HlSB eGP ase

rolding, it is possible to add free-flowing grades, such as Empera® 156L (Innovene),



35 pol yet hyl ene domai n (pal e regions) and a di sperse

styrene- but &th &%84bl ock copol yner phase (dark regions) in the

pol ystyrene matri x. The expandabl e thernopl astic pol yner bead
materials conprise, as conponent d), frpomO0.1 to 25 percent by

wei ght, preferably fromlIto 15 percent by weight, in 40particul ar
from6 to 9.9 percent by weight, of a styrene-butadi ene bl ock

copol yner orCogtppnemeBi sopr ene bl ock copol yner. PF 60664 7 Exanpl es
of materials suitable for this purpose are styrene-butadi ene bl ock

copol ymer s %e%&e{e{nﬁgaek»?e%g@%c%ggﬁ}@ GeRoRHERIS cﬁ&s@ R ST B

is preferabl
pr ef er abPy |pH ypl ﬁ@“%%ﬂd\@og‘? BRiing Peipt 'ﬁﬁbﬂ‘ﬁﬁr\ﬂéﬁrﬁﬁ‘t é‘h&i‘iq &t and @'W@"ﬁé
content is &aywhegsoneliingybojnt pr efley 406°¢. Te Mhking poigtds fheomlit@ feako 80%

by wei ght, laaretmmudx BY galy EOFERlNarhi Séé'fﬁurfg%%ﬂmfefrﬂrﬂt E@ieét%g?rgté)cﬁy
wei ght. Exang J@ﬁ‘ o Sui tabl e styrene-butadiene bl ock copolyners
Gast

conposed of at two pol ystyrene bl ocks S and of at | east one
styrene- but adi ene copol ymer bl ock SIB are the star-branched bl ock
copol ynmers described in EP-A 0654488. 10 Other suitable materials are
bl ock cdBol yheespangehadghermoplestitpalywer haadimpledelk sorsprisgrfeont 2 tcdnparsent

of vi nyl ar obpieightyim@mtioutsr framdt H 38, wélg’(tvmtitutah?ﬁ%feraﬁiy freastioase
random sof t ;5o %ﬁh@m% QlefH'T va wée&g&a% GprEfeas Hﬂ)‘n@%?a o
qrepines

wh h
e be ot f’%@fgﬁ{%i%i%%r He h%@Pe B BRI prR g r i R R e e F

soft bl ock BP&tp8. 9B@rto(\ﬂfet2tr%16d 19AST N BY ). @é’é‘ﬂW@é@PIYQHTWOOI 58380.
Ot her subt aBblgpopyipesi thatlcha be ssatt @elin pateuls injectiosmblairadirens. bl ock

E:g}oil?)xlfrre; Z nWﬂl?étﬂ Ig?setﬁalcaﬁ bE ‘ﬁ§éd~'z§r§ cbﬁg%g&ﬁy%)afa%ah@ﬁo%p@l?ﬁe@ cofpbSed
di stributi ngéwgn% E% wgp%& gdlﬁ‘%gra@?% ‘é‘ 5#@& Oroqu?lﬁmgrst ype
are obt ai naBPBPRsed © 'ﬁtf‘ﬂﬁ’?eca Wez(éﬂr Warlen® RPg arpfbMame@%R%a@ frait h
addi ti on of Basgigr ¥ersfpSwhdestftomoPow}, etoyleoe ass vinyhaseibie, (EX8), déglenibed by
\tAﬁy of | e?awa&rgeraterusmpoia%ﬁéﬁéﬁut%ny\s},\rﬂa{e@@% T@éﬂ%@@v&brﬁykncﬁé?wné I's
e rel ativegps sed on
the tot al ;E GRI6KuPE i eﬁ“"énggﬁéﬁ offin {RTp AU B o o1B3RG, 1)
content in t §P§P%‘i¥é‘5 W%}’df’gﬁe’alﬂ% MeY! t‘BP@éI@"(@I BpndssWily ef er abl y
bel ow 20% Pelyipehutdne P& camalshbe nsatfe. gf Poparb@® Bo5A B BpaFtIR Ut iar | vy
preferably patidlielyprstaabknezslid BRE Whdse @Qﬁﬁgm{t if3h tlez@hge MERT €6 8Dl ¥
used ar§55t§’é5@&%n9%%$é 8&%’5%?5 ﬁgggr(@%ﬁ«)mbag%eo g@k copol yrmers _whose
rom )

but adi ene content is y wel erably from30 to
50% by weight, and these nay be hydrogenat ed or non- hydrogenat ed
materials. OHeseuiable crmpReaEE hyarevalplio blogkeopplymemscoBippserdt dfexoh)olhito6,

St yr ol ux(r)bi3sEma1 Hapt wedkpand 6f)a geietafin ik PB Qoﬁ%!dokp%r KbrAbIe M@
Copo iy o SISO E el b Sy b nsin o
O her gﬁ@ er%‘,'w%ﬂ1 E ﬁqg/&EY WFip tcgﬁﬁ‘[ ?BFe '}f %H’tee’@ lgeemanasee R
copol yner s gnylgreand celgh. e esoleing dhet combe UMI hee arPEhEOBEROBYIb)e, at

| east one copokyaErhdxensK-dciinB) Areativpoetens, HorRmepds, t10de%89/e by wei ght

f |
\c;“x' gygf;gggghbg%d;f{aggﬁa@%&h%o& o ieﬂewag%?{?cm awftﬁmén P@kgg‘gf .

u
Exanpl es of °3PP IBgiaving éo%/f hgi"’e@g'}"f’fl%o’?fag'e%' PeFliculsf 9‘? gihylene-
al phanedhyl @ﬁmolymeh@om Rigfereras is giyer oapultidonkivopgympensef thelfetmulzene
or tert-butyBItREMMavhers n ik, alwidjl@mﬁﬁwér%hvi R0, e Hlodks FBY 8d PReeR] -

It f

| Sobfegree %g@%;ncgg i gf ﬁ@gref ;ﬂg@ergngﬁqggade&g&@%hem&@&@%%er

pi peryl ene, ‘5890 orh"i’fi%/%r C*YSH%E@ erﬁ%w "?’BL‘?’P&? O o el basad ¢ hen t o
but adi ene aiefiri tdegiroopelymer. Particdiareprefereghe segnanagelefnmblack crpstymibls having

the bl ok ceelaying hatSPBr BbGEaRY Yokt bidsi@ndRMTER bleks,10d8e3rMhg000 to 350
commercially available as INFUSE®.



The copol yner_block (S/B)A is preferably conposed of from65 to 75%
by wei ght ofPs€868&ne and from 25 to 35% by wei ght of butadi ene.
35Preference is given to block copolynmers or graft copol ynmers which
respectively conprise one or nore copol yrer blocks (S/B)A conposed of
vinyl aromati ¢ nmononers and of dj enes having random di stribution.
These can b qt\ﬂ@ﬁltod?ta%‘?%?%ag?@t BBt earsseaaedy With & rllivplyistst piopattion af
usi ng al kyl IdctyniefimBdbipe sheliSife of thdrexpandatde deermbplasiicgolyireebsad raaehalas
t et r ahydr of whamtheiQiroRREAMBY ABNISREDE mIKEIIRIHRNGRA] 1B ted MBGe #6n 4 to 20%

40pot assi um : i f Nt .pot.assi u
Salt in the %ﬁé@" Pf%dai' b%ﬁ?’f’?%’“%& PERIRE e plries e mblar B o e
to cycl oRexdlfe§ SPHEHEE: W Brairaent ok therplastic praperies ofthe wpidehinam any|
al cohol at e, pravwised therafigmu s isi apparent hyhwaynefpeampls iruardlaivelp lowPF 60664 9
which is prebmpakbivn b&tam i3Giclahge #8h 25 tIb@,r esult can be a
si mul t aneous | ow proportion of 1,2-1inkages of the butadiene units.
The proporti ?'n of ré é-l 'hnka es of the butadiene units is preferably
in the rang'E:r F PEPATS 2B p JhaBPlaglicRAARY bR Makeiale SppPeTe: as palyolalingBR)i - |
and 1, 4-10r afrem § eidgescentiewsight gihtpadicelaaiyem rid $5% bpswight, articaériy he
copol yner blastérabiBfiB)/s fosi0grrenety weight, dfgoaree Ry mng:b H88nd Soi00
000 g/ mol, peehefodt YrneRchd ol Bfeﬁﬁp%sg%%rélﬂ Hh3hs %ge% 86 th0
ﬁg so, be Fodlced Vra

However, randam,.c | virer, an a

free-radica 3 & 'y&?%&ir%‘g’fefj : X ﬁBerPﬂ?P@P'f‘FgQ%%‘?ﬁb‘%f% PegeskPn Adefinsoom
t enper at ur e(T e pefieulaiyouitable B Bivpurpese Radewtar-pt&hmnce islyivee tevhi ch
i s respdasi bihglehenctehe chyioiimens) eihichidry ostaitlabt CoMMERiIE B b 0B afiph as

val ues, i.egnfidd d8ASohEDSk. Wahdh é&aﬁd%}ﬂlettﬁ?rﬂolp%sﬁﬁown%r%gg@ aeh?fs

bl ock copol %ggérs?or%r. raft cgrgg%gevr can al so (ion.?r se c)ar I east
one honopol ydiene PH) BI'oek _ ?)(?ﬁ%?ﬁﬁrpmﬁfe%s@ﬁ ! %koénb’B?Jﬂ'B eyt
fromIto 6088MYt SBRERE mpPeresni i Bending enogy ead slivisyiensds giengtinf

vinyl aromatic nonomers and of from40 to 99% by wei ght, preferably
from 402p0 BQfmwbyentetght, of dienes, with a glass transition
tenperature TgB in the range fromO to -110C. 25 The glass transition
tenperature of the copolynmer block (SIB)5 is preferably in the range
from - 60 t oltisiewniea! e sedong gndirhassd wmms sydlers Bat mogimplyereedasy t he
conononer comgis¢iblator only apatingly mismitie witid bse andbher i(fory), Sivedresdinthdrefore

determ ned WéiRg Bbrhkig %Qib@{he%‘?ﬁﬂﬁﬁ%h@@éﬁé dmhEtén cPRfbeRfure, pressure,
¥

Differenptial,. | $: . | cul,ated fromthe Fox
equat i ogs T‘Jﬁunecl éﬁ%ﬁ%l F?&ﬂ{glxﬁoﬁ c{gg%te'brlgpal rge%%r%gnﬁgé gcl ?r&? e IEfm’ ned
usi ng DSC t SPVREY tsdemixing dopsioh o¢qihat the magrosoupig ysh butamly 2t disol yner
bl ock (S| B) ®igrescppieferelals. pndmngpatead thof lefgtio ni BO indvidbepdyynenehajht Thaf
styrene andtefh a8edi thio cdt¥e Bitrafsie 9MEroffasBUbpsthMe Th3r s 8hLEHIEHG& kS

gi ven {0 bl gGloaRAlITRIRAY o 8" @&Eui%ﬁ bl piBRRRELL Vel Y
. he &
vyl ar G e PHERBHe ARG &t MHESTHRARRG 1 andom ai st 1 but i on

These can by way of exanple be obtained via anionic polynerization
usi ng al Kyl Fartcbhtisted @Baplishmeni o tidGeshe@ FRAHEI08Y, ARbaMIREIsZ8dSporeHEh

as tetrahy I Lb t Sn - i i.ven t
pot assi um S%firg ,ug%]qs} iA(r%%?,r%% %@%%E@Rr g%{“f‘{"?‘jneﬁeﬁgﬁ?’ m? %‘%%‘f‘&%ﬁ%% al t
in the rangfe HEdIF 252 Inixiyeghstyrenghutapiens Plock sepofyaess & SHEPRSIRERIBRS | ow
pr opor t $%n Rieckicopolyinaiseasaompbnarth €1) 4181 Stivenpethyplont-baplend bibckedpolykages
of the but qdEBSasibbhsoriest ryef erably in the range from8 to 15%
based on the entirety of 1,2-, 1,4-cis-, and 1, 4-trans-I|inkages.
However, random cqpol yners (eSI B)5 can al so be produced via
free-radic Veﬁcﬁf%ﬁém gisichive compatiiiizeledeas tghaitesadhesion) betwesmihag a
sof t phase méyeldia-richiehd thestwere-ndienar-rieh phase, bethgikedipimmpave tha\easbegn
di vi ded4g nteF teebmORTofpaiioh ith @Bhven @Rl EPBIbPR, SRIRI®R BRMW i Jry/&n
to sectl Onsthé‘ﬁblptgeﬁ'l-ﬁéﬁeph(a@ sl%r\}v%d(thsét meBco\Ar#p'a%Qlliz%"riQtagiﬁze%%rr]n%llrgj(raodplétg via
reduction of surface tension at the interface.



