PROCESS FOR THE RECYCLI NG OF EXPANDED POLYSTYRENE The
present invention relates to an enhanced process for

woth@/aegxsycl i ng of expanded pol ystyrene. More PAT/EP2006/006247
particular, it relates to a process conprising the
reduction in volunme of expanded pol ystyrene by neans
of dissolution in a solvent, separation of the
i nsol ubl e com ponents, the selective precipitation of
pol ystyrene with an ant i -solvent, the separation,
drying and extrusion of the precipitated pol ystyrene,
recovery by distillation and re cycling of the
sol vent. Expanded pol ystyrene is used in |arge
quantities, due to its |ow heat conductivity and good
shock- resistance, as a packaging material for various
product spaitdhcasrck HeRARebvorTHE Al REP AL bRy AiENE
bui l dings and refrigerators. The waste products
deriving fromthese materials and the pro duction
wast e of expanded pol ystyrene, as its specific weight
is very low, are extrenely volum nous and conse
quently its transportati on and subsequent di sposal in
dunps are a problem D sposal by incineration of these
wastradab fEsShS, iORvehnite opl hes1dwed, tbs an abshapeell @hocess
as it can interfere in the conbustion process of the

£ o GiHe G c 18l &ﬁ&&@&;@ol stpredyction of toxic
gases. Sone types of expanded pol ystyrene, in fact,

Whi ¢dre in particular, it relates to a process comprising
the reduction in volume of expanded polystyrene by means of
dissolution in a solvent, separation of the insoluble com-
ponents, the selective precipitation of polystyrene with an
anti-solvent, the separation, drying and extrusion of the
precipitated polystyrene, recovery by distillation and re-
cycling of the solvent.

Expanded polystyrene is used in large quantities, due
to its low heat conductivity and good shock-resistance, as
a packaging material for various products and as a heat in-
sulating material for buildings and refrigerators. The
waste products deriving from these materials and the pro-
duction waste of expanded polystyrene, as its specific
weight is very low, are extremely voluminous and conse-
quently its transportation and subsequent disposal in dumps

are a problem.
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contain brom nated flane -retardan t additives, can
when in cinerated, cause the formation of extrenely

WO 2007009589 ybr om nat ed di oxi ns . For these reasPCBEEP2006/006247
wast e products from expanded pol ystyrene shoul d be
recycled, in a first phase reducing the vol une and
subsequently regenperating the paly styrene . The .
convgﬁﬁﬂﬂﬁﬂlrﬁ%hbﬂglPﬁFgGBPBngfry S offShg PRgerials, on
recycling of polystyrene, which_include . .
thge N9 cRART c alt Sc ShkE? nBrePLalneds, ifo FRR aPFgRLere in
t he po%ésty(ene to be separated fromthe other
tiheodgembugtdoant PYACEHE exbatded BBFYBREYAERE, aRE tFRFy also
al so have the considerabl e di sadvan tage of causing
cals eoxtinfatinadystr 1o obeprtat 9d%e8f t he pol yner, thus
reducing its quality (Kano, Suzuki, J . Jpn. Pack.
| nst Son@l, tgRes1998; eSpsauledHapadyséyrane, Kagakipct, which
Kogyo, 66, 395 1992) . Another nethod for reducing the
cositang Mramichateny Tlamg- expandadt patigstyvese can, when in-
described in the known art, which overcones the above
ddnameacids, caakedeshéhealinsstuian t odin ekttémsepyl yori¢ npoly-
an organi c solvent. The recovery of the polystyrene
Hricaibridted itk Dils | SFben tékfsec trechdnnss,ol waste products from
evaporation, or by precipitation by the addition of

PRI dp_@l@@tj’/réﬁévemlbulﬁmas@ t¥pgchedpr deesse§irst phase
descri bed in the known art, however, also have severa
rdRBHK Shei Shurhe 0pid dédBsequent ly regenerating the poly-
styrene.

The conventional methods for volume reduction and the
recycling of polystyrene, which include thermo-mechanical
compacting treatment, do not allow the polystyrene to be
separated from the other products present in the expanded
polystyrene, and they also have the considerable disadvan-
tage of causing the oxidative partial degradation of the
polymer, thus reducing its quality (Kano, Suzuki, J. Jpn.
Pack. Inst., 31, 33, 1993; Sasao, Harade et Al., Kagaku Ko-
gyo, 66, 395 1992).

Another method for reducing the volume of and recy-
cling expanded polystyrene described in the known art,
which overcomes the above drawbacks, includes the dissolu-
tion of the polymer in an organic solvent.

The recovery of the polystyrene from the solution is
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their industrial application, anong which: the use of

toxi ¢ and dangerous solvents for human bei ngs and the
we@poo7oenssent, as in the case of the use of ar OPEL/ER2006/006247

or gano- hal ogenat ed conmpounds instability and

variability of the characteristics, quality, market

avai lability and price,- unaccept able organoleptic¢ . .

thiesr RERTERIcOY £OTYPRhee¥aRBTBF1PRe e BF BRRGIRiEation

as solvent insufficient or zero renoval of the

byddihe peislidaiPnt BhetRTeT tPe FALIRFAISPLVERLt r eat ed,

foll owed by poor %uality of the recaovered, pol ystyrene,

as | Fheise chgke oPlr R¥IVEEFS0y SeF5aHREniPr &f& hgnown art,

solu tion or the precipitation obtained by the

hasivisron eflseat daver sexezelly sapebeicks. or whdich Jjeopardize

anti sol vents such as saturated hydrocarbons. Exanpl es

tofe iad dirtdusds Wahl Apshioca th oe, saponat edithom pol y

styrene are brom nated flane -retardant additives,

sugh asgné oisexaspl eoxhexandnesyge peadeclardt¥Dfor human
and coadjuvants of flane -retardant additives, such

as, forpexagsl enditcsykpeliopndentDCR)s . iThéke case of the
addi tives nust be renoved from pol ystyrene in order

t oavoi dusdeof oapaiheicobrt exgangased odene teel rameidwns
and col ouring of the polyner during the subsequent

eXIrUSifﬂSPQB§fity and variability of the characteristics,

quality, market availability and price; unaccept-
able organoleptic characteristics, as in the case
of the use of limonene as solvent

. insufficient or zero removal of the additives con-
tained in the material to be treated, followed by
poor quality of the recovered polystyrene, as in
the case of recovery by evaporation from the solu-
tion or the precipitation obtained by the addition
of water or scarcely selective organic anti-
solvents such as saturated hydrocarbons. Examples
of additives which should be separated from poly-
styrene are brominated flame-retardant additives,
such as, for example, hexabromocyclododecane (HBCD)
and coadjuvants of flame-retardant additives, such
as, for example, dicumylperoxide (DCP). These addi-

tives must be removed from polystyrene in order to
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difficulty in recovery and drying, followed by the
poor quality of the recovered polystyrene, as in the

W@ 289a/00%55¢ ecovery by evaporation from hi ghboi | PEYEP2006/006247

solvents or precipitation fromsolvents with a | ow
volatility such as al kyl ene glycols difficulty in

sol ubilization (lowrate of dissolution and |0
concent?¥Ri@ntbe ﬁpgﬂa%%9%xSQ)FQﬁlqrﬁ?%%?utFBﬁ)degﬁgdatlon
in the case of the use of solvents with a | ow

vol ati 138§ §@dRuUEdNg ki ehesPedymey) Wwgingt Haf s syhgequent
esters difficulty in fractionating the

sol vent¢xprusopuephafexture after the recovery of the
polysty rene and difficulty in recycling the sol vent

I ne t he @DEFSEWLENE it SStaitdon shé@pdriyingar ticlilewed aby the
the anti-solvent is nornmally used in a | arge excess

(up to fdet5 quatesibyofiei the wecovieagsecpolystiigene, as in
solvent) , processes are particularly jeopardized,

whi ch, tiye uscage high- heidaverwolbienteyagpetatgran from high-
volatile anti- solvents, require, during the separa

tion stiepibyngi ssblirahten ot tpeesdpientiamnt i Salowensolvents
m xture, the distillation of the whole anti-sol vent

cont ai nedthnat hewmrylas@lasyt suahl ast kbaksdlerentg tyecdies
recycled to the styrene dissolu tion step, with an

enprnD%ﬁifPngit90@ﬂ“§giﬁgﬁfHQEtion (low rate of dissolu-

tion and low concentration or high viscosity of the
solution), as in the case of the use of solvents
with a low volatility such as dibasic esters, gly-
col ethers and esters

U difficulty in fractionating the solvent/anti-
solvent mixture after the recovery of the polysty-
rene and difficulty in recycling the solvent in the
polystyrene dissolution step. In particular, as the
anti-solvent is normally used in a large excess (up
to 10-15 times by weight with respect to the sol-
vent), processes are particularly Jeopardized,
which, by wusing high-boiling solvents and more
volatile anti-solvents, require, during the separa-
tion step by distillation of the solvent/anti-
solvent mixture, the distillation of the whole

anti-solvent contained in the mix, so as to allow
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econonmi cal burden for the process, which makes in
dustrial application undesirable. In order to overcone
WO pw3eossawbacks and devel op proc esses whi ch BGRHEPR2906/006247
applied on an industrial scale, sol vent/anti-solvent
systens have been studi ed, having i mproved
characteristics with respect to_those described in the
known afFpe. sﬁ’&ﬁf&ﬁé'fsé:%a}PgnFeSkfﬁFFQattioon@‘%Ps'ﬂrﬁﬁg di%so1u-
865, JP 11-080 418 and the international patent ,
appl i cat1®R WEER0Y DIBO2D, ePGr MRS MARET PesEPRFUTPREOn and
excel l ent properties as solvents, with respect to )
expande€CPBPPSEFLefBIrdsm f QY| ther PERSSSS . WhighePgkes 1n-
Pat ent applications JP 11-080 418, DE 10207336, US
5, 232, 98us hrdaWappdsireLion? uadesirgdlehe opti mum
proper ties as anti- solvents of |ow boiling al cohols,
i n gdmercadderTHes eovd xodrne stheee cAuawbackszandpyeyeleyp proc-
non- sol vents for pol ystyrene and good sol vents of the
eacieist | weschortami nbd iapphieedobpstam enadussalifnl secate, sol-
to allow the selective pre cipitation of pure
veslty/sintierso lareh t t sysapEansat hawef rbeehhestaddi¢dyveshaving im-
which remain in solution. A process based on the use
pHovedachacataerdottcpatwioh ofegpsot vepnt @mbandescribed in
anti-sol vent has now been found, which allows a

ROl idnt expanded pol ystyrene to be

recovered,w thout difficulty in fractionating the

sol verid-alddes gbyedht applications JP 11-005 865, JP 11-080
418 and the international patent application WO
2005/023922, for example, describe the excellent properties
as solvents, with respect to expanded polystyrene, of alkyl
carbonates, in general.

Patent applications JP 11-080 418, DE 10207336, US
5,232,954 and WO 2005/023922 describe the optimum proper-
ties as anti-solvents of low-boiling alcohols, in general.
These alcohols are characterized by being non-solvents for
polystyrene and good solvents of the additives contained in
the polystyrene itself, so as to allow the selective pre-
cipitation of pure polystyrene and its separation from the
additives which remain in solution.

A process based on the use of a particular combination

of a solvent and an anti-solvent has now been found, which

allows a good-quality expanded polystyrene to be recovered,



10

15

20

25

m x and wthout any difficulty in recycling the

sol vent to the pol ystyrene dissolution step. In
wW@wanekafte with this, an object of the presenkCI/EP2006/006247

invention relates to a process for the recovery of

pol ysty rene fromwaste material containing expanded

pol ystyrene essentially conprising: i . the reduction .
Wit Hapty ned bf £ 2XpahYed §0IQ£¥V% B ankhBf solvent/anti-
di ssolution in a saolvent; ii. separation of t

. ) , he _
SOHYEMIb| Biordifhe MiShAUY 2y e AIHRIAY Y ofi B HeSCycling the
pol ystyrene solution by neans of an anti -solvent; iv.
sediyardt iteh, th e hs ayiee e yihgsS et v E ke pfEEPpi t at ed
polystyrene ; v . fractionation by distillation of the
conpdmeraecydames noi kbr thilguoamuKRRI 4 @hethe present in-
preqlpitation and washi ng, recovery of the sol vent
viergrharher élbatesf toha@ dpsesesat fon ddeunreeenery sof polysty-
recycling to step i ) , recovery of the anti -solvent
Heren Fhembotd oire ofmattler idilst ¢bhhainangolapanded polystyrene
characterized in that the anti -solvent is a butano
eﬁﬁeﬁﬁﬁaiﬁy(nomptimﬁmgl, i so-but anol or sec -butanol
and the solvent is di nethyl.carbonate, alone or in a
m Xt ur ethentradiidwiar i 26%uing wE gihtpaidddit podlystyrene by

means of dissolution in a solvent;

ii. separation of the insoluble components;

iii. precipitation of the polystyrene solution by means
of an anti-solvent;

iv. separation, washing and drying of the precipitated
polystyrene;

v. fractionation by distillation of the components of
the mother liquor used for the precipitation and
washing, recovery of the solvent from the head of
the distillation column and its recycling to step
i), recovery of the anti-solvent from the bottom of
the distillation column, characterized in that the
anti-solvent is a butanol selected from n-butanol,
iso-butanol or sec-butanol and the solvent is di-
methyl carbonate, alone or in a mixture containing

up to 25% by weight of butanol.

The particular utility of the use of dimethyl carbon-
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The particular utility of the use of dinethyl
carbonate as solvent, in conbination wth butanol as
W@ po79e5§ent , shoul d be consi dered as quite suP@EF/EBIONE006247

It was, in fact, known that dinethyl carbonate forns

mﬁtg | owboi | ing al cohols containing from1l to 4

carbon atons, azeotropic m.xtures wth. a mnimnmu .

a;&& | A%y Seventor difF f iCOME NSt oD a§)u3:@§%()rrq b&F anti-
or exanple, in Rodri guez et al., FLU D PHASE,

sedvantBRrIophd hecopdideored aft IRAECaPLEPF&§i ot e

to expect that these m xtures woul d not be good

sol vart Wa®r pBl Ak enEnoWe thaty KE MR tdEEhceapPoppREe forms

al cohol having known anti-solvent characteristics.

wiittils lgyedail Ingtabeelplangontadinéed §ERBndt £ 8d jyFPon at-

the inven tors in the case of azeotropic m xtures of

atisvetdzeotnobbn Miatypnes ity @ sdmimum_bebbipg point, of
i so-propyl and tert -butyl alcohol. It is also

&ifffgrdwlithgre st ubianxt ese deserdibschg &r nexayple, in Rodri-

carbonate and up to 25% by wei ght of butanol, also

qaldovest tak. r eBLUTDoPHASE @QINE.TBRILAli 28D] ulB@dn26f, 2002. It

expanded pol ystyrene at roomtenperature in very short

wasTesl s dl édnet Fastye prodexpeon vthasokhesenmiwitires hicgild not

concentration of polyner, under conditions and with

HeesSgbds Roasidma | Foropolgsalyirens,t didose diiei pgdsence of

t hrough the use of dinmethyl carbonate al one, and

thed tLIcdhEn Hdeseg Okhawvnednii t Bot kenysehafraetheerisalikyd. This

car bonates .

does in fact occur and has been demonstrated by the inven-
tors in the case of azeotropic mixtures of dimethyl carbon-
ate with methyl, ethyl, n-propyl, iso-propyl and tert-butyl
alcohol.

It is also surprising that a mixture containing di-
methyl carbonate and up to 25% by weight of butanol, also
allows the reduction in volume and dissolution of expanded
polystyrene at room temperature in very short times and the
easy production of solutions with a high concentration of
polymer, under conditions and with results practically com-
parable with those obtained through the use of dimethyl
carbonate alone, and better than those obtained with the
use of other alkyl carbonates.

It should be pointed out that the use of dimethyl car-

bonate (or the mixture containing dimethyl carbonate and
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It should be pointed out that the use of dinethyl
carbonate (or the m xture containing di nethyl
W@ 200000886 andbut anol in the above-nenti oned PCT/EP2006/006247
proportions) as solvent and butanol as anti-solvent,
according to the invention, is es sential for an easy
recovery, of the solvent b tillation fromth
I%Quﬁﬁeuggﬁvﬁowepﬁé %Cﬂﬁqgﬁ§§ﬁ9%ﬁh ﬁﬁsﬁPﬁﬁent and
of polystyrene, after the separation of the |att
tERstt ashéHebeiRhTgnbi HEGPHYIRg EPf ERE 11ﬂ¥ent1°nr is es-
distillation of the anti- solvent added in larg
TP RHi $RE N PFREEHY t A | BRe oﬁoﬁ-ﬁénﬁoWsﬁ}lséﬁé lation
The use of dinethyl carbonate as sol vent, and
frenbding mp e hbl Gueint UseRf BPFi Bhet BreRaPiapsAcRoand wash-
such as nethanol, ethanol, propanol, isopropanol or
imer t of bipcdnt tyzenaint Aftes) vehe s sapanat iaquPte et lptter,
and uneconomni cal separation operations of the
widinomrterithee aofiec@es dkpotfopiay imaxthg eefbeeecbher dilsgillation
di met hyl carbonate. The use of higher carbonates such
ofs dhet laylt icadiorerdat eaddegdr apy| leagkoreteess dicbudlytain the
carbonate, would, in turn, not only significantly
preefigridiazs drheo fli tdso | pv 1 pec yeeee of t he pol ystyrene,
whi ch woul d be slower, but would al so necessitate, in
t he separaséorofphaseechnydi statbahava efs t Belvent, and low-
sol vent-anti-sol vent mxture, the distillation of the

peialiegard i colsel ¥yenbtC draidietindg tbe thextinveritoi@h) osuch as
the solvent to be recycled to the pol ystyrene

mit$SQId1t, | 08thanol, propanol, isopropanol or tert-butanol,
as anti-solvents, would require costly and uneconomical
separation operations of the components of the azeotropic
mixture to recover the dimethyl carbonate.

The use of higher carbonates such as diethyl carbon-
ate, dipropyl carbonate or dibutyl carbonate, would, in
turn, not only significantly jeopardize the dissolution
rate of the polystyrene, which would be slower, but would
also necessitate, in the separation phase by distillation
of the solvent-anti-solvent mixture, the distillation of
the whole anti-solvent contained in the mixture to allow
the solvent to be recycled to the polystyrene dissolution
step, with an enormous energy consumption and economical

burden for the process, making it undesirable to be used on

an industrial scale.
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step, with an enornous energy consunption and
econom cal burden for the process, making it
WQpes95abl e to be used on an industrial scal ePdHEP2006/006247
process, object of the invention has numerous ad
vantages with respect to the processes of the known
art, in all the steps in ich it.,is articul ated.
Di meflif REQISSHA e° hﬂcBuggnG S @VEUHI A AP oiHgETous ad-
they are inexpensive, widely available in ipdustri al .
VBRSO Wiy & SPRRSer o 1Y RTRBFFPES Qhdthe FnowA art, in
favour abl e toxicol ogi cal and eco-toxicol ogi ca

addordre isgeps e witkkiRtionls Yol et BA4d- di ssol uti on

of expanded poly styrene in the solvent takes place at

o Danetayecatritomate extd emetgnohpade t sb@blandompounds, they
solutions are obtained with a high concentration of

ariee potxypens ind. wiktided ynoeler blable s idosindusypizh practice,
facilitates the separation operation of the insol uble

hiavact @ omodegra tex afiphwmabit ikyr @ridnhavehef aopwerpless@xico-
in the reduction in volune and dissolution of the

legiarede cirpblemsi ytrenic clog bea Easrogereteser ed by
distillation of the nother |iquor used for the

oPEEI Rl dleligm and Weslhd G dDesophiysbyr ereexphihdled poly-
separation of the latter, without the necessity of

dtgiigi@ tin dtRéi lsdivermnttialksed vpbacadaed roorm tamgerature in
excess to obtain the precipitation of the polystyrene,
eMitiden 160NE8ANAN t RRS | deiabbelebesny axk cobtadaedngwith a
high concentration of the polymer and with a moderate vis-
cosity, which facilitates the separation operation of the
insoluble fraction, for example by filtration.

e The solvent used in the reduction in volume and dissolu-
tion of the expanded polystyrene can be easily recovered by
distillation of the mother liquor used for the precipita-
tion and washing of the polystyrene, after separation of
the latter, without the necessity of having to distil the
anti-solvent added in a large excess to obtain the precipi-
tation of the polystyrene, with a consequent considerable
energy and cost saving.

e The use of butanol as anti-solvent for the precipitation
of the polystyrene from the solvent guarantees a high re-

moval selectivity of the additives and easy separation and

drying under moderate vacuum and temperature conditions of
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The use of butanol as anti- solvent for the
precipitation of the polystyrene fromthe sol vent
w@earamsees a high re noval selectivity of thePCI/EP2006/006247
addi tives and easy separation and drying under
n?de{ate vacuum and tenperature conditions
of pol ystyrene, with a consequent  hjgh [it f the
PRAVSREFreR8eoVardY 2 m%ﬁe%%nbehgala? (’?&""t}’oyo‘"o the polymer
subsequent extrusion w thout colouring and without a _
rgeevessd, i whigh neRBcHearsWri fted By SBSgayfpt extrusion
according to an enbodi nent of the inven tiaon, the
wsbhouht daiomyiglg t aedr wdtbolén 3 ndeereageadd dike molecular
sol ution of the expanded pol ystyrene is effected,
waddhti.on ally contains a saturated aliphatic or cyclic
hydr ocar bon havi ng a nunber of carbon atons equal to
or | Byepperartifg arceprdingir 8o oins gmpodigesdardonshe ginven-
a concentration rang ing fromO0.1 to 35% by weight in
tiba, nckkeuselvEnts iny oo dartion reduet ign comt wphemg and dis-
carbon atons and is introduced into the process by the
shasteomaidr ithle eopiaaiddd pakmandesheol yseffeneedpbpddition-
of the treatnent, representing the residue of the
a@ipandimtiagens waetrsiddd «biphated bhrerereilidhbydrocarbon
expandi ng agent residue is normally contained in the
hWAShg RIS r CoRt ahrbds exrilesqpsl ysbycandowdx than 7,
ject of the treatnment, at a concentration varying from
o? & Mextu3% Ry WRiighthyddodSriseid) | $t Ng ¢bAtenvbaBion rang-
operating according to the

ing from 0.1 to 35% by weight in the mixture. This hydro-
carbon normally contains 5 carbon atoms and is introduced
into the process by the waste material containing expanded
polystyrene, object of the treatment, representing the
residue of the expanding agent used still contained
therein. The expanding agent residue is normally contained
in the waste material containing expanded polystyrene, ob-
ject of the treatment, at a concentration varying from 0.1
to 1.5% by weight.

It is surprising that, when operating according to the
above embodiment of the invention, the solvent mix contain-
ing dimethyl carbonate (or dimethyl carbonate and butanol
in the proportions indicated above) and additionally a
saturated aliphatic or cyclic hydrocarbon, allows the re-

duction in volume and dissolution of expanded polystyrene



10

15

20

25

above enbodi nent of the invention, the solvent mx

contain ing dinethyl carbonate (or dinethyl carbonate
wW@ew7005&nol in the proportions indicated abovRT/EP2H06/006247

additionally a saturated aliphatic or cyclic

hydr ocar bon, allows the reduction in volunme and

di ssol ution of expanded pol ystyreneat, roomt t
=Fn 7Rty it TaiH { FReS Y caRi oBaBEPoRTst the easy
solutions with a high concentrati,o f I Y d
DEGABFERBRS O P 4R Ut S5 CBmBH B SPTISHIE 1% OF Poly-

w th and even better than those obtained in the

mebseBdedt RN HRRDcARBoNAth resulits CRPKelRdy compara-
that, simlarly and in addition to al cohols, said

biat wisheand iepieat iketdecyidian HRFD @PEdHRedr EnaFhg absence
anti- solvents which precipi tate the polystyrene from

oft sasd ttydrecamisonescathdd fir Exghpkaown that, similarly
i nternational patent application WO 2003/ 35729. It

astoulrd #édpoinnedoualonbelawr saitht saheAtede abdphatic or
panded pol ystyrene to be recycled contains a saturated

cgkill iphatyidr aracyohs c alrpdradcay bant suehlasnpentwiniech gprecipi-
resi due of the expandi ng agent used, normally at a
taeacealid apodbyisvargnend romon s 1sobulisdsby aseidgecribed for
which is accunulated in the process streans follow ng

ekBfpll er @6y G hitk@ndtionise mitdrite aunp Virdt o €ON2aPB/ BG729 -
di methyl carbonate (or dinethyl car bonate and butano

in the pheRdd ikspbititeat edtabave) mane addit,i onadhythe ex-
the saturated aliphatic or cyclic hydrocarbon at a

p?%g%@nbb§9§@?ﬂéﬁéﬁﬂﬁlHé(XEé&GﬂedCbéﬁ@ﬁbysm&ightukated ali-
phatic or cyclic hydrocarbon such as pentane, as residue of
the expanding agent used, normally at a concentration vary-
ing from 0.1 to 1.5% by weight, which is accumulated in the
process streams following their recycling, the use of the
solvent mix containing dimethyl carbonate (or dimethyl car-
bonate and butanol in the proportions indicated above) and
additionally the saturated aliphatic or cyclic hydrocarbon
at a concentration ranging from 0.1 to 35% by weight in the
mixture, allows the entity of the process purge streams to
be minimized with a considerable benefit with respect to
its handling and cost in the light of its use on an indus-
trial scale.

The material to be treated can be any waste material

containing expanded polystyrene, such as, for example,
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m xture, allows the entity of the process purge
streans to be mnimzed with a considerabl e benefit
WaRmopsspect to its handling and cost in the PCTRP2006/006247
its use on an indus trial scale . The material to be
trFated can be any waste material containing expanded -
pol ystyrene, such as, for_exanple, waste from
WARBGSEFPR 1BCEIRdLiRh RIS 100 DOROLp U cBETRRPSOE CUE-
and transformers, waste fron1packagin% obt ai ned from
terBarRnd f FERBAEPENEYSna S 1| FERR| BACKaZIRTIpLained from
pol ystyrene fromagricul tural_ applications
urbaad diffprendtiatedrivasht e bicsbioR, t¢¥RRBACdaRCAYSEYTENe
contain, and normally does con tain, one or nore of
from agwdlcuddaingly @pplsigst eng| b3e¢diterys) etc.. The mate-
anti oxi dants, stabilizers, dyes and, in particular,
rfibAmeor beartd@at eatidian s uednteaimr owpdaneymally does con-
flameretardants, for exanpl e hexabronocycl ododecane
taHBCDorgn o omdicay aft sche fushaheaddisivast slgih jgesplasti-
for exanpl e dicunyl peroxide (DCP) . The material to be
ctizegted amy calistartave dtedni kidyest edlye® angy evnopsrticular,
mechani cal conpression operation until a density is
fnaaehedtafrdaraxanpbiditafeasbousuéhl Ko 1. bBpmdipertatd ngflame-
according to the invention, the dissolu tion of

réxpaaded snol §6t y eenRmple chégsbecmatyalousfbenne (HBCD) and
pressure, in an apparatus preferably equipped with a

ct%%a ' ggﬁgbt.satoﬁ tre AReratae daited ddi £ 2ngs Ng florone24iifle di-
cumylperoxide (DCP). The material to be treated may also
have been subjected to a previous mechanical compression
operation until a density is reached, for example, of about
0.1 Kg/1.

By operating according to the invention, the dissolu-
tion of expanded polystyrene is effected at atmospheric
pressure, in an apparatus preferably equipped with a stir-
rer, at a temperature normally ranging from 20°C to 70°C.

The concentration of polystyrene in the solution
ranges from 5% to 50% by weight, preferably within the
range of 15% to 40% by weight.

