1 PROCESS FOR REDUCI NG RESI DUALS CONTENT | N VI NYL ARQVATI C POLYMERS 5
[Field of the invention] The present invention relates to a
process for reducing residuals content in vinyl aromatic polyners and
more particularly in polystyrene (PS). Ifd the 10 process of the
present invention the vinyl aromatic polynmer is brought in contact,
in the nolten state, with a solid in powder capable to catal yze the
al kyl ati on of said residual vinyl aromatic nononer on the vinyl
aromatic polyner. 15[ The prior art and the technical problem

In the pol y“%ﬁ@%fi@%%ﬁ)ﬁ%ﬁ@éw ﬁESFﬁAlﬁé’yﬁbNﬁﬁ i@bldﬂ%&%‘l\lpgnc

nmononers, solvents or S such as et benzene and 1ow nol ecul ar
wei ghts ol i gonR@PEYMERS as diners and trinmers may be present in the
pol ymer 20 .comi ng out of the polynerization reactor. Mdst of the PS
produced globally is made using free-radical bul k polynerization
processes. Thd6glpeidbeswyestiqndl yneri ze styrene to only about 90%
conversion. Unreacted styrene is renoved by heating under a vacuum at
hi gh tenperature. The |evel of residual styrene nononer left in the
resin is typicallyTheordsgDoinypnionargtesdnd prosessZser fedegine nediquako@ntent
500 ppm The vl atjl ' i 0l i | ; i

have becone aﬁgigﬁdéﬁ r%ﬁ%?Eﬁﬁgﬁaﬁgggﬁﬂ%q%?“?ﬁggh@gﬁgﬁﬁﬂgﬁ§§§§¥gﬁi?e
and pol ynets tihasessr ef thedpessent nveslien ithee vingt @rdmadtes halyeebde dmeught in
demanded as pr S: evel : I i i
IS not enoughfgﬂgﬁ§'§&I§ggﬁﬁﬁtﬁ%§{ﬁ%§g§5§ﬁi'@??&§H§E§%§%§H§%?gﬁ?Fggg
strand devol atalfiiatigni eh saisle nesidualigany! deomhtbg imonomeroan thal viny serageatic
devolatilizatiﬁmyméﬁmﬂ ous stripping agents have al so been tried such
as : Steamor water, organic solvent such as acetone or nethanol
supercritical CO2, ultrasonic bubble nucleation.

15 [The prior art and the technical problem]

In the polystyrene (PS) manufacture, residual material including
monomers, solvents or diluents such as ethylbenzene and low molecular
weights oligomers such as dimers and trimers may be present in the polymer

20  coming out of the polymerization reactor. Most of the PS produced globally is
made using free-radical bulk polymerization processes. These processes
polymerize styrene to only about 90% conversion. Unreacted styrene is
removed by heating under a vacuum at high temperature. The level of residual
styrene monomer left in the resin is typically 100-1000 ppm range and most

25 frequently 200 to 500 ppm. The volaties materials remaining in polymer
compositions have become an issue from the standpoint of the hygiene and
safety, and polymers that are reduced in volatile materials have become
demanded as products.

To get lower level of residuals simple heating is not enough. Many

30 technigues have been tried such as : falling strand devolatilization, centrifugal
devolatilization, multi-stage devolatilization. Various stripping agents have also
been tried such as : Steam or water, organic solvent such as acetone or

methanol, supercritical C02, ultrasonic bubble nucleation.
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US 2002-0032266 relates to colorless plastics that release only very
small amounts of undesirable organic compounds due to the addition of special
additives. The above and other objects of said prior art can be achieved by

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

chloride, polyethylene terephthalate, polystyrene, acrylonitrile butadiene styrene
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[Brief description of the invention]

15 The present invention relates to a process for reducing residuals content
in a vinyl aromatic polymer, said residuals comprising essentially unpolymerized
vinyl aromatic monomer, wherein the vinyl aromatic polymer in the molten state
is brought in contact with a solid in powder capable to catalyze the alkylation of
said residual vinyl aromatic monomer on the vinyl aromatic polymer.

20 Advantage of the present invention is a sharp reduction of the
unpolymerized vinyl aromatic monomer in the vinyl aromatic polymer without
generating a new residual and without inducing a colored vinyl aromatic
polymer.