Preference is given to bl ock copol yners whose wei ght-average nol ar
mass My, is Rit63664st 100 000 g/ nol, conprising a) at |east one bl ock
S conposed of from95 to 100% by wei ght of vinylaromatic nononers and
of fromO to 5% by wei ght of dienes, an 10A 6) at |east one

copol ymer bl ock (SIB), conposed of from63 to 80% by wei ght of

vinyl aromatic nmononers and of from20 to 37% by wei ght of dienes,
with a gl asFigurehshdvwsosm ¢lesmoamaitrogep ofe sattibhersuanan ekpaimBet 0 30C,

wher ei n t he gf,aRRNEINBRe ' : ' ; ks
YL eSSty St o,y GO
copol ymer. BEEPeT BT ©MpEeP ¢8I copol ymers having | i near
struct ures, particularly those having the follow ng bl ock sequence:

Sr ( S/ B) A- S2 it(i¢ partitutarly peefprableriieat $he ShaSidB)eAtHarmshidiy Bol$Per i8dad materials

Sr ( S/ B) A- S2 : 3 1
8r2 (i S ; % Oaé?loﬁ)p%sﬁoﬁ&ﬁGlbﬁ%'s@%lﬁlyﬁleprmxl/d??Cvﬁ?oh cx\@srggsgs ;Bg%;gg{ggﬁﬁas@“

PE. 60664 11 wheré each qf S and
These feat ur'e 4 A SHQ?&?& (f GgFows, pﬁ’@??’@?? gt IS?Stg‘?’%H‘Fﬂ%%p'?%e%ﬁ GnRER,
a hi gh yi el is8Priedvithis threontigyys phpgmivsret o 42 MPa), and tensile
strain d0 break above 30% in 5m xtures using a proportion of

pol yStyr ene apbovee 898N HaE bonstsls ERBAEAT bt coibBn@nSi | € strain at

break of co r cj ock conol s _Uusi. hi's pro tion. of

pol ystyr eneﬂ’f‘sE oﬁﬂgbrsf &g%]e%e Eg%asﬁgﬁ)coﬁ?qgtf E?%eﬁh%&ioi C@]P‘?fgﬁ”{g%{%%d%l?o@ﬂd
copol ymers BF t hEe§peQngisparseiphassy 3 gonsists asremiabopisempenstd CA. bl ock
(S/'B)A conposed of from 70 to 75% by weight of styrene units and from
25 to 3650 byompbgtnt COf profataill BRgs #Bﬁés%-bohrﬁkﬁar)?béﬁléeﬁ ﬂh@@%’p%ﬂs@ Bhase K1

t enper at ur eg . i.ped using DSC or fromthe Gordon- Tayl or
equati on, an'fﬁggrﬁ{nﬁ?é§@{ogﬁ§'ti tution, in the range from1l to 10C. The

proportion by weight of the blocks Si and S2, based on the tri bl ock
copol ymer, BgVviitHe etibls agdigenap dispers@abhasef it Srpo39bie takedbihdgornen giaé of thiae
t;)t a: 15mo|t dispares hase ap« ef e, alblky tHepréftrtidnadtaett bl Ri0aPn5e. ﬂﬁ% 800
nmol , r rLe : [
gl B e SN BhElG Sdbg el (R B R nd g S
structure Si-(S/B)A-52-(S/B)A-33, which conprise a block (S/B)A
conposed of The ety of eompeoedy C2oankeb 2y tn thefexpanpabirethamidpiastimpolymem 25
to 30% by weiagirhatedalbistpeeibrahig inihe range Tioth Y5 &S0 bér@éﬁﬁb%o wenht, pgli_rtiCLljlarly
t enperature [ .Lom t he rdon- Tayl or
eqlrjrgti o] aﬁgﬁbéﬁﬁtt%%ﬁ%?ﬁé}tﬁﬁgﬁﬂg%f ngﬁt @r’]véé@g'nge fromlto 10>C/:. The
proportion by weight of the blocks Si and S2, based on the pentabl ock
copol ymer, 1€ aRo Buwhigbiad therndirady easppsed eisosmanenss BTpersyBaMd ght . The
total nol arcommseits O} ftee etfandibie, themopage pdynfer 0eala8tef9istRer3RBly

000 g/ ol . Becange Pbmishg7architecture of the molecule, it is
possi ble here to achieve tensile strain at break val ues of up to 300%

for a proportion of styrene which is above 85% The bl ock copol yners
A can nth eolférratigbewaiohiol corgprisats G tueRln éhamprepdablsniheimentasiio t he
bl ock sequepntgnedbesdmB)etials 2s pteBRab)ySh B)eahge fihaneseach of Si and 82
is ablock S, and X is the noiety of a polyfunctional coupling agent.

An exanpl e of Sui | e,_coupling agent is.epoxidized vegetable oil,
for exanpl eﬁ%"f)%)%isg‘f“tgggn Elleﬁt %E@'Cg’%fapgro%|88§ioﬂi'¥8'd&%%@3 591. The
product i n ROWslyrenefoliedviens which waprigeshicvingagent sndawhieh hasta disperse
pref er & e gdhethytene dstnain-(sdla petbris) areka giemabey sipiete-dladieAsBIOSEEbpB A

average of Ge RrSleylond)R) Mo PRlyel MRedlno! two S3 bl ocks I inked by
way of the noiety of the coupli ng agent, and conprise predom nantly
the structure Si-(S/B)A52-X(S3)2-S2-(S/B)A-Si, where S3 is a further

S bl ock. Thiermspardzbigrtheiaiogiasticafolymes bpebmktedals shiopiiss, becanminksrCthan

that of thefrdol .dks25percdmey WRight prasrab@irahit1 ©f15tareht Weig)ﬂ, in

preferaly v LaldesRon%so b2 &efa@emwwéipﬁ ﬁ‘laoﬂfreﬁﬁ-bu(égenfﬁ 80884, 1.2
n of the ocks ™SI, and

r
MoNONers nes?ﬁgig&ifsgprre}leh t()alogkocrogg]gf}ngr. an-4a UB? 12



10 for exanpl e pentabl ock copol yners of the structure

S1-( S/ B) A- SER @§®ﬂA, forma co-continuous norphol ogy. There are three
di fferent phases conbi ned here within one pol yner nol ecule. The soft
phase forned fromthe (S/ B)B blocks provides the inpact resistance of
t he nmol di ng conposition and can reduce crack propagati on (crazing).
The seni - hardepRESOT MgiaRalg spitahig fonBisHiumors ajesteppe-Putediergdingi bl e f or
t he hi gh ductkpblymgrsandtytbelisdpraedldck ospdiyenas.fakah dleat vatent Thgrefardiy iys
of el ats_tl ci tt?(e Rifge bR 120 16 bR DY weRht tb};@ﬂ@@hrﬂ&ﬁﬁr@%{m& iWaYe @Bgé#&ﬁ? 30 t0 50%
proportion ] r - from ocks .S a |

appropri at e,%ya\{& I %gg?q%@;}g?&}ee%gﬁ ﬁé"’,@%ﬁgﬂfﬁ%@( B:;elr(etr%biyf ng? %0p¢ from 40
pol yner Qeadoﬁ%°é’ﬁi“ﬁ'£‘t'@6ﬁ'ﬁ¥!?§%?ref§§a%ﬁﬁ?ﬁféﬁ$e@’5',5025079% yiveight.t o 10
percent by weight, preferably fromlto 9.9% by weight, in particular
from 0.8 t 0 Exapplesentuitalle WBtdRtbutdtfiend bRicK EERMRIr b BPG Y MisnewR] ock

copol ymer i | e renes.et hyl ene- but yl ene

bl gc kycopol( %ﬁ@%re{w %Eg?é grg5&)%%géggg@}ezﬁﬁﬁéa%ﬁ'%uq%'%neh%lpﬁ P&@%@?%‘oﬁgcﬁr ®the

ol ef i ni ¢ dotit EegARRDeE Plockecnohdris dessdvsrie FE-AP§544B&anpl es of

sui t abl d0st yr ene- et hyl ene- but yl ene bl ock copol yners are the

comer ci al | YDiR&r sanaid blegalKaat &mrcbp@ggé@%ﬁng ENeRARld Gath Blocky 81 4Ha( 1)
14

material s comgegsed LEApFABRRNE R Formdra SiFIBUAT, ey XOGB, atiEi e | o
percent by ﬁ%méoﬂ&?%kgf%mwg%fég F?F vinylasorgticaenamars giyd digigyMheradhe ed
on the enti peppriion ohihk hefd hivnks isorbous 40 by Neighd bEjed @f tha epfirg blockl

bl owi ng 1agesbpolyrhe, dridans NQ-gyeedrient ANhH SofHBISRORIS iObelbl A04:Othate KON

t enper at ur e g6 dHBBY § QoAaedp.and at atnospheric pressure. Their
boi | i ng poi nt snﬁouﬁgl\{%e %gl ow t he softening point of the polyner

m xture, usually in the range from-40 to 80C, preferably in the 35
range from Offtersuitabipcompribiffcssargfineaiistyegsie dutsidiane ipck gerrtaness whose
hal ogenat edgemeraiatrogier-i$ 5¢8/8)8 hgvingione ool SIB)diALIARS Mich BavaT €

al cohol g9 kedreBRSyréfe/RkdfdR digPiRRDN, Sotien B (a1 Bodlks! BBAL dHob

. %{g §t9
agents are al c.,.C3- 8 hydrocarbhons. such _as n-propane, . g‘ “ane,
i sobut ane, nlgplgﬁ%lgaﬂﬁ&b%?nsaoﬁevﬁ%/gﬂ%r}'? H‘BWE‘?(%@?“ 'Hé‘d]&@??f’%ﬁé@"eﬂ?w“?a altioh
cycl oal i phafi#PHgdosesenenef 2 Rakessiugssallyey dasaibadeoyayry < pearepem ane,

hal ogenat edWIDBY/A538Sar NEME7/480ksh as net hyl chloride, ethyl chloride,

met hyl ene chl oride, trichlorofluoronethane, dichlorofl uoronethane,

di chl orgdi f : -0di f| uoro ane . .

ai ohl o 5 et [P PATESIBAT: we PR be R0 E 2 ikSes of e sfogp anis, brssd ony
n- pent ane, RESPEH el 2cydrdpant Affdrana fekages e d2-6ay! epriend in the

Capabi | i ty sifrenetetatieoa cofolyrerhiock (HBkiapreddérbily belbwr2age ircEntidatr in the

i mproved, aﬁﬂgéﬂmﬁ_o%ﬂB%PﬁErﬁéﬂ[éﬂy%ﬂé?érlablyﬁﬁthE%th%oﬁPﬂt%"l%%.'f1 as iIs
preferred, the blow ng agent corn prises a proportion of from25 to
100 perﬁ nt b%) V\%i__%ht,éé)arti cularly preferably from35 to 95 percent
by wei ght, bISBHLIReEREBRONUAY AgShTencdiutadicipainant(SES) Byes-bpdnt ane.
The expandatdpslymenewinasel atadiene pohtgnids frive 20 to82% biy aleight, posfetaivig from Aohe
i nventi on pr&oes PGSR he® mapbdhwrit Eat@g%ﬁﬁ@m?cﬂbd%% RS ed

