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polystyrene, a SE%Ut aré“geﬂgrally known as expandable polymer
particles. A well-known type of expandable polymer
particles is expandable polystyrene. Expandable
polystyrene is produced on a commercial scale by
10 suspension polymerisation. The foaming agent is.usually
a low-boiling hydrocarbon, such as a C3-Cg hydrocarbon,
in particular pentane isomers. The expandable poly-
styrene is used for making foamed articles that are
produced by expanding the polystyrene particles. In the
15 expansion process the hydrocarbon foaming agent is
released and may be emitted into the environment. Such
emissions are regarded undesirable and ways are sought
to avoid such emissions. One way is to recover or burn
the emitted hydrocarbon. Another way is to reduce the
20 amount of hydrocarbon foaming agent in the expandable
polymer particles.
In US-A-5,096,931 expandable polystyrene is
described which contains polystyrene, a small amount of
a polar polymer, some water and a reduced amount of
25 hydrocarbon foaming agent. Although the content of
hydrocarbon foaming agent has been reduced such agent
must still be present to achieve satisfactory expansion.
GB~-A-1,106,143 discloses a process for preparing
water-expandable polystyrene particles by mixing by
30 vigorous mechanical agitation styrene monomer, water and

an emulsifier with a free-radical initiator to obtain an
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articles after expan Pous
of the above GB patent it was found that the finely

dispersed water droplets obtained in the first emuls1on
10 tend to coalesce and form bigger droplets during
polymerisation. In an experiment in GB-A-1,106,143 it is
confirmed that droplets bigger than 40 pm cause
-unsatisfactory foamed articles after expansion. Vigorous
agitation is apparently necessary in this known. process
15 to create and maintain the finely dispersed water
| ' droplets. However, it is awkward to stir in commercial
" operation at such high energy input.
Hence, it would be desirable if the tendency of the
- water droplets to coalesce could be reduced.
20 . Surprisingly, it was found that the tendency for the
| water droplets to grow could be reduced by creating a
viscous water-containing emulsion before completely
polymerising the vinylarene monomer in suspension
polymerisation. This makes it possible to stir less
25 vigorously.

Accordingly, the present invention relates to a
process in which a viscous water-containing emulsion of
vinylarene monomer is pre-polymerised before being
suspended in an agqueous medium. The present invention

30 relates to a process in which the emulsifier is prepared
in-situ. The patent case claiming priority of European
application No. 96201904.8 relates to a process in which
emulsifier is added.

The present  invention provides a process for the

35 preparation of polymer particles containing a vinylarene
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pol ymer partld‘ﬁ%ég%gfﬂr%égkf&%é9¥sggf2ecompoung S ELater emulsified
therein;
10 b) suspending the pre-polymerised mass in an aqueous
medium to yield suspended droplets, and
c) polymerising the vinylarene monomer in the suspended
droplets to complete monomer conversion to yield
suspended polymer particles.
15 The present invention has the advantage that the in-
' situ prepared emulsifier has been found to be very
effective. This makes that a substantial amount of water
can be incorporated in the beads.
The present process is capable of yielding polymer
20 particles with satisfactory expandability properties
that do not contain an organic foaming agent. The
process is therefore preferably conducted in the
substantial absence of C3-Cg hydrocarbon foaming agent.
In the substantial absence means in an amount less than
25 0.5 %¥wt based on the amount of vinylarene monomer,
preferably less than 0.25 %wt, more preferably in the
complete absence of such foaming agents.
In a further embodiment of the invention the polymer
particles obtained are separated from the agueous
30 mixture and, optionally, expanded to yield pre-expanded
particles which are optionally treated further to yield
foamed articles. The present invention furthermore
relates to polymer particles and foamed articles
obtainable by such process.
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agent. The prqCess is therefore preferably Conducted Tn e’ su anti al
absence of C¥O®-hydrocarbon foaning agent. In the substantial absence

means in an anoumthd efspdligiefifaldié SoRSSuRA ¢86 be selected from

- any compound which combines the two functionaiities: a

10 polar moiety and a vinyl moiety.'suitable compounds are
sStyrene compounds with a polar mOietyﬂ The pélar moiety
is preferably derived from an acidic moiety, more
particularly from an inorganic acidic moiety. Suitable
examples include acrylic acid or salts thereof.-Other

15 preferred examples are polar styrene derivatives such as
styrene sulphonic acid or a salt thereof.'

In order to prépare the emulsifier, the mixture of
copolymerisable compound and vinylarene compound
preferably contains a phase_tranéfer catalyét which

20 enables copblymerisation. The phase transfer catalyst
can be selected from a wide range of known compounds.
For anionic'pdlar moieties; suitable phase transfer
catalysts are quaternary ammonium and/or phosphonium

- compounds. Preferable compounds include:tetra—alkyl

25 (e.g. with 1 to 15 carbon atoms) ammonium or phosphonium
Lalides, such as tetra butyl ammonium bromide, tetra
methyl ammonium chloride or trioctyl methyl ammonium
chloride. _ '

The emulsification can be achieved easily by

30 stirring of the water and the bthér components of the
emulsifying mixture. Suitable stirring is already
carried out at an energy ihput'equivalent to or less
than 500 rotations per'minute'for a 70 1 reactor, even
at an energy input equivalent to or less than

35 350 rotations per minute for a 70 1 reactor.




anount of vinylarene nononer, preferably |ess than 25 0.25 %M, nore

preferably hn) 4ﬁpnplete absence of such foam ng agents. |UHQUEHEMB&®
enbodi ment of e I nvention the polymer particles obtained are separated

fromthe aqueous m xture and, optionally, expanded to yield pre-expanded
particles 30 which are optionally tredted further to yield foaned
articles. The present invention furthernore relates to eanndabIe pol ymer

particles based on Zhei AycanEnefmseredymard RO unm tpabedusadt he
amount of vinyl greggmabRatRnt GleprideRft! wrﬂ@@&mp&mﬂa%ﬁt 8bnpag a

FﬁL?Le?5contalggég §l%agdgaé%g%%ﬁ’yhgt gg%ﬁg? Yt y?%ﬁéﬁ&é%%%ggﬁie 5f3a -
water emul sifi edoinpensidn raﬂgasorﬁmnto Jonerid @ BSO besed 66nt Bhé0amBANt
i, based on (HE TABYRETERS MRONER FARRRAAY TAOGER JhF y REPodbPE to
conpound cont ai Bj, ngoa'epplrerfem:led Vrand Ga ity |1 rBifeaty.

The amount of water to be emulsified which to some
extent determines the desired amount of copolymerisable
compound, can be chosen between wide ranges. Suitably

10 the amount of water ranges from 1 to 20 %wt, based on
the weight of the vinylarene monomer. Well-expandable
particles can be obtained when from 3 to 15 %wt of water
is emulsified. Below 1 %wt the expandability may be too
low, whereas at very high water contents the particles

15 yield expanded articles that may run the risk of
collapsing.

In the water to be emulsified an electrolyte may be
included. Suitable electrolytes are alkali and alkaline
earth salts, but other inorganic salts may equally well

20 be used. The electrolyte may lead to a decrease in
droplet size and may enhance the water-in-oil character
of ionic surfactants. Therefore, it may be advantageous
to use a water phase with from 0.5 to 5 %wt of
electrolyte, based on amount of water, especially when

25 an ionic emulsifier is used. Preferred salts are alkali
metal halides, such as NaCl and KCl.