The present invention also relates to said vinyl aromatic polymer having

25 alow residuals content.
[Detailed description of the invention]

As regards the vinyl aromatic polymer, mention may be made of :
30 - polystyrene, elastomer-modified polystyrene,
- copolymers of styrene and acrylonitrile (SAN), elastomer-modified SAN,

in particular ABS, which is obtained, for example, by grafting (graft



As regards the vinyl aromatic polymer, nention may be nade of

30pol ystyrene, el astoner-nodified polystyrene, copolyners of styrene
and acrylonitrile (SAN), elastoner-nodified SAN, in particul ar ABS,
which is obtained, for exanple, by grafti4ng (graft 4 polynerization)
of styrene and acrylonitrile on a backbone of pol ybutadi ene or of

but adi ene-acrylonitrile copolynmer, m xtures of SAN and ABS,
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can be linear blocks copolyners or star s copol yners, ey can
be hydrogenat ed an&hdipsf@istitdnnal i zed (see above).

- SBR (Styrene butadiene rubber),

15 Possible examples of the abovementioned elastomers are EPR (the
abbreviation for ethylene-propylene rubber or ethylene- propylene elastomer),
EPDM (the abbreviation for ethylene- propylene-diene rubber or ethylene-
propylene-diene elastomer), polybutadiene, acrylonitrile- butadiene copolymer,
polyisoprene, isoprene-acrylonitrile copolymer and copolymers with styrene

20 blocks and blocks made of butadiene or isoprene or of a mixture butadiene
l/isoprene. These block copolymers can be linear blocks copolymers or star
blocks copolymers, they can be hydrogenated and/or fonctionnalized (see
above).

In the above vinyl aromatic polymer just mentioned, part of the styrene

25 may be replaced by unsaturated monomers copolymerizable with styrene, for
example alpha- methylstyrene or (meth)acrylates, Other examples of styrene
copolymers which may be mentioned are chloropolystyrene, poly-alpha-
methylstyrene, styrene-  chlorostyrene  copolymers, styrene-propylene
copolymers, styrenebutadiene copolymers, styrene-isoprene copolymers,

30  styrene-vinyl chloride copolymers, styrene-vinyl acetate copolymers, styrene-
alkyl acrylate copolymers (methyl, ethyl, butyl, octyl, phenyl acrylate), styrene-
alkyl methacrylate copolymers (methyl, ethyl, butyl, phenyl methacrylate),
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one or more Cgq2 vinyl aromatic monomers which are unsubstituted or
substituted by a Ci4 alkyl radical and from 60 to 40, preferably from 60 to 50
weight % of one or more monomers selected from the group consisting of C4e
conjugated diolefins.

20 The rubber may be prepared by a number of methods, preferably by
emulsion or solution polymerization. These process are well known to those
skilled in the art.

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

25 in the above mentioned reference.

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

In the specific embodiment in which the vinyl aromatic polymer is
polystyrene, it could be a crystal polystyrene or a rubber modified polystyrene.

30  The rubber modified polystyrene is called HIPS (High Impact Polystyrene) .The
process for making HIPS is well known to those skilled in the art. The rubber is

"dissolved" in the styrene monomer (actually the rubber is infinitely swollen with
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20  rubber modified.
Such vinyl aromatic polymers are described in WO 01-68765, EP
1148086, US 6825270, EP 770632, EP 1251143, EP 620236, US 2005-
0070662, US 6569941 and EP 664303.

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

30 As regards the solid in powder, the particule size is advantageously
ranging from 5 nm to 200 ym. The solid in powder could have no porosity,

should there is a porosity, advantageously the pores size is ranging from 1.8 nm



20r ubber nodi fi ed. Such vinyl aromatic polymers are descri bed
in WO 01-68765, EP 1148086, US 6825270, EP 770632, EP 1251143, EP
620236, US 2005- 0070662, US 6569941 and EP 664303. 25As regards the
residuals, the level is typically 100-1000 ppm and nost frequently
200 to 500 ppm In the specific enbodi nent in which the vinyl
aromatic polyner is polystyrene the residuals are mainly styrene.
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Proportion of the solid powder in the vinyl aromatic polymer is
advantageously 0.01 to 5 weight %, preferably between 0.1 to 1 and more
preferably between 0.2 to 0.6. The alkylation reaction is around 10 seconds to
10 minutes, the limiting factor is the quality of contact between the

20  unpolymerized monomer, the solid in powder and the vinyl aromatic polymer.

The solid in powder can be injected upstream the last devolatilization
section or more preferably downstream the last devolatilization section of the
vinyl aromatic monomer polymerization facility. Devolatilization means the
removal of the unpolymerized monomer in the course of the polymerization. A

25  static mixer can be added to ensure a good mixing with the vinyl aromatic
polymer. The solid in powder can be added by mixing it with oil, vinyl aromatic
monomer or another organic liquid to obtain a mixture and then injecting said
mixture with a pump or an extruder. The solid in powder can also be added to
the vinyl aromatic polymer by way of a masterbatch in the vinyl aromatic

30 polymer and further injecting said masterbatch with an extruder. The solid in
powder can also be added as a suspension in water in the course of

devolatilization in the stripping section of the vinyl aromatic monomer
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wth a punp orreem/eeexi pslgpeliets Dhdefnd iinjedtion plm\ad’eould,aan akismsndneayammietdstoo
t he vi nyl aro \féie% ol ymer by way of a masterbatch in the vinyl
aromatic ol'yner “and further injecting said masterbatch with an
ext ruder. The sol i & i meqwdiendeshie addseritsolatdepbveter awkiospendheway it is

water in the Goursg iofhdlnyfla 3‘%&@%’3. g bitold fieSfild t?w@'tﬁ% SR LA i

the vinyl aromatr c nononer ion aC|

particul i a0 i raner iessaid onylehematiorpeddnasi [ i ca al um na. The soI [ d in
powder can al so be added to the vinyl aromatic pol yner and the
resulting blend is nelted in an extruder or m xing apparatus usual in
t he t her nopl adEkawplesidustry. The solid in powder can al so be added to
the vinyl 5 aromatic polymer while said vinyl aromatic polyner is in
the nmolten state to be recovered as pellets or before injection in a
moul d, an extrusi ofregidapalysiyrene geunuleagserand optionally a| solids powder are

recomendeg; t x?rElG‘e(?F\'tF’e?d?lbwg\ |&npmwgse_r, whi chever the way it is

injected in the vinyl aromat e mer, before injecting the basic pH
addi tives, if 10an§8lear PO/AIVEENg; @rymuiaieérfh(ﬂ i2c= 30) preeinjecteBxianpisiagle screw

Crystal pol yStékErS&‘?rO\ﬁ 2HLiAg- %ép;géﬂ%t ORtdseMBltate & gzé"kér;/ﬂ og%\%g with& solid

15extruded in the OW ng condi tions : rene
granul at es ( Mpogder.3(e exteisionjtemperdture peofisisnggteeert 8O asdtd10de rlapgdhe

dosi ng- hopper &t de T8Ae Ad AWLALEsiRIncE - t?né‘ﬁ%dbgﬁl%é QRALeY i3 it SQhkelH
powder. The extrusion tenperature pro etween 190 and 210C

al ong t he %t rsgawies of it s iakgamt freiuferdéhadiee t hrough the extruder
is 12 mn. Sev@dlstyrene, E-benzene residual contents in the samples are determined by the

following method (volatils extraction by dissolution/precipitation)
-Dissolution of 2 g of the sample in dichloromethane (20 cc) (stirring for 4
hours)
25 -Precipitation of the PS by addition of 5 ml of methanol (stirring for 4
hours)
-Determination of the styrene, ethyl-benzene (EB) concentration in the
solution by gas phase chromatography.
The crystal polystyrene is a Total Petrochemicals commercial grade (PS 1960)
30  having a Melt Index MI5 (5 kg — 200°C) equal to 30.
The Y zeolite (Abscent 1000 from UOP) has a ratio Si/Al = 30, pH: 5.2 and an
average pore size : 10 Angstrom (1 nm).



20 samples of PS are taken at the outlet of the die. Then Styrene,

E- benzene residual contents in the sanples are determ ned by the
follow ng nmethod (volatils extraction by dissolution/precipitation)
-Dissolution of 2 g of the sanple in dicH® oronethane (20 cc)
(stirring for 4 hours) 25-Precipitation of the PS by addition of 5 ml
of nmethanol (stirring for 4 hours) -Determ nation of the styrene,

et hyl - benzene on rati in.t gl ution by gas phase

chr omat ogr aphyéég}S &emﬁﬁyehc(:jr%{/lls@?wﬁ'o'?(g§¥ @?%%Séai s a Total

Pet r ochem cal sASdmepplied byGeaabe HBSr th8Gkpe 3tarhBevingt®a Melt 1 ndex M S
(5 kg -200C) equal to 30. The Y zeolite (Abscent 1000 from UOP) has a
ratio Si/Al = 30, pH 5.2 and an average pore size : 10 Angstrom (1
nm. ESAis Aerosil(r) MOX 170 supplied by Degussa, ASA is supplied

by G ace un\.)dermehr%s[t”(saéirgomgéﬁe[‘)avi cat(r) 5The results are on table 1



Table 1 11 CLAIMS 1Process for reducing residuals content in a
vinyl aromatic polyner, said residuals ranging from 100 to 1000 ppm
and conprising essentially unpolynerized vinyl aromatic nononer,
wherein the vinyl aromatic polyner in thénolten state is brought in
contact with a solid in powder capable to catalyze the al kyl ati on of
said residual vinyl aromatic nononmer on the vinyl aromatic polymner.
2Process according to claiml in which the vinyl aromatic polyner

conprises : i) from60 to 100 wei ght % of one or nore Ce-f2 vinyl
aromatic nononers; and i) fron101kmkﬂ0 wei ght % of one or nore
nononer s sel-eeted—f+rpm-the—groug—consstiRoret—CH4ratkyh—esters—of

acrylic of gﬁghacgﬁlspaéld ad ac&g (aTelN A&Jes%ggenetggcryhggltrlle
whi ch pol yeeminaay>  assbudedpwht hii gopfnl gmvdatit © ofelor

Faf
wei ght % bf one |or ﬁlgé% gge? pol yFBA®PS3Pr ocess| accorldi ng o any
one of th 0 ' 0 180 25 205

Dark

Zeolite Y 30 10 - 52 0.25 13 112 125 Brown

No color

CSA 30 81 880 3.4 0.25 46 28 74 (slightly
hazy)

No color
CSA 100 36 990 3.2 0.25 77 38 115 (slightly

hazy)

ASA 25 70 450 7.8 0.25 114 27 141 (slightly
hazy)
No color
ASA 6 130 360 5.8 0.25 135 26 161 (slightly

hazy)

No color
ASA 6 60 500 5 0.25 60 32 92 (slightly
hazy)
No color
ASA 7 46 640 4.7 0.25 85 40 125 (slightly
hazy)
No color
ASA 40 20 790 3.2 0.25 52 37 89 (slightly
hazy)
No color
ASA 45 135 315 3.3 0.25 113 25 138 (slightly

hazy)

No color
ASA 2.5 70 450 7.8 05 81 29 110 (slightly
hazy)
No color
ASA 6 60 500 5 0.5 40 36 76 (slightly
hazy)
No color

ASA 40 20 790 3.2 0.5 34 35 69 (slightly
hazy)

No color

FSA 100 - 170 4 0.5 120 25 145 (slightly
hazy)




the particule size of the solid in powder is ranging from5 nmto 200
pm 4Process according to any one of the preceding clains wherein the
solid in powder has-a specific area higher than 100 n2/g. 5SProcess
according to any one of the preceding cldins wherein the solid in
powder has no porosity. 6Process according to any one of clains 1 to
4 wherein the solid in powder is such as the pores size is ranging
from1l.8 nmto 20 nm 7Process accord|¢i kﬁ%any one of the preceding
cl aims wherein the chem cal conpositio A he solid in powder is
silica-alumna. 12 8Process according to claim7 wherein the solid
in powder is selected fromthe group conprising anor phous silica

a: 3m RZ Eégﬁg crystalg,08sStor! fAu@hd Tedfud2ohied I & rT\‘rair('ilylsaromai31 ic
a
polymer said residuals ranging from 100 to 1000 ppm and comprising

essentially unpolymerized vinyl aromatic monomer, wherein the vinyl aromatic
polymer in the moiten slate is brought in contact with a solid in powder capable
to catalyze the alkylation of said residual vinyl aromatic monomer on the vinyl
aromatic polymer.

2 Process according to claim 1 in which the vinyl aromatic polymer
comprises :
i) from 60 to 100 weight % of one or more Cs.1, vinyl aromatic monomers; and
ii) from O to 40 weight % of one or more monomers selected from the group
consisting of Cy4 alkyl esters of acrylic or methacrylc acid and acrylonitrile and
methacrylonitrile; which polymer may be grafted onto or occluded within from 0
to 20 weight % of one or more rubbery polymers.

3 Process according to any one of the preceding claims wherein
the particule size of the solid in powder is ranging from 5 nm to 200 pm.

4 Process according to any one of the preceding claims wherein the
solid in powder has a specific area higher than 100 m%g.

5 Process according to any one of the preceding claims wherein the
solid in powder has no porosity.

6 Process according to any one of claims 1 to 4 wherein the solid in
powder is such as the pores size is ranging from 1.8 nm to 20 nm.

7 Process according to any one of the preceding claims wherein the
chemical composition of the solid in powder is silica-alumina.



9Pr ocess according to claim7 or 8 wherein the atomc ratio Si/A is
ranging from2.5 to 150. 10Process according to any one of the
preceding clainms wherein the acidity of said solid in powder is | ower
than 9. 11Process according to claim9 wherein acidity of said solid
in powder is ranging from3 to 6.
8 Process according to claim 7 wherein the solid in powder is
selected from the group comprising amorphous silica alumina (ASA), crystalline

silica alumina (CSA) and fumed silica alumina (FSA).

9 Process according to claim 7 or 8 wherein the atomic ratio Si/Al is
ranging from 2.5 to 150.

10 Process according to any one of the preceding claims wherein the
acidity of said solid in powder is lower than 9.

11 Process according to claim 9 wherein acidity of said solid in
powder is ranging from 3 to 6.