: Rifbge 8 _
of C3-C8 hy fr o 10 cent by
wei ght, basgdé% %%F%) g&gwg?\t?p ri? V%g’gﬂ%éﬁg?’@%’ﬂ%@?gﬁé ’oértyr8§é@8§§%'t ane. It
i s particul 3R FPERZEIRONE WS IniCetqiBd 18 Bies® 61040y enfuserren® 989%
by wei gbi, $QLga4t4. dheaare fSBSIGEK dopolBéls mjth sbamghitansitdnsi leoyeentBatiecksand
from70 to 294 dHyiowel ght, in particular from65 to 5% by wei ght, of
n-pentane. Surprisingly, despite the relatively |ow boiling point of
i sopentane (28C), and the relatively high vapor pressure (751 hPa) in
conpari son KINEhMBIGHES Ratieerinitaees copsongpll ampeiqckgpyolyaers er graft
capabi | i ty dapplymetsewiiciocongdrisbl ow ng agent, and therefore increased
storageqptability, conmbined with better foamability to give | ow

densities, e%r ea{ |8é’s@%né Blogl Q \é:\'ionnlgos.ae%%?Frorrr]t1 QéttclJJ 'ri(?O%/{; Wy Emgighfs &%%wa?or}r?atic
monomers and of from 0 to 5% by weight of dienes, and



the nmelting point of the polymer matrix, or can be obtained directly
in the for m%ﬁ%ﬁéf oanmed foam bead material via depressurization.
Particular preference is given to a continuous process in which, in
stage a), a 20 thernoplastic styrene polymer A) formng the
conti nuous phase, for exanple polystyrene, is nelted in a tw n-screw
extruder, and to formthe polynmer mxture is mxed with a polyolefin
B1) and B2) b’i?ora’nlmtwﬂae:oaolsmerlsreclqdﬁﬂeporamieabsrmnmmthﬂd%bywerght of
conpat i bi | i zer syifgiaromat rRaonftisland &f rARPIPBIST Gt 5y wé?g%h? PALARIWRDS ?,rasg)

r re

and then the p %gﬁgn{g‘r{pterét&regﬁ neﬁgﬁa{ngefrétngqe |cf‘rpreough one o

static apd/or dynamc mXxin gnated with the
bl owi ng &dgent I1D). The nelt | oaded with blow ng agent can then be
extruded t hFasagpleanf dpfaropaticatenaiies thahchndigtuset aregityrend, amimsheet s,

foam str andﬁwetl@[styfr@@émbd;’iaﬂiylﬁﬁb%fy*re’Hes ¥@h Hé‘%ﬁéﬂ?ﬂ re:{éeéﬂt@ri béQiktyRihe
system (UWP ) drlﬁrﬁengileﬁiglqu 3 xth% ’[ﬁé'rem1 n?s epécafle‘;?g%gﬁ gﬁ’ gtg'E?P ft?E gm t h%r

die directly'to dable pol'y ive

pol ymer bead materials with a controll ed degree of incipient foan ng.
Cont r ol ed prekitest dienesafe bdadiense dprente 67, 3-dirsthvibutddenef gi-pepasishd| e by
setting theqapRiadenaoPpiBOWRAE P EeRSIUFLf Htde Fhr@RRS BRI is given to
terrperaturebgjtgdlgpéaa,\({j}@] et h of the UWPS. 35Underwater pelletization
is generally carrie at pressures in the range from1.5 to 10 bar
to produce the ex andabl e polynmer bead materials. The die plate
general | y hake weighiavgrageynaldr nozesiMwof dhyshlesksoplytherds ptetaraly hythefange

hol es. #6 holrem@baee &y 350r000@nslange from 0.2 to 1 nm gi ves expandabl e
pol ymer bead materials with a preferred average bead dianeter in the

range from abl e r bead paterials with a

s0nar ow pel IRPE /SN he DEABK 28, roRESH & hsie S0k Koo sara Figplymers
di anet er i nPefiecedpiRRNIgNIGORANINEizaiPH e maﬁnrem i epnbrelleddyy Wayl df ihegratid of
t he aut omat arcourt bflinngpresrst emmfatlof putiattg, Hovelea mitagr caWeEEbs Bededesi gn

f th | d 0664
of . e m! Eg&ﬂ@@? aaerrrﬁérewev%leﬁ hfaé BEe Jﬁécfn#b‘rétéﬁ e JQ t@'rleﬁ%[amﬁe 5 09

S
i nterstices. %g&?lé%u bt%g(m ?’} at?ﬁ(?f g&yrggrg%i‘ HF?C’]%W eg@eedraglc r‘gf’%ersﬁbtf"?
f oaned to aW%IQf&r?ér?'@gem*EtOH@r WalghieMy fsorat tay pay of th@p@fymenrzra@cmtemerature
density is guéfreddibibyofiragilsiersrange from 10 to 100 V. 5 One preferred
pol ymer m xture in stage a) is obtained via mxing of A)from 45 to

2ty oneE o B b 14 8l O Sk Dyt LS - ©
particul ar PRI Bl 285 peﬁ}@ﬁ@rﬁ%nsﬂeﬂf%rnméney%aféﬁcraﬁ be eomenameng
poi nt is i reoniButicarege comonerm@SigirbutieQ@nd Ba) bé tetammfindcovia Biffersnaaint by
wei ght, i n guahhing Tafrinfetrd §C)tc9 CheSe | ‘P}?érr%ltAna%:s"{’D'pﬁ?)l MPéa‘i’Ju'ldﬁa
part1 cuyar [ o8 a%“'gﬁv os e Pl SRadEly et pdibse |
copol ytri{gr %En)’ %Wezia%’b? H%raé? B40BiFol yer, 15C2) from 0.1 to 10
percent by weight, in particular fromO0.8 to 3% by weight, of a
styrene- et hrsﬂemgorlmbwr@crkqsm PR réf@@grw&% oseafb@fr&%ffa‘s@m%fbﬂa u%[g‘Pr%Pe“t
by wei ght, S‘%. } ﬁdf&r‘r'r%sosrs@ﬁb ngrghp f%y?gg e ght, of a nucleating

agent, and, sta Wth from1 to 15% by
weight, in particular from3 to 10% by weight, of a blow ng agent D),
where t3%e gtieferascy iscgivends ldcloop)yntans &)graft seslykREdwiiyh wepgitiveland i s

]EJIEL: gﬁlleé eg cofMpE$eR: &)mc;re copolﬁnﬁer%'déﬁé §/B’)A'03|Hbt9§é9 op{}lﬂﬂé?r% b Horré’rg elshe
coat ed USi )r%g g &rg;lle&olﬁa%‘ {}ge)rﬁ)&so il é'ﬁtﬁ)@‘f}gt ﬁ%sga%&wagggfteéﬂ@ 31% cﬁ{f'“e‘j
agent s. Thé"ar%%"t‘ﬂ‘cf RANMETEAIRP UsinaRllithien gemeguads indhe presecefadamed to a
di anet er i mandoeizess) gach aotetréhyBrdfiorad Cor ptasditveiseltd Prferdasisis gveh &
preferafly pri?as&rh@l Jaf)98inh RQBCLE ah%nﬂ:%hrﬂér' to pgtgs%mﬁ sgll"’rﬁ'tr?é‘ra%e kB8

pr ef oamed galrpo%sal ﬁarllrcule% prefererr]rce IS grvenngyc%hexane so{u%ﬁa alco%olates such as

potassium tert-butylamyl alcoholate, these being used in a lithium-potassium ratio




PF 60664 16 gauge pressure selected is usually in the range fromO0.5
to 1.5 bar, RABQG&Ati cular from 0.7 to 1.0 bar. The resulting

t hernopl astic nol ded foans Pl preferably have cells whose average
cell 5size is in the range from50 to 250 pm and they preferably
have, in the cell walls of the thernoplastic nolded foans a disperse
phase ori ent¥ighiinprefasaliufieraBOdto FOBET e 1apidt dambierasimwitanversdge peirartiener
in the rangef 1 dinkdd2stodtht GAdiehaunigarticul arly preferably in the
range from 100 to 750 nm 10 Foam beads P2 The foam beads P2 used can

conprise fo beads. whi iffer t.he f s P1 of the
nvent T an adt AFEHCLAY b Bt e i B e ol ony fens or
of pol yoPef ih¥%dieehd a8 thexghistied bl yw@p@néﬁét@@mkag@manded

pol yethyl ene (EPE), 15 or prefoamed, expandable polystyrene (EPS). It

is al so posshdlgi hPa%’?é‘ge‘%ﬁ&g‘rﬂﬁs'f\@”&tﬁ’é %@Xn@}'ﬁl PP(%‘E!)Q% eraltmn the

Ther ToPL oSt oD S BB B b st

pol yol efi n f@RAbeEEs. The foam beads based on styrene pol yners can
be obt aithed via prefoam ng of EPS 20using hot air or steamin a
prefoamer, Howbh® @RSk 8shAlRRss [/B), CbH%‘SO%@lpl‘OOggébs\}lé &SrdifehPw 10 o/
can be obt agggr%erhz%le via one or nore prefoamng processes In a
pressure pr dnEr oF conti nuous pref oamer. For production of

i nsul ation sheets with high thermal insulation capability, it is
25parti cul ahlihe proéiirer civipesition, aseoprtefnpamde (23xPathddidcks (/B 66T a semi-
pol yner $5Whh&8 phaseihisiRisEdpRRIBIE eShSRbh HStili§ $aH u@%afé@émg s élﬂ%l’u

21 UM UM O 2R e Gk AR @il 0 Particul ar graphi te whse

average particl®e size romlto 50 pmpartlcle
dianmeter, in amounts of fromO0.1 to 10% by weight, in particular from
2 to 8% by Wed itk cdpalymgrson gEFES,opbhimes qaolajsseospbss ng known by way of
exanple fromEP-B 981 30 574 and EP-B 981 575. Foam beads P2 which

are par El}l cubyar | y IQﬁs’?B e ﬁﬁmop%ﬂ)fj}éﬂgg!?: rtﬁc?:{k%tr Bhole? niRk f’éf@)%%%%d of

expandabl e st re

a- get hyl styre% 5 ﬁ%yvfeéghg@lr ara fr@MAN)GO%ebydMelght of vinylaromatic

a- met hyl styr enema%@r?¢réﬁh@ et fram 40 po¥Sby weight, arefrsatiy fram ¢ én@0% thyr ene-
35 acryl oni tri | weitlet padigrwer with 4 flesrardisich tedmpetdturetTgein th@ra@lg S bl 10
WO 2009/ 000872. _¢hped s noreover possible to use foam beads P2 based on
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251 to 60:1. The result can be a simultaneous low proportion of 1,2-linkages of the



30 quantitative proportions, the density, or else the color of the
foam beads P1 and P2 in the m xture can be varied for this purpose.
The result is noldings with uni que property profiles. By way of
exanpl e, nol di ng machi nes used for t bs pur pose can be those suitable
for 35the production of noldings with varying density distribution.
These generally have one or nore slider filanments which can be
renoved after charging of the different foam beads P1 and P2, or
during th fusio r S ver is.al so_possible tha e type
of "t oam e EPoRieR 5T Eiiaas A e oS SR oL henge e oty pe
of foam bdadS¥sbaspéan Ewantyety f‘l@‘f‘tﬂs@%} ik Wi-trans-liskagssi ng subsect i on
of the foam nol ding. 40 PF 60664 18 foam beads Pl and the renai nder
of the rmlwbwwerhaad@ﬁeapmwwé ) eatalbs Bpboary beads-isay Because of
t he corrpatéJ pf the foam beads P1 and P2, the material can be
5consi der 3 as practl cally of a single type for recycl i ng purposes,
requiring no separation into the individual n;oonents Use of the
expandabl & eiernBpndiet SElpbryines Sﬁé&@sﬁﬁ?%w iigr pver their getref oans of
t he i nventléngth, oBeanehawe bedredividdddetd séaians ofaliffead it edyisttufiono Rrefdrence is

t her nopl asgives tpedcyicmy ush@aibnel)ednd 38/8)0fhidhenibaembinedinkansisa property
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35directly a particu

i mpor t ant ¥8 Y'B?”irﬁr g@@" of underfloor heat| ng syst ens, because
of downward thermal insulation. Here, the hot- water pipes are laid

i nt o appr dpisipedferalpe tfat thewt is @ glodnS sedardting bfooen(Sil) eaids(S/B)s Tenend Screed
i s spread d@dthehe foam sheets, and a wooden floor or a wall-to-wall
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The novel conposite noldings are preferably used in notor-vehicle



20 Starting materials: Conponent A Pol ystyrene whose nelt
viscosity index M! (200C/5 kg) is 2.9 cnB/10 mn (PS 158K 25 from
BASF SE, N1,,, = 280 000 g/nmol, viscosity nunber VN 98 nl/g)
Conponent B: Bl.1: LLDPE (LL1201 XV, IB4xonMobil, density 0.925 g/L,
MI = 0.7 g/10 min, nelting point 123C) 30 82.1: Ethyl ene-octene
copol ynmer (Engage@ 8411 from Dow, density 0.880 g/L, M'! = 18 g/ 10

mn, meltiyyg pQbdy oﬁ@(@po@%ezblo @H)A%%pggéoed?%‘oﬁ\cﬁ%% 3@%3; (WeReds(r)
210 from EXXO&%QJOIIHBH e? oc%%) /2|0’to W/i ﬁg f engg Q\Ith atslv, ng

poi nt 95C) 3 réne adi ene
bl ock copol yntgnsft anBBFﬁ“E’,&ﬁiur E‘ihezra 9;3 "6 F 2666 t her nopl asti ¢
el astic styrewbeBit adi ene bl ock copolyner (STPE) from BASF SE,