The pre-polymerisation step may be conducted in any
known manner. This includes free-radical polymerisation
and thermal radical polymerisation. Thermal poly-

30 merisation can be effected by heating the emulsion to a
temperature of 120 to 150 °C. When the desired
conversion has been achieved, the temperature is
reduced. If the pre-polymerisation step is carried out
by thermal radical polymerisation in the presence of

3s water, the pre-polymerisation needs to be carried out at
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polymerisation by heating to 40-140 °C. The pre-

10 polymerisation:of step a) is"preferaBly carried out by
heating to 40-120 °C. The polymerisation of step c) 1is
preferably carried out by heating to 60-140 °C. Free-
radical polymerisation is suitably carried out at a
pressure of 0.5 to 5 bar, preferably 0.7 to 1.S5.bar,

15 more. preferably at atmospheric préséure. The further
process conditions are well-known to the skilled
artisan. Most preferably, the final stage:of the
polymerisation of step c) is carried out at elevated
pressure and at' a temperature of 110-140 °C in order to

20 . Ffurther reduce the amount of monomer present in the
-Zinal product. s

Optimal conversion degrees of the pre-polymerised
mass may vary for different monomers. Suitably the
conversion varies between 20 and 70% of the vinylarene

25 monomer. -

If the conversion is higher than 70%, the viscosity
of the .pre-polymerised mass may be so high that handling
problems may occur. This may complicate suspending the
pre-polymerised mass in the agueous phase or the

30 emulsification of water into the pre-polymerised mass.
1f the pre-polymerisation degree is lower than 20%, the
suspended droplets will tend to be unstable. In that
case, undesirably large amounts of aqueous suspension
medium of large droplet size will be incorporated. This
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step a). Suitably, the cross-linking agent is selected
from the group of compounds having at least two olefinic

10 double bonds. Examples of such compounds include di-
vinylbenzene, a,w-alkadienes, e.g. isoprene, and the
diester of acrylic acid or methacrylic acid with a diol,
such as butanediol, pentanediol or hexanediol. Preferred
for its compatibility with the vinylarene is divinyl-

15 benzene.

In order to obtain a significant cross-linking
effect the amount of the cross-linking agent should not
be too low. On the other hand, if the amount of cross-
linking agent would be too high, the expandability of

20 the eventual particles would deteriorate. A suitable
range is from 0.01 to 5 %wt, preferably from 0.01 to
1.5 %wt, based on the amount of vinylarene monomer. Most
preferably from 0.01 to 0.5 %wt of cross-linking agent
is used.

25 Further, it has been found to be advantageous to
polymerise the vinylarene monomer in the presence of a
polyphenylene ether. It has been found that the presence
of polyphenylene ether reduces the chance that the
foamed material collapses during cooling. Suitable

30 polyphenylene ethers-have been described in EP-A-350137,
EP-A-403023 and EP-A-391499. The polyphenylene ether can
be added in step a) and/or in step c¢). Preferably, the
polyphenylene ether is added in step a). The poly-
phenylene ether compound is preferably present in an
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The suspension polymerisation can be improved by

increasing the stability of the water-in-oil emulsion.

This can be attained by using an aqueous medium.

s containing one or more conventional stabilizing agents,

such as polywvinylalcohol, gelatine, polyethyleneglycol,

hydroxyethylcéllulose, carboxymethylcellulose, poly-

vinylpyrrolidone, polyacrylamide, but also salts of
poly (meth)acrylic acid, phosphonic acid or (pyro)-
20. - phosphoric acid, maleic acid, ethylene diamine tetrace-

tic acid, and the like, as will be appreciated by the

person skilled in the art. Suitable salts include the

ammonium, alkali metal and alkaline earth-metal salts.

An advantageous example of such a salt is tricalcium

25 phosphate. Preferably, the stabilizing agent is based on
acrylic acid and/or methacrylic acid, optionally in

combination with acrylic amide. The amount of the

stabilizing agents may suitably vary from 0.05 to
1, preferably from 0.15 to 0.6 %wt, based on the weight

30 .0of the aqueous medium.

