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WD 2008/ 012217 PCT/ EP2007/ 057259 1 PROCESS FOR
REDUCI NG RESI DUALS CONTENT | N VI NYL AROVATI C POLYMERS

w6 24oBiogd2a7 of the invention] The present i nventPOIVEP2007/057259

relates to a process for reduqing residuals content
in vinyl aromatic polynmers and nore particularly in
pol ystyrene (PS). In the 10 process of the present
i nvention the vinyl aromatic polyner is brought in
contact, in the nolten state, with a solid in powder
capable to catalyze the alkylation of said residua

PEOGESSPOR REBUSRES RESIIALS BONTERTTH iy FeafiSinaTic
POLSMERS e (PS) manufacture, residual materi al

i ncluding nononmers, solvents or diluents such as
et hyl benzene and | ow nol ecul ar wei ghts oligoners such

(i - triners may be present in the pol yner 20
el 8 iARhtioh)

om ng ou pol ymeri zation reactor. Mst of the
PS produced globally is made using free-radical bulk

St y7 enBerBeBA RUBOR GUEan FeraraRs i PeuBRa]eSiduafs content
1 WA Brbatic VAR rlieAtord hatEABNR N HETRCN(S). In the

t enper at ure. evel of residual styrene nbnoner .
bedaesisnot Hee rsisani snvgntiooathey virgd-arootatisp polyareyeisafought in

PBlach oL RCHEEY 53R i SR3eRe T Al bakbig e catayze te
anaﬁf | Sid erdsidual t iRyis aaevdB At NinoPbridheony Biee My Ngromatic

safety, and polyners that are reduced in volatile
paty&i§ral s have become demanded as products. To get

| ower |evel of residuals sinple heating is not enough.
Many 30 techni ques have been tried such as : falling
$Thepdordant ahdtthé itecknicat pretsteti i f ugal

devol atilization, nulti-stage devol atilization.
Various stripping agents have also been tried such as

Ste arp ch e o ;
et hanol 116, BoFSy AP SRKGRCTE, R RE P HRAENAN including
mariceaeiso rsol WDt 008 /dilueas7 sec/ &P2600yIbebzet® arkl Nwst molecular

of .t esef. t echni qulgs reach a bda[rier in termof . .
WEIGhIS |gg[‘rw§r§élc as dimers and trimers may be present in the polymer

coming out of the polymerization reactor. Most of the PS produced globally is
made using free-radical bulk polymerization processes. These processes
polymerize styrene to only about 90% conversion. Unreacted styrene is
removed by heating under a vacuum at high temperature. The level of residual
styrene monomer left in the resin is typically 100-1000 ppm range and most
frequently 200 to 500 ppm. The volatiles materials remaining in polymer
compositions have become an issue from the standpoint of the hygiene and
safety, and polymers that are reduced in volatile materials have become
demanded as products.

To get lower level of residuals simple heating is not enough. Many
techniques have been tried such as : falling strand devolatilization, centrifugal
devolatilization, multi-stage devolatilization. Various stripping agents have also
been tried such as : Steam or water, organic solvent such as acetone or

methanol, supercritical C02, ultrasonic bubble nucleation.
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content (around 100 ppm) due to the thernodynam cs
equi | i brium between gas phase and nol ten pol yner

w@b@se122it inplies that to reach very | ow resiBPCBEEP2007/057259

styrene content, the tenperatyre and residence tine

i nside the devolatilization 5 devices have to be

i ncreased | eading to a degradation of the pol ystyrene.
That's why chem cal routes have been devel oped to get

pol yShgsenst esB tetBhXub8V¥eaeRi AUsdrrist Y &Bfn CONt&idudl <styrene
100 ppm and better < 50 ppmand still better < 10

pplln’@ent faresad cliénproa) dueiedbe doersnartynamicsl leqa@:miumg tmt\g/een gas
BBe# e gl Biliien RS LB Todl FLERY TaRlieit resiaua

tsp'@erﬁ@%bdmlt, ieYtepiieraare emguidencertin@dndide ftioe Meolatilization
“"friendly" nolecule. Nevertheless there is an

devieeshaVeltg be (er@@sqdrﬂeﬁﬁ@gd@@ Qﬂgrg%ﬂ'ﬂﬁh@féh@ pobistyrane.
ur po Bl | S I [ ry.l -
P onoonTpts M bt baou R oy BeBit WebaionBa 46 bt pistyrene with
g%@tgg‘fgegrd%hihyrmﬁ q:dn;erétJ(acpmosz Yp@npmdemttapgsg qogtlri and still better
ubl i shed on novenper
de PP’B‘isﬁl‘iF& : emlﬁgkr&%e%%mlsé 'M&B?rlgftoﬁéwlé)?m%rn% scavenger:
%%Véﬁ@%‘is aRlotbcuRP hYgey 'Ecg P& LSy R '&eﬁgerYﬁétBnZ%ﬂ it/vhﬁ:ﬁ reacts

to red styrene di ner and styrene triner content.
Yethathes eegiduiat ratyreppl ioc aonsume AR 00204 788riv pubitiersdig'd molecule.