Cl. 3: St yrisngrobartiachyersgih bibtok ectge biyatef thefblaks 8¢ it tie range from 50 to

S1- ( S/ B) A-75% My b3ked dree Blok B-20% by wei ght),
wei ght - averagsﬁwéé mass: 300 Oégggrﬁol C2.1: Kraton G 1650,

e e D . B0 CORPLINL L I o 5 S0 20
copol yner "evipainefelicwinamincy gequents: C 5 Conponent D: Bl ow ng agent

m xt ure cahisBedSdfribleslopemtya®es)and n- pentane, the material used

unl ess ot tmr(wBs;gs?s(sm g£d,.bei ng pentane S (20% by wei ght of isopentane,
80% by weig] SE@ R8NE hmb@g<&§g¥m&$gt E: Talc (HP 320, Owyacarb)

Productlon of produce the |inear

styrene- bd?m&“gﬁeo ?U%@ X %Fb%%r 01.3, 5385 m cycl ohexane were used
as initial charge in a double walled 10 liter stainless-steel stirred
autocl ave with crossbhiade agitator, and were titrated to the endpoi nt
at 60C using 1.6 m of secbutyllithium (BuLi), until a yellow col or
appear ed, caused by the 1, 1-di phenyl ethyl ene used as indicator, and
then the followng were adm xed: 3.33 m of a 1.4 M sec-
20butyllithiumsolution for initiation, and 0.55 mM of a 0.282 M
potassiumtert-anyl alcoholate (PTA) solution as random zer. The
anount of styrene (280 g of styrene 1) needed to produce the first S
bl ock was then added and pol ynerized to conpletion. The further

bl ocks were attached, as appropriate for the stated structure and
constitution, via sequential addition of the appropriate anounts of
styrene or styrene 25 and butadi ene, in each case using conplete
conversion. To produce the copol yner bl ocks, styrene and butadi ene
were simultaneously added in a plurality of portions, and the maxi num
tenperature was restricted to 77C, by countercurrent cooling. For

bl ock copol yner K1-3, the anounts required were 84 g of butadiene 1
and 196 g of styrene 2 for the block (S/B)A 280 g of styrene 3 for
the bl ock 32, 84 g of butadiene B2 and 30196 g of styrene 4 for the
block (S/B)A, and 280 g of styrene 5 for the block Si. The living

pol ymer chains were term nated by adding 0.83 m of isopropanol, and
1. 0% of 002/0.5% of water, based on solid, was used for

acidification, and a stabilizer solution (0.2%of Sumlizer GS and
0.2% of |rganox 1010, based in each case on solid) 35 was added. The
cycl ohexane was evaporated in a vacuum dryi ng oven. The

wei ght - average nol ar nmass My, of the bl ock copolynmer 01.3 is 300 000
g/ nol . Measurenents on foam nol di ngs 40 Various mnechani cal
measurenents were carried out on the noldings, in order to
denonstrate the elastification of the foam PF 60664 21 Conpression
set Cset of the foam nol dings was determned to | SO 3386-1, from
sinple hysteresis for 75% conpression (advance 5 mm m n). Conpression
set Eset is the percentage proportion lost fromthe initial height of
t he conpressed specinen after 575% conpression. In the case of the

i nventive exanples, .a marked el astification was



observed in conparison with straight EPS, and is discernible from
very high rd¥i6¢&dce. Conpressive strength was determned for 10%
conpression to DIN-EN 826, and flexural strength was determned to
DI N-EN 12089. The bendi ng energy was 10q]pterm' ned fromthe val ues
measured for flexural strength. Exanples 1 to 3 Conponents A) to O
vere nel t ed Y4iere pasn B2020GSDB8EEIEE® bar in a Leistritz ZE 40 15
tw n-screw extruder, and talc was adm xed as nucl eati ng agent
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f, cggﬁggﬁg E%eééfé@tqr@bh@hﬁ]oduﬂgmaaﬁicﬁ{ b3 ﬁogitct%%ﬁﬁiﬁnﬁggac?%g ol
the pol yner S%%?%%%n%gﬁowégg? g%&gﬁgﬁr’%?ﬁﬁig\é\% guai]ﬁ){,eqkr#gve[ & ol ymer
mel t by way TUFUESRYSEE RAreParioney 8olvatiyang abgyesatureveial. Insertrasbdirced t o
from 180 t o tarB8¢Cstraiy altayatodf camomodial SBSAfldarcopalyrhére usiBQ ksmeestiaast on

by way of twaivEtyrdnBed orhf Bérh @ t9BaRr's, the polynmer nmelt was injected at
from 200 to 220 bar, at 50 kg/h, through a pelletizing die whose

tenperature was controlled to from240 to 260C (hole dianeter was 0.6
mm with 7 EESPIEPCRF AL kiblecherelymess ofherstiusiuie Bel(HBlarfe tichwomiprise
cavity dg¥st erpock (3B)hamesed difrnpdd torets st weigit ofeisrenb apieshddoriPRRS

OI unde{ wat et)%ngﬂ\b@gﬂtz:ebuté?féﬁeamite.éﬂm%sé%nmqﬂeﬁkséﬁéﬁké‘sr cai%l%e[ eslsurg g
at a water : I VI.Ng _m, ni e .0ade
W th bt owi ndcaings il facc A0 bt bl sl o iR
1.1 mm for '8Ngs Lomd dp %.06 RerProapdon by waight e thenkipaks ¢ ang Bz bagedion
myj . Thedripleth espslymemiy in sadycase pnfegbly dremt 303k toe3 S bynweip e Dieatethl
in an ERS preloatess id meBRbgii thelraads Readso 0do @b densintdl, daftic@Ehyd to
25 /L), angdia6ieRRRdrdnge §Bp00UBRS Sod R JbAl N system at ‘a gauge

pressure of from to grve rngs. The di sperse

di stribution of the polyethylene (pale regions) can be discerned in

t he transmi §3itigwaereetansa isrdivendg paphblookedpolgmersas thei stiupietd et s

conpri si ng Bh-GMBRESAGEI-S3Mhichgurpridd a Black (MB)% cEMPERBWERM YO to 75% by
ol ns“of | EanEyfasrie R LT 23 (So0RE ‘“%E‘“ BRIl ThI8elT o,
of from 200&?@5]?%8%'“%%18{%%3&3['HS%@%FFB'B?I%H Hae géd’rmmgheié%dﬂg}}rﬂﬂ%ht of
gl ycerol trfe4aign.ang. fednis)constiutznoi Ate lepaesrrg Htto 36°CGyThe eropbrtion by
nmonost ear at eeig@\B)he Hibaks Svahd 8¢ basspasihtipentablack @wpbier, abhead! {&et on
the fusion plefdriifly PEREORTEA7HARNAGRIeliOtaBhYS: hES sQBlegé  inThE X
strengthsco hRer 0 .250 and espectivel Hﬁgga.ln
conpar i g%n f#rﬂﬁ%ﬁ%&ﬁoﬁg&%}%@ﬂ 99’1?53 TJEe° %ffﬁ? ﬂ@ﬁ[%t%? ﬂé@e e&&ﬁe‘ﬁ'sf rom

t he uncoat ebPS58I§ ke to aghieve fasile Heaiatdiroakyvalies of @ tera08%H oA pregortien of

i mpr ovenent styrenpmdpbssatiove 85%.t o gi ve the nolding, in ternms of

denol ding tinmes and behavi or during charging to the nold. The 5

surface of ' S reover re_honmogeneous .t han. wi t h heads
of di a_rr&g erﬁ%e [H%ﬂéﬁpﬂg%q}é% Pi%ﬁrgf) ‘l"?rtrjﬂg 'of S%f's 83%5‘31”8 _ "Beads
(EPS) i WY pr OOk SRR sty SzanBe-{5Y Bt whese eachial Smeas Bk Agiock @,
Exanpl e 1 2ar8! Xisrtbe impigty o mofyfenchened edlptindagens AnGoapprent sdjabfd. 8
71.1 76.9 &npmayaiEnt Bipdlidized vegetable oil, for example epoxidized linseed ofl or
epoxidized soybean oil. The product in this case is a star having from 3 to § arms. It is
preferable that the star-shaped block copolymers are composed of an average of two
35  S+(S/B)a-52 arms and of two S; blocks linked by way of the moiety of the coupling
agent, and comprise predominantly the structure $1-(S/B)a-Sz-X(S3)2-S2-(S/B)a-S+,
where S; is a further S block. The molecular weight of the block S3 should be smaller
than that of the blocks S1. The molecular weight of the block Ss preferably corresponds
to that of the block S..
40

These star-shaped block copolymers can by way of example be obtained via double
initiation, where an amount |1 of initiator is added together with the vinylaromatic



17.8 9.4 7.5 Conponent B2.1) - 8.7 4.7 Conponent Cl.1) 1.6 1.6 1.6
Conponent CXF§06646 1.6 0.9 Conponent D) 7.4 5.7 6.5 Conponent E)
1.9 1.9 1.9 Properties of foamnolding Foamdensity [g/L] 20.2 23.2
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monomers needed for the formation of the blocks S+, and an amount |, of initiator is
added together with the vinylaromatic monomers needed for the formation of the S
blocks and S; blocks, after completion of the polymerization of the (S/B)a block. The
molar ratio l4/lz is preferably from 0.5:1 to 2:1, particularly preferably from 1.2:1 to
1.8:1. The star-shaped block copolymers generally have a broader molar mass
distribution than the linear block copolymers. This gives improved transparency at
constani flowability.

Block copolymers or graft copolymers composed of the blocks S, (S/B)a, and (S/B)s,
for example pentablock copolymers of the structure S1-(S/B)a-Sz-(S/B)a, form a co-
continuous morphology. There are three different phases combined here within one
polymer molecule, The soft phase formed from the (S/B)s blocks provides the impact
resistance of the molding composition and can reduce crack propagation (crazing). The
semi-hard phase formed from the blocks (S/B)a is responsible for the high ductility and
uttimate tensile strain values. The modulus of elasticity and yield stress can be
adjusted by way of the proportion of the hard phase formed from the blocks S and, if
appropriate, admixed polystyrene.

The expandable, thermoplastic polymer bead materials comprise, as component C2),
from 0.1 to 10 percent by weight, preferably from 1 to 8.9% by weight, in particular from
0.8 to 5 percent by weight, of a styrene-ethylene-butyiene block copolymer (SEBS).
Exampies of suitable styrene-ethylene-butylene block copolymers (SEBS) are those
obtainable via hydrogenation of the olefinic double bonds of the block copolymers C1).
Examples of suitable styrene-ethylene-butylene block copolymers are the commercially
available Kraton® G grades, in particular Kraton® G 1650.

Component D

The expandable, thermoplastic polymer bead materials comprise, as blowing agent
(component D), from 1 to 15 percent by weight, preferably from 3 to 10 percent by
weight, based on the entirety of all of the components A) to E), of a physical blowing
agent. The blowing agents can be gaseous or liquid at room temperature (from 20 to
30°C) and at atmospheric pressure. Their boiling peint should be below the softening
point of the polymer mixture, usually in the range from -40 to 80°C, preferably in the
range from -10 to 40°C. Examples of suitable blowing agents are halogenated or
halogen-iree, aliphatic C3-Cg hydrocarbons, or are alcohols, ketones, or ethers.
Examples of suitable aliphatic blowing agents are aliphatic C3-Cg hydrocarbons, such
as n-propane, n-butane, isobutane, n-pentane, isopentane, n-hexane, neopentane,
cycloaliphatic hydrocarbons, such as cyclobutane and cyclopentane, halogenated
hydrocarbons, such as methyi chloride, ethyl chloride, methylene chloride,
trichlorofluoromethane, dichlorofluoromethane, dichiorodiflucromethane,
chlorodifluoromethane, dichlorotetrafluorosthane, and mixtures of these. Preference is



Conmpressive strength 10% [ kPa] 82 104 100 Flexural strength [kPa]
265 321 311 Bending energy [NmM 4.5 5.8 4.6 Conpression set [%4 34
33 32 Exanples 4 to 9 By analogy with the process according to
exanpl e 1, bl ow ng-agent-| oaded pol yddr 15 pellets were produced
usi ng the components and amounts stated in table 2. The bl ow ng agent
used conprised a mxture conprising 95% by wei ght of isopentane and

5% by wei ghpertdneNn@PBRARE cycldiRnRAL, |a%Ei$m>€h9rEP6ﬂtﬁé§%9 bl owi ng agent had a
narrow particle size distribution .2 mm for hole dianeter

0. 65 0 The pellets risin bIovmn agent were then prefoaned
in anml?ps %%PEP&B%MEW%"BO ?f&m%?ﬁea §Sigigy awg%réwm\'9d EREEMELS to 25

g/L), and fp'ﬂt%@l;%‘é'ﬁdﬁmﬁltlaﬁcmwﬁp% ifepds pesfaliedghe blowiamagenta gauge
pressur e ofonfprises éprBpdrtoniof frofaads,to t@D prrsemt bpelgitgsarticularCo@taratdy from
conponent s35u5 p\é@él‘ﬂ by WédhY, bAEIdIM thblo@ihy 6§ ] of kb%t? #Rrte (GIS) and

ng(])o(z)gl ?Iyoégﬁ 9%& é@grﬁ&lblenﬁlgﬂ%pﬁﬁﬁ %&d m ﬁ?%&?o%ﬂ?to the
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di st ri but i Arosreerevik prepmijenedi Fompdde d0fnerceshbyeweighii kasey on ﬁ"ﬁd t he

di sperse dileting agent, ohisofentane os tyroperartau ttcihagivelaty preferatpiolugaeixirphase
P2, dark regiposs)ofeam 30eo d8% &9 WaRSl, inbdritalat fréh SBISTEH By WEigHT 60N

m cr ogr aphgdpERidhe, %fndtfrgﬁn 2 BAE WeRing irf ular %rB@IGBk&E%n%QVm%I%ﬁPBﬁ( figure

2) and thi & ﬂ;‘ sequent |y contributes to elastificatio

foam The '§1Ze of the PE domains of the bl ow ng- agent - | oaded
mnipellets here is of the order of from200 to 1000 nm and the size
of the styFuirisingivn desiviebelativelydoypediingmointiofisdpastaines(281C)1 dvd tior der  of
from 200 trelafeOhiginvapbOdradsues 251 RIRA)SA tdntakiedh wath rRxpapeaiiee36°a; y mer
beads ( EPg2inPap hitieilyi 1eis RYatiiy Bhtcter@tortiRRg) 4derS af théRfma nol di ngs
Exanpl e 4 |§cr9aséd§t0?age stability, combined with better foamability to give low densities, are

found in blowing agent mixtures with isopentane content of at least 30% by weight.

Suitable co-blowing agents are those with relatively low selectivity of solubility for the
phase forming domains, examples being gases, such as COy, Ny, or noble gases. The
amounts used of these, based on the expandable, thermoplastic polymer bead
materials, are preferably from 0 to 10% by weight.

Component E

The expandable, thermoplastic polymer bead materials comprise, as component E,
from O to 5 percent by weight, preferably from 0.3 to 3 percent by weight, of a
nucleating agent, such as talc.

The multiphase polymer mixture can moreover receive additions of additives,
nucleating agents, plasticizers, halogen-containing or halogen-free flame retardants,
soluble or insoluble inorganic and/or organic dyes and pigments, fillers, or co-blowing
agents, in amounts which do not impair domain formation and foam structure resulting
therefrom.

Production process
The polymer mixture having a continuous and at feast one disperse phase can be

produced via mixing of two incompatible thermoplastic polymers, for example in an
extruder.



Constitution of expandabl e beads Conponent A) 73.0 67.6 65.1 69.8
67.6 69.8 Conponent 31.1) 8.1 7.5 7.2 7.7 7.5 7.7 Conponent 32.2)
5.04.7 8.18.7 4.7 8.7 Conponent Cl.1 13.0 5.8 Conponent C1.2
6.0 13.0 12.6 5.8 ;

13A

The expandable thermoplastic polymer bead materials of the invention ¢an be obtained
via a process of
a) preducing a polymer mixture with a continuous and at least one disperse phase



Component C2.1 0.7 1.3 Conponent C2.2 0.8 0.7 0.7 1.3
Conponent DHFI®@6f i sopentane, 5% of n-pentane) 6.5 6.1 5.8 6.3 6.1
6.3 Conponent E) 0.5 0.5 0.4 0.5 0.5 0.5 Properties of foam nolding
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a)  producing a polymer mixture with a continuous and at least one disperse phase
via mixing of components A) to C) and, if appropriate, E),

b)  impregnating this mixture with a blowing agent D) and pelletizing them to give
expandable thermoplastic polymer bead materials,

¢)  and pelletizing fo give expandable, thermoplastic polymer bead materials via
underwater pelletization at a pressure in the range from 1.5 to 10 bar.

The average diameter of the disperse phase of the polymer mixture produced in stage
a) is preferably in the range from 1 to 2000 nm, particularly preferably in the range from
100 to 1500 nm.

In another embodiment, the polymer mixture can also first be pelletized, in stage b),
and the pellets can then be post-impregnated in a stage c) in an aqueous phase under
pressure and at an elevated temperature, using a blowing agent D), to give expandable
thermoplastic polymer bead materials. These can then be isolated after cooling below
the melting point of the polymer matrix, or can be obtained directly in the form of
prefoamed foam bead material via depressurization.

Particular preference is given to a continuous process in which, in stage a), a
thermoplastic styrene polymer A) forming the continuous phase, for example
polystyrene, is melted in a twin-screw extruder, and to form the polymer mixture is
mixed with a polyolefin B1) and B2) forming the disperse phase, and also with the
compatibilizers C1) and C2) and, if appropriate, nucleating agent E), and then the
polymer melt is conveyed in stage b) through one or more static and/or dynamic mixing
elements, and is impregnated with the blowing agent D). The melt loaded with blowing
agent can then be extruded through an appropriate die, and cut, to give foam sheets,
foam strands, or foam bead material,

An underwater pefietization system (UWPS) can also be used to cut the melt emerging
from the die directly to give expandable polymer bead materials or to give polymer
bead materials with a controlled degree of incipient foaming. Controlled production of
foam bead materials is therefore possible by setting the appropriate counterpressure
and an appropriate temperature in the water bath of the UWPS.

Underwater pelletization is generally carried out at pressures in the range from 1.5 to
10 bar to produce the expandable polymer bead materials. The die plate generally has
a plurality of cavity systems with a plurality of holes. A hole diameter in the range from
0.2 to 1 mm gives expandable polymer bead materials with a preferred average bead
diameter in the range from 0.5 to 1.5 mm. Expandable polymer bead materials with a
narrow particle size distribution and with an average particle diameter in the range from
0.6 to 0.8 mm lead to better filling of the automatic molding system following
prefoaming, where the design of the molding has a relatively fine structure. This also
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20  in stage c), is impregnated with from 1 to 15% by weight, in particular from 3 to 10% by
weight, of a blowing agent D), where the entirety composed of A) fo E) gives 100% by
weight and is pelletized in stage ¢).

In order to improve processability, the finished expandable thermoplastic polymer bead
25 materials can be coated using glycerol esters, antistatic agents, or anticaking agents.

The resuftant round or oval beads are preferably foamed to a diameter in the range
from 0.2 to 10 mm. Their bulk density is preferably in the range from 10 to 100 g/l.

30 The fusion of the prefoamed foam beads to give the molding, and the resultant
mechanical properties, are in particular improved via coating of the expandable
thermoplastic polymer bead materials with a glycerol stearate. 1t is particularly
preferable to use a coating composed of from 50 fo 100% by weight of glycerol
tristearate (GTS), from 0 to 50% by weight of glycerol monostearate (GMS), and from 0

35 to 20% by weight of silica.

The expandable, thermoplastic polymer bead materials P1 of the invention can be
prefoamed by means of hot air or steam to give foam beads whose density is in the
range from 8 to 200 kg/m3, preferably in the range from 10 to 80 kg/m?3, in particular in
40  the range from 10 to 50 kg/m3, and can then be used in a closed mold to give foam
moldings. The processing pressure selected here is sufficiently low that a domain
structure is preserved in the cell membranes, fused to give molded-foam moldings. The
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impact-modified styrene polymers, e.g. impact-resistant polystyrene (HIPS).

The process can also use comminuted foam beads composed of recycled foam

40  moldings. To produce the molded foams of the invention, the comminuted foam
recyclates can be used to an extent of 100% or, for example, in proportions of from 2 to
90% by weight, in particular from 5 to 26% by weight, based on the foam beads P2,
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together with virgin product, without any substantial impairment of strength and of
mechanical properties.

The foam beads P2 can also comprise additives, nucleating agents, plasticizers,
halogen-containing or halogen-free flame retardants, soluble or insoluble inorganic
and/or organic dyes and pigments, or fifiers, in conventional amounts.

Production of molded foams

The foam beads P1 obtainable from the thermoplastic polymer bead materials of the
invention exhibit surprisingly good compatibility with the foam beads P2, and can
therefore be fused with these. It is also possible here to use prefoamed beads of
different density. To produce the molded foams of the invention, it is preferable to use
foam beads P1 and P2 whose density is respectively in the range from 5 to 50 kg/m3.

According to one embodiment, the foam beads P1 and P2 can be mixed and sintered
in @ mold, using hot air or steam.

It is preferable that the mixture used is composed of from 10 fo 99% by weight,
particularly from 15 to 80% by weight, of foam beads P1, and from 1 to 90% by weight,
particularly from 20 to 85% by weight, of foam beads P2.

in another embodiment, the foam beads P1 and P2 can be charged to a mold without
any substantial mixing, and sintered using hot air or steam. By way of example, the
foam beads P1 and P2 can be charged in one or more layers to a mold, and sintered
using hot air or steam.

The alternative processes of the invention can create molded-foam moldings in many
different ways, and can adapt their properties to the desired application. The
quantitative proportions, the density, or else the color of the foam beads P1 and P2 in
the mixture can be varied for this purpose. The result is moldings with unique property
profiles.

By way of example, molding machines used for this purpose can be those suitable for
the production of moldings with varying density distribution. These generally have one
or more slider filaments which can be removed after charging of the different foam
beads P1 and P2, or during the fusion process. However, it is also possible that one
type of foam bead P1 or P2 is charged and fused, and that the other type of foam bead
is then charged and fused with the existing subsection of the foam molding.

This method can also produce moldings, for example pallets for dispatch of unitized
products, where, by way of example, the ribs or feet have been manufactured from
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foam beads P1 and the remainder of the molding has been manufactured from foam
beads P2.

Because of the compatibility of the foam beads P1 and P2, the material can be
considered as practically of a single type for recycling purposes, requiring no
separation into the individual components.

Use of the expandable, thermoplastic polymer bead materials and molded foams of the
invention.

Because the molded foams obtainable from the thermoplastic polymer bead materials
of the invention have a property profile lying between molded foams composed of
expanded polypropylene (EPP) and of expandable polystyrene (EPS), they are in
principle suitable for the conventional applications of both types of foam.

Moldings composed of foam beads P2 are suitable for the production of furniture, of
packaging materials, in the construction of houses, or in drywall construction or interior
itnishing, for example in the form of laminate, insulating material, wall element or
ceiling element, or else in motor vehicles.

Their elasticity makes them particularly suitabie for shock-absorbent packaging, as
core material for motor-vehicle bumpers, for internal cladding in motor vehicles, as
cushioning material, and also as thermal-insulation and sun-bedding material. The
molded foams of the invention are particutarly suitable for the production of packaging
materials and of damping materials, or of packaging with improved resistance to
fracture and to cracking.

The elasticity of the molded foams also makes them suitable as inner cladding of
protective helmets, for example ski helmets, motorcycle helmets, or cycle helmets, for
absorbing mechanical impacts, or in the sports and leisure sector, or as core materials
for surfboards.

However, high levels of thermal insulation and of sound deadening also permit
applications in the construction sector. Floor insulation usually uses foam sheets
directly laid on the concrete floor, This is a particularly important factor in the case of
underfloor heating systems, because of downward thermal insulation. Here, the hot-
water pipes are laid into appropriate profiled regions of the foam sheets. A cement
screed is spread on the foam sheets, and a wooden floor or a wall-to-wall carpet can
then be laid on the screed. The foam sheets also act as insulation with respect to solid-
borne sound.