The free-radical initiator can be selected from the

conventional initiators for free-radical styrene

polymerisation. They include in particular organic

peroxy compounds, such as peroxides, peroxycarbonates

35 and peresters. Combinations of peroxy compounds can also
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to,60-140 [err]C__Free- radi§$l ol.ynerisation is s y carried out™at a
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at atnospheric prbasylperisobutyiatie T eSO (pORSPT Hugts - KgRY¥N to
the skilled art'h?,ag. g%%%i e%f%k\?igld\éﬁn t&e fi rLallsI ge_of the polynerisation
of step c) is ca rlga G - dihydrocarby 3-Cip)peroxides, such
as diisopropylbenzene hydroperoxide, di-t-butyl
10 peroxide, dicumyl peroxide or combinations thereof.
Radical initiators different from peroxy compourds
are not excluded. A suitable example of such a compound
is a,a’'-azobisisobutyronitrile. The amount of radical
initiator is suitably from 0.01 to 1% wt, based.on the
15 weight of the vinylarene monomer. The process is
suitably initiated by heating the reaction mixture to

elevated temperature, e.g., in the range of 40 to

140 °C.
The polymerisation process may suitably be carried
20 out in the presence of a chain transfer agent. The

person skilled in the art will appreciate that these
chain transfer agents can be selected from mexcaptans,
such as C3-Cjg-alkyl mercaptans, e.g. n-dodecyl-
mexrcaptan, t-dodecylmercaptan, n-butyl mercaptan or

25 t-butylmercaptan. Preferred are aromatic compounds such
as pentaphenyl ethane, and in particular the dimer of
a-methyl styrene.

The polymerisation can be further improved by

increasing the stability of the suspension. Such a

30 stability increase can be effected by incorporation of a
polar polymer into the pre-polymerised mass in addition
to the emulsifying agent already present. Examples of
such polymers are polyvinylalcohol, gelatine, poly-
ethyleneglycol, hydroxyethylcellulose, carboxymethyl-

35 cellulose, polyvinylpyrrolidone, polyacrylamide, but
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properties of ttheventqg pol ynmer partlcles it is preferred to have

Generally, the polar polymer'will be inéqrporated by
adding the polymer in process step a). The'incorporation

10 may be effected'by mixing the polar polymer with the

' pre—polymerisedimass,'but it wmay also be incorporated
in-situ by mixing the-cofrésponding poiar monomer with
‘the vinylarene monomer and water and pblymerising the
polar monomer to yield the polar poiymer desired.

15 Subsequently, the polar polymer may be suspended
together with the other components of the pre-
polymerised mass. Another way”to"indorporate the polar
polymer is to add the corresponding polar monomer to the
pre-polymerised mass and subSequentIY'polymefise the

20 monomers to yieid the polar polymer. The amount of polar
polymer is suitably from 0.1 to 10% by weight, based oh
water emulsified.

The present invention has enabled the skilled
artisan to prepare waterhfoamable-pérticles that do not

25 contain an organic foaming agent.

The polymer particles may further contain several
additives or coatings in effective amounts. Such
additives include dyes, fillers, stabilisers, flame
retarding compounds, nucleating agents, antistatic

30 - compounds and lubricants. Of particular interest are
coating compositions containing glycerol- or metal
carboxylates. Such compounds reduce the tendency of the
particles to agglomerate. Suitable carboxylates are
glycerol mono-, 4i- and/or'tristeérate and zinc

35 stearate. Examples for such additive compositions are



5 Cross- Iinking agent present during polynerisation. The cross-|inking
agent. can begyas ?*n step a) and/or in step c). Preferably, t 7103609

Cr oss- Ilnklng agent is added in step a). Suitably, the cross-Iinking agent
is selected fromthe group of compounds having at |east two olefinic 10
doubl e bonds. Exanpl es of such conpounds incllde di- vinyl benzene,

[ err]-al kadi enes . _Isoprene, and the diester of acrylic acid or

met hacrylic aC|diMW¥ﬂ°%¢€|bP GBRhlad0BuRaRedThe, coatting: diaipasitions

hexanedi ol . Pr Ef&‘fé e&ieé@éltéa sfpBathhi bh&h}éﬂlh@ V1S KNP et d@ di vi nyl -
15 benzene. rder to,obtain a hgﬁﬁ icant cross-linkin ?ect t he
1

amount of the cf%%% R?ﬂﬁtéﬁgn%nsﬁoEP blendes gy vien a mLwirerohand,
i f the anount ofs@hm:senlmkangeagemy vapb#ikentoQiljudld. t he expandability

of 20 t he event uld ete ilorate. A suitable range is
from 0. 0Cto 5 %, %?J'éf 1.81$§0 B%0 T &agewlybgge& V&¥a3fe anount of