BvpindSiabers & an ERPtP o yRELY dhahBeloe.6t seetateers for this
?h?ﬂbsé?%ﬂiéﬁ? isl 875t SmAIE AIECIREY Ii® VR ryTRAP BN cEMPARIN. must diffuse
his zeolite is a mcroporous one.” US 2002-0032266

fagedhersandoregest iora wiseoys pelyines maiex. rel ease only very

smal | ts af si_r.apl '
the addbeidn BricahaEelod {fBpYERs fof B TRYGRSL A 27 Fovember
Q0D erdede)iBes cupf of aistamtr heddlgrmadaribsolsiprenee oy steet. Said
usi ng col orless and | ow em ssion plastics which .
9@%84@(‘%1!3 bleaded gyt zeQlites 0 ppduce styangr dimsfRNAzSiyrene trimer
%ht‘éﬁ has a maxi num wat er absorption capacity of 10 wt

0 W F] respect to the weight of the zeolite, at 25 C

and 4. i} sad I

S Al UPRese pltft (ARIEARD JDBhaRT R RICUBKD D BB B august
PAOAdigsciimes polpstysrlecionedtamake thesldinguweateripts: Said pelystfyrene is

| east.. 5.5 Ang min 30 order to be able to-absorh. .
BlegaBRonits 7ol hia pahaARHETS, Mo e et TS 2eolie is a
FREBBEILRBHe. Pl astics can be used as base materials,
for exanple polyvinyl chloride, polyethylene

t er eplih 208LDOIPO6BSteV4tes o asloyboRiglastics it adieze only very
styrene WD 2008/ 012217 PCT/ EP2007/ 057259 3 . _

small amounts of undesirable organic compounds due to the addition of special
additives. The above and other objects of said prior art can be achieved by
using colorless and low-emission plastics which contain at least one zeolite of
structure type ZSM-5, which has a maximum water absorption capacity of 10 wt
% with respect to the weight of the zeolite, at 25° C. and 4.6 torr. The zeolites
that are used have a molar Si/Al ratio of at least 15, preferably from 50 to 500.
In addition, the selected zeolites have a pore size of at least 5.5 Angstrom in
order to be able to absorb organic compounds and permanently bind them. All
conventional plastics can be used as base materials, for example polyvinyl

chloride, polyethylene terephthalate, polystyrene, acrylonitrile butadiene styrene
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(ABS), polyesters, polyam des, polyethyl ene, HDPE
pol ypropyl ene, especially oriented polypropyl ene

w@ a#Bp122The use of theses adsorbents in order POI/EP2007/057259

elimnate the residual styreng in polystyrene |eads

to either the generation of significant anmount of

secondary 5 conpounds (mainly ethyl -benzene) or a non
significant decrease of the residual styrene. Another
@ABS’?%yé&eFé‘g)o%rM@bygaﬁleﬂﬁ}iédéqg-lDPEorp%@/;ﬁbWQHe especially
dar k™ br oiwn or ange hé present invention rel at'es
poentes Qﬁ}épropy@ﬁﬁe(qﬂﬂ)ous solids having different
characterisitcs than the solids generally quoted to

el i mi nBeaisere thesrsy adsarbenisrimspiersio elsninate tgirepidual styrene in
ﬁeg}g aﬁeﬁé’ I yc?g]elrtée eﬁﬁ@{o l(t) g %anr%ﬂ méf%gﬂl??ﬁﬁ{ aﬂr%u?ﬁft of secondary

ebhwouhdﬁz(mmlgemaienaene)sor aveloh ﬁgmfu@tm@cy@syer@‘rtae residual
coI oration. r[Brl ef description of the invention

‘~F ECIH?- dynaiber dripuback s fag g@lggtyfqpeag%t,tlag@ggoreq,,ar U”d dark brown
ﬁ“&bﬂ@er?ﬁ %Béntcﬁﬁ/%ﬁﬂén rbfatés Yo e l%reon%bﬁ]e porous solids
ymer sa| residual's conprising essentia

hapmgyd'rﬁenenédhanactf;ﬂ&tas onan the a@rdswnemmqeoiredttbeellmmate the

BHOY ¢ RS RpEstics SBF, weh Riolo SRpREPRCY dogiaise, 38 amount

bh‘?e@ﬂbéﬂ' 3fyre M poﬁfﬁtﬁrehés\}vﬁﬂ’@“mﬁhrﬁb’ |etI;FIQf€szﬁe generation as
nononmer on’'the vinyl® aromatic pol yner 0 Advant age of