The moldings are also suitable as core material for sandwich structures in ship building
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and aircraft construction, and in the construction of wind-energy systems, and vehicle
construction. By way of example, they can be used for the production of motor-vehicle
parts, such as trunk floors, parcef shelves, and side door cladding.

The composite moldings are preferably used for the production of furniture, of
packaging materials, or in the construction of houses, or in drywall construction, or in
the interior finishing, for example in the form of laminate, insulating materiat, wall
element, or ceiling element. The novel composite moldings are preferably used in
motor-vehicle construction, e.g. as door cladding, dashboards, consoles, sun visors,
bumpers, spoilers, and the like,

Because elasticity and resistance to cracking are higher than in molded foams
composed of expandable polystyrene (EPS), while compressive strength is
simultanecusly high, the foam beads P2 in particular are suitable for the production of
pallets. To improve the durability of the pailets, these can, if appropriate, be adhesive-
bonded to wood, plastic, or metal, or sheathed on all sides with a plastics foil, for
example those composed of polyolefins or of styrene-butadiene block copolymers.

Examples
Starting materials:

Component A:
Polystyrene whose melt viscosity index MVI (200°C/5 kg) is 2.9 cm3/10 min (PS 158K
from BASF SE, My, = 280 000 g/mol, viscosity number VN 98 mi/g)

Component B:

B1.1: LLDPE (LL1201 XV, ExxonMobil, density 0.925 g/L, MVI = 0.7 g/10 min, melting
point 123°C)

B2.1: Ethylene-octene copolymer (Engage® 8411 from Dow, density 0.880 g/L, MV] =
18 g/10 min, melting point 72°C)

B2.2: Ethylene-octene copolymer (Exact®, 210 from ExxonMobil, density 0.902 g/L,
MV! = 10 g/10 min, melting point 95°C)

Component C:

C1.1: Styrolux® 3G55, styrene-butadiene block copolymer from BASF SE,

C1.2: Styroflex® 2G66, thermoplastic elastic styrene-butadiene block copolymer
(STPE} from BASF SE,

C1.3: Styrene-butadiene block copolymer of structure S1-(S/B)a-S2-(S/B)a-S1, (20-20-
20-20-20% by weight), weight-average molar mass: 300 000 g/mol

C2.1: Kraton G 1650, styrene-ethylene-butylene block copolymer from Kraton
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Polymers LLC
C2.2: Kraton G 1652, styrene-ethylene-butylene block copolymer from Kraton
Polymers LLC

Component D:

Blowing agent mixture composed of isopentane and n-pentane, the material used
unless otherwise stated being pentane S (20% by weight of isopentane, 80% by weight
of n-pentane).

Component E:
Talc (HP 320, Omyacarb)

Producticn of block copolymer C1.3

To produce the linear styrene-butadiene block copolymer C1.3, 5385 ml cyclohexane
were used as initial charge in a double-walled 10 liter stainless-steel stirred autoclave
with crossblade agitator, and were titrated to the endpoint at 60°C using 1.6 ml of sec-
butyilithium (BuLi), until a yellow color appeared, caused by the 1,1-diphenylethylene
used as indicator, and then the following were admixed: 3.33 mil of a 1.4 M sec-
butyliithium solution for initiation, and 0.55 ml of a 0.282 M potassium tert-amyl
alcoholate (PTA) solution as randomizer. The amount of styrene (280 g of styrene 1)
needed to produce the first S block was then added and polymerized to completion.
The further blocks were attached, as appropriate for the stated structure and
constitution, via sequential addition of the appropriate amounts of styrene or styrene
and butadiene, in each case using complete conversion. To produce the copolymer
blocks, styrene and butadiene were simultaneously added in a plurality of portions, and
the maximum temperature was restricted fo 77°C, by countercurrent cooling. For block
copolymer K1-3, the amounts required were 84 g of butadiene 1 and 196 g of styrene 2
for the block (8/B)a, 280 g of styrene 3 for the block $2, 84 g of butadiene B2 and

196 g of styrene 4 for the block (8/B)a, and 280 g of styrene 5 for the block S;.

The living polymer chains were terminated by adding 0.83 ml of isopropancl, and 1.0%
of CO2/0.5% of water, based on solid, was used for acidification, and a stabilizer
solution (0.2% of Sumilizer GS and 0.2% of Irganox 1010, based in each case on solid)
was added. The cyclohexane was evaporated in a vacuum drying oven.

The weight-average molar mass M. of the block copolymer C1.3 is 300 000 gfmol.

Measurements on foam moldings

Various mechanical measurements were carried out on the moldings, in order to
demonstrate the elastification of the foam.
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GCompression set 5o of the foam moldings was determined to SO 3386-1, from simple
hysteresis for 75% compression (advance 5 mm/min). Compression set get is the
percentage proportion lost from the initial height of the compressed specimen after

5  75% compression. In the case of the Inventive examples, ‘a marked elastification was
observed in comparison with straight EPS, and is discernible from very high resilience.

Compressive strength was determined for 10% compression to DIN-EN 826, and
flexural strength was determined to DIN-EN 12089. The bending energy was
10 determined from the values measured for flexural strength.

Examples 110 3

Components A) to C) were melted at from 240 to 260°C/140 bar in a Leistritz ZE 40

15 twin-screw exiruder, and talc was admixed as nucleating agent (component E) (see
table 1). Pentane S (20% of isopentane, 80% of n-pentane), as blowing agent
(component D}, was then injected into the polymer melt, and was incorporated
homogeneously into the polymer melt by way of two static mixers. The temperature
was then reduced to from 180° to 195°C, by way of a cooler. After further

20 homogenization by way of two further static mixers, the polymer melt was injected at
from 200 to 220 bar, at 50 kg/h, through a pelletizing die whose temperature was
controlled to from 240 to 260°C (hole diameter was 0.6 mm, with 7 cavity systems x 7
holes, or 0.4 mm hole diameter with 7 cavity systems x 10 holes). The polymer strand
was chopped by means of underwater pelletizer system (11-10 bar of underwater

25 pressure at a water temperature of from 40°C to 50°C), giving minipellets loaded with
blowing agent and having narrow particle size distribution (d" = 1.1 mm for hole
diameter 0.6 mm, and 0.8 mm for hole diameter 0.4 mm).

The pellets comprising blowing agent were then prefoamed in an EPS prefoamer to
30 give foam beads of low density (from 15 to 25 g/L), and processed in an automatic
EPS molding system at a gauge pressure of from 0.7 to 1.1 bar, to give moldings.

The disperse distribution of the polyethylene (pale regions) can be discerned in the
transmission electron micrograph (TEM) of the minipellsts comprising blowing agent

35 {figure 1) and this subsequently contributes to elastification within the foam. The size of
the PE domains of the blowing-agent-loaded minipellets here is of the order of from
200 to 1500 nm.

Coating components used were 70% by weight of glycerol tristearate (GTS) and 30%
40 by weight of glycerol monostearate (GMS). The coating composition had a favorable

effect on the fusion of the prefoamed foam beads to give the molding. Flexural strength

could be increased to 250 and, respectively, 310 kPa, in comparison with 150 kPa for
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the maldings obtained from the uncoated pellets.

The small bead sizes of 0.8 mm exhibited an improvement in processability to give the
molding, in terms of demolding times and behavior during charging to the mold. The
surface of the molding was moreover more homogeneous than with beads of diameter
1.1 mm,

Tabie 1: Constitution of expandable polymer beads (EPS) in proportions by weight, and
properties of foam moldings

Example | 1 [2 3
Constitution of expandable beads
Component A) 69.8 71.1 | 76.9
Component B1.1) 17.8 9.4 |7.5
Component B2.1) - 87 4.7
Component C1.1) 1.6 1.6 [1.6
Component C2.1) 1.6 16 |0.8
Component D) 7.4 57 |65
Component E) 1.9 1.9 [1.9
Properties of foam molding
Foam density [g/L] 20.2 23.2 | 209
Minimum density [g/L] 18.0 19.8 | 17.0
Compressive sirength 10% [kPa] 82 i04 | 100
Fiexural strength [kPa] 265 321 | 311
Bending energy [Nm] 4.5 58 |48
Compression set [%] 34 33 32

Examples 4109

By analogy with the process according to example 1, blowing-agent-loaded polymer
pellets were produced using the components and amounts stated in table 2. The
blowing agent used comprised a mixture comprising 95% by weight of isopantane and
5% by weight of n-pentane. The pellets comprising blowing agent had a narrow particle
size distribution (d” = 1.2 mm, for hole diameter 0.65 mm).

The pellets comprising blowing agent were then prefoamed in an EPS prefoamer to
give foam beads of low density (from 15 to 25 g/L), and processed in an automatic
EPS molding system at a gauge pressure of from 0.9 to 1.4 bar, to give moldings.

Coating components used were 70% by weight of glycerol tristearate (GTS) and 30%
by weight of glycerol monostearate (GMS). The coating composition had a favorable
efiect on the fusion of the prefoamed foam beads to give the molding.
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The disperse distribution of the polyethylene (phase P1, pale regions), and the
disperse distribution of the styrene-butadiene block copolymer (phase P2, dark
regions) can be discerned in the transmission electron micrograph (TEM) of the
minipellets comprising blowing agent (figure 2) and this subsequently contributes to
elastification within the foam. The size of the PE domains of the blowing-agent-loaded
minipellets here is of the order of from 200 to 1000 nm, and the size of the styrene-
butadiene block copolymer domains is of the order of from 200 to 1500 nm.

Table 2: Constitution of expandable polymer beads (EPS) in proportions by weight, and
properties of foam moldings

Example L4 5 |6 J7 [&8 Je

Constitution of expandable beads

Component A} 73.0 67.6 |65.1 |69.8 |[67.6 {698

Compoenent B1.1) 8.1 7.5 7.2 7.7 7.5 7.7

Component B2.2} : 5.0 4.7 8.1 8.7 47 8.7

Component C1.1 13.0 [5.8

Cormponent C1.2 8.0 13.0 126 |58

Component C2.1 0.7 1.3

Component C2.2 0.8 0.7 0.7 1.3

Component D (95% of 8.5 6.1 5.8 6.3 6.1 6.3

isopentane, 5% of n-pentane)

Component E) 0.5 0.5 0.4 0.5 0.5 0.5
Properties of foam molding

Foam density [g/L] 19.3 19.4 185 [185 |213 |21.6

Compressive strength 10% 97 96 86 94 95 94

[kPa]

Flexural strength [kPa] 282 286 240 282 278 280

Bending energy [Nm] 4.8 5.8 5.1 55 5.7 54

Examples 10 to 19

Components A, B, and C were melted at from 220 to 240°C/130 bar in a Leistritz

ZSK 18 twin-screw extruder (see table 3). 7.5 parts of pentane S (20% of isopentane,
80% of n-pentane) were then injected as blowing agent (component D) into the
polymer melt, and incorporated homogeneously into the polymer melt by way of two
static mixers. The temperature was then reduced to from 180° to 185°C, by way of a
cooler. One part of talc (component E) in the form of a masterbatch was then metered
as nucleating agent into the blowing-agent-loaded main melt stream, by way of an
ancillary extruder. After homogenization by way of two further static mixers, the melt
was cooled to 140°C, and extruded through a heated pelletizing die (4 holes with
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0.65 mm bore, and pelletizing die temperature of 280°C). The polymer strap was
chopped by means of an underwater pelletizer (12 bar of underwater pressure, 45°C
water temperature) giving blowing-agent-loaded minipellets having namrow particle size
distribution {(d” = 1.1 mm),

The pellets comprising blowing agent were then prefoamed in an EPS prefoamer to
give foam beads of low density (from 15 to 25 g/l.}, and processed in an automatic
EPS molding system at a gauge pressure of from 0.9 to 1.4 bar, to give moldings.

Coating components used were 70% by weight of glycerol tristearate (GTS) and 30%
by weight of glycerol monostearate (GMS). The coating composition had a favorable
effect on the fusion of the prefoamed foam beads to give the molding.