V|nylarene monordkamarer @¢e$elabby6fmmm1preferabeSf%wm of. 4ces 3 Ik ki NQ

agent is used. 25 ppe exgé%ﬁéﬁ@% %é%ﬁbéfegeggnfBgngrggogﬁgﬁvaqéﬁgsous to

pol yneri se the vinylarene nomer resence” of
It has been foumtbﬁatu%@gp(%@%bee\aegm sbaamy| treydeler mitme:sléshe

chance that the HppiRy ABf&dhdéd CALhSPEPS EUE. NErEMCh0BY +oSUiot 3y /3 .

10 will be appreciated that in order to vaporise the water
included in the particles to effect foaming, the
temperature must be higher than used for C3-Cg hydro-
carbon foaming agents which have a lower boiling point
than water. Foaming can also be effected by heating in

15 hot air, in oil or by microwaves.

The invention will be further illustrated by means
of the following example.
EXAMPLE

In a 2 litre vessel, 900 grams styrene containing

20 0.4 %wt of dibenzoyl peroxide and 0.15 %wt of tert-butyl
perbenzoate, both based on amount of styrene, 100 ml
distilled water, 10 g sodium styrene sulphonate as
copolymerisable compound and 2.0 g trioctyl methyl
ammonium chloride as phase transfer catalyst, were mixed

25 and polymerised at 90 °C for 2.5 hours while stirring at
800 rounds per minute. The conversion degree of the pre-
polymerised mass was about 55%. Subsequently, the
prepolymerised mass was suspended in 3 litres distilled
water containing 12 grams of a suspension stabilizer

30 based on acrylic amide and acrylic acid. The poly-
merisation was continued for 5 hours at 90 °C and
subsequently for 5 hours at 125 °C under a nitrogen
pressure of 4 bar. Finally the system was cooled to room
temperature and the solid polymer beads were separated

35 off. The water content of the beads obtained was



30 pol yphenyl ene et hers have been described in EP-A-350137,

EP- A- 403023 and EP- A-391499. The pol yphenyl ene et her can be ?ﬂl{(}ﬁ@ jn step
a) and/ oWQ /03488, c). Preferably, the pol yphenyl ene ether g n step
a). The poly- phenyl ene ether conpound is preferably present in an - 8-
anount of between 1 and 30 %wu, based onignmount of vinylarene. Subsequent
to the pre-polynerisation step, the pre- polynerised mass is suspended in
an aqueous nmédastured With the dedps usharmathamphmetridheawolyedsr ati o

bet ween t he e u i [ t < ri sed SS may vary
bet ween w de@ggnggééazﬁﬁ% %ﬁ%;ﬁg&:ﬁ%ﬁyﬁ%&gfﬂ onr(‘?%@'fe in the art.
Sui t abl e vol waterat besedh@nu@momnt af polysiyrens) eapokwtenidssd aqueous
phase) . The dBmpoundRldd Mated! | ore tif%p@gru L SMPNE KODS,er ati ons.

The suspension pol ymerisation can proved by I'ncreasing the stability
of th@ water2fnldfl “CmifsidoP00rml Fafhaensel rebbChaibrirefqeous
medi um cont ahBknNgieneney. Mie® BeHL Mol bes tepdnded X G apNt Simssich as 15

pol yvi nyl al cghol. el.at.i_ne, |.yet hyl enegl ycol , hydroxy- ethyl cell ul ose,
car boxymet hyEE‘SF‘F"'ugESl&mS; QP‘&% - |



pyrrolidone, polyacrylamde, but also salts of poly(meth)- acrylic acid,

phosphoni c mﬁmgpyro) phosphoric acid, maleic acid, ethylpag
tetracetic g@?%f as w | 20 appreC|ated by the person skilled in