wed asribeqalystyresatdotaratien.a sharp reduction of the
unpol yneri zed vinyl aromatic nononer in the vinyl
aromati c polymer without generating a new residual
iBriefidseption Bt ingeritiohy! ored vinyl aromatic

pol ymer. The present invention also relates to said
vinyl aromatic polyner having 25 a |ow residuals

conte pLQgér?t' |h?&1t%‘?§r°er AR t8ré &Iorcég‘éafdrr}}éﬁﬂ&ngr}lagﬁﬁals content

regar aromati C

rradalmyﬂ aromafic polpmarssalld eeﬁduallsa:’dlm‘rwmgmﬁséntmdy unpolymerlzed
rene, - mers of st rene and acryl onitr

? ronagtics m%rneﬁn%f?reé@ tR\niny! RFPRALG PRIYMET iy mo'te” state

HERERSE IS Ry 50 URTR e REGBERL I SRS i o

saigrresisuahdinglcarphmaticcmonhemenoa tlbacrkiybammatlc polymer
ol ybutadiene % e CoiadhenSuasion 981 b idh8rSORINKIBH: of the
unpolymerized vinyl aromatic monomer in the vinyl aromatic polymer without
generating a new residual and without inducing a colored vinyl aromatic
polymer.

The present invention also relates to said vinyl aromatic polymer having

a low residuals content.
[Detailed description of the invention]

As regards the vinyl aromatic polymer, mention may be made of :

- polystyrene, elastomer-modified polystyrene,

- copolymers of styrene and acrylonitrile (SAN), elastomer-modified SAN,
in particular ABS, which is obtained, for example, by grafting (graft
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- copolyners with styrene bl ocks and bl ocks nmade of
but adi ene or 5 isoprene or of a m xture butadi ene

wo caepi2ne, these bl ock copol yners can be | i nBer/EP2007/057259

bl ocks copol ynmers or star bl ogks copol yners, they can
be hydrogenated and/or fonctionnalized. These

copol yners are described in ULLMANN S ENCYCLOPEDI A OF
| NDUSTRI AL CHEM STRY, fith edition (1995) Vol AZ26,

pages pBRedrdtion ey asfred d dad T&rlonikfle on a backbone of

Petrochem cal s under the trade mark” Finaclear(r), by
BASF Qnty@utadn@we or atleutadiekesigrylohiisiergopolpmaest t he

trade Chevron Phillips Chem cal, -

SBR ( '§ 5‘?‘1 TE%?"S‘G%@AB&ubber) 15 Possi bl e exanpl es

of 1 heopblonrRiE it NSrelcasdlocky ardy @IddksS (hdwe of butadiene or
abbreV|at|on for ethyl ene-propyl ene rubber or

et hyl &98reng 5ydfemenixfuist bwadiene fsanrepenthese block copolymers
20T YR G BEOBY LTSRN IAIHELS Yy can be

et hyl ene-"prop stoner), poly 1A
acr yI hyd;toglehateobatu@ldr mtlonmjimmes@@bpolwwrenee deSCFIbed in

st yr Rl BB KNG P BB il DD BRI LS TRy, i
i sopr %Bﬁ,oﬂr)s 99 ot Ups, by %érg Eqﬁgycﬁégsoﬂ{e%ﬁeareTESI%le by Total

bl ock copol can be [in s copol'yners or
st ar Peltrockemaaabio luyher she ttreede mkUénhgléarﬁ@;ebgtMSF under the

Vi ny! ARBEIATE BOrYRED. | GERr BR Nabea gk K rtReby Chevron

styr epd|libPChBMi&S, I epl aced by unsaturat ed nononers
copol yneri zable wth styrene, for exanple al pha-
nethyﬁﬁ%(%tﬁéeﬂﬂbletﬁdteﬁ)eawbbe@t es, Qther exanpl es of
styrene copolyners which may be nentioned are

chl or opol ystyrene, poly-al pha- nethyl styrene, styrene-

Pbb@lb@ték@ngle%op@ﬁ yifier Ssabciveyiienienedoiasibers are EPR (the
Bolyners r enebut adi ene copol yners,

@@”%Wf@%ﬂeeéﬁpmﬁﬂg ruBbOR oL Eldeng npToPylensr plagtomer),
ai Ky ygﬁ ?bw[?glgg nggzésh ot héfop@%ﬁ? %{.Eﬁ%sru ';eYr&n%’thylene-

podgylenqabmxel elasmy\h@@ epolystitpdmme; aghWghitritet batadyérmt eopolymer,

RO DR S SPPOS-BeBiST U EPoR T Es08  FoglymeTS gwith styrene
ST, BB QRST BORELNER Srol mtrp gadiee
sperehiec Tewesedbloektcopiotymensycararbentingar ploickaresopolymers or star
%%ry%l cs:gpsolyz/mers, they can be hydrogenated and/or fonctionnalized (see
above).

In the above vinyl aromatic polymer just mentioned, part of the styrene
may be replaced by unsaturated monomers copolymerizable with styrene, for
example alpha- methylstyrene or (meth)acrylates, Other examples of styrene
copolymers which may be mentioned are chloropolystyrene, poly-alpha-
methylstyrene, styrene- chlorostyrene  copolymers, styrene-propylene
copolymers, styrenebutadiene copolymers, styrene-isoprene copolymers,
styrene-vinyl chloride copolymers, styrene-vinyl acetate copolymers, styrene-
alkyl acrylate copolymers (methyl, ethyl, butyl, octyl, phenyl acrylate), styrene-
alkyl methacrylate copolymers (methyl, ethyl, butyl, phenyl methacrylate),
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i) from60 to 100 wei ght % of one or nore C8-12 vinyl
aromati c nononers; and 5ii) fromO to 40 wei ght % of

won@sor2nor e nononers sel ected fromthe group PCI/EP2007/057259

consisting of Cl-4 alkyl estegs of acrylic or

met hacrylc acid and acrylonitrile and

nmet hacrylonitrile; which polynmer nmay be grafted onto

or occluded within fromO to 20 weight % of one or

Wr@né HRABYChRGbYEB ate cBpoMPierefant styiehe-ddHIBaNe-alkyl acrylate
pol ymers can be sel'ected fromthe group 10" consisting
e6bpolymess- and honopol yners of C4-6 conj ugat ed

S ond! Bpeeln et Rt W RV Ak bRl i brBiresing

f)ffﬂfm 59 tho1 00waRhg Pt oPerd oRNTBPe TS viegl gohesticf mendbmehs and
group consisting of acrylonitrile and

b fEE Pyloohd tweiglet %naf P8ecor BOpRINeRINBEGRYIEEETHEOM: the group
%Qnélgtdﬁo EE% faﬂ{y?%lsyerg o‘?'gcﬁglcté)r rﬁ@tﬁ\jﬁr@ﬁ |{9 9hd SRFoftrile and

aromatl c

orethidatyiohittikel wlmoh polysigrtrod g thelyrafte€Clono @k onabludedl\meﬂun from O
angfromG to 40, prefer nyfrom60to 50 weight %
1 28 MeIght el ONeRJARISTUODEBEPRY™ME S m t he group

consi gl ey s %&plecrgibgéﬂﬁb%ﬁ/n‘i’érgl i Bé quctEBefrom the group

rubber “may be prepare nber o
poesistiapblyy by enul sion or sol ution poI yrrerl zati on.

ese cess re wel | . known t t ho skilled in the
FFO' *ﬁ%ﬂ ﬁ%ﬁﬂflq‘f‘ﬁpﬁﬂ d f & prepared by a

r@ﬁfol;ﬁﬁef@’cﬁﬁﬁa‘irsmngo‘m PEOCS 5 Sveidit! dknEWBnNEOCor more Cas
ose in the art and described for exanple 25

pﬁnjug@tesdb@o@ﬂﬁér&ridofﬁ@m i efterddhweight {% mfes @rpnomer selected from

ﬁbe éﬁ@%‘%‘s @g Vﬁ%&ﬁ{lo@?ﬂl%gﬁ@ %tggggﬁ(gmﬁggéna from

@?b mﬁ@lyhﬁ;’ré YorfRisilg froRPe0 -to Ien) tdn@fesmy Iﬂfdn¢ 4@nbostb w@ht % of

the vinyl aromatic i's oly
Pf‘ec@DI MO GQs- C2r Wﬁ“tYéI anenn3tin y’ﬂ@h%méfs aWW'Q'bbé?e ertﬁUpﬁté@'ted or

CEPHRTRE 2 £ g cAAPTEEn 0! BB TR EBE i, 60 to 50
kg o HfRShe or W&jré rkomemetsosé¢lboiee MIthecgronptdmasstihg of Css

The. rubber ' "di ssol ved" in the styrene nononer
eaeirgataddipdingubber is infinitely swollen with WO

2008/ %8%&8@%5&’%@%%&%@@% ﬁ blﬁ‘rﬁbgpré@rfﬁé%odgh:b?eferably by

results in two co- ti'nuous "‘phases. The resul
emulsuomomr solstidregolywnerizatiwot dhesedorosegsreare 2eell known to those
S%Heg We r;Jrr,gder shear. Wen the

The vinyl aromatic polymers may be prepared by a number of methods.
This process is well known to those skilled in the art and described for example
in the above mentioned reference.

If present, preferably the rubber is present in an amount from about 3 to
10 weight %. Polybutadiene is a particularly useful rubber.

In the specific embodiment in which the vinyl aromatic polymer is
polystyrene, it could be a crystal polystyrene or a rubber modified polystyrene.
The rubber modified polystyrene is called HIPS (High Impact Polystyrene) .The
process for making HIPS is well known to those skilled in the art. The rubber is

"dissolved” in the styrene monomer (actually the rubber is infinitely swollen with
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degree of polynerization is about equal to the weight
% of rubber in the system it inverts (e.g. the

waetosem2ist yr ene pol yner phase becones conti nupCEER2A7/057259

the 5 rubber phase becones di gcontinuous. After phase
inversion the polynmer is finished in a manner
essentially simlar to that for finishing polystyrene.
The polymer is prepared using conventional bulk,

R UhbROmePY. PHISPRERIIGNIN H%V%B['écﬁ{tingﬁﬁeﬁﬁé%éﬁle?he resulting
The vinyl aromatic polynmers of the present invention

neguttien”cis-fedrto a ceariam pod yaodyrsertedClypicallyi uydergheast When the

BRBBLE o PR AN TP TRRIBER: T Bbogr e svtem
RN S égymﬁym/ﬂgf@mlpmerme@rtﬁacoFfresf @csr&mu)ous and the
the vi nyI aromati ¢ nononer is styrene. The viny

aheit mawbﬁﬁem%gilsg@nwmﬁom@r pb@ﬁﬁ:ﬂm@rw@nf t’r@npgtymer is

tnﬂlshtl,gr n"’\g'rg%ﬁ?e@ 8£%é?'[?géllgos rﬁg ocg?#t éohr%e 35%§rene The

polyomaT Ss s @resdred fusimg t b@n\mmnbpabobsllkstsoigtlorﬁ, @r. 4suspension
al r})/l esters of .acrylic or nethacrylc acid and
eSS RPN IleCTYH@USRet hacryl onitrile. Suitable esters

Of aC‘T}ﬁb' 9ln?ln§ &ﬁéf@ﬁj’ Irh&rs2bt ‘i’hé Ea ?ﬁt ﬁfﬁiehﬁbn 1y be co- or

acryl ate, acyrlate, butyl at e,

hetﬁwotwwherse ofethyilz myhaammatoe raonlometsyl Some vinyl aromatic
net hacryl at e. vi yl aronmatic polyners of the

Brasbiierd: Aot ier sesiad fins 158 Sroii BSNISTRG pE el rpipha methyl

%yﬂé{heéﬁ b n@é’ch%l”@f e CPASERDIP 26k i Vin r@%eﬁ@ﬁﬁ)nomer is
E 114808 US 6825270, EP 77063 EP 1251143,

6D0e3s, Thgsvmbaronwlm@mmeumaasla@mmhwﬂ@m@mselag fogn 60 to

1007086 bl Gt SRS Gl asl b 8B e fram 0 10 40

Mleﬁgr&r%cafform @ﬁhﬁﬁe rm@rﬁomars/\@elébteuhﬁaomthélgrau?rmhsi@tmg of Ci4
nmer is yrene the residuals are main

@tlv{éﬁ'@rs ef ﬁ?l’y 'ﬁé?ﬁzr@ﬂ@alcéﬁ%lac@aﬁnd I@ér){bori'tf'ﬁ@oddﬁﬁihaﬁwbn't”'e
a t u
é(?ij\l}gﬁlt%aég%ﬂés :B‘F a%‘P ||r.]:d9ha‘ rﬁgigﬁﬁ% lic (f%d Hgggb‘é Jn%rltﬁh Za%rylﬁ’ge ethyl
aoyneter ebuty:lo abnylé‘tev enethypanematwlates hetbyld rrtehba@rylas;e aand butyl
ggrosﬂ advant ageousl y the pores size is ran% nrgt,
Shaaryistem! 0 e 8?3 i PRLYTIEP20 M1 PSSt Hiverligny may be
'E?tfe?'rﬁ@dlﬁ I'ed mesoporosity). Advantageously the
Id specific surface is higher than 100 n2/g and
pr ef eSabhy vingt verermatis 0 patythero Oorentiegceibed nior VO 01-68765, EP

RAER G LS, MR Y, P JEE ™ 281143, P 620236, US 2005-

0070662, US 6569941 and EP 664303.

As regards the residuals, the level is typically 100-1000 ppm and most
frequently 200 to 500 ppm. In the specific embodiment in which the vinyl aromatic
polymer is polystyrene the residuals are mainly styrene. Ethyl-benzene level can
be 0 to 100 ppm.

As regards the solid in powder, the particule size is advantageously
ranging from 5 nm to 200 ym. The solid in powder could have no porosity,
should there is a porosity, advantageously the pores size is ranging from 1.8 nm
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to be as high as possible. Advantageously the chem cal
conposition is silica 5 alumna. Preferably the solid

w0 noopovater i s sel ected fromthe group conpri si PQI/EP2007/057259

anor phous silica alum na (ASAy, crystalline silica
alumna (CSA) and funed silica alumna (FSA). It is
recomended the mcroporosity to be as | ow as
possible. This nmeans the total volune of the

3 Q0ORAT Q%osé‘é?léh%ggob&%&t})h%@ng%g@BUEIVGchboéoﬁH speC|f|c surface
or03|ty Total porosity means the vol ufe

irebigper &xarai Q0 trhég Emavpleierablyf betweermi t%@@demoo m%g and more

SAABEATBRNGLS S08 BB ) 5B surcs

Shet &2 hiyreh e poedibiainBevanthgédusiyp thd efemidad chhposition is silica-
Advant ageousl y the acidity of said solid in powder is

pieina. Preferably tae ﬁpb‘ﬂ dh Fowder 4 getagted &iens the gsoup comprising
f t
SHRSATE S 054 A5, AR, 2 b B30 e tmec

s?baoblumummwﬁfsm ﬁ5|scmc8h&nensedruhe?n&ﬁoﬁd>rxbls,2y a0 b®rae low as
of the ove features roportion of the soli owader

PHS%'E@ %?ﬁ/meé%r%% Qfa'p\éﬂ'l}'%@rf’f te ”HBRP&Rf%%%Q}ﬂ @’ gdﬁﬁtha” 5%
thrfefb%% s’fiy AigRAl cﬁ‘@ély F?%(%W@Qﬁ‘e Qo ot trRNhe8BpGres and the

prefe Pethieen ylation reaction
|velumeaoﬁme]m|c$emdsAdmantmgeom31wtm atdrime rafiorSi/Ah g ranging from

fgqn% or Isél bg‘%{eﬂ?ﬁﬂb Nﬁomt% a%ﬁg A\b?fte\é%()d} eAEgntﬁgtmsferred range

Wi/AY |s PéABd £0. DAHVWaPeoJQI? tRE |a'cR|1|t;yrbf RARPSSIicCiATber is lower
i nj ected upstreamthe last devolatilization section

gramBrandopreffenalhy sarmmﬁprrearfotawdvlea@:rement of acidity is made on

AR b PPRTP el e BT sBBREfesfolic n powder

Eféﬁﬂh%vé%ﬂnultﬂféb(@lly Dor hiwewTped ¥bBvé ferdumggnomer in the
course of the %g.rp?:rlzatlon A 25 static m xer can be

2dded Prepakigur 8f aligocielif ROMEIERi i HhRe WYy Araih@lifat plymer s
Bal/%ﬁf‘sp?oﬂl? é.p ' BV\NB&CM% AlfeRfbI7 %&EQQ{ dM XNy ér‘id more
wth orl, vriny

aronmat | nrer or’ anot hér organi
breferably betwdexi 0.2atond .6t The akwammeweaoulmts a@uadl 10 seconds to

xture with a pupp or, an extr The sol i
Emd@'ﬂ%%n gleso“rBERSdJ%%Fofo'S tH@ \ﬂuﬁiﬁy a{?for?QDFa&t between the
V. I
BB pUTRorBba tiingihof (B SHAY hAbGIde add oV 8@ pofymer.

an exilhadsolid i Theowdler ¢annbe pojeded opstredrsothbelasti desoaslization
ensi on n the Cotﬁ

f o )
SeClier OB, PRk devortea s Bsb deyolatization sgstgn of the
@Fn@/lmérbﬁwafff@nﬁiﬂﬁor’?{@ PR EHzAEBA %@TWF’MMM&@& Beans the

ol'ymeri zation facilit This is of particuliar
remevalsef therungplyme sianomerainuhereourserieé the polymerization. A

§%§Qf@é>?e?”cﬁ ¥R 8808896 %Aurt NE 98oBY hifthg Wit Gh@ VidyTBSromatic

polymer. The solid in powder can be added by mixing it with oil, vinyl aromatic
monomer or another organic liquid to obtain a mixture and then injecting said
mixture with a pump or an extruder. The solid in powder can also be added to
the vinyl aromatic polymer by way of a masterbatch in the vinyl aromatic
polymer and further injecting said masterbatch with an extruder. The solid in
powder can also be added as a suspension in water in the course of

devolatilization in the stripping section of the vinyl aromatic monomer
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resulting blend is nelted in an extruder or m xing
apparatus usual in the thernoplastics industry. The

wa@ odosai122m7 powder can al so be added to the vi nyPCBEP2007/057259

aromatic polymer while said vignyl aromatic polyner is
in the nolten state to be recovered as pellets or
before injection in a nould, an extrusi on apparatus or
equivalent. It is recormmended to add said solid in

BBNAearizatBh FRENST Thféeis"éﬁ)ba'rﬁcdh%r |dt8&&ﬂcﬁ4hb "furtn*é% it alumina.
aromati c pol yner, before injectin ﬁlgvyé I basi c
| viay

Abei salideis, pawdericamalso be asided toi oammaiICpmlym@r and the

EoRRTRG S, T bl Oflh AR, 08k ElbE 3Bty usual in the

trcérh@ylémcgqaduétrpnwe sdiigah pelyst Eéﬁ@s@wubéé@&o the vinyl
(M 2 =30) are injected in a single screw extru

\ar@matl@l@Qlyﬁgernwpltﬁesalétw@yl@Qmaﬁlchsem@r i§finzths FRQV“PT‘ State to be
PRELERRL o AU o 810 BRI 5T 48Pl apgeras o

eguivatémt. The PS nmean resi dence ti me t hrough the

extru er is 12 m Sever al | es of PS are o
t aken taf rERRMEIANGED tr age Saif gollép{ggoyp_\?r e‘NE‘CheVer the way it is
E‘g@&@a Ghehé Qﬁq'yljﬁﬂimgt‘g{?@&%%r' Befbﬁ@ dﬁ?é\'/fﬂg%e%&uc pH additives, if

term ned byt OW ng et at
ary s iacicbwinglyardinsm palymer.preci pitation) -Dissol ution
of 2 g of the sanple in dichloronethane (20 cc)
(stirring for 4 hours) 25 -Precipitation of the PS by
pebeHirhpieg) of 5 m of methanol (stirring for 4 hours)
-Determ natl on of the styrene, ethyl-benzene (EB)
concentration in the solution by gas phase

et r oChnP VN S A OGERs)T o tRLi ngrger are
b’kirﬂdé@dﬁﬁhel\fbﬁo\&ﬁi;@nditm(?) equal to 30. The Y
zeolite (Abscent 1000 fromUOP) has a ratio Si/A =

30, pf[leds polysirene graneladgR (Mbrle=stQeare inipcier it Posingle screw

Q2001220 %E/aﬁaggg%@"geﬁa%e 2 SEffbrknaly with a soli

er05|l(r) ussa,
poppker. e'ﬁwé)yexfmaoa ten@eratufesptofmwbe be‘ewéerDaQG) caid( 2)0°G along the

ggﬁ’ucrleerstij Pgrrﬁegr? reS|gence time through the extruder is 12 min. Several
samples of PS are taken at the outlet of the die.
Then Styrene, E-benzene residual contents in the samples are determined by the
following method (volatils extraction by dissolution/precipitation)
-Dissolution of 2 g of the sample in dichloromethane (20 cc) (stirring for 4
hours)
-Precipitation of the PS by addition of 5 ml of methanol (stirring for 4
hours)
-Determination of the styrene, ethyl-benzene (EB) concentration in the
solution by gas phase chromatography.
The crystal polystyrene is a Total Petrochemicals commercial grade (PS 1960)
having a Melt Index MI5 (5 kg — 200°C) equal to 30.
The Y zeolite (Abscent 1000 from UOP) has a ratio Si/Al = 30, pH: 5.2 and an
average pore size : 10 Angstrom (1 nm).
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WD 2008/ 012217 PCT/ EP2007/ 057259 10 Table 1 Pore

Spec. % Zeolite Silica or ASA or Styrene EB Tot al
w@beosion215i / Al size area pH CSA or (ppm (ppm PODERL00T/057259

Color (A (m/g) FSAin PSng - - - - 0 180 25 205

....................... Zeolite Y 30 10 - 5.2 0.25 13



No col or
hazy) No col or

CSA 30 81 880 3.4 0.25 46 28 74 (slightly

W@ sdosg2iy hazy)

CSA 100 36 990 3.2 0.25 77 38 115

PCT/EP2007/057259

Silica -
alumina

' % Zeolite -
1-or-ASA or
CSAor

{-FSAin PS.

*Styrene | -

(ppm)

| ~Total -

Color

no . .

205. .

Zeolite'Y

‘30 -

10

"'0.25

3

‘112

125 °

Brown

CSA [.30 | 81 | 880 134} 025 | 46 | 28 .. 74 | (slightly
hazy)
.................................. No color
CSA" " [ "100" | "36 ° "990" " *|'3.2 0.25 77 38 115 (slightly

hazy)

ASA. -

-25.

.70 -

.78 ...

- No color

- (slightly
hazy)

ASA. |

130,

|58, .0

. No color

(slightly
hazy)

ASA

.60

. No color

(slightly
hazy)

ASA"

26

1471 0

" No color

" (slightly
*  hazy)

ASA: -

1-3.2

- No color

(slightly
hazy)

ASA. .

.45 .

.135.

.33 ). ..0

. No color

(slightly
hazy)

ASA

25,

70,

7.8

No color

_ (slightly
hazy)

ASA™

‘60 °

No color

" (slightly
" hazy)

ASA- -

No color

¢slightly
hazy)

L. . . . . . . No color
FSA. . | .100. - . 170. .4 0.5 120 25 145 (slightly
...................................... hazy)
... ... ... .. Nocolor ASA 2.5 70 450 7.8

0.25 114 27 141 (slightly hazy) No col or
360 5.8 0.25 135 26 161 (slightly
6 60 500 5 0.25 60 32 92 (slightly
ASA 7 46 640 4.7 0.25 85 40 125 (slightly

col or
hazy) No col or

ASA 6 130

hazy) No col or ASA
hazy) No col or
hazy) No

ASA 40 20 790 3.2 0.25 52 37 89 (slightly
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ASA 45 135 315 3.3 0.25 113 25 138 (slightly hazy) No
color ASA 2.5 70 450 7.8 0.5 81 29 110 (slightly

whamgpi129o7 col or ASA 6 60 500 5 0.5 40 36 76 (BECT/BPLO0Y057259

hazy) No color ASA 40 20 790448.2 0.5 34 35 69
(slightly hazy)

.....................................................

....................... No color FSA 100 - 170 4 0.5
120 25 145 (slightly hazy) WO 2008/ 012217

PCT/ EP2007/ 057259 11 CLAIMS 1 Process for reducing
residuals content in a vinyl aromatic polyner, said
residual s conprising essentially unpolynerized vinyl
aromati c nononmer, 5 wherein the vinyl aromatic pol yner
in the nolten state is brought in contact with a
solid in powder capable to catalyze the al kyl ati on of
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15

aromati c nononer on the vinyl aromatic polyner. 2
Process according to claiml in which the vinyl

wa@eas@iize7 pol ynmer 10 conprises : i) from 60 teCL@82007/057259

wei ght % of one or nore C$_12¢yinyl aromatic nononers;

and ii) fromO to 40 weight % of one or nore nonomners

sel ected fromthe group consisting of Cl.4 alkyl

esters of acrylic or nethacrylc acid and acrylonitrile

and  get haprydap bbbé@in%"ﬂbcaaﬁml’r@ﬁer@w the S8Rl e bowder is
onto or occluded wthinTromO 15 to 20 wei ght % of

salectad Homethegrbep opulriging 8amosoiRusceibea alkbisunai(A§A).ocrystalline

n ne_of pre ' £l ai wh iR the particule

§|l'§@%&m'ﬂqﬁe&’§ﬁ‘)i%]qcﬁ%%%@g?@sm'gﬂg'isé‘)f rom5 nmto

200 pm 20 4 Process according to any one of the

precedi ng clains wherein the solid in powder has a

speci Pi ¢ aPeacassgraordingno cmnp of 8 wheredt thesatomic ratio Si/Al is
[ ne of the preceding clains wherein

?ﬂ@ﬁﬁgﬁﬁﬁhégH%gﬁ¥ﬁer has no porosity. 25 6 Process

according to any one of clains 1 to 4 wherein the

solid in owder is sych as the pores size.is rangi ,
from 198 n r??ﬁ%@m&ﬁgﬁ%ég‘eﬁ%@g?cﬂr%ﬂi'@g &[ngr‘/@gere'” the
8Licht) B rBERCSSINA SRhRIcTs IR Ghah bhe 30 cheri cal

conposition o olid in powder is silica-alumna
WO 2008/ 012217 PCT/ EP2007/ 057259 12 8 Process

according to claim?7 erein the solid in powder_ is. o
el ectidd t FosKasTe Sroe Shhiper (f Miselsh SREIT Pr sBid solid i
?bwﬂbngrgﬁgﬁk)ﬁ@ﬁy§kﬁ$Jine silica alumna (CSA) and

umed silica alumna (FSA). 5 9 Process according to
claim7 or 8 wherein the atomic ratio Si/A is

r angi froma2. 150 Proce C ing t.o an

one of 2 he IE gty e [REFEDY PeCOliehdidiadfbne of e
phackasy tldim® powder is lower than 9. 10 11 Process
according to claim9 wherein acidity of said solid in
powder is ranging from3 to 6. 12 Vinyl aromatic

pol ynmer made by the process of any one of the 15
precedi ng cl ai s.