PF 60664

006

09 EZZ Pt'

25

A 62 ze 8z 82 FAS e g o€ A3 [%] Jos uossaidwo)
vi 09 VL 86 9'G L9 09 g'g LG Oy [wN] ABisus Bulpueg
0ge zze 0gE LOE 662 eLe 80¢ €62 182 L0 [ea] wibusnys [einxsld
oL 0cl gLy 60} zLlL 901 oLl 00} €0l €01 | [ead] %01 Wbusys eaissaldwog
§'52 8'€T o'ee A4 822 9'92 G'€e 9'ce 8L 0'ce /6] Ausuep weoy

weo} Jo satedosy
b L L L ! L } I L L [w Aq %] 3 "dwog
gL Gl gL §'L gL WA gL gL gL GL [wn Ag %] @ 'dwod
GLL GLL GL| Gl GLL G} 6Ll GL'L GL'L GLL [ Aq o] 1710 "dwio)
g0l GGl 5’0l ST [m A %] 1z "dwiog
Szl S'LL G.'8l §'TL §Z'9 GLTE GL8l 0511 6z'9 [ AQ %] €710 "dwod
G g g G S G g g g G [ Aq %] 1-zg dwod
8 8 g 8 8 8 g 8 8 8 [w Ad %] 1718 "dwo)
19 €L 0g 19 €L 19 ¢ €L 8. ¥8 [ Ag %] v "dwog
Ng9L N89L M8GL | M8GL | Mgl picielR M8G5 M85 861 pLizielR apelb Sddo v 'dwod

uonnisuos

6l 8l Ll ] Gl 14" €l Zi L o] s|dwex3

sBuipjow weoy jo sepedosd pue ‘yBiem Aq suopodold us sjensiew peaq JewAjod ojqepuedxe 3y} JO UOHNIISUOD ¢ 3|GeL




9' 8 0081.

| TZL gL Et 1- 00 E9 03/08 90 617

E' 1. E 0091.PF 60664

10

15

25

30

35

40

26
Example 20

76.5% by weight of 158K polystyrene, 7.6% by weight of 1201XV LLDPE, 8.5% by
weight of Exact® 210 EOC, and 1.2% by weight of Kraton® G1650 SEBS were melted
at from 220 to 240°C/from 180 to120 bar, in a Leistritz ZSK 18 twin-screw extruder.
6.1% by weight of a mixture composed of 5% by weight of n-pentane:95% by weight of
isopentane were then injected as blowing agent {component D), and incorporated
homogeneously into the polymer melt by way of two static mixers. The temperature
was then reduced to from 180° to 185°C by way of a cooler. 0.5% by weight of talc in
the form of a masterbatch was then metered as nucleating agent (component E) (see
table 4a) into the blowing-agent-loaded main melt stream, by way of an ancillary
extruder. After homogenization by way of two further static mixers, the melt was cooled
to 155°C, and extruded through a heated pelletizing die (4 holes with 0.65 mm bore,
and pelletizing die temperature of 280°C). The polymer strap was chopped by means
of an underwater pelletizer (12 bar of underwater pressure, 45°C water temperature)
giving blowing-agent-loaded minipellets having narrow particle size distribution

(d” = 1.25 mm).

Examples 21 to 35

Examples 21 to 35 were carried out by analogy with example 20, using the amounts
listed in tables 4a and 4b, and different constitutions of blowing agent.

The blowing agent retention experiments were carried out in a cylindrical zinc box with
PE inlayer, the diameter and height of which were 23 cm and 20 cm, respectively. The
minipellets comprising blowing agent, produced by way of extrusion, were charged to
the PE bag, in such a way as to fill the zinc box completely, to the rim.

The closed containers were then placed into intermediate storage at room temperature
(from 20 to 22°C) for 18 weeks, and then opened in order to determine the blowing
agent content of the minipellets, foamability to give minimum foam density, and
blowing agent content after prefoaming of the minipellets to give minimum foam
density. The blowing agent content of the minipellets was determined by back-
weighing to constant weight after heating in the drying oven at 120°C.

Foamability was studied by treatment with unpressurized saturated steam in a steam
box, by determining the minimum bulk density found, with the associated foaming time.
The residual blowing agent content in the prefoamed beads was then measured by
means of GC analysis (internal standard: n-hexane/dissolution in a mixture composed
of 40 parts of toluene:80 parts of trichlorobenzene).

in order to reduce the time needed for the storage experiments and to render the
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differences clearer, the previously opened containers were placed in a fume cupboard
at room temperature (from 20 to 22°C) (suction rate 360 m3/h), and the blowing agent
content of the minipellets and the foamability to give minimum foam density were again
studied after 7 days and 14 days.

The examples show that higher proportions of isopentane improve capability to retain
blowing agent after storage and can achieve relatively low minimum bulk densities.

-
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Bl owi ng agent content [% by wt.] Mninmumbulk density [9/L1

Pref oam ng tAME06P4] PF 60664 30 PF 60664 31 Exanples 36 to 55:
‘Production of noldings conposed of foam beads P1 and P2 Production of
f oam beads P1l: 5 Conponents A) to O ayere melted at from240 to

260C/ 140 bar in a Leistritz ZE 40 twn-screw extruder, and talc was
adm xed as nucl eati ng agent (conponent E) (see table 1). The bl ow ng
agent m xture conposed of 95% by wei ght of isopentane and 5% by

wei ght of n-pentane (conmponent D) was then injected into the pol yner
melt and honobgeneously incorporated into the polynmer nelt by way of
two static mxers. The 10 tenperature was then reduced to from 180 to
195C, by way of a cooler. After further honbgenization by way of two
further static mxers, the polymer nelt was injected at from200 to
220 bar, at 50 kg/h, through a pelletizing die whose tenperature was
controlled to from 240 to 260C (hole dianmeter was 0.6 mm wth 7
cavity systens x 7 holes, or 0.4 mmhole dianeter with 7 cavity
systens x 10 holes). The polynmer strand 15 was chopped by neans of
underwat er pelletizer system (11-10 bar of underwater pressure at a
wat er tenperature of from40C to 50C), giving mnipellets |oaded with

bl owi ng agent jand hpavi|ng ndErrow pafticlle $1ze¢ distribution (cl" = 1.2
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Examples 36 to 55: Production of moldings composed of foam beads P1 and P2

Production of foam beads P1:

Components A) to C) were melted at from 240 to 260°C/140 bar in a Leistritz ZE 40
twin-screw extruder, and talc was admixed as nucleating agent (component E) (see
table 1). The blowing agent mixture composed of 95% by weight of isopentane and 5%
by weight of n-pentane (component D) was then injected into the polymer melt and
homogeneously incorporated into the polymer melt by way of two static mixers. The
temperature was then reduced to from 180° to 195°C, by way of a cooler. After further
homogenization by way of two further static mixers, the polymer melt was injected at
from 200 to 220 bar, at 50 kg/h, through a pelletizing die whose temperature was
controlled to from 240 to 260°C (hole diameter was 0.6 mm, with 7 cavily systems x 7
holes, or 0.4 mm hole diameter with 7 cavity systems x 10 holes). The polymer strand
was chopped by means of underwater pelletizer system (11-10 bar of underwater
pressure at a water temperature of from 40°C to 50°C), giving minipellets loaded with
blowing agent and having narrow particle size distribution (d” = 1.2 mm for hole
diameter of 0.65 mm).

Coating components used were 70% by weight of glycerol tristearate (GTS) and 30%
by weight of glycerol monostearate (GMS). The coating composition had a favorable
effect on the fusion of the prefoamed foam beads to give the molding.

Table §: Constitution of expandable polymer bead materials (EPS) in proportions by
weight for production of foam beads P1.1, P1.2, and P1.3

Example | Comp. | Comp. Comp. Comp. Comp. Comp. Comp.
[Y%obywt] | A B1.1 B2.2 Ccz2.2 C1.2 E D
P1.1 67.2 7.5 47 0.7 13.2 0.5 6.1
P1.2 67.9 7.5 4.7 0 13.2 0.5 6.1
P13 81.1 7.5 47 0 0 0.5 6.1
comp

The disperse distribution of the polyethylene (phase 1, paie regions), and the disperse
distribution of the styrene-butadiene block copolymer (phase 2, dark regions) can be
discerned in a transmission electron micrograph (TEM) of the minipellets comprising
blowing agent and this subsequently contributes to elastification within the foam. The
size of the PE domains of the blowing-agent-loaded minipellets here is of the order of
from 200 to 1000 nm, and the size of the styrene-butadiene block copolymer dormains
is of the order of from 200 to 1500 nm.

The pellets comprising blowing agent were prefoamed in an EPS prefoamer to give




6.1 The disperse distribution of the polyethylene (phase 1, pale
regi ons), ammf a0864di sperse distribution of the styrene-butadi ene

bl ock copol yner (phase 2, dark regions) can be 30 discerned in a
transm ssion el ectron m crograph (TEM the m nipellets conprising
bl owi ng agent and this subsequently conttibutes to elastification
wi t hi n the feranbeatsef bwdensty ({ hé kB Yomai ns of the

bl owi ng- agent -1 oaded m nipellets here is of the order of from 200 to
1000 rim apdsthheasd @8 of the styrene-butadi ene bl ock copol ymer
domains is of the order of from200 to 1500 nm 35 PF 60664 32 foam
beads of | ow densit @(QU 7 kg/ nB). Foam beads P2: 5 Neopor(r) X 5300
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determined from the values measured for flexural strength.

Example 40 comp is a comparative experiment.
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Table 6: Properties of molded foams composed of different proportions of foam beads

P1.1:
Example 36 37 38 39 40 comp
P1.1 100% 60% 40% 20% 0%
p2 0% 40% 60% 80% 100%
Density [g/1] 17.7 17.3 16.8 16.6 16.1
Bending energy [Nm] 54 4.2 3.7 3.1 27
Flexural strength [kPa)] 250.7 247.9 243.5 239.3 228.3
Specific energy
[Nm/(kg/m3)] 0.3 0.2 0.2 0.2 0.2
Speciiic force [N/tkg/m3)] | 35.0 35.1 35.8 353 35.2

25 The examples show that the foam beads P2 can be mixed with the foam beads P1
used according to the invention, over wide ranges. This method can be used for
targeted setting of mechanical properties, such as bending energy.



16.6 16.1 Bending energy [NmM 5.4 4.2 3.7 3.1 2.7 Flexural strength

[ kPa] 250.7 160654243, 5 239. 3 228.3 Specific energy [Nm (kg/nB)] 0.3
0.2 0.2 0.2 0.2 Specific force [NN(kg/nm8)] 35.0 35.1 35.8 35.3 35.2
25 The exanpl es show that the foam beadg; P2 can be mxed with the
foam beads P1 used according to the invention, over w de ranges. This
met hod can bEPlEseFepding erargetNan of molded fpasts weBpREsH @ FRTiGHsHFeRcrtioss of
such as bendbaghbezdsrifyl PF 60664 33 Table 7: Bendi ng energy [Nn of
nol ded foans conposed of various proportions of foam beads P1.1

Exanmpl e 41 4%)%%15!‘5‘ A5~ Proppyfron ol P2 o a4 15
Proportion of P2 [% 0 20 40 50 80
by wt.]

Proportion P1.1 [%
by Wt ] g5 80 60 40 20
Bending energy [Nm} | 5.5 5.0 4.2 3.7 3.1

5  Table 8: Bending energy [Nm)] of molded foams composed of various proportions of
foam beads P1.2

Example 46 47 48 49 50
Proportion of P2
(% by Wi ] 0 20 40 60 80
Proportion of P1.2
[% by Wi] 95 80 60 40 20
Bending ener

generdy 142 4.0 35 3.3 3.2
[Nm]

Table 8: Bending energy [Nm] of molded foams composed of various proportions of
10  foam beads P1.3V

Example 51 52 53 54 55
Proportion of P2 [%

porian of P2 [% | 20 40 60 80
by weight]
Proportion of P1.3V 95 80 50 40 20
[% by weight]
Bending ener

genery 144 2.8 2.9 3.0 2.7

[Nm]




by wt.] 0 20 40 60 80 Proportion P1.1 [%by wt.] 95 80 60 40 20

Bendi ng eneRoopBi] 5.5 5.0 4.2 3.7 3.1 5 Table 8: Bendi ng energy

[ NM of nol ded foans conposed of various proportions of foam beads
P1.2 Exanple 46 47 48 49 50 Proportion :?J P2 [% by wt.] 0 20 40 60 80
Proportion of P1.2 [% by w.] 95 80 60
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Patent claims

An expandable, thermoplastic polymer bead material, comprising

A)  from 45 to 97.8 percent by weight of a styrene polymer,

B1) from 1 to 45 percent by weight of a polyolefin whose melting point is in the
range from 105 to 140°C,

B2) from O to 25 percent by weight of a polyolefin whose melting point is below
105°C,

C1) from 0.1 to 25 percent by weight of a styrene-butadiene or styrene-
isoprene block copolymer,

C2) from 0.1 to 10 percent by weight of a styrene-ethylene-butylene block
copolymert,

D)  from 1 to 15 percent by weight of a blowing agent,

E) from O to 5 percent by weight of a nucleating agent

where the entirety of A) to E) gives 100% by weight.