t he arr‘—Sur%ab#e~saLts_anlude the ammonium al kali netal and al kiline
earth n advant ageous exanpl e pf such a salt is tricalcium
phospha m& ﬂ ﬂﬂ he stabilizing agent is based on acrylic acid
and/ or ne optionally in conmbination with acrylic

am de. The anount of the stabilizing agents may suitably vary fromO0.05 to
1, preferably fromO0.15 to 0.6 %v, based on_the weight of the aqueous

medium The free-radical initiator can‘bdBelled& fromthe 30
conventional initiators for free- radical styrene polynerisation They

i ncl ude ig pa{t'cul rﬁg%% E%Epegggg %g OX|g§gE§ﬁ I

per oxycar bonat e 9@3%%ﬁn5 al so

WO 98/ 01488 containing a vinylarene polymer by $Sp&kOToA3POIYyS- be

used. Typi cal t ' ators are C6-C20 acyl
“HaTSRL 10| $hiT nEORAE e s

per oxi des such a PEr oxi PEroxi de, octanoyl peroxy,
st earyl a) preparing a pre- polymerlsed mass by reacting a

5 vinylarene monomer together with a copolymerisable
compound containing a polar moiety and a vinyl moiety,
such that the vinylarene monomer is pre-polymerised to a
conversion degree of 20 to 70%, based on the vinylarene
monomex, copolymerisable compound and water emulsified

10 therein;
b) suspending the pre-polymerised mass in an aqueous
medium to yield suspended droplets; and
¢) polymerising the vinylarene monomer in the suspended
droplets to complete monomer conversion to yield

15 suspended polymer particles.
2. Process according to claim 1, in which the copoly-
merisable compound is reacted with the vinylarene
compound in the presence of a phase transfer catalyst.
3. Process according to claim 1 or 2, in which the

20 polymer particles obtained are separated from the
agqueous mixture and expanded to yield pre-expanded
particles.
4. Process according to claim 3, in which the pre-
expanded particles are treated further to obtain fbaﬁed .

25 articles.
5. Process according to any one of claims 1 to 4, in
which the vinylarene monomer is polymerised in the

. presence of a polyphenylene ether.

6. Process according to any one of claims 1 to 5, in

30 which vinylarene, copolymerisable compound and water are

L1



peroxi de, 3,5,5-trinethyl hexar lA roxi de, per-esters 5 of
Cerr]-Cerr] acids ﬂ“ﬂl@ﬂﬁiﬂf al kyl groups, such as _t-Db | -
perbenzg&\"é?l’?M%tyl M. s- but yl - per pi val at e, t-but‘;/‘l:'ﬂ@ﬁ# Bt yrate
and t-butyl- peroxyl alir ate, and hydr oper oxi des and di hydr ocar byl :

(Cerr]-Cerr])peroxides, such as diisopigpyl benzene hydroper oxi de, i
di-t-butyl 10 peroxi de, dicunyl peroxide or conbinations thereof.

Radi cal i nitmakedstogbtieent ahd mubarcguentAyp eundiected o xe! uded. A

sui tabl e exa . h conmpound is [err]-azobisisobutyronitrile. The
anount of ramlgigfng%ﬁlg%lgé gr' is suitably fromO0.01 to 1% w, based on the 15
wei ght of th2.vi Rybgeescagoeeddng Tiee amyocass dfs claimehlly tmig, ated by
heating the . [ ] & E% SIREAt S h nge of
40 to 140 [e?ﬁigl gl)‘ﬂngobyl%er fogafél n rogtelss rrae;‘ d&'ﬁ?ﬁ&_%%ﬂa@%%rfﬁé 20
out i the pPe8BhcECoP &WehalRaada 3T dhey@mauntyins ﬁé’rlﬁb\)f/ﬁ%%fllqil ed in the

art will appgmeababke.that these chain transfer agents can be selected from
mer capt ans, such_as err]- .I']1-al kyl mercaptans, e.g.. n-dodecyl -

mer capt an, t5dod859F%?c3%‘F§%%rlﬁ’]f’oLaﬁcﬁ/lanﬁ’er°@§pt°£ cglra’%eg 1'%c 7, 1n

t - but yl mer caphdoh Ehef epped yares javairiet icommeoyrilinds & ustyreng etdmpbend |