According to an embodiment of the invention, the dis-
solution is preceded, if necessary, by the cutting of the

material to be treated, containing expanded polystyrene,

according to conventional techniques, for example by means
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The concentration of polystyrene in the solution
ranges from5%to 50% by weight, preferably within the
WO 2000005859 15% t o 40% by wei ght. Accordi ng t o aPCT/EP2006/006247
enbodi nent of the invention, the dis solution is
preceded, if necessary, by the cutting of the materi al
to be treated, containing expanded po] stXrene, ) )
ofic AR TINT okBONEENt | THed Pé@ﬁﬁﬁqt&g,biefz Sx T pymaximum
meansof rotating knives, into pieces of blocks having
dimensueng nerdicoiy iearediny FBAGi Aglf tomiP0 ¢B. 1ppelerably
cm preferably from1l to 50 cm The insoluble
frompdnért SO0pewsi bl y present, are separated fromthe
pol ystyrene sol ution, by neans of conven tiona
sol i @hei guisblkepke atowpomenhsdRostIMBhl aspresensxamre sepa-
pl e, decanting, filtration and centrifugation. The
rptedi pitai i oheofpglofytstwemmespiuefibect ey ameanserpf conven-
perature ranging from 1Q0C to 700C , preferably within
tibaananrga idf/ 1iafuid S€P4ratTbe meahbidsy efuch as, for exam-
anti-solvent used is in the weight ratio with the
piel, vaskantigig)g finampak ilort aritD:dentarefwgatbignwi t hin
the range of 5:1 to 15:1. The precipitation of
pol yghyr erecipiftefiemily galydtetdrend by éepdcugdtae a tem-
pol ystyrene solution to the anti- sol vent naintained
peRae Ui PiYig SELbRl NG oCThes f eedEnNg pale fidibly within the
pol ystyrene solution is preferably effected on the

rARLEOHOR sholte fY efj itk [ AFRONEHREL OF  oPCARYA L BE1vent used is
stirring system

in the weight ratio with the solvent ranging from 2:1 to
20:1, preferably within the range of 5:1 to 15:1.

The precipitation of polystyrene is preferably carried
out by feeding the polystyrene solution to the anti-solvent
maintained under turbulent stirring. The feeding of the
polystyrene solution is preferably effected on the bottom
of the precipitation reactor, below the stirring system,
with a flow-rate which has no relevant influence on the
process, and which is within the range of 50 to 8,000, ex-
pressed as g/ (hour*liter of non-solvent). The turbulent
stirring during the polystyrene precipitation phase, allows
a solid precipitate to be obtained, avoiding the formation
of gel and minimizing the inclusion of solvent and addi-
tives in the precipitate. By operating in this way, a pre-

cipitate is obtained having an average particle size of 30
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with a flowrate which has no rel evant influence on

the process, and which is within the range of 50 to
W@20000958 pr essed as g/ (hour*liter of non- sOPUERP20)6/006247

The turbulent stirring during the pol ystyrene

preci pitation phase, allows a solid precipitate to be

obt ai ned, avoiding the formation of gel and m nim zi ng
umhémigebosion of sol vent and addi tives in the

precipitate. By operating.in this wa recipitate

way, a

i s oBPgi R IR TRPANPEGELRIEARSS (%] $eBRbREER Rymfeans of
(mcrons) . The polystyrene precipitate is separated .
copvRBgAonal MRERIAST ondRCheffodecaiidi%hs HRRht fugation or
centrifugation or filtration, preferably filtration.
fIhtzaspenat i preferabiretfdd Wiattieenpdhdtur@Pehnbiag is ef-
from1l0 to 700C , preferably from 15 to 500C . The

feotied s¢par Acaparatwashathnging frem gh j tosdPiEnt preferably
adopted for the precipitation. The washing is effected
fabma I%enper &00k rEmgi sglidomermnarghoic washeiderwsing the
bly from15 to 700C , by pouring the washing |iquid
aanto sbheehit! teatomond af or nghehereoliipd tedtiteay.; The byashing is
suspending the solid in the washing |iquid, |eaving
cfFliecsesipantsizon anpiara sire rfaxgfroy Grgerlodtof 80°Co Rdefera-
hours and then separating the solid by decanting,
beoNiERohugat iten weod, Iy gowming®rely waskkhgatigondi onto the
conti nuous, using an extractor, for exanpie, of the
£SaxkketcdypeinThe ameunéonid washices ;f | ot dbyseshspagdsng the

from3 to 20 liters per Kg of solid product, pref

solid in the washing liquid, 1leaving the suspension under
stirring for a period of 1 to 24 hours and then separating
the solid by decanting, centrifugation or filtration; or by
an extraction in continuous, using an extractor, for exam-
ple, of the Soxhlet type. The amount of washing fluid used
ranges from 3 to 20 liters per Kg of solid product, pref-
erably from 5 to 10 liters per Kg of solid product.

The polymer is dried at a temperature ranging from 50
to 180°C, preferably from 80 to 150°C, and at a pressure of
760 to 10 mm Hg, preferably from 50 to 500 mm Hg.

The dried polymer is extruded with extruders of common
use.

For the separation of the solvent from the anti-
solvent, the liquid coming from the polystyrene separation

and the washing liquid are mixed together and undergo dis-
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erably from5 to 10 liters per Kg of solid product.
The polyner is dried at a tenperature ranging from 50
W0 20018®80C , preferably from80 to 150 0OC , anBCHEPR06/006247
pressure of 760 to 10 nm Hg, preferably from50 to 500
mm Hg. The dried polyner is extruded with extruders of

conmmon use . For, the separation of the solvent fr
t{PABACTS BEFEHALAhE (HAGE ity TS AT dhe normally at at-
pol ystyrene separation and the washing |jquid are

MAFRBETE GgePHEF SHAE - unBRF B BIRYi |4w¢%wlac€&%ﬁ%a‘i% (or a
traditional methods, normally at at nospheric,

mpxEFEr oF r SdBRENY Gﬁﬁét’ﬁ??{ecé%n%a{‘&# alhi X eabove-
of dinethyl carbonate and butanol in the

mebbieredt iRTRRPHEbPRTL | ¥hdFhwieRresgntesefihe t3lvent, from
solvent, fromthe head of the distillation colum, and

thhi bleaids afedsirs edisbilhatponyseyivdne @inssofhislnist spcycled
and the anti- solvent (butanol) fromthe bottom of the
tooltiren, pobyshyreneedyicsed utd arhes pep y sapderihe anti-solvent
precipitation step. The head streamrenoved fromthe
(Bushinbllat ifarc ddhembobtarldoEi thet @odiumet, hywhich bbsarecycled
(or a mxture of dinmethyl carbonate and butanol in the

tabeve- ponliseyetne eperdipinsgt icam stdepp ti onal |y contain

a saturated aliphatic or cyclic hydrocarbon, having a
nunbeheofheal bebrabanscamnald torom kheerdidtail Fatiom aolumn
m x of said hydrocarbons. This hydrocarbon normally
i608HAIRS o7 ¢V RBMAIBE @¥bdiats (df r@duLtebure of dimethyl
carbonate and butanol in the above-mentioned proportions)
can additionally contain a saturated aliphatic or cyclic
hydrocarbon, having a number of carbon atoms equal to or
lower than 7, or a mix of said hydrocarbons. This hydrocar-
bon normally contains 5 carbon atoms and it is introduced
into the process by the waste material containing expanded
polystyrene object of the treatment, representing the resi-
due of the expanding agent used still contained therein.

The residue of expanding agent is normally contained

in the waste material containing expanded polystyrene ob-
ject of the treatment, at a concentration ranging from 0.1
to 1.5% by weight. In this case, a purging stream is re-
moved from the head stream, before recycling to the poly-

styrene dissolution step, in a quantity suitable for main-

taining in the recycled stream, a concentration of hydro-
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into the process by the waste material containing
expanded pol ystyrene object of the treatnent,

WO 297868%/ i ng the resi due of the expandi ng ageCiI/EP2)ee006247
still contained therein. The residue of expanding
agent is normally contained in the waste materi al

cont ai ni ng expanded pol ystyrene ob ject of the o
ERB e TS b AV SR DA S SHAOLTOR0 O I 35%
by weight. In this case, a purging streamijs re nove )
b &iR ‘hetf RYEHHRI b r%%?cp?nﬁuf-ﬁapig ﬁSF?te% using
styrene dissolution step, in a quantity suitable for
craEviendilanag | hRecheigueyel dP%t PEARPLE dONcBRENSt |Oh dfarther
hydr ocar bon, or m xture of hydrocarbons, ranging from

dgst itld agsmrby SRy (e mReOYRFYi § BhechWfrgragbon, which is
suitably treated using conventional techniques, for
déspasiesl byt neahsrebst hehedinpthyl| sErhengts {apd possible
recovery of the hydrocarbon, which is disposed of,

buttemneds  tdvent imetdhyt herve bonbs er¢ aodepedsaberbgyansd) to the
contained therein is recovered and recycled to the

proaesss . The bottom streamrecovered fromthe bottom

of the distillation colum is treated for the

separalel Opovtopossitdam adeicbiveeed Wiroh dodre bbottom of the
recovered or disposed of. The nethod described all ows

dike inacaiesry <1yt ybs yrreaeedd foputhal tepargtiba of possi-
properties, as it enables undesired additives to be

repaEtied deomiiicipdyiase dbeoexpspl 68 gispbded of.
hereunder are for illustrative

The method described allows the recovery of polysty-
rene without altering its properties, as it enables unde-
sired additives to be separated from the polymer.

The examples provided hereunder are for illustrative
and non-limiting purposes of the present invention.

The expanded polystyrene used in the examples is of
the flame-retardant type, characterized by a weight average
molecular weight of 200,000, by a bromine content of 0.545%
and a dicumylperoxide content of 0.19%.

Example 1

In this example, the solubilization capability of ex-
panded polystyrene by dimethyl carbonate was evaluated.