The expandable, thermoplastic polymer bead material according to claim 1,
which comprises

A} from 55 to 78.1 percent by weight of a styrene polymer,

B1) from 4 to 25 percent by weight of a polyolefin whose melting point is in the
range from 105 to 140°C,

B2) from 1 to 15 percent by weight of a polyolefin whose melting point is below
105°C,

C1) from 6 to 15 percent by weight of a styrene-butadiene or styrene-isoprene
block copolymer,

C2) from 1 to 5 percent by weight of a styrene-ethylene-butylene block
copolymer,

D)  irom 3 to 10 percent by weight of a blowing agent,

E)  irom 0.3 to 3 percent by weight of a nucleating agent

where the entirety of A) to E) gives 100% by weight.

The expandabie, thermoplastic polymer bead material according to claim 1 or 2,
which comprises standard polystyrene (GPPS) as styrene polymer A).

The expandable, thermoplastic polymer bead material according to any one of
claims 1 to 3, which comprises polyethylene as polyolefin B1).

The expandable, thermoplastic polymer bead material according to any of
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ener gy [ Nm P&f60864 ded f oans conposed of various proportions of 10
foam beads P1.3 V Exanple 51 52 53 54 55 Proportion of P2 [% by
weight] 0 20 40 60 80 Proportion of Pl.3V [% by weight] 95 80 60 40
20 Bending energy [Nnj 3.1 2.8 2.9 3.0°2.7 PF 60664 34 Patent clains
1. An expandabl eglaintiet teop Mashicompridegmeropblgmer comipesédbf, etiotemerang ionign® A3
from45 to 97. 8ppesiemw2)by wei ght of a styrene pol yner,

6.  The expandable, thermoplastic polymer bead material according to any of
5 claims 1 to 5, which uses, as component C1, a block copolymer whose weight-
average molar mass M,, is at least 100 000 g/mol, comprising

a) atleast one block S composed of from 95 to 100% by weight of
vinylaromatic monomers and of from 0 to 5% by weight of dienes, and
10
b} atleast one copolymer block (S/B), composed of from 83 to 80% by weight
of vinylaromatic monomers and of from 20 to 37% by weight of dienes, with
a glass transition temperature Tg, in the range from 5 to 30°C,
where
15 the proportion by weight of the entirety of all of the blocks S is in the range from
50 to 70% by weight, based on the block copolymer.

7. The expandable, thermoplastic polymer bead material according to any of
claims 1 to 6, wherein the block copolymer C1 has a linear structure having the
20 block sequence S1-(S/B)a-S2-(S/B)a-Ss, where each of S, Sz and Sz is a block S.

8. The expandable, thermoplastic polymer bead material according to any of
claims 1 to 7, wherein the total of the proportions of components C1 and C2 is in
the range from 6.8 to 18 percent by weight.

25

8.  The expandable, thermoplastic polymer bead material according to any of
claims 1 to 8, wherein the ratio by weight of the entirety composed of
components B1 and B2 to C2 is in the range from 5 to 70.

30 10. The expandable, thermoplastic polymer bead material according to claim 4,
wherein the ratio by weight of components C1 to C2 is in the range from 2 to 5.

11. The expandable, thermoplastic polymer bead material according to any of
claims 1 o 10, which comprises, as blowing agent, a mixture composed of C3-Cg
35 hydrocarbons with a proportion of from 25 to 100 percent by weight, based on
the blowing agent, of isopentane or cyclopentane.

12. The expandable, thermoplastic polymer bead material according to any of
claims 1 to 11, which comprises at least one disperse phase with average

40 diameter in the range from 1 to 1500 nm.

13.  The expandable, thermoplastic polymer bead material according to claim 12,



Bl) from1l to 45 percent by weight of a polyolefin whose nelting
point is in the range from 105 to 140C, B2) fromO to 25 percent by
wei ght of a polyolefin whose nelting point is below 105C, 10Cl) from
0.1 to 25 percent by weight of a styrene-butadi ene or styrene-

i soprene bl ock copolynmer, C) fromO.1 to 10 percent by weight of a
styrene- et hyl ene-butyl ene bl ock copolyner, Dfromlto 15 percent by
wei ght of a blow ng agent, 15E)from O to 5 percent by weight of a
nucl eati ng agent whegg.dshe entirety of A) to E) gives 100% by wei ght.
2. The expandabl e, thernopl astic pol yner bead material according to
claim1l1, 20which conprises A) fromb55 to ;%g} percent by wei ght of a

styrene polyner, Bl) fr t of oI_on efin
whose nelting point is mﬁﬁsﬁ%g)mgzﬂ%ﬁ% er\%% %E ?ﬁm 1to

édls rse
15 percent by wei ght of J TAE 1S Bel ow
105C, d) from6 to 15 ag)gfggﬁg lﬁ;ﬁghg rgjﬁes gﬁf npAJt adi ene or
st yrene- [ soprene Ql ock l:@Opﬂéf}(mgperse Sg ‘{(ngiséeg niti %%&éﬁngﬁlhs %Wa{;é(‘ﬁﬂ ght

of a styrene-ethyl ene-butylgne bl ock 30copol yrer, rom

percent by weight of a &l oy g, . t by
wei ght of a nucl eati ng éggent %hﬁ%ﬁ@%ﬁ{%%§58530P$“93f§°"89’{%§%3. ves
100% by wei ght. 35 3, Tﬁ@eﬁ&ﬁ%d@@rh&mté&%m%%ﬁaﬁcﬁ%é’ fy pead
material according to C&ta’ﬁhsmlol130:ﬁhic|2aom¥\4aés% ozﬁ%&brﬁﬁg’%gﬁ&@@ AR

pol ystyrene (GPPS) as styrene polynmer A). The expandabl e,

t hernopl asti ¢ pol ynmess. begstestnd: 8& br@&mu@fpﬁemaaae thePnoPHic fRRRer 8dan 40C| @i B
1 to 3, which conpri sesmiaakyRtdng @6y ASkikoliyRl G &mltkds S- The
expandabl e, thernopl astic polyner bead material according to any of
PF 60664 35 claies 1 t4 4proddbig@iioleRridiivBescofinaiad ¥ BB ot BiResed of
ethyl ene and octene as pol yaieatainkinBa bomponentSh BICHRY, ilaphBpiie, EWNI Ch uses,
as conponent Cl, a bl ock cepehying s esenaeingbbwidyQége nol ar nass
IVI", is at |east 100 00 gidpebizingio filekBhdaltlk Bermmpkstt @86 b o8 @att20CKk S
conposed of from 95 to 10096 inxyervatk gedliza6dh 204 plgduglcORtS & 10BHR0NMEr S and
of fromO to 5% [® wei ght of dienes, and b) at |east one copol yner

bl ock (S/ B) A conposed. of prbesiir B8prédoctiBOexandane) igphiopladic pelytidf bad omat i C
nmononers and of from 20mdtoial8aeerding tomey cfdriimsafio i eeempiskd h a gl ass
transition tenperat ure argArnciiglaeolymamgs viragmiifiofsan30xESperaahiereviat he
proportion by wei ght of t hexizefjmensnisgfio @and, ifapprdpiegs, Bl ocks S is in the
range from 50 t o 270% by?) wedetptiting tsagherr ok, anhibenihmoketigdpoh yoverus phidee
expandabl e, thernopl asti c {6 patsyre i sidn efeveled erapleratne ediratiomig deent By of
clains 1 to 6, wherein thesHsktpeidabicdivaiogiatiy polgher herd materllk near structure
havi ng the bl ock sequence SI-(S/BGA—SZ (S/'B)A-S3, where each of Si,

Sz and Sz is a bl ockl’s. Thy el Fam 15 418 Wispsingi stage bijoimyivel bead
material according to a??iﬁe%?y?@lgﬁiwd1““E°(?°'3m9fWﬁ'@fﬁﬁsﬁh‘e‘dm@bwar@of t he
proportions of conmponents&iEPlWESY is in the range from6.8 to 18
percent by wei ght.

1€. A process fer the production of molded foams via sintering of a mixiure
comprising foam beads P1 and P2 composed of different thermaplastic polymers
35 or polymer mixtures, which comprises obtaining the foam beads P1 vla
prafoaming of expandable, thermoplastic polymer bead materials according to
any of claims 1to 14,

18.  The process actording to claim 18, wherein expanded polypropylene (EPP) or
40 prefoamed, expandzble polystyrane (EPS) is used as foam beads P2,

20. The process according to cfalm 18 or 19, wherein from 10 to 89% by weight of



The- expandabl e, thernopl astic polymer bead material according to any
of clainms 1RF®BIBA4Wherein the ratio by weight of the entirety
‘conposed of conponents 31 and 32 to C2 is in the range fromb5 to 70.
The expandabl e, thernoplastic pol yner bg;d mat erial according to
claim4, wherein the ratio by weight of*conmponents C to C2 is in the
range from 2 t ofd&m TémeiséXpanddabl tio 309ebywalkist icanpiodaye el abeashd for the
mat eri al accor dipR@gutfonaihedhol8éPlolms! t 0 10, which conprises, as

bl owi ng agent, a m xture conposed of C3-05 hydrocarbons with a
proportion of from25 to 100 percent by wei ght, based on the bl ow ng
agent, of isopentane or cycl opentane. The expandabl e, thernoplastic
pol ymer bead material according to any of clains Ito 11, which
conprises at |east one disperse phase with average dianeter in the
range from1l to 1500 nm The expandabl e, thernoplastic polyner bead
material according to claim12, PP 60664 36 which is conposed of a
mul ti phase pol yner m xture conprising bl ow ng agent and havi ng at

| east one continuous phase and at |east two di sperse phases Pl and P2
distributed within the continuous phase, where a)the continuous phase
consists essentially of conponent A, 5b)the first disperse phase P1
consi sts essentially of conponents Bl and i32, and c)the second

di sperse phase P2 consists essentially of conmponent d. 14. The
expandabl e, thernopl astic polyner bead material according to any of
10claims Ito 13, which conprises a coating, conprising a glycerol
stearate. 15. A process for the production of expandable,

t her nopl astic polymer bead materials according to any of clains 1 to
13, WIiCh conprises 15a)producing a polynmer nelt with a conti nuous
and at | east one disperse phase via m xing of conponents A to C and,
if appropriate, E, b)inpregnating this polyner nelt with a bl ow ng
agent D), c)and pelletizing to give expandabl e t hernopl astic pol yner
bead material, via underwater pellotlzation at a pressure of from1.5
to 10 bar. 20 16. A process for the production of expandabl e,

t hernopl astic pol yner bead materials according to any of clains Ito
13, which conprises a)producing a polyner nelt with a continuous and
a di sperse phase via m xing of conponents Ato C and, if appropriate,
E, 25b)pelletizing this polynmer nelt, and then inpregnating it in an
aqueous phase under pressure and at an el evated tenperature with a

bl owi ng agent 0) to give expandabl e thernoplastic pol ynmer bead
material. 17. The process according to claim15 or 16, wherein, in
stage b), from1 to 10 30percent by wei ght, based on the polyner

m xture, of a d-Cr, hydrocarbon are used as bl ow ng agent, 18. A
process for the production of nolded foans via sintering of a m xture
conprising foam beads P1 and P2 conposed of different thernoplastic
pol yners 35or polyner m xtures, which conprises obtaining the foam
beads Pl via prefoam ng of expandabl e, thernoplastic pol yner bead
materials according to any of clainms Ito 14. 19. The process
according to claim18, wherein expanded pol ypropyl ene (EPP) or
40pr ef oaned, expandabl e pol ystyrene (EPS) is used as foam beads P2.
20. The process according to claim18 or 19, wherein from 10 to 99%
by wei ght of PF 60664 37 foam beads P1 and from1l to 90% by wei ght
of foam beads P2 are used for the production of the nolded foans.