‘et hane, and | p, part] r | mer of a-nethyl styrene. The polynerisation
can be furth‘gl[‘]tﬁn%r E\(‘}g%%bg,ﬂto%tq).

10 3. Process according to claim 8, in which the
copolymerisable compound is styrene sulphonic acid or a
gsalt thereof. ' '

10. Process according to any one of claims 1 to 9, in'
which polar polymers are incorporated in the pre-

15 polymerised mass.

11. Process according to any one of claims 1 to 10, in
which cross-linking agent is present during
polymerisation.

12. Polymer particles obtainable by a process accofding
to claim 3 and/or any one of claims 5-11.

13. Foamed articles obtainable by a process acCording'to
any one of claims 4-11.

-This Sheet Has Been

B[]
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increasing the stability of the suspension. Such a 30 st abi | sze
I ncrease can be effected by incorporationh3¥ a polar polyner into 06 1598
pre-pol ynmerised nass in addition to the e si fying agent al ready present.
Exanpl es of such pol ynmers are pol yvinyl al cohol, gelatine, poly-

et hyl enegl ycol , RYyHF by et PRt 2E1 v oxed L e st ndatet i waB%r. cel l ul ose,

pol yvi nyl pyr r ol 4 @95\equ et YACT e s UK 5

PCT/ EP97/ 03609 - 10 - al soﬁsa%e:raon?ﬂpsolmﬁ rrlesgt h%@d%f%ég% da,n ﬁh use[ﬂ%losni c acid
or (pyr o) phospHitd T RRY, thaal BiePend ibn etiid igred di sarsube dostachaet | ¢ aci d.

Suitable salts ( ; : ' i tal and al.kaline earth netal
salts. Pref erabgls{/ﬂ[%gjﬁég@lt ﬂe‘ st atﬁqc}% % 50 ar"ajpeolayﬁéar'“lis?aé:g:?erd’ on acrylic
aci d an/ or netarrangion ausnhaioptammaltsy di comydn inatfoamiwg kgRery iac-can de.
General Iy, the ;pg a[_{déoaol ymer will be incorporated by addi ng the pol yper in
process .step a). e incorporation 10 may be effected by m xing the
pol ar pol yrrgr. with Itrhgm:rgac—igntdn;ﬂsemiosetérrﬁf@s ,th!éutneirtiltlgabfalts@ l@@aphri]nghof
i ncorporated in,sit m xi ng the _caqrr i ng pol ar_ nononer with the
vi nyl ar ene nnn%%ﬁ‘%%ﬁyé %§eé§] 5@ﬁ%ﬂ§ﬁ£ﬂ%§ ﬁ%ewas found that the

finely dispersed water droplets obtained in the first

10 emulsion tend to coalesce and form bigger droplets during

W3

polymerisation. In an experiment in GB-A-1,106,143 it is
confirmed that droplets bigger than 40 um cause
unsatisfactory foamed articles after expansion. Vigorous
agitation is apparently necessary in this known process to

15 create and maintain the finely dispersed water droplets.
However, it is awkward to stir in commercial operétion at
-such high energy input. .

Hence, it would be desirable if the tendency of the
water droplets to coalesce could be reduced.

20 Surprisingly, it was found that the tendency for the
water droplets to grow could be reduced by creating a
viscous water-containing emulsion before completely
polymerising the vinylarene monomer in suspension
polymerisation. This makes it possible to stir less

25 vigorously.

..Accordingly, the present invention relates to a
prSéess in which a viscous water-containing emulsion of
vinylarene monomer is pre-polymerised before being
suspended in an aqueous medium. The present invention

30 relates to a process in which the emulsifier is prepared
in-situ. The patent case claiming priority of European
application No. 96201904.8 (WO 96/10547) relates to a
process in which emulsifier is added.

The present invention provides a process for the

35 preparation of polymer particles containing a vinylarene

AMENBED SHEET



pol ar nononer to yield the polar polyner desired. 15 Subsequently, the
pol ar polynmer may be suspended together with the other conponents of the
pre- polynerised nass. Another way to incofporate the polar polyner is to
add the correspondi ng pol ar nononer to the pre-polynerised mass and -
subsequent |y ppbymeerseyt hes@énsion pohpmerssiéoiyneldhidie pebasspol yner.
The anount of go&gr.gggyner is suitably fromO0.1 to 10% by wei ght, based on
wat er “emul si fi8d P The present invention has enabled the skilled artisan to

prepare water-&panpbépapangi &l pse el ymor N0dd 2hess ba SOt b APk OF BN Fo
foam ng agent. The golynerﬂga%ticles %.further contain several ‘additives
or coatings i nM@FPBEFTvE GHBE ¥@?rﬁiﬁ$§ dRTRE | SRR RESE B9IaRrs,
stabi | issers, fhepetyekaddhngi SPIPASTEISy AWE! @t d N ORUBSH S e ANMHSESL ) C B
conmpounds and | ubricants, CI,pa{ticuIar | Nt erest -ar-e coati ng conpositions
cont ai ni ng gIyE%?BFL?%rtﬂ%t%%n%aﬁ{ﬁﬁ31%ﬂ%ﬁ@eiikﬁg%ﬁm$%0ﬁ6§1Héﬁhce t he
-tendency of th@op@mm@k%a}spea@&hw@[@t@cﬁ%ﬁé@%&%@%y&@éﬁn% mer

gl ycerol nono-, di- and/or tristearate and zinc: st earate. anpl es
for such addi t}vePEdnPRLYRebhEed e @ conversion degree of 20 to 70%;

b) suspending the pre-polymerised mass in an aqueous
10 = medium to yield suspended droplets, and
c) polymerising the vinylarene monomer in the suépended
droplets to complete monomer conversion to yield suspended
poiymer particles.
The present invention has the advantage that the in-
15 situ prepared emulsifier has been found to be very
effective. This makes that a substantial amount of water
can be incorporated in the beads.
The present process is capable of yielding polymer
particles with satisfactory expandability properties that
20 do not contain an organic foaming agent. The process is
therefore preferably conducted in the substantial absence
of C3-Cg hydrocarbon foaming agent. In the substantial
absence means in an amount less than 0.5 %wt based on the
amount of vinylarene monomer, preferably less than
25 0.25 %wt, more preferably in the complete absence of such
foéqing agents.

-Jin a further embodiment of the invention the polymer
particles obtained are separated from the aqueous mixture
and, optionally, expanded to yield pre-expanded particles

30 which are optionally treated further to yield foamed
articles. The present invention furthermore relates to
expandable polymer particles based on a vinylarene monomer
and 0.001 to 5 %wt, based on-the -amount.- of wvinylarene
monomer, of a copolymerisable compound containing a polar

35 - moiety and a vinyl moiety, which polymer particles

AMENDED SHEET



W08/ 01488 PCT/ RP97/ 03609 - 11 -

di sclosed in GB-A-1, 409, 285. The coating conpositions are deposited onto
the particles via known nethods e.g. via-qu-coating in a'ribbon bl ender or
via a slurry or solution in a readily vaporising liquid. 5 The

particles have mguadageausd ih an2aventydadedmeinerc el weifht0o8 Wihylarene
preferably fromO0.4 to 3 nm The expandable particles can be prefoaned by

hot afr or by lﬁ‘sqf\ﬁ“e(%uﬁ?efr H@&tee’ﬂ)e“‘é’tlé&mlefjo tegd "parti cl es having a
reduced density, eqfe fJrBBQ0 i@ e3Q@ikd BBsