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WO 2007/009559 PCTIEP2006/006247 PROCESS FOR THE
RECYCLING OF EXPANDED POLYSTYRENE The present invention

wésiRiendgsan enhanced process for the recycling of expangedgrasosmoe247
polystyrene. More 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
guantities, 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 mategigls-andibe pro- dustomwaste shaxpanded polystyrene, as its
specific weight is very low, are extremely voluminous and conse- quently
its transportation and subsequent disposal in dumps are a problem. WO
2007/009559 PCT/EP2006/006247 Disposal by incineration of these
waste materials, on the other hand, is a also problem, as it can interfere in
the combustion process of the incinerator and can also cause the
prﬁ_d thﬂ*Q“ glioxic gases,o-89me tyResekexpapded pelysirene infastess
whic

for the recycling of expandsd polystyrene.

- More in particular, it relates to a p?ocess compriging

‘ thé réduétioh:in volume of expanded polystyrene by means of
diséoiﬁciéﬁ:in a sdivent, separation of the insocluble com-
ponents, the seleétive precipitation of.polystyrane 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 guantities, due
to its low heaﬁ conductivity and good shock-resistance, as
a packaging material for various products and as a heat In-
sulating material for buildings and refrigerators. The
wasté 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-
guently its transportation and subseguent disposal in dumps

are & problem.
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contain brominated flame-retardant additives, can, when in- cinerated,
cause the formation of extremely toxic poly- brominated dioxins. For these
reasons, waste products from expanded polystyrene should be recycled,

Win wdireegsAase 10 reducing the volume and subsequently regaiieratingass 7

poly- styrene. The conventional methods for volume reduction and the
recycling of polystyrene, which include thermo-mechanical compacting

treatmgakinsaat allpwithe Ralyslyrne obekzseparaiatkiramdbe aiher, on
products present in the expanded polystyrene, and they also have the

chasideiadte disadyvan-sage af sausimgpttieoxidatveipartiakrdetpagatfimref in
the polymer, thus reducing its quality (Kano, Suzuki, J. Jpn. Pack. Inst.,
B33 a00BS a0, MaPadE at AL KAGaku KR ITTREAS, 66, 89511993y, also
Another method for reducing the volume of and recy- cling expanded

DBRRR/rERE RERABES hPTh&knd\wH B, SRARA ‘overcomes the above
drawbagles, i”%’;?@é hecissplidignof 118 pAVIEL S an QPaRigSONeRh: o

25 The recovery of the polystyrene from'the solution is -

200¥ 009559 RCT HR2006/0R624 ¢ Hheapftecirtiby solent evaporatien, in-

or by precipitation by the addition of water or an anti-solvent. These type

of processés desoribed ithe Knowa@ignhowkver: alsenttdve sbverad poly-
drawbacks, which jeopardize

brominated dioxins. For these resasons, waste products Ifrom
expanded polystyrene should be recycled, in a first phase
reducing the volume and subseguently regenerating the poly-
styrene.

The conventional methods for wvolume reduction and the
recycling of polystyrene, which include thermo-mechanical
compactiﬂg treatment, do not allow the polystyrene to be
separated from the other products present in the expanded
peclystyrene, and they alsoc have the considerable disadvan-
tage of causing the oxidative partial degradation of the
polymer, thus reducing its guality (Kano, Suzuki, J. Jpn.
Pack. Inst., 31, 33, 1993; Sasac, Harade et Al., Kagaku Ko-
gyo, 66, 395 1982} .

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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5 their industrial application, among which: the use of toxic and dangerous
solvents for human beings and the environment, as in the case of the
use of aromatic or organo-halogenated compounds instability and

WBRHEDHISESS the characteristics, 10 quality, market availabilty BEH2p¥fc#5247

unaccept- able organoleptic characteristics, as in the case of the use of
limonene as solvent insufficient or zero removal of the additives con-

tajped Krthednateris{tode reated fellpwedcd > pepr gualir-etthei cation
recovered polystyrene, as in the case of recovery by evaporation from the
s9lue=tion=pidhe iprecipiiatiet ebtadred by ahé dddtibnentwater or scarcely
selective organic anti- solvents such as saturate EE%%drocarbons

Examplas®® of saditivds WHeR SRBERI IREESTERRE from F6§- e art,
are brominated flame-retardant addlgves su%b ai for ex%mgne

RRYENMocidStodddaie (HBEDY nd Soa diiants of flame: e

additives, such as, for Rle . dicumylperoxidg (DGP). These addi 25
tives must e removed from polystyrene in order to - 3 WO 2007/009559

PCJ/EP2Q06/006247, avqid the. foxmation gf toxis gases; the.degradatiofuman

and colouring of the polymer during the subsequent extrusion phase
beings and the environment, as in the case of the

use of aromatic or organc-halcgenated compounds

e instakility and variability of the characteristics,
gquality, market availability and price; unaccept-
able organcleptic characteristics, as in the case
of the use of limonene as golvent

e insufficient or zero removal of the additives con-
tained in the material to be treated, £followed by
poor gquality 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 asg saturated hydrocarbons. Examples
of additives which should be separated from poly-
styrene are brominated Ilame-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 5 poor quality of the
recovered polystyrene, as in the case of recovery by evaporation from
high- boiling solvents or precipitation from solvents with a low volatility

WELEN E@¥HIK/lene glycols difficulty in solubilization (low rate GKAESENG6/2G247

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.ansk gsters difficuliy dn fractienating: thegobent/agtie 1 Bsgheemit ion
mixture after the recovery of the polysty- rene and difficulty in recycling the
solvent indhe pobystyreiecdissblution stef.yimgpartibetamas the subsequent
anti-solvent is normally used in a large excess (up to 10-15 times by

weight withrfespEécd thBa®E 20 vent), processes are particularly

jeopardized, which, by using high-boiling solvents and more _volatile

antF’-soIveia’fﬁsJ{5 ?é&miiet,m uiRg BRESEBATA- BB stEpbydistiftiohcsidfe PY the
solventan, SovenLmie Joe disialgn aiahe Kol a0 SHUeN s <

contained’in the mix, so as to allow -4 WO 2007/00
PCT/EP2Q9g/00824Z thessolvenbiabe repycled<athe styrene dissetu- high-

tion step, with an enormous energy consumption and

boiling solvents or precipitation Zfrom solvents
with a low volatility such as alkylene glycols

s difficulty in solubilization ({(low rate of dissolu-
tion and low concentration or high viscosity of the
solution), as in the case of the use ©f solvents
with a low. volatility such as dibasic esters, gly-
col ethers and esters

® gifficulty in fractionating the soclvent/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 selvents and more
volatile anti-solvents, reguire, 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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economical burden for the process, which makes in- dustrial application
undesirable. 5 In order to overcome these drawbacks and develop proc-
esses which can be applied on an industrial scale, sol- vent/anti-solvent

WE2teHeiEe been studied, having im- proved characteristitc R et

to those described in the known art. 10 Japanese patent applications JP
11-005 865, JP 11-080 418 and the international patent application WO

2005/02392», feraxamplesdessibedbe exeeallent properiéas aergoenisolu-
with respect to expanded polystyrene, of alkyl carbonates, in general. 15
Patent applications P, 1 w080 428, REHORDTIS 3618898, 282158mand WO and
2005/023922 describe the optimum proper- ties as anti-solvents of _
low-boilinG BRBPBISHT gBNETRF 2 THEZe SEBhAE AREBRaratirRd TR es -

being nonésolvents]{or olyiséggng ar{gng%%q solvents of the additives
contained 20 thé poaiIt ﬁyrene |f“serllf, 50 as to allow the selective pre-

cipitation of pyre-polysiwene and itsReparatian,fronkhe, ddifves WHchroc -

remain in solution. A process based on the use of a particular combination
ekaselventand anantbsolant hasdovrbeen faungshicl 25adleis a sol -
good-quality expanded polystyrene to be recovered, -5 without difficulty
irefractioratingdhesotve mymite o lvédvaix andwitsendisadiffie@sing  im-
recycling the _ _
proved characteristics with respect to those described 1n
the known art.

Japanese patent 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 2005/023%22 describe the optimum proper-
+ies as anti-solvents of low-bolling alcohols, in general.
These alcohcls are characteriged 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-guality expanded polystyrene to be recovered,



solvent to the polystyrene dissolution step. Summary of the invention.

cord - Gly, there is provided a process for the recovery of polystyrene

from waste material containing expanded polystyrene essentially

comprising: i. the reduction in volume of expanded polystyrene 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; in.
Eeparation, washing ang,drying ofithearecipitated; polysyrene, \ent /ant 1 -
fractionation by distillation of the components of the mother liquor used

dfor thenprecipitatien@andrwashing, zecovelryraf:the solvent:-frorethe-head of:he
the distillation column and its recycling to step i), recovery of the
Hntiz8alvent frofs the bisttbri BFcthé dgisallatiorrBoRiFRR - characterized in

that the anti- solvent Is a butanol Sselected from n-butanol, iso-butanol or
sec- bt‘":l’ffa#{I lethyl carbonate, alone or in a mixture
containing. up.to 25% by weight of butanol. The particular,utility of the, yse,

of dlmethyl carbon- -6 WO 2007/009559 PCT/EP2006/006247 ate as

vith-Butanal as anfineye is provided a process

for the recovery of polystyrene from waste material
containing expanded polystyrene essentially comprising:
i. the reduction in volume of expanded polystyrene by
means of dissclution in a solvent;
1i. 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 distillaticon of the components of the

mother liguor 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
thne distillation cclumn, characterized in that the
anti-solvent 1s a butanol selected from n-butanol,
lso-butancl or sec-butanol and the solvent is di-

methyl carbonate, alone or in a mixmture containing

B2

up to

5% by welght of butancl.

The particular utility of the use of dimethyl carbon-
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solvent, should be considered as quite surprising. It was, in fact, known
that dimethyl carbonate forms with low-boiling alcohols containing from 1
to 4 carbon at- 5 oms, azeotropic mixtures with a minimum boiling point, of

wdifficaieassslution, as described, for example, in Rodri- gue2€T/&R 266 00E247

PHASE EQUILIBRIA 201, 187-201, 2002. It was also legitimate to expect
that these mixtures would not be good solvents for polystyrene, due to

the-presenceofAdthe alcghokbawngdaomt arnti-salvesh chatactedsticsant i -
This does in fact occur and has been demonstrated by the inven- tors in

thel vase of areotichibeixtunes 6¢ direthy| Garboa- awrwithsaamyl, ethyl,
n-propyl, iso-propyl and tert-butyl alcohol. 15 It is also surprising that a
mixture EoM@fing &i- ARyl chRsRate BRd up tBoE by Weigice forms

butano], also allows the_ reduction in volume and dissolution of expanded _ .
BO BB 2t g e BPAIIS 1 PRI Hmeb a6 oy 1008 &¢
8&09,992{%%812,58@ igng,with 4 high concentrationof 20 pRlYMeRUINdSE ne , of
conditions and with results practically com- parable with those obtained

tyewghihe use shdimetbyl capanaie alones anddettexthasithosen Rodri-
obtained with the use of other alkyl carbonates. it should be pointed out

that thestise bf dinfathycarHRS hobats [GFREMiRkiFe cORMRIRAG diReRR} It

carbonate and - 7 WO 2007/009559 PCT/EP2006/006247
was alsc legitimate to expect that these mixtures would not

be good solvents for polystyrene, due to the presence of
the alcohol having known anti-solvent characteristics. This
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
alcohocl.

It is also surprising that a mixture containing di-
methyl carbonate and up to 25% by weight of butanocl, also
allows the reduction in volume and dissolution of expanded
polystyrene at room temperature in very short times and the
easy production of sclutions 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
ugse cof other alkyl carbonates.

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

bonate (or the mixture containing dimethyl carbonate and
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butanol in the above-mentioned proportions) as solvent and butanol as
anti-solvent, according to the invention, is es- sential for an easy recovery
of the solvent by distillation from the mother liquor used for the

Wigregipitetioh and wash 5 ing of polystyrene, after the separaticiEs2oe 606247

latter, without the necessity of having to effect the distillation of the
anti-solvent added in large excess to obtain the precipitation of the

Balyshyene nThe,use pbdimeibykcarhenaterasssalvestnand dewsHl beiingand
alcohols not conforming to the invention, such as methanol, ethanol,

prapandl, isepeopanesoil tertzbutanot,oas amti-Suivdrite, Woukdregoite is es-
costly and uneconomical separation operations of the components of the

agastapict RiixtaFe @:ﬁ%}éo’a@fzm@m&ﬁywbéﬁ&‘ée% The ddebfllation
higher carbonates such as d|e %on-g e, di rogxl carbonate or

émﬁlltéﬁb@ﬁ’&t%eﬁ/ohfoqﬁlﬁ”iu Rifkaftly Joparaa R wash-
fissolgtion, ol & polystygane, whigh "L be sloyer Bl oo

necessitate, in the separation phase by distillation 20 of the
solvestrantisolveat mbdure; the digdillation eb therwhsle antkselventi 11ation

contained in the mixture to allow the solvent to be recycled to the
polystyeenerdissalatioreste paddthcanienoimogs erergyg sonsumptiohsind the
economical burden for the process, making it undesirable to be used on
PES-PHtatiEtacale. tBe polystyrene.

The use of dimethyl carbonate as solvent, and low-
beiling alcohols not conforming to the invention, such as
methancl, ethanol, propancl, isopropancl or tert-butancl,
as anti-scolvents, would reguire costly and uneconomical
separation operations of the components of the azeotropic
mixture to recover the dimethyl carbonate,

The use cof 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
azlso necessitate, in the separation phase by distillation
of the golvent-anti-solvent mixture, the distillation of
the whole anti-solvent contained in the mixture to allow
the solvent to be recvcled to the polystyrene dissclution
step, with an enormous energy consumption and economical
burden for the process, making it undesirable to be used on

an industrial scale.



The process, aim of the disclosure has numerous advantages with
respect to the processes of the known art, in all the steps in which it is
articulated. Dimethyl carbonate and butanol are stable compounds, they
are inexpensive, widely available in industrial practice, have a moderate
flammability and have favourable toxico- logical and eco-toxicological
properties. The reduction in volume and dissolution of expanded poly
styrene in the solvent takes place at room temperature in extremely rapid

timesrapd selytjensare obtained withwachighi concertration akthe pelymes:s

and with a moderate vis- cosity, which facilitates the separation operation
adfrthe dnselublefractiepsfor exaniple pyrfilteations THe sbiventuseddnithein

reduction in volume and dissolution of the expanded polystyrene can be
agasilyfecovéered by distilafitn 6ftheSmather-igub? t8€d for the

precipitation and washing of the polystyrene, after separation of the latter,

* Withestit thie negessitPorhaiify (61 distl the BRti-SbRvett addBH T & arge Y
afxcessdo.obiainthe pregipitation, of the palystyrene, ith aconsequent; .,

considerable energy and cost saving. The use of butanol as anti-solvent
hforghe:precipitatibn of thepalystyrere from the selvéntiguaraniees achigho-
re- moval s Iectivit%é of the additives and easy. separation and drying

LORHET moderais VadtiinT an emperatire conditions of -9

+ The reduction in volume and dissolution of expanded poly
styrene in the solvent takes place at room temperature in
extremely rapld times and solutions are obtained with 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.

« The solvent used 1in the reduction 1in volume and
dissolution of the expanded polystyrene can be easily
recovered by distillation of the mother liguor used for the
precipitation and washing of the polystyrene, atfter
separation of the latter, without the necessity of having to
distil the anti-solvent added in a large excess to obtain the
precipitation o©f the polystyrene, with a conseguent
considerable energy and cost saving.

¢« 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



polystyrene, with a consequent high quality of the polymer recovered,

which can be subjected to subsequent extrusion without colouring and
without a decrease in the molecular weight. By operating according to an
embodiment of the disclosure, the solvent in which the reduction in

volume and dissolution of the expanded polystyrene is effected, addition-

ally contains a saturated aliphatic or cyclic hydrocarbon having a number

of carbon atoms equal to or '‘Lower than 7, or a mixture of said
PRy diOEarE6ITs, atl A conéertfativeriariging” from Oraei35% by weight i lyrer
the mixture. Thjs hydrocarbon normally contains 5 carbon atoms and is
ri%?r%‘é%%ae’intgf?ﬁ&%pré:@é“SS By the St rraterial COMARMTexpahted son

wRelyshirens, ehjeatpf the keatman, gepresenting e, residue, of 16, o1
expanding agent used still contained therein. The expanéllng agent
wEesidue is normally contained Jr, the waste materiar containing expanded

polystyrene, object of the treatment, at a concentration varying from 0.1

to 1.5% byweight. itis sarprising.that, wiien eperatingoaccording todlie the
~above embodimen7~ of the disclosure, the solvent mix containing ‘
dHRneIVCrbotste T6r dRféthylcarboRate ard BE@EHET iPthel roportdns and

indicated. abov%) and additionally a saturated aliphatic or cyclic .
I aracirbon, Slows e Feduaion 1 vAlLrHeAd dlssolihion bf expaRa&d ™

ydrocar
apolystyrene s 10 = saturated aliphatic or cyclic hydrocarbon
having a number of carbon atoms egqual to or lower than 7, or
a mixture of sald hydrocarbons, at a concentration ranging
from 0.1 to 35% by weight in the mixture. This hydrocarbon
normally contains 5 carbon atoms and is introduced into the
prcocess 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, chbijsct of
the treatment, at a concentration varying from 0.1 to 1.5%
by welght.

It 1s surprising that, when operating according to the
above embodiment of the disclosure, the solvent mix contalning
dimethyl carbonate (or dimethyl carbonate and butanol in the
proportions indicated above) and additionally a saturated
aliphatic or coyclic hydrocarbon, allows the reduction in

volume and dissolution of expanded polystyrene

|
et
L
|
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WO 2007/009559 PCT/EP2006/006247 at room temperature in extremely
rapid times and the easy production of solutions with a high concentration
of poly- mer, under conditions and with results completely compara- ble

wwithoamopessen better than those obtained in the absence 5 GSARR2006/606247
hydrocarbons. It is in fact known that, similarly and in addition to alcohols,
said saturated aliphatic or cyclic hydrocarbons are also anti-solvents

¥hich, reciRiniie dhe polystyranefremeis sakalions, asmiescaberl fore easy
example in international patent application WO 2003/35729. 10 It should
fascgeiotecbautccincecrhote. e, whéh the di-gfanceaqselystgtentodfe POLy -
recycled contains a saturated ali- phatic or cyclic hydrocarbon such as
wrEntaEIGRTTeSRINGISTL ARSe @R o g SR TIsEHS nGRTRINFAEL Y compara-

concentration vary- ing from 0.1 to 1.51 hy weight, which is accumulat
15 B AR T N Reir S g e S5 Sfane SONRE <

ix containing di rbopate; (or dimethyl ca;é— borate gnd butanalin e
?[Ee ﬁra“oz'port]i’l(?ngslcilér):%]I%:%lii}(l—s,'lgéci %bovﬁeé)1 aah%) agggﬁtonaﬁly tﬁe saturated aliphatic o

Dreyelic hydrmacarben &b a gonepirationganging froprAte® 30libpatic or
weight in the 20 mixture, allows the entity of the process purge streams to
bedninimizedrwitz algonsiderableberefit with-respeertos itsvhasdling zari Pl -
cost in the light of its use on an indus- trial scale. The material to be,
tregeddEn BO ANy WAREIAERT 2% BofQiiitd BRPandetl pRTSrRS ¥

such as, for example, | . .
example in int%rnatlonal patent application WG 2003/35729.

It should be pointed out once more that, when the ex-
panded polystyrene to be recycled contains a saturated ali-
phatic or c¢yclic hydrocarbon such as pentane, as residue of
the expanding agent used, normally at & 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 butancl in the proportions indicated above; and
additionally the saturated aliphatic or cyclic hvdrocarbon
a+ a concentration ranging from 0.1 to 35% by weight in the
mixture, allows the entity of the process purge streams to
he minimized with a considerable benefit with respect Lo
its handling and cost in the light of its use on an indusg-
trial scale.

The material to be treated can be any waste material

containing expanded polystyrene, such as, for example,

- 11 -



- 11 and transformers, waste from packaging obtained from urban
differentiated waste collection, expanded polystyrene from agricultural
applications (seed-trays) etc. The material to be treated can also contain,
and normally does contain, one or more of the usual additives, such as

aplasticizers: cantiddanis sstabilizers, dyesiand.-n ,)agicsiaiedameon urban
retardant additives such as brominated flame-retardants, for example

dhékabrorhoeyelddoderane (HBCB) and coadjuvantz:df flameaetardamt from
additives, for example di-cumylperoxide (DCP). The material to be treated

2Pfay afsdhave %@ﬁl%@%}é&éd {6 &5oTeWGUE meehanical e offiressfon to be

. operation_ é.lrrgtﬂa ggngt is reached, for exanﬁle, o@fl aboué 81'@ Kg/alf. Ba/n@ or

operating according té e%%dlos%r}cei, the " dissolution of expandec

mPolystyrgne igggect@g@élatmgg%eﬂq,@ga’ssurgm@:rhan apParaligsticizers,
preferably equipped with a stirrer, at a temperature normally ranging from

a200tal X Cs Thescancéntratien ofpalystyade inthe gselutionuianges flame-

from 5% to 50% by weight, preferably within the range of 15% to 40% by
rijcighte Wecoftiing 19 an erbbdiffent bfthe disetbstiterther dissoilionsis for
- greceﬂed, if necessary, bﬁé?f cutting of the_material to be treated,

BREaifing EXaHdEERely éﬁ?,c‘ag(e,ordfﬁ@?@éon@@ﬁtiorﬁ?@éﬁﬁﬁ%i of
fﬂgﬂ@ﬁ¥QEgE%%£H?an§dé§%ives, for example 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 acceording to the disclosure, the
dissolution of expanded polyvstyrene 1s effected at
atmosphexic pressure, in an apparatus preferably egquipped
with a stirrer, at a temperature normally ranging from 20°C to
70 °C.

The concentration of peolystyrene 1in the sclution
ranges from 5% tc 50% by weilght, preferably within the
range of 15% to 40% by weight.

According to an embodiment of the disclosure, the
dissclution is preceded, if necessary, by the cutting of the
material to be treated, containing expanded polystyrens,

according to conventional technigues, for example by means
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WO 2007/009559 PCT/EP2006/006247 of rotating knives, into pieces of
blocks having maximum dimensions normally ranging from 0.1 to 100 cm,
preferably from 1 to 50 cm. The insoluble components possibly present,
wareosepasirated from the polystyrene solution, by means cfcomyesis/ 006247
tional solid/liquid separation methods, such as, for exam- ple, decanting,
filtration and centrifugation. The precipitation of polystyrene is effected at

& te@é%&g _é? rﬁqu,r O’Tﬂ:{%t {QC . prefarably yaghin tﬂ&vlgéar?%x@fmum

15Cto e guantity of anti-solvent used is in the weight ratio with the

Sohent fapging &rema 213/ tor 20k areterably ovithictherangenf Sgrtoferably
15:1. The precipitation of polystyrene is preferably carried out by feeding
fthexpolystyreae saution to the anti-solvent 15 maintained under turbulent
stirring. The feeding of the polystyrene solution is preferably effected on

the boBf bRSRLNeEDHItERTIPRARISE bERRFthRStirfiFeRdtem, Jith £P2"

flow-rate which has no relevant influence on the process, and which is

G theTalgd BEs PR E D00 8RS0 Prested as g/ tholiFiter of ~ “on o
Qonﬁ%%veggwé‘& ylent, sfitring during,the polystytgne precipitation exam-

pﬁ%se, allows a solid precipitate to be obtained, avoiding the formation of
gebandmigipizing, thesinelusionsef selveniand-addigtivesin. the

precipitate. By operating in this way, a pre 25 cipitate is obtained having

an average pasticle 5izecof30 of polystyrene is effected at a tem-
perature ranging from 10°C to 70°C, preferably within the
range of 15°C to 50°C. The quantity of anti-solvent used is
in the weight.ratio with the scolvent ranging Ifrom 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 sclution to the anti-solvent
maintained under turbulent stirring. The feeding of the
polystyrene sclution 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, aveiding ;:,he 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

- 13 -
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- 13 WO 2007/009559 PCT/EP2006/006247 m (microns). The
polystyrene precipitate is separated by means of conventional methods,
such as decanting, centrifugation or filtration, preferably filtration. This
wopepatiorsss ef 5 fected at a temperature ranging from 10 to PAOKIEP2006/006247
preferably from 15 to 50C. The solid separated is washed using the
anti-solvent adopted for the precipitation. The washing is effected at a

t%mpn(?{at%% rgnging from 10 to 80C, prefera- bly from 15 to 70C, by

F’Epourlngctﬁe ﬁa§hing liquid onto the 10 filter containing the solid matter; or

by sugnendingithet salihin the avashing iquid deaspg tee sdspensioaans of
under stirring for a period of 1 to 24 hours and then separating the solid
dynoscsnting: cemefirpdion oPditfatn; 8B Hr BRtractiORtE COREREARS °T
using an extractor, for exam 15 ple, of the Soxhiet tyge. The amount of

ARG HARY usBI SRR ont 3 16 50YER pef Riof SBIRA Broduiet, pref.5%
£LR0u Lo S ocnles perkagieldpreduet Thenohmetss disttatanyy

fperatiife ranging from o erably from 80 to 150C, and at

Apressye of 20,460 tod0.may g preferabhttiom 59 toS9RmMidgng the

The dried polymer is extruded with extruders of common use. For the
Separationveiibe satuent frofvihetanti- sobeng, ithe diquid. cahimgWeaihe is
polystyrene separation

effected at a temperature ranging from 10 to 80°C, prefera-
bly from 15 to 70°C, by pouring the washing liquid onto the
filter containing the solid matter; or by suspending the
solid in the washing liguid, leaving 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 f£luid used
‘ranges from 3 to 20 1i£ers 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 £rom 50
to 180°C, preferably from 80 to 150°C, and at a pressure of
760 to 10 mm Hg, preferably £from 30 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 liguid coming from the polystyrene separation

and the washing liguid are mixed together and undergo dis-

- 14 -
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25 and the washing liquid are mixed together and undergo dis- - 14 WO
2007/009559 PCT/EP2006/006247 tillation according to traditional
methods, normally at at- mospheric pressure, recovering dimethyl
woarimonpatesfor a mixture of dimethyl carbonate and butanol i thieratiewes247
mentioned proportions) which represents the solvent, from 5 the head of
the distillation column, and which is recycled to the polystyrene
dissalution, step. apd 1hg apt-solvent. (uanoh ronv e, beltamof the ar ac-
column, which is recycled to the polystyrene precipitation step. The head
sdgstie ramoveddesn tae disladearcotlgmnd ifeintaddition tiodimetayl (or a
carbonate (or a mixture of dimethyl carbonate and butanol in the
rabovenernibnal properionsy dradditicrifly &stiarcd sattirafede above-
aliphatic or cyclic hydrocarbon, having a number of carbon ato?\i equal

PETOT LOWRT tRAPP Gt - RIX bf $4td HYy drotRFFGTE? This firdtat % ¥on
normally gontaing 2 carhor.atpiis 8ad (14s {pioduced i e Rocesthyseq
%he waste matera contlalnlng expanded polystyrene object of the

dreatment, rapresentingethe resis dueiefithe expandingiagent used stilo1vent
contained therein. The residue of expanding agent is normally contained
AeLinthe waste sratetial comtaioingoExpaneedgpblystyreni 0 ject oftheycled
treatment, at a concentration ranging from 0.1 to 1.5% by weight. In this
twaseha (RAGing SIkent iPre Thovéd bR tf-E@ad stream, before

recycling to the poly- ) ,
y Tég heag étream removed from the distillation column

from

in addition to dimethyl carbonate (or a mixture 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 oY
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 peolystyrene 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 guantity suitable for main-

taining in the recycled stream, a concentration of hydro-
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styrene dissolution step, in a quantity suitable for main 25 taining in the
recycled stream, a concentration of hydro- - 15 carbon, or mixture of
hydrocarbons, ranging from 0.1 to 35% by weight. The purging stream
can be suitably treated using conventional techniques, for example by
means of further distillation, for the recovery of the hydrocarbon, which is
5 disposed of, whereas the dimethyl carbonate (and possible butanol)

sonigined therain is recqyered anddacyled to thenprogessrdhedottans 354
stream recovered from the bottom of the distillation column is treated for

piheveepstiatiorné ppssig18d e addiivesanhick canibharecoverehoed using
disposed of. The method described allows the recovery of polysty- rene
owitveatalsriny ittgtbpémessas fenatiEaunde shed BEgRveh berrther
separated from the polymer. The examples provided hereunder are fo

diﬂﬁ‘s‘t?étwil%’an(fﬁﬁnmtiE&S@Vﬁ&@és%’? tﬁ@ﬁr@&ﬁ%&ﬁﬂe. ‘fﬁécn is
dsépandeegl ROStyL %%éjasgd.gﬁéhecﬁ@%rﬁi'Scoaflggl\%g%.g t%g%%é?%%,sﬁé‘ble

yp@?gharactefize y a weight average molecu

g bromine coptent o 54R%-and 3 dickapdperexideseentent-0b048% 20 he

Example 1 in this example, the solubilization capability of ex- panded
wlyedyeene by dimethyl carbonate was evaluated. A cube of expanded
polystyrene having a volume of 125

The bottom stream recovered from the bottom of the
distillatrion column is treated for the separation of possi-
ble additives, which can be recovered or disposed of.

The method described allows the recovery of polysty-
rené without altering its proﬁerties, ag it enables unde-
gired additives to be separated from the polymer.

The examples provided hereunder zre for Iillustrative
and non-limiting purposes of the present disclosure.

‘The expanded polystyrene used in the examples is of
+he Fflame-retardant type, characterized by a weight average
molecular weight of 200,000, by a bromine content of 0.545%
and a(dicumylperaxide content of 0.19%.

Example 1

In this example, the solubilization capability of ex-

panded polystyrene by dimethyl carbonate was evaluated.

2 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,

- 16 -
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cm3 (length. 5 cm, width=5 cm, depth=5 cm) is immersed in 25 a beaker
containing 20 ml of solvent, at room temperature, - 16 WO 2007/009559
PCT/EP2006/006247 and the time necessary for the polystyrene to
woampletedys dissolve, is measured. The polystyrene proves REBEP2006/006247
completely dissolved in about 45 seconds. 5 Example 2 Example 1 is
repeated using a mixture containing di- methyl carbonate and n-butanol in

Aweight rationf 99 0. sEhe-polystyrepgdroyestedie-epmpletelycompletely
dissolved in about 75 seconds. 10 Example 3 Example 1 is repeated

disiag A=Az eDir opsasxtare. con- taining dimethyl carbonate and

iso-butanol (weight ratio 92:8). The polystyrene proves to be completely
dissol78€ irP 2By BRSscRBAUS SEXEMPHE 4 EXERIGE ALY réiesedved 1n
using an azeotropic mixture con- taining dimethyl carbonate and
%%‘é‘-’%ut%nﬁo?@?&@ﬂ?ratio 85:15). 20 The polystyrene Proves to be
Ec}ga[nm%@gelg dissolved in about 103 seconds. Example 5

Example 1 is repeated using a mixture containing di-
methyl carbonate and n-butanol in a weight ratio of 90:10.

The polystyrene proves to be completely dissolved in
abour 75 seconds.
Example 3

Example 1 is repeated using an azeotropic mixture con-
taining dimethyl carbonate and iso-butanol (weight ratio
82:8) .

The polystyrene proves to be completely dissclved in
about 68 seconds.
Example 4

Example 1 is repeated using an azeotropic mixture con-
taining dimethyl carbonate and sec-butancl {weight ratio
85:15) .

The polystyrene proves to be completely dissclved 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

- 17 -
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Example 1 is repeated using a mixture containing di- methyl carbonate

and n-pentane in a weight ratio of 95:5. 25 The polystyrene proves to be

completely dissolved in 17 WO 2007/009559 PCT/EP2006/006247 about
wdlreEaans. Example 6 Example 1 is repeated using a mixtaea Eeneasming4”

di- methyl carbonate and n-pentane in a weight ratio of 90:10. 5 The

polystyrene proves to be completely dissolved in about 46 seconds.

BExample 4 Exapplesl is repeated using a mixture containing di- methyl
carbonate, n-butanol and n-pentane in a weight ratio 10 of 80:10:10. The

pRimirene proves to be completely dissolved in about 75 seconds.
Examples 8-14 (comparative) Example 1 is repeated using different .
mixtursantie 15 khewiere TrereYaRaarcssHBivATAYEbIEAN bl 19 di-
Example Solvent Solubiiization time (sec.) 8 di-ethyl carbonate abl%ut 110

BEH N o RaRoT a8 BB obif PES 26 % o'dt-1Rolifyt E&bohate b8t 266 1°-

1 diellt}yéenpeogl %(%l}grirggéhyg%@gégbgg :EJGeS completely dissolved in

about 46 seconds.
Example 7

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

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

Example 1 1is repeated using different mixtures of the

known art. The results are shown in table 1.

Table 1
Example _ Solvent Soi_ubiiizatﬁon fime {sac.)
B di-ethyi carbonate about 110
9 di-n-propyl carbonate about 180
10 di-n-butyvi carbonate about 280
11 diethylene glycol dimethyl ether about 1865
12 limonene about 220
13 dimethyt succinate about 440
14 dimethyi adipate about 580

Examples 15-19 (comparative]

- 18 -
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12 limonene ~ about 290 13 dimethyl succinate about 440 14 dimethyl
adipate about 580 25 Examples 15-19 (comparative) - 18 WO
2007/009559 PCT/EP2006/006247 Example 1 is repeated using the

wiolowimyzzeotropic mixtures: ex. 15 dimethyl carbonate/ethandPESE8IAB6247
by weight) ex. 16 dimethyl carbonate/n-propanol (75/25 by weight) 5 ex.
17 dimethyl carbonate/isopropanol (44/56 by weight) ex. 18 dimethyl

carborgigsmpethanol {30/ /@ byweighth sndl Irimedtyl 1owing azeotropic
carbonate/tert-butanol (33/67 by weight) In examples 15, 16 and 17, the
rxpanded polystyrene proves to be reduced in volume (collapsed) , but

not dis- 10 solved after 30 minutes. In examples 18 and 19 the expanded
polystgreninis peithe crotherd i6 (BRIAB PO dissolved 87516t B0MittReg )

Example 20 210 g_of dimethyl carponate are introduced int 5 glass
Lontdifie RARRGEVSiarmRBrT-58 %R 88aRBed with {10 svareignc)

r,

ther tler ttam di i the addifi teriak.
BT SRS S S e o er o el
solvens mixtiennaintainechyrdenstiriagst room tempergtaee, Bacvl ght )

the whole mixture is left under stirring until complete
ex. 19 dimethyl carbonate/tert-butanol (33/67 by weight)

In examples 15, 16 and 17, the expanded polystyrene
proves to be reduced in volume (collapsed), but not disg-
solved after 30 minutes. In examples 18 and 19 the expanded
polystyrene is neither reduced in volume nor digsolved af-
ter 30 minutes.
Example 20

210 g of dimethyl carbonate are introduced into a
glass container having a vclume of 0.5 liters, eguipped
with a blade stirrer, thermometer, bottom discharge and an
inlet for the addition of material. %0 g of crushed ex-
panded polystyrene are added, in aliguots, to the sclvent
mixture, maintained under stirring at room temperature, and
the whole mixture is left under stirring until complete
dissclution.

The solution obtained, containing 30% by weight of
polystyrene, is filtered to eliminate inscluble extraneous
substances.

The equipment used for the polystyrene precipitation

- 19 -
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dissolution. The solution obtained, containing 301 by weight of
polystyrene, is filtered to eliminate insoluble extraneous substances. 25
The equipment used for the polystyrene precipitation - 19 WO

WR0BTI009589 PCT/EP2006/006247 consists of a jacketed laT&ErabiBIOH5247

having a volume of 1 liter, equipped with a water condenser,
thermometer, bottom discharge, Ultra-Turrax stirrer-homogeniser and

deedingcRlunged pipg:whase fgmmanddimensionsiareisuehdhaidhente of 1
polystyrene solution can be fed below the stirring system. 300 g of
Tihetanokatei charged into theweaaetor dernderilsed abbhe ranvahate kepatt tom
a temperature of about 25C by the circulation of tap water in the reactor
Jacketa Sirring Bletarte@YA000 ettt SO g HHHE poly EoStyréReding

solution are fed through the plunged pipe, by means of a gear pump, at a
BIbWRRRE 0P 186 g/%ﬁ?@uﬁﬁ&%i?ﬁﬁaé%r%g %%ﬁ/%?yr%ﬁéeg prse%%:lta esai%l the

the fg%fg%‘%%%@@ﬁ§>%%%t'§§eggw%%ff8% Rolymer $Q+lutign hase e

eenc the solid forme litered. 15 The liquid filtered, having
a weigh §f 2903 hasihe iQlewiggLomposiion: 1585 ky.weighhotor de-

dimethyl carbonate, 88.17% by weight of butanol, 139 mg/kg of bromine
andifemodgpobdicamylperex-Hder at a temperature of about 25°C
by the circulation cf tap water in the reactor jacket.
Stirring is started (4,000 rev/min} and 50 g of the poly-
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 sclid. Once the feeding of the polymer so-
lution has been completed, the solid formed is filtered.

The liquid filtered, having a weight of 2%0 g, has Che
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 &
weight of 221.6 g has the following composition:

0.32% by weight of dimethyl carbonate, 99.68% by weight of

putanol, 3% mg/kg of bromine and 27.5 mg/kg of dicumylper-

oxide.

w 20 =
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20 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
w@eighvafsisutanol, 39 mg/kg of bromine and 27.5 mg/kg of HCTHERAPWIEBELT

oxide. - 20 WO 2007/009559 PCT/EP2006/006247 The solid on the filter,

having a weight of 38.4 g, has the following composition: 38.8% by weight

of polystiyrene 161 2%nbyr-weight atbutanelaBoioma/kgef framise and .4 g,
148 mg/kg of dicumylperoxide. 5 The solid product, after drying in an oven
Hae4 Hosrs ¢t rotetnperaturpaef 11206hand a pressure of about 50 mbar,

has a weight of 14.94 g and the following composition: 99.76% bg/ weight
3 pdlySoprene i gIP00ThgRY-IEORTRE antl 388 y/kyoraht of butanol,

dicumylperoxide. 10 The contents of brong(ne ar%dgi,cum Igeroxide 51 the
46595 Andf B9 Y

Folyikehd rREovERT W TEluteE KF8E T84 §pec: tively,

with respectio e satingeralad palyshipne T nepdvelyrang: & nours

recovered is white as a weight average molecular weight, through

PG, eqnaldodhabof the 1% startinghpolysiyrenanthe Hratienliquidantar,
the washing liquid are joined and distilled. The liquid to be distilled,

haying aeweight 6£514.79¢, kasuthk folewiiwldompositionmposition:
99.76% by weight of polystyrene, 2,200 mg/kg of bromine and
380 mg/kg of dicumylpercxide.

The contents of bromine 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.

mhe filtration liguid and the washing 1liguid are
foined and distilled. The iiquid to be distilled, having a
weight of 511.7 g, has the following composition:

§.84% by weight of dimethyl carbonate, 93.14% Dby weight of
putanol, 160 mg/kg of bromine and 56 mg/kg of dicumylperox-
ide.

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

® Jacketed glass flask having a volume of 1 liter,

eguipped with a housing for a thermocoupie and

- 21 -
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6.84% by weight of dimethyl carbonate, 93.14% by weight of 20 butanol,
160 mg/kg of bromine and 56 mg/kg of dicumylperox- ide. The equipment
used for the distillation consists of the following parts: (r) Jacketed glass
wilagk trawisg a volume of 1 liter, 25 equipped with a housingP€areEP2006/006247
thermocouple and - 21 WO 2007/009559 PCT/EP2006/006247 heated
by a circulating oil thermostatic bath. s Glass distillation column, jacketed

and electfiz gallystraged in-ordes 1g minimizethe heahdispee9oBs cone
meter long and with an internal diameter 5 of 20 mm, equipped with a

Sulzer DX fillats It wascexparinentalyedetarmineththaéatraesphesiectri -
pressure, this column has about 20 theoretical steps. C Glass distillation
head, equippét withacedndehser 3B af®hBUsiAg ¥dca tHetmBeatpldisper-
wherein the whole vapour is condensed and an aliquot of the quyidcgl's

%@ %1 lameter

removed %ilﬂ?ésref REr D St ab R AR e e e ition6F &

e R e e

flask and Jgheated withail to the bellingiemperature, Afterabamospheric
pressure, this column has about 20 theoretical
steps.

@ Glass distillation head, eqguipped with a condenser
and housing for a thermocouple, wherein the whole
vapour is condensed and an aliguot of the ligquid is
removed at the reflux ratic established by the in-
tervention of an electromagnetic valve. The liquid
removed is collected in a jacketed container of 10C
millilitres.

The mix to be distilled is charged into the flask and
iz 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 cocllected over a period of about

40 minutes.

w 22 -
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one hour from the beginning of the heating, the temperature of the vapour
at the head of the column stabilizes at a 20 value of 90.100, whereas that
of the column bottom stabi- lizes at 117.5C. The head condensate is
wiepovedsaith a re- flux ratio of 10:2, until the temperature aP{ieERzd/ Fes247
mains constant. 17 g of distilled product having a DMC con- tent higher
than 99.9% are collected over a period of about 25 40 minutes. - 22 WO

2007/Q09RR%RETED 200510062 4R Subsratiepty, apafatingouaderiibas and
same conditions and in about 10 minutes, 11.4 g of distillate are collected

{oolammiread temperatre = 930.3€), havifig thesfolldwinte campositiphnt scted
99.4% by weight of dimethyl carbonate and 0.6% by weight of butanol.

el et PeRslis FRTESSSHHF £0: T, a3%hé tehpera@ it feenetriidrving

the column increases rapidly, and the distillate is collected until the head
TeRRRFattEPeaches 10 a value of 117.6C. The fraction of distillate

solgeted, WIBBIG 130403 Lhe lllowing ceawosiions 34% By WRIAHAS oz
|met°hy carbonate and 66% by weight of butanol. The head temperature
subsaguently stabilizes at a value of 117.8C and, maintaining the ref lux

rate at 15 10:1, 27 g of distillate having the following composition are
collecteite reflux ratic is increased to 10:1, as the tempera-
ture at the head of the column increases rapidly, and the
digtillate is collected until the head temperature reaches
a vélue 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 butancl 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-butancl 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

- 23 -
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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 20 weight of 437.3 g,
has a butanol content higher than 99.9%. Example 21 350 g of n-butanol

wareipoe@into the reactor de- scribed in example 20 and aP€ Hidipfeameess”
at a temperature of about 50C, by the circulation of ethylene glycol in the
25 reactor jacket, heated by a thermostatic bath. The stirring - 23 WO

2002(009559 PGTARRZ00E(006247: i Started §4,0Q0 eev/rainste) sty gene
of the polystyrene solution (30% by weight in dimethyl carbonate) are fed
desim ttherplungéad pipeydygheans of drgesnplunyg whitna floiv-rate 684 from
3,000 g/hour. 5 The polystyrene precipitates during this phase. Once the
fhedipgWigne pphRfer SOUMSIRAES PEeR @HfPleRIMEne “Sola BrmedYs rate
filtered. The filtered liquid, having a weight of 364 g, has the following
Eonipdfor?/3:95% by weight of dimethyl carbonate, 90.8% by weight of

10 butangl, r%%?‘%%‘geqebr ine: and 59.mo/Kg.af gicummypergxide. once

The solid on the filter 1s washed, at room tempera- ture, with 100 g of
fbutenek the washing ligyidhavingauwetght &2 15g:hasshe fellodngthe

composition; 1.47% by weight of dimethyl carbonate, 98.53% by weight of
dnitarol, £ dTdadngl/Kg Gfibroemiad andls nig/Kgeofeficuidperdxidéaving a
weight of 364 g, has the following composition:

g.15% by weight of dimethyl carbonate, 90.8% by weight of
butanol, 165 mg/Kg of bromine and 59 mg/Kg of dicumylperox-
ide. The golid on the Ffilter is washed, at room tempera-
ture, with 150 g of n-butanol. The washing ligquid, having a
weight of 117 g, has the following composition: 1.47% by
weight of dimethyl carbonate, %8.53% by weight of butanol,
35 mg/Kg of bromine and 45 mg/Xg of dicumylperoxide.

The soiid on the filter, having a weight of 1% g, has
the following composition:

78.4% by weight of polystyrene, 21.4% by weight of butanol,
0.17% by weight of dimethyl carbonate, %25 mg/Kg of bromine
and 78.5 mg/Kg of dicumylpercxide.

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 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 20 and
wis Mgy of dicumylperoxide. The solid, after drying in anPerePfoscp06247
period of 4 hours, at a temperature of 120C and a pressure of about 50
mbar, has a weight of 14.92 g and the following composi- tion: 25 99.87%

é&ﬁgﬁ?hEQEggwﬁ Fie, 006Ky e WeIght ©F byl- ndAxMVQ@E dicumylper-
2007/009559 PCT/EP2006/006247 tanol, 1,180 mg/Kg of bromine and

89:889/Kg of dicumylper- oxide. The contents of bromine and
dicumylperoxide in the polystyrene recovered were reduced by 79% and
94.8%The- pspectiusly, with regsesins thenstarthgerpadmespégsty-in  the
rene. The polystyrene recovered is white and has a Weight avera%igg re
ne. =

%ﬁsﬁ%f%grﬁ?&&’éﬁﬁﬁ%d BHHEPE=EYGAT0 B <ARIndTolyS
easeiiic il iy e Oly
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: e 10 g of a mixture containing™18
of dimethyl car- bonate (90% by weight) and 21 g of n-butanol (10% by

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

The filtration liquid and the washing liguid are
joined and distilled as described in example 20.

Example 22

210 g of a mixture containing 18% g of dimethyl car-
bonate (90% by weight) and 21 g of n-butanocl (10% by
weight) are charged intec a glass container having a volume
of 0.5 liters, eqguipped with a blade stirrer, thermometer,
bottom discharge and inlet for the addition of material. 80
g of crushed expanded polystyrene are added, in aligquots,
te 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-butancl are poured into the reactor de-
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15 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
waremgdedsdn aliquots, to the solvent mix, maintained underpstivEnpgpat 66247

room tem 20 perature, and the whole mixture is left under stirring un- til

complete dissolution. The solution obtained, containing 30% by weight of

polystugne s itered to elimingigsingolible.exiranequs subsiaRedpiature
350 g of n-butanol are poured into the reactor de- - 25 WO 2007/009559
PCHERRO060624¥ strdbestinaxampler?(; int e wadintained afhe reac-
temperature of about 250C by the circulation of tap water in the reac- tor
fawket FHeestiniBhds Stakedi@DOmrevmnUES) attl 0% srhéminute) and
polystyrene solution are fed from the plunged 5 pipe, by means of a

ear
Plindh, afa ABR-rAR P 5008 G/NBRr UFE PolfStyrene précipitate 3%5“?&@
this phase, in the form_of a flaky soli ce feeding of the polymer, 444
B P Rtion hashad c@rﬁpl?te&%ﬁé s l?aq%rmg&e s Ttea 10 Te liquid” "
iltersdy having a weight of 310 g, has the fol- lowing composition: 8.959.
y weight of dimethyl carbonate, 91% by weight of bu- tanol, 145 mg/kg of

brominmangb2ymgikgeaidipamylpeiastes during this phase, in the
form of a flaky solid. Once the feeding of the polymer so-
lution has been completed, the solid formed is filtered.
The liguid filtered, having a weight of 310 g, has the fol-
lowing composition:

8.95% by weight of dimethyl carbecnate, 21% by weight of bu-
tancl, 145 mg/kg of bromine and 52 mg/kg of dicumylperox-
ide.

The sgolid on the filter is washed, at room tempera-
ture, with 100 g of n-butanol. The washing liguid having a
weight of 166.95 g has the fcllowing 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 f£ilter, 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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ide. 15 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: 2.049. by weight of dimethyl carbonate, 97.95% by

wesgittoo$sutanol, 42 mg/kg of bromine and 37.4 mg/kg of dicumyipeves7

oxide. The solid on the filter, having a weight of 23 g, has the following
composition: 64.89. by weight of polystyrene, 33.7% by weight of butanol,

1.491 by wveight af dmeifdcarhenale, al%ogggﬂsg ahbrge25 reine anthours
250 mg/kg of dicumylperoxide. - 26 WO 2007/009559

RCTHEP20PSIN6P4Y Thesplid pragidctzaftercdryingsinah arerufor 40 mbar,
hours at a temperature of 120C and a pressure of about 50 mbar, has a
heeight ofeligb2 rdnd the olwing coivp oShibho“I9186 TP ARtdHtat :

polystyrene, 2000 mg/kg of bromine and 5 385 mg/kg of dicum ?g&%ﬁge.and

%g over gweorg rgggc%d P%{ _65:’».;{]i ggd 79.69. re- spectively, with respect
hé'g arﬁng expanéleg p ﬁ/s?y- rene. 10 The polystyrene recovered is

white aad hag.a weight average molecularweight-deterpinedby&EPG:  the

equal to that of the starting polystyrene.
polystyrene recovered were reduced by 63.1% and 79.6% re-

spectively, with respect to the starting expanded polysty-
rene.

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

The filtration liguid and the washing ligquid 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 sclution prepared in Example 22
(20% by weight in the dimethyl carbonate/n-butanol mixture
$0-10 by weight) are fed from the plunged pipe, by means of
a gear pump, at & 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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The filtration liquid and the washing liquid are joined and distilled, as
described in Example 20. 15 Example 23 350 g of n-butanol are poured
into the reactor de- scribed in example 20, and are maintained at a
wiepapaeetsse of about 50C by the circulation of ethylene glyEGKiRH@6/006247
reactor jacket. The stirring is started (4,000 rev/minute) 20 and 50 g of the
polystyrene solution prepared in Example 22 (30% by weight in the

Simethyl-carbogate-bpfanal mixturerf0-10; By weight)1arefed fromdtieng a

plunged pipe, by means of a gear pump, at a flow-rate of 3,000 g/hour.
weneypelystyrer pescipitaiesiskirifg thiswihase: Snpses 2&ithe feeding of

the polymer solution has been completed, the - 27 WO 2007/009559

PG TA RA00SEGERA 70 Eolfd fisy itk is TRERSR R liflid fitEredly niFhght ©f
weight of 360 g, has the following composition; 8.36% by weight of

RIRERA caltiéndie’ §£.63%, By Weilfit W%u?a%o'ﬂgl/éﬁﬁm% SoFBIBRReT %
and 66 mg/kg of dicumylperox- 5 ide. The solid on the filter is washed, at
FO6M tempera- ture, with 100 g of n-butanol. The washing liquid having a

weight-f.119.3 ghasthe-fpllowing-cempesitipns 4£k8% By weight ot empera-
dimethyl carbonate, 98.86% by weight of 10 butanol, 17 mg/kg of bromine
ane27 wmgtkg obdicgmyerexidencl. The washing liguid having a
weight of 118.3 g has the following composition:

1.13% by weight of dimethyl carbonate, 9$8.86% by weight of
butanol, 17 mg/kg of bromine and 27 mg/kg of dicumylperox-
ide.

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

72% by weight of polystyrene, 27.75% by weight of butancol,
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 14.3%2 g and the following cémpcsition:
99.86% by weight of polystyrene, 0.007% by weight of bu-
ranol, 884 mg/kg of bromine and 105 mg/kg of dicumylperox-
ide.

The contents of bromine and dicumylperoxide in the
polystyréne recovered were reduced by 83.8% and 924.5% re-

spectively, with respect to the starting expanded polysty-
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The solid on the filter, having a weight of 20.7 g, has the following

composition: 725 by weight of polystyrene, 27.75% by weight of butanol,

15 0.18% by weight of dimethyl carbonate, 637 mg/kg of bromine and
wo®&negskep of dicumylperoxide. The solid product, after dryiRQTERRGGHEEHR247

for 4 hours at a temperature of 120C and a pressure of about 50 mbar,

has a weight of 14.92 g and the following composition: 20 99.86% by

Meight 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 dichenylpelgtde irethe pelystyrere recoverbd wererstiubed by weight

83.8% and 94.5% re- 25 spectively, with respect to the starting expanded

potysige- 18 IWO126807/86955% PG EFNDBRI06RY 7 GRfhe. FAEEL to that

polystyrene recovered is white and has a weight average molecular

Seight dRtERTRET KB BESEGGAFo that of the starting polystyrene. 5
The filtration liqujd and the washing.liquid are, joine istilled; a5 5
5 lg éf%ralgnz%n \gﬁ_ajirga%gg Z%ch‘ cioined,gad digtilled; 8553 are

Ahe .
describéd in Xamp 1
joined and distilled, as described in Example 20.
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WO 2007/009559 PCT/EP2006/006247 CLAIMS 1. A process for the

recovery of polystyrene from waste material containing expanded

polystyrene essentially comprising: 5 i. the reduction in volume of
wexpandwdspolystyrene by means of dissolution in a solventPiTsezapatitF47

of the insoluble components; iii. precipitation of the polystyrene solution by

means of an anti-solvent; 10 iv. separation, washing and drying of the

precipi- tated polystyrene; v. fractiohationdy distillation of the components

of the mother liquor used for the precipitation and washing, recovery of

the solvepiBeasihe Abrheankof the aistitatiat caolpnsandisrecycing wgste

step i), and recovery of the anti-solvent from the bottom of the distillation

columnatisarszlerizehirtiat ite BYPSEIVER! i8] BN SGeREF DM 21 1Y

n-butanol, iso-butanol or sec-butanol 20 and the solvent is dimethyl

carboABFP afotre 6 in a mixture containing up to 250 by weight of butanol.

2. The,process 2GaIdng(LlaINL, WIRR (e SOlyRNnHLANIGE 198 oy rene
volumé reduction and dissolution of the expanded polystyrene is carried
out, addition@l{y RN 25 tajRs an-aliphaticor cyelie sairatesdyydrocarbon,

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 precipi-
tated polystyrene;

v, fractionation by distillation ©f the components
of the mother liguor 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
+he bottom of the distillation column;

characterized in that the anti—sol{rent ig a butanol

selected from n-butancl, isc-butanol or sec-butanol

and the solvent is dimethyl carbonate, alone or in a

mixture containing up to 25% by weight of butanol.

2. 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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- 30 WO 2007/009559 PCT/EP2006/006247 with a number of carbon

atoms equal to or lower than 7, or a mixture of said hydrocarbons, at a

concentra- tion ranging from 0.1 to 350 by weight in the mixture. 3. The
wproeesswecording to claim 2, wherein the ali- 5 phatic or cyelic/satasated247

hydrocarbon comes from ex- panded polystyrene to be recycled, in which

it is con- tained in a concentration ranging from 0.1 to 1.55. by weight. 4.

The pracess aceprdingto claipe3puberginoiie alll@iphadc eecydier than
saturated hydrocarbon contains 5 car- bon atoms. 5. The process

according ¢e- cklim ¢ theseinthe adid phatic-oreydiorsaiuratede concentra-
hydrocarbon is n-pentane. 6. The process according to claim 1, wherein

the wasterl Sumagsrizd cntinifg polpstyEhedsyedatind Bnélef mbreure-
additives. 7. The process according to claim 6, wherein the addi- tives are

*hexabFoRo&ERRTRCARERHSEDY alr@ordizdlimyiperdkigs DEPT P 13-
The pr cggs accordir%gcdlfiglaiéna%u\évggé%jn ﬂ'é'%]%‘é&”ﬁﬁ%teg%%%@i{lm ox-
n edt c [

ponst? s sﬁEje% 0 a pre- ventive méchanical compacting

operatiqn, £ FheRIOCESS AGE0RIINGID cladnd; wdhereln thamachanii galcon-

compacting is effected until a density in the or-
tained in a concentration ranging from 0.1 to 1.5% by
welight .

4. The process according to claim 3, wherein the ali-
phatic or cyclic saturated hydrocarbon containg 5 car-
bon atoms.

5. The process according to claim ¢, wherein the ali-
phatic or cyclic saturated hydrocarbon is n-pentane.

6. The process according to claim 1, wherein the waste
material containing polystvrene also contains one oOr
more additives.

7. The process according to claim 6, wherein the addi-
tives are hexabromocyclododecane {(HBCD) and/or di-
cumylperoxide (DCP}.

8. 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/1 is reached.
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25 der of 0.1 Kg/l is reached. - 31 WO 2007/009559 PCT/EP2006/006247
10. The process according to claim 1, wherein the dissolu tion of the
expanded polystyrene is carried out at at- mospheric pressure, in an
wapparainsssequipped with stirring, at a temperature normallypramgintgotrerse47
20C 5to 70C. 11. The process according to claim 1, wherein the concen-
tration of polystyrene in the solution ranges from 5% by weight to 509. by

yeightnl2. Thequocess-accoiding to£laim 44, whegia Hag £oreRN-diGsolu-
tration of polystyrene in the solution ranges from 15% by weight to 40%
by weightnl % T henprosessadedrding (osclpinrie wheremnthégsiecipt: at at-
tation of polystyrene is carried out at a temperature ranging from 10C to
70C. IEoBpHENS ProgusssEtordingid clain 13PRAErEHThe BB EBREtoN + E1
of polystyrene is carried out at a tempera- ture ranging from 15C to 50C.

15. ThESHBESES acdrding tEEREAE WRe AT TR Précihiriatioy frontthe ¢

solutiog 0f7%()J styrene is carried out 20 with a quantity of anti-solvent
ranging?rom 1 to 20:1 in the weight ratio with the solvent. 16. The

Qiqce%%mf%i@gég claim 1% iherein thenrg- gipitafipnris caried odbneen-

with a quantity of anti-
tration of polystyrene in the solution ranges from 5%
by weight to 50% by weight.

12. The process according to claim 11, wherein the concen-
tration of polystyrene in the scolution ranges from 15%
by weight to 40% by welght.

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, Thé 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 1is carried out
with a guantity 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 guantity of anti-

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

with the solwvent.
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solvent ranging from 5:1 to 15:1 in the weight ratio 25 with the solvent. -
32 WO 2007/009559 PCT/EP2006/006247 17. The process according to
claim 1, wherein the precipi tation of polystyrene is carried out by feeding
wiheosaugiem of polystyrene to the anti-solvent, kept un- der frbalenbs/oos247
stirring, below the stirring system. 5 18. The process according to claim 1,
wherein the separa- tion of the polystyrene precipitated is effected at a

{empesgfyre.tanging from.10Csand 70C. 1, fHheprogass-aceoreing precidpi -

claim 1, wherein the separa- tion of the polystyrene precipitated is effecte

at a lpdemperatdregangiggfiame SCsandhfiGeld a0t2%y 38eeding the
solution of polystyrene to the anti-solvent, kept un-
der turbulent stirring, below the stirring system.

18. The process according to claim 1, wherein the separa-
tion of the polystyrene precipitated is effected at a
temperature ranging from 10°C and 70°C.

12. The process according to claim 1, wherein the separa-

tion of the polystyrene precipitated is effected at a

temperature ranging from 15°C and 50¢C.
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