A cube of expanded polystyrene having a volume of 125
cm® (length= 5 cm, width= 5 cm, depth= 5 cm) is immersed in

a beaker containing 20 ml of solvent, at room temperature,
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and non- limting purposes of the present invention.
The expanded pol ystyrene used in the exanples is of
WO pW700%AE -retardant type, characterized by aPGEEBINNG6/006247
aver age nol ecul ar wei ght of 200, 000, by a brom ne
content of 0.545% and a di cunyl peroxi de content of
0.19% Exanple 1 In this_exanple, the solubilization
apdpdtie i Eymef NECSFaded BBFyg?'sﬁ eﬂ%{]¥)§tﬁfﬁﬁ?hﬁ° completely
carbonate was eval uated. A cube of expanded
dpeFQver eh€ REFSNGESS -vol ume of 125 cnB (length= 5 cm
wdth=5 cm depth=5 cn) is imersed in a beaker )
cont Bhai BPLYFLHTSie SBYQERE, tat R oRPPBABERAYUIELSFRLVed 1n
the tine necessary for the polystyrene to conpletely

abytofibesecon@sasur ed. The pol ystyrene proves to be
conpl etely dissolved in about 45 seconds. Exanple 2
Egkamppke2l is repeated using a mxture containing di
met hyl carbonate and n-butanol in a weight ratio of _
90: 1Bxaffipdepdl yss yrepeapedvasing bz wémbugee/gontaining di-
di ssolved in about 75 seconds. Exanple 3 Exanple 1 is
meehgat edrbsnag ealanaz aotnudgEEine Iniixt \ eveight afathg of 90:10.
di met hyl carbonate and i so-butanol (weight ratio 92:8)
The polystyrene proves to be completely dissolved in
about 75 seconds.
Example 3
Example 1 is repeated using an azeotropic mixture con-
taining dimethyl carbonate and iso-butanol (weight ratio
92:8) .
The polystyrene proves to be completely dissolved in
about 68 seconds.
Example 4
Example 1 is repeated using an azeotropic mixture con-
taining dimethyl carbonate and sec-butanol (weight ratio
85:15) .
The polystyrene proves to be completely dissolved in
about 103 seconds.
Example 5
Example 1 is repeated using a mixture containing di-

methyl carbonate and n-pentane in a weight ratio of 95:5.

The polystyrene proves to be completely dissolved in
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The pol ystyrene proves to be conpletely dissolved in
about 68 seconds. Exanple 4 Exanple 1 is repeated
W@ g00mgoesm azeotropi ¢ m xture con taining di metPgI/EP2006/006247
carbonate and sec-butanol (weight ratio 85:15) . The
pol ystyrene proves to be conpletely dissolved in about
103 seconds. Exanple 5 Exanple 1 is repeated using a
uﬁ@ &&RR9Fing di nethyl carbonate and n- pentane
in a weight ratio of 95:5. The pol ystyrene proves to
Eﬁémédﬁpﬁetely di ssol ved i nabout 40 seconds. Exanple 6
Exanple 1 is repeated using a m xture containing
nethFKa@@ﬁﬁbﬁbtésaﬁepﬁﬁﬁﬂétﬂﬁQW% a Wé&ﬂﬂrQEﬁ?@F%%nlng di-
90:10. The pol ystyrene proves to be conpl et el
mgitdyd| wedbonadiso andir weeare Exampreighexaapie ¢fj 80:10.
repeated using a m xture containing di nethyl
car b@het @olyduyend amevespdn ape complediedit dbgselved in
O 80:10:10. The pol ystyrene proves to be conpletely
athosisolave s eicoraizout 75 seconds.

Example 7

Example 1 is repeated using a mixture containing di-
methyl carbonate, n-butanol and n-pentane in a weight ratio
of 80:10:10.

The polystyrene proves to be completely dissolved in
about 75 seconds.
Examples 8-14 (comparative)

Example 1 is repeated using different mixtures of the

known art. The results are shown in table 1.

Table 1
Example Solvent Solubilization time (sec.)
8 di-ethyl carbonate about 110
9 di-n-propyl carbonate about 180
10 di-n-butyl carbonate about 290
11 diethylene glycol dimethyl ether about 165
12 limonene about 290
13 dimethyl succinate about 440
14 dimethyl adipate about 580

Examples 15-19 (comparative)

- 18 -
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Exanpl es 8-14 (conparative) Exanple 1 is repeated
using different m xtures of the known art . The

WO 28a00%5are shown in table 1 . Table 1 ExanplRGI/LE200§006247
(conparative)Exanple 1 is repeated using the follow ng
azeotropic m xtures : ex. 15 dinethyl

carbonat e/ et hanol (55/4 5 by wei ght 6 dj neth .
car bEFATRA- pr opandle witnd! ey ot Tawing abpopropic
car bonat e/ i sopropanol (44/56 by m5|ght) ex. 18
mAXSBERY: car bonat e/ met hanol (30/ 70 by wei ght) ex. 19
di met hyl carbonate/tert-butanol (33/67 by L
exxadpl €dmeshyils cadParatefrthagmhded pol ydby ./3.% Y welght)
proves to be reduced in volunme (coll apsed) but not
edti.s 36| vadeatydr Forhanake-RreR3aeb| es 18 753/@519% meight)
expanded pol ystyrene is neither reduced in vol une nor
edi. s34 dedeahtlerca@tbariahe bssomeppiel 20 2144d 56f by weight)
di methyl carbonate are introduced into a glass
exontlai Kemelrdnyilngaarbaiatme/métigamol iters, d§0i/Ffedynineight)
a blade stirrer, thernoneter, bottom discharge and an
eixn| e ddmetths ladditbamod/ tetterihatan®D g dB3d60s byd wedght)
panded pol ystyrene are added, in aliquots, to the
sol vent dnadiples M6, NtH6 neddurder sher rexgaraled oprilystyrene
t enperature, and
proves to be reduced in volume (collapsed), but not dis-
solved after 30 minutes. In examples 18 and 19 the expanded
polystyrene is neither reduced in volume nor dissolved af-
ter 30 minutes.
Example 20
210 g of dimethyl carbonate are introduced into a
glass container having a volume of 0.5 liters, equipped
with a blade stirrer, thermometer, bottom discharge and an
inlet for the addition of material. 90 g of crushed ex-
panded polystyrene are added, in aliquots, to the solvent
mixture, maintained under stirring at room temperature, and
the whole mixture is 1left under stirring until complete
dissolution.
The solution obtained, containing 30% by weight of
polystyrene, is filtered to eliminate insoluble extraneous

substances.

The equipment used for the polystyrene precipitation
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the whole m xture is left under stirring until
conpl ete dissolution. The sol ution obtai ned,
W@ awra09sbhg 30% by wei ght of pol ystyrene, is fPCT/BP2A6/006247
to elimnate insoluble extraneous substances. The
equi pnent used for the polystyrene
preci pitationconsists_of_a |acketed gl ass .reactor
CARFLAGSa SPolriATheuet | FLRoh CHRRFEEE Wi 1Pk ofolume of 1
condenser, thermpneter, bottom discharge, Utra-Turra
1itpEr e PING PRGN YLD aﬁqd"af‘i_fe"di‘i%“%%%’ég PRBETORALEE - Bottom
form and di nensions are such that the polystyrene )
digrbairas  cabN e F-drmHEow HHE T Thepgeyttem apg gfeeding
of n-butanol are charged into the reactor de scribed
paboged aider ewhepe APrA e HieRelions apy6t 5P pyat the
the circulation of tap water in the reactor |acket.
pSilystiymgnies sstlartiam (@ar0d® ried Me)ownehsosglsringesystem.
pol ystyrene solution are fed through the plunged pipe,
by means of ofi gedutpnyl, ateachlggedattnbd e grerekor de-
During this phase, the polystyrene precipitates in the
stediedl abdvegkyarsdl ade Kape the af aegipgyagfuteheopohhavt 25°C
so lution has been conpleted, the solid forned is
bl | tieg etirtheldt ipn doffi | tapedvateavi g athei gletadfor29gacket .
g , has the follow ng conposition: 11.8% by weight of
sdirptihy icarbesated 83, 00% meweiight ahdbevarplof 188e poly-
ng/ kg of brom ne and 57 ng/ kg of di cunyl peroxi de.
styrene solution are fed through the plunged pipe, by means

of a gear pump, at a flow-rate of 100 g/hour.

During this phase, the polystyrene precipitates in the
form of a flaky solid. Once the feeding of the polymer so-
lution has been completed, the solid formed is filtered.

The liquid filtered, having a weight of 290 g, has the
following composition:

11.8% by weight of dimethyl carbonate, 88.17% by weight of
butanol, 139 mg/kg of bromine and 57 mg/kg of dicumylperox-
ide.

The solid on the filter is washed, at room tempera-
ture, with 200 g of n-butanol. The washing liquid having a
weight of 221.6 g has the following composition:

0.32% by weight of dimethyl carbonate, 99.68% by weight of
butanol, 39 mg/kg of bromine and 27.5 mg/kg of dicumylper-

oxide.
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The solid on the filter is washed, at roomtenpera
ture, with 200 g of n-butanol. The washing |iquid
Wb 2007400958 wei ght of 221.6 g has the foll ow ng PCI/EP2006/006247
conmposition: 0.32% by wei ght of dinethyl carbonate,
99. 68% by wei ght of butanol, 39 ng/kg of brom ne and
27.5 ng/ kg .of _ di cunyl peroxi de. The solid on the filte
havi R§Sa Shdiight OBf r%’@.ﬁ’glt,e]ﬁas EHENFo1R RGN ©f d8.4 g,
conmposition: 38.8% by wei ght of polystyrene, 61.2% by
hﬁéngﬁﬁ SPLBGWARG COBPPHHG I 'of bromi ne and 148 ny/ kg
of dicunyl peroxide . The solid product, after dryin
3Bn8&nbyvEsigdit £hdaaly styrenengey o tirkey ofe 19t oetf agh}tam’l ’
a pressure of about 50 nmbar, has a weight of_ 14. 94_g
8aAdmpHgf oifl driomy neo aashiltd o mg /Ao mf%&ﬂwbwr%l €.
pol ystyrene, 2,200 ngy/kg of brom ne and 380 ng/ kg of
di cupkpepdidderotestcoidms by tbrmearngven for 4 hours
di cunyl peroxi de in the pol ystyrene recovered were
atedutethger 8010 andl 3096 r asgee piresispreniath akepech0 mbar,
to the starting expanded pol ystyrene. The pol ystyrene
haecaveeddhits ofhiltde Sindy kasd ahvei ik lewEnageonpbettian:
wei ght, through GPC, equal to that of the starting
9pohpst pheneighte dfi Igolatstonrdnaui 2, 200l tdtkgashi hgomine and
liquid are joined and distilled. The liquid to be
3@s hnigl/ked o th@dicugnya peighitdeof 511.7 g , has the

foll owi ng conposition: 6.84% by wei ght of dinethyl

car bepat ego@Be A0 by Weirdhttinef and dicumylperoxide in the
polystyrene recovered were reduced by 59.7% and 80% respec-
tively, with respect to the starting expanded polystyrene.

The polystyrene recovered is white and has a weight
average molecular weight, through GPC, equal to that of the
starting polystyrene.

The filtration 1liquid and the washing 1liquid are
joined and distilled. The liquid to be distilled, having a
weight of 511.7 g, has the following composition:

6.84% by weight of dimethyl carbonate, 93.14% by weight of
butanol, 160 mg/kg of bromine and 56 mg/kg of dicumylperox-
ide.

The equipment used for the distillation consists of
the following parts:

. Jacketed glass flask having a volume of 1 liter,

equipped with a housing for a thermocouple and
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but anol, 160 ngy/ kg of brom ne and 56 ngy/ kg of
di cunyl perox ide. The equi pnment used for the

wa@le@ridsss i on consists of the foll ow ng parts:PCI/EP2006/006247

Jacketed glass flask having a volune of 1 liter,
equi pped with a housing for a therrmcoupl e andheat ed
by a circulating oil thernostatic¢_b

di stil Ihaatss clE)Yuﬁ‘TrFlif%\él(%Fé’agaﬂaleF’éEFV‘PSEQFIlf PALEed

in order to mnimze the heat disper sions, one neter
| ong arGlasg h ddrstiiitlertriain dicadstmay, ofj azirepnd egbidppedectri-
with a Sulzer DX filler. It was experinentally

det er nigredL ¥ hbracgd aﬂmﬁa‘?l%opi“é§§mllée tbrﬂ% Regtunfiisper-
has about 20 theoretical steps . dass distillation

head, epidppedonttnenetodangsendant o ninfernal diameter
thernncouple wherei n t he whol e vapour is condensed

and an aff i 2@ommof efvd ppeqlivi iy 2 efuladrab¥ Hel klgy uxIt was
rati o established by the in tervention of an

el ect r mgsmeinenval Ve, Betdnmjuied r ebbged | stitcol abppegheric
in a jacketed container of 100 mllilitres. The mx to

be di stptdssirs, chaliped ¢colombhehésasabant i 80hehhedretical
with oil to the boiling tenperature. After about one

hour freyepgde begi nning of the heating, the

t enperat ure

. Glass distillation head, equipped with a condenser

and housing for a thermocouple, wherein the whole

vapour is condensed and an aliquot of the liquid is

removed at the reflux ratio established by the in-

tervention of an electromagnetic valve. The 1liquid

removed is collected in a jacketed container of 100
millilitres.

The mix to be distilled is charged into the flask and

is heated with oil to the boiling temperature. After about

one hour from the beginning of the heating, the temperature

of the vapour at the head of the column stabilizes at a

value of 90.1°C, whereas that of the column bottom stabi-

lizes at 117.5°C. The head condensate is removed with a re-

flux ratio of 10:2, until the temperature at the head re-

mains constant. 17 g of distilled product having a DMC con-

tent higher than 99.9% are collected over a period of about

40 minutes.
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of the vapour at the head of the columm stabilizes at

a value of 90.1 0C, whereas that of the columm bottom
wQr@niodsszes at 117. 5C. The head condensat e | RCT/BPWVE0)6247
with are flux ratio of 10:2, until the tenperature at

Lhe head re mains constant. 17 g of distilled product

aving. a DMC cqon tent higher than 99,9% are coll ected

over SHPSEAMERLIY - alRATH rfﬁn‘ﬂl’f‘@ FSGB?eqﬁfé‘fﬁI?/?ngltlons and
_operating under the sane conditions, and jn about 10
im ARt 19 Mipkes stili-fat® &fe bﬁét‘:#%ﬁe(@ﬁ%nﬁoueaed

head tenperature = 90.3 0 C), having the foll ow ng )
(eoApmE therd SeMpETRFURS ght 98 3fiTtet WRVERF I efQhdOWing

0.6% by weight of butanol . The reflux ratio is
chmppeasad®nt:o 10:1, as the tenpera ture at the head of

the colum increases rapidly, and the distillate is

98okRebyetedghit! athalimetdhylergrrkenate rak@hes6s byl yeight of
of 117.6 0C . The fraction of distillate collected,
buerghilng 19 g , has the follow ng conposition: 34% by

wei ght of dinethyl carbonate and 66% by wei ght of

but amhk. réfid ukearh ttienpiar dingreassddetpieh® iy, seabthezésmpera-
at a value of 117. 8C and, nmintaining the reflux rate
tarel®tl,t2d heall difsttild atellani ngcreesksl lmpindly, and the
conposi tion are collected: 99.2% by wei ght of butanol
daedi0.18%ebyi sved@ghleefedi until the head temperature reaches
a value of 117.6°C. The fraction of distillate collected,
weighing 19 g, has the following composition:

34% by weight of dimethyl carbonate and 66% by weight
of butanol. The head temperature subsequently stabilizes at
a value of 117.8°C and, maintaining the reflux rate at
10:1, 27 g of distillate having the following composition
are collected:

99.2% by weight of butanol and 0.8% by weight of di-
methyl carbonate.

The product at the bottom of the column, having a
weight of 437.3 g, has a butanol content higher than 99.9%.
Example 21

350 g of n-butanol are poured into the reactor de-
scribed in example 20 and are maintained at a temperature

of about 50°C, by the circulation of ethylene glycol in the

reactor jacket, heated by a thermostatic bath. The stirring
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nmet hyl carbonate . The product at the bottom of the
columm, having a weight of 437.3 g , has a butano
w@awreemsshi gher than 99.9% Exanple 21 350 g 0OPCT/EP2006/006247
n- but anol are poured into the reactor de scribed in
eganple 20 and are maintained at a tenperature of
~about 500C , by the circulation of ethylene glycol.in
LBne gk § cBROt TeNBLBNS) Prithet fobt S Lt ROL¥REYrene
stirringis started (4,000 rey/ninutg% and 50 of t?e
speLFd R R 3s AYuMSHBIREB 0 AR nt '%r%?%?ﬁ&are ed from
carbonate) are fed fromthe plunged pi pe, by neans_of
thegpaunggdp Pimerh by MaaRs actlg BHFIERDOPBP hotit thTReflOw-rate
pol ystyrene precipitates during this phase. Once the
ofeddi0R§ &f howe -pol yner sol uti on has been conpl et ed,
the solid fornmed is filtered. The filtered |iquid,
havi Aihea pwiygtyrdng6prgcipisatese dwrinegi f§is phase. Once
conmposition: 9.15% by wei ght of dinethyl carbonate,
t88. &¥elyingeicghtthef dmiltyawext , sABE: hopt Kgpof beenntaupdaged, the
59 ng/ Kg of dicunyl peroxide . The solid on the filter
sbd idastermedt irsoofilespeda tThe, Hiiltlered) yighid, having a
n- butanol . The washing Iiquid, having a weight of 117
weighasft Be4f @, | Minglonukidwing doMpdéh byomei ght of
di net hyl carbonate, 98.53% by wei ght of butanol, 35
onakKg Wf & Dh e oind e ity Kocatbohatay| per.@%i dey . wdhght of

solid on the filter, having a weight of 19 g , has

butanol, 165 mg/Kg of bromine and 59 mg/Kg of dicumylperox-
ide. The solid on the filter is washed, at room tempera-
ture, with 100 g of n-butanol. The washing liquid, having a
weight of 117 g, has the following composition: 1.47% by
weight of dimethyl carbonate, 98.53% by weight of butanol,
35 mg/Kg of bromine and 45 mg/Kg of dicumylperoxide.

The solid on the filter, having a weight of 19 g, has
the following composition:

78.4% by weight of polystyrene, 21.4% by weight of butanol,
0.17% by weight of dimethyl carbonate, 925 mg/Kg of bromine
and 78.5 mg/Kg of dicumylperoxide.

The solid, after drying in an oven for a period of 4
hours, at a temperature of 120°C and a pressure of about 50
mbar, has a weight of 14.92 g and the following composi-
tion:

99.87% by weight of polystyrene, 0.0067% by weight of bu-
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the follow ng conposition: 78.4% by wei ght of

pol ystyrene, 21.4% by wei ght of butanol, 0.17% by
wWaQei0gesssd di met hyl carbonate, 925 ng/ Kg of brBei/ER20861006247

78.5 ng/ Kg of dicunyl peroxide. The solid, after drying

in an oven for a period of 4 hours, at a tenperature

of 120 0OC and aIE;essure of about 50 nbar

taerdht lofl 804 Mgy kg fd RIRIINS |3 ndy c%n%%éth { pEndicumylper-
99. 87% by wei ght of pol ystyrene, 0.0067% by wei ght of

opidgnol , 1,180 ng/ Kg of bromi ne and 99.8 ngy/ Kg of
d|cunylperOX|de . The contents of brom ne and .
di cuRpeperonteRtsn afhe bgomiseyrand PRy EReyRFEde in the
reduced by 79% and 94.8% respectively, with respect
pbdyshyrener tregoexpaddaersol yedyce@ndy. 7He and 94.8%, re-
pol ystyrene recovered is white and has a wei ght
saeetayge lyp| ecitifarrespeht , tdethenistedt tiyngGrexpandeaf pelysty-
the starting polystyrene. The filtration Iiquid and
rehe.washing liquid are joined and distilled as
described in exanple 20. Exanple 22 210 g of a mxture
cont ghei ngp IHAd: grefe direetivelredaribowatice( MM bhas a weight
wei ght) and 21 g of n-butanol (10% by weight) are
avbahged ndlldr Wl Hf aweighnt aideerhatiay) lay vOPaNE equal to the
starting polystyrene.
The filtration 1liquid and the washing 1liquid are
joined and distilled as described in example 20.
Example 22
210 g of a mixture containing 189 g of dimethyl car-
bonate (90% by weight) and 21 g of n-butanol (10% by
weight) are charged into a glass container having a volume
of 0.5 liters, equipped with a blade stirrer, thermometer,
bottom discharge and inlet for the addition of material. 90
g of crushed expanded polystyrene are added, in aliquots,
to the solvent mix, maintained under stirring at room tem-
perature, and the whole mixture is left under stirring un-
til complete dissolution.
The solution obtained, containing 30% by weight of
polystyrene, is filtered to eliminate insoluble extraneous

substances.

350 g of n-butanol are poured into the reactor de-
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of 0.5 liters, equipped wth a blade stirrer,

t hernmoneter, bottom di scharge and inlet for the
w@ouwnds of material. 90 g of crushed expandeRCT/EP2006/006247

pol ystyrene are added, in aliquots, to the sol vent

m X, maintained under stirring at roomtenperature,

and the whole mxture is |left under stirrjng un til
SEBRBRE! A THGHIRAS 070+ TREASBEGL MG SH A it @ temperature

cont ai ni ng 30% by wei ght of polystyrene, is filfered
of o 3PP PR°E i RS ob Bl E1EFHLAREHs CSuiSatalsST 3Botle reac-

of n-butanol are poured into the reactor described in
texanpickeX0, TRl SFETRENGt APnSFagtted t mRA%t ¥e¥/ Binute) and
about 250C by the circulation of tap water in the reac
5009 jeitkehe PRdystiymengy selution edres fodo fxom nthet plunged
qnd 50 g of the polystyrene solution are fed fromthe
ppbengdaly pmpensbyofreansgedr a pyewr, pakp,a aflawfrake ref e3,000
of 3,000 g/hour . The polystyrene precipitates during
g/hosrphase, in the formof a flaky solid. Once the
feeding of the polyner so lution has been conpl et ed,
the shki pollgsmyddre foddeimeidatie duging €hisepbdse, in the
having a weight of 310 g , has the fol |ow ng
feeped td oflakly 9564 byl . wehgbt thk dieweting cfartbeapelymer so-
91% by wei ght of butanol, 145 ng/kg of brom ne and 52
10dAike Hfadli peeyl pesmxieeed, the solid formed is filtered.
The liquid filtered, having a weight of 310 g, has the fol-
lowing composition:
8.95% by weight of dimethyl carbonate, 91% by weight of bu-
tanol, 145 mg/kg of bromine and 52 mg/kg of dicumylperox-
ide.

The solid on the filter is washed, at room tempera-
ture, with 100 g of n-butanol. The washing liquid having a
weight of 166.95 g has the following composition:

2.04% by weight of dimethyl carbonate, 97.95% by weight of
butanol, 42 mg/kg of bromine and 37.4 mg/kg of dicumylper-
oxide.

The solid on the filter, having a weight of 23 g, has
the following composition:

64.8% by weight of polystyrene, 33.7% by weight of butanol,
1.49% by weight of dimethyl carbonate, 1,300 mg/kg of bro-

mine and 250 mg/kg of dicumylperoxide.
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The solid on the filter is washed, at roomtenpera
ture, with 100 g of n-butanol . The washing Iiquid
Wh2w/gpsso wei ght of 166.95 g has the fol | owi ngPCT/EP2006/006247
conmposition: 2.04% by wei ght of dinethyl carbonate,
23.2596?K me}ght of butanol, 42 ng/kg of brom ne and
.4 mg/ kg_of. di cunyl peroxi de.. The solid on the
filtEpe ﬁ@@‘ilﬁgpgo\ﬁén’i}ééjﬁt adftex3 dde,hl%s”t P FRYFRWF Ry ¢ hours
conposition: 64.8% by wei ght of polystyrene 3. 7%
atue g HETPR IRFEHfo 1O F 1¥2l°©%gﬁ9dv\éi %me)é&fl%& Rt 5u?® 58 moar,
carbonate, 1,300 ng!kg of brom ne and 250 ny/ kg of .
hagcanyepahsxicde 14THE Doland prsdf@lloning riRegt FHoRn
oven for 4 hours at a tenperature of 120 0C and a

9pr 868Uy ofeigivutobopebrstyrasea REPGhagtkar L Hoyompge and

the follow ng conposition: 99.86% by wei ght of
3p6l pgt koend, Ao yIpepxifdehr oni ne and 385 ng/ kg of
di cunyl peroxi de . The contents of brom ne and
di cuTkperaxteet $n dfhebpomjiseyrand rdicoverkdeyeride in the
reduced by 63.1% and 79.6% re spectively, with respect
pblykhgrehar tiegpwxpadhdedrpolrgsiycedensy . 6Fhé% and 79.6% re-
pol ystyrene recovered is white and has a wei ght

sp¥etage1yn| ecumrrawpedt , tdetenmsted thiindGR&panded polysty-
that of the starting polystyrene. The filtration

rkhaui d and the washing liquid are joined and

distilled, as described in Exanple 20.

The polystyrene recovered is white and has a weight
average molecular weight, determined by GPC, equal to that
of the starting polystyrene.

The filtration 1liquid and the washing 1liquid are
joined and distilled, as described in Example 20.

Example 23

350 g of n-butanol are poured into the reactor de-
scribed in example 20, and are maintained at a temperature
of about 50°C by the circulation of ethylene glycol in the
reactor jacket. The stirring is started (4,000 rev/minute)
and 50 g of the polystyrene solution prepared in Example 22
(30% by weight in the dimethyl carbonate/n-butanol mixture
90-10 by weight) are fed from the plunged pipe, by means of
a gear pump, at a flow-rate of 3,000 g/hour.

The polystyrene precipitates during this phase. Once

the feeding of the polymer solution has been completed, the
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Exanpl e 23 350 g of n-butanol are poured into the
reactor de scribed in exanple 20, and are nai ntained

WQ@R00g/00%aper at ure of about 500C by the circul aRCTEPDG6/006247

et hyl ene glycol in the reactor jacket. The stirring is
started (4,000 rev/mnute) and 50 g of the pol ystyrene
sol ution prepared_ in Exanple 22 (3 0%_by_weight .in _the

sai et §RTReR haFat B1 At BLednolThHE xLamdido-GHLESradi gf3ving 2
are fed fromthe plunged pi pe, by neans of a gear

wpight af 360 ew hase :fzﬂﬂP%ﬂW&nﬁQmﬂqﬁ#Ekﬁ%étyrene
precipitates during this phase. Once the feeding of

8t RESpblyy merigiv! wef odinashbteracbapréted 9k oIy weight of
formed is filtered. The liquid filtered, having a

buekgbil , 01836019y kg Ieefs hnamifrest |aywl rigf cedvpedi ©f oRicemgéperox-
by wei ght of dinethyl carbonate, 91.63% by wei ght of

ilet anol, 184 ng/ kg of brom ne and 66 ny/ kg of
di cunyl peroxi de. The solid on the filter is washed, at
roonThenpeylaid uor, tli¢ hf1DOey dfs rwamhedhpl at Twom tempera-
washing |iquid having a weight of 119.3 g has the

thiekl owitg awwposiof on-bhtidKiby Tiel ghtshofngli hisqhid having a
carbonate, 98.86% by wei ght of butanol, 17 ng/kg of

wBhghitnerand 923 rotes afhdifuimdwiaidxispodheisnt i d on
the filter, having a weight of 20.7 g , has the

1f 0BLOW NG/ CfHOSH £ | @iline ¢RYA by-awbiogilitt eQf gB0l86sE Y eNReight of
27.75% by weil ght of butanol, 0.18% by wei ght of

plicABLRY ! 16AMRPNES €o £ 6BFoBihkT ald BrOMd)kg of dicumylperox-
ide.

The solid on the filter, having a weight of 20.7 g,
has the following composition:

72% by weight of polystyrene, 27.75% by weight of butanol,
0.18% by weight of dimethyl carbonate, 637 mg/kg of bromine
and 75.5 mg/kg of dicumylperoxide.

The solid product, after drying in an oven for 4 hours
at a temperature of 120°C and a pressure of about 50 mbar,
has a weight of 14.92 g and the following composition:
99.86% by weight of polystyrene, 0.007% by weight of bu-
tanol, 884 mg/kg of bromine and 105 mg/kg of dicumylperox-
ide.

The contents of bromine and dicumylperoxide in the

polystyrene recovered were reduced by 83.8% and 94.5% re-

spectively, with respect to the starting expanded polysty-
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and 75.5 ng/ kg of dicunyl peroxide . The solid product,
after drying in an oven for 4 hours at a tenperature

W@2001A®SOLC and a pressure of about 50 nbar, haRCHEP2006/006247

wei ght of 14.92 g and the follow ng conposition:

99. 86% by wei ght of polystyrene, 0.007% by wei ght of

bu tanol, 884 ng/ kg of brom ne and 105 ng/ kg of

rgPreunyl perox ide. The contents of brom ne and
dicunglperoxide in the polystyrene recovered_ were )
redutee IBPYEEOE AR 92CSVEEEShett | VBT e R PasSpett weight
to the starting expanded pol ystyrene . The pol ystyrene
aversger a®lesudan evedghhasdatasngnedaver &RE nof @t af© that
wei ght, determ ned by GPC, equal to that of the
oft shei sgapsliyet podstymend.i [ tration liquid and the

washing liquid are joined and distilled, as described

in Exhepl €i20ra&tAbNs 1liguAdpr epdssther whshiagovéigudf are
pol ystyrene from waste material containing expanded

jpahpst wneneiesddritadl las chagrridied):in Examele edcti on

in volunme of expanded pol ystyrene by neans of

di ssolution in a solvent; ii. separation of the

i nsol ubl e conponents; iii. precipitation of the

pol ystyrene sol ution by nmeans of an anti -solvent;

- 29 -



5

10

15

20

25

i V.
tated polystyrene; v . fractionation by distillation
w@toorkessgonponent s of the nother |iquor used fRECT/EP2906/006247

separation, washing and drying of the precipi

preci pitation and washi ng, recovery of the solvent

fromthe head of the distillation colum and its

recycling to step i ) , and_recovery of the anti

-sol vent fromthe bottom ofELRANSHi stillation colunn
characterized in that the anti -solvent is a butano

lsel edt &F 95 nt %Ht&ﬁ@lrQQRY?ﬁMaESIP@Fxﬁﬁyqiﬂ%u{ﬁom waste
and the solvent is dinmethyl carbonate, alone or in

m xt BpEexdatai PR LPiNG 29%%3ﬂ%%|@ﬁﬂy§ﬁﬂﬁﬁ%%oﬁssgntlally
The process according to claiml1 , wherein the sol vent

i n whcwpriksdngol une reducti on and di ssol ution of the
expanded pol ystyrene is carried out, additionally

cont ai.ns ahemrqﬂuﬂttoar1@yd@lﬂ®@t9ﬁmﬁﬁpanded polystyrene
hydr ocar bon, wi th a nunber of carbon atons equal to or

| oner thaby7meams ®firiddtaacl wficraiih ydsokeemons, at a
concentra tion ranging fromO0.1 to 35% by weight in

t he diixt usepafFatitbire qff ades siresclohliengedmpahens 2 |

wherein the aliphatic or cyclic saturated hydrocarbon

cones ifir. oprexipandad qpol wft yrigne tmobesterguéedsolntion by
which it is con tained in a concentration ranging from

0.1 to 1. ¥uby WH @i anti-solvent;

iv. separation, washing and drying of the precipi-
tated polystyrene;

V. fractionation by distillation of the components
of the mother liquor used for the precipitation
and washing, recovery of the solvent from the
head of the distillation column and its recycling
to step i), and recovery of the anti-solvent from
the bottom of the distillation column;

characterized in that the anti-solvent is a butanol

selected from n-butanol, iso-butanol or sec-butanol

and the solvent is dimethyl carbonate, alone or in a

mixture containing up to 25% by weight of butanol.

The process according to claim 1, wherein the solvent

in which the volume reduction and dissolution of the

expanded polystyrene is carried out, additionally con-

tains an aliphatic or cyclic saturated hydrocarbon,
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4 . The process according to claim3 , wherein the
aliphatic or cyclic saturated hydrocarbon contains 5

w@a0070mssatons . 5 . The process accordi ng to BCHEP3046/006247

wherein the ali phatic or cyclic saturated hydrocarbon
:Mi n- pent ﬁne. 6 . The process according to claim1l ,

erein the waste material containin ol ystyrene. al so
cont HiRE Gnd¥ibekr et a FGTHFeALOWE .g?ﬁ%%F&Zé’s’% lower than
according to claim6 , wherein the addi tives are
hexaBr o@8c e IWeeeEanet ( AReS) RYRFRGA TRy | Per dxFgacentra-
(DCP) . 8 . The process according to claim1 , wherein
t he Waone rARGANTJalf reFht%initey IFFA Yf Wkt sirphecpayture.
to a pre ventive nechani cal conpacting operation. 9

3The Pheceassocessr Aaupnding atm Flaiherei nwhasekhacHdip ali-

cal conpacting is effected until a density in the
or depheti@. biKgtviclkc r sathedted. hylaosaghess eree? dfrgm ex-
toclaiml , wherein the dissolu tion of the expanded
pol yptyiiede piod yednymieste did ket mecyobpherin whiécbuig, is con-
in an apparatus equi pped with stirring, at a
t enpeadhete inorareddyceangangohr ceang®dg tiorcrO@ - LitoTheSs by
process according to claim1l , wherein the concen
trat weAagat .pol ystyrene in the solution ranges from 5%
The process according to claim 3, wherein the ali-
phatic or cyclic saturated hydrocarbon contains 5 car-
bon atoms.
The process according to claim 4, wherein the ali-
phatic or cyclic saturated hydrocarbon is n-pentane.
The process according to claim 1, wherein the waste
material containing polystyrene also contains one or
more additives.
The process according to claim 6, wherein the addi-
tives are hexabromocyclododecane (HBCD) and/or di-
cumylperoxide (DCP) .
The process according to claim 1, wherein the waste

material containing polystyrene is subjected to a pre-

ventive mechanical compacting operation.

9. The process according to claim 8, wherein the mechani-

cal compacting is effected until a density in the or-

der of 0.1 Kg/l is reached.
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by wei ght to 50% by weight. 12. The process accordi ng
to claim 11, wherein the concentration of polystyrene

WO poor/e9ssol uti on ranges from 15% by wei ght t o BOPEPR2006/006247
wei ght. 13. The process according to claim1l , wherein
the precipi tation of polystyrene is carried out at a
tenperature ranging from 100C to 700C .

14. The .
18rocZEE RELGFEENGTE T T 13, C I et n YhEFRHR the dissolu-
cipitation of polystyrene is carried out at_a.t era
{ur e L2 8RgPg tHEoMRRREYRS S0 SEyEe RS (rdEbigd but at at-
according to claim1l , wherein the precipi tation from
t he BOFRPEHACof PEESPYTPrené™ s3Far RPERTS psyj pAuUipped with
quantity of anti-solvent ranging from2:1 to 20:1 in
the ®bilgmingat iad v t REPREr3bHyenforT@llvhegnpideg sfrom 20°C
according to claim15, wherein the pre cipitationis
carrked76d€C-with a quantity of antisolvent ranging
from5:1 to 15:1 in the weight ratio with the
liolvﬁhe.ptodﬁas;ﬁQﬂQ%@l@@Cb@dbﬁglmolmiﬂhﬁnﬁ%nmhhﬁepﬁncen'
the precipi tation of polystyrene is carried out by

feedcrgtibe odf ywolysofrent ysnytbee scdutheon ranges from 5%

anti-solvent, kept un der turbulent stirring, below

the By welightsyst &% M wehigglgrocess according to

claiml , wherein the separa tion of the polystyrene

1pr.eciTpiet predeiss efldenid@ichgtt@ claim 11, wherein the concen-
tration of polystyrene in the solution ranges from 15%
by weight to 40% by weight.

13. The process according to claim 1, wherein the precipi-
tation of polystyrene is carried out at a temperature
ranging from 10°C to 70°C.

14. The process according to claim 13, wherein the pre-
cipitation of polystyrene is carried out at a tempera-
ture ranging from 15°C to 50°C.

15. The process according to claim 1, wherein the precipi-
tation from the solution of polystyrene is carried out
with a quantity of anti-solvent ranging from 2:1 to
20:1 in the weight ratio with the solvent.

16. The process according to claim 15, wherein the pre-
cipitation is carried out with a quantity of anti-

solvent ranging from 5:1 to 15:1 in the weight ratio

with the solvent.
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tenperature ranging from 100C and 700C . 19. The

process according to claiml1l , wherein the separa tion
wW@Roorespol yst yrene precipitated is effected aPCHEP2006/006247

tenperature ranging from 15 0C and 500C .

17.

19.

10

15

20

25

The process

according to claim 1, wherein the precipi-

tation of polystyrene is carried out by feeding the

solution of

polystyrene to the anti-solvent, kept un-

der turbulent stirring, below the stirring system.

The process
tion of the
temperature
The process
tion of the

temperature

according to claim 1, wherein the separa-
polystyrene precipitated is effected at a
ranging from 10°C and 70°C.

according to claim 1, wherein the separa-
polystyrene precipitated is effected at a

ranging from 15°C and 50°C.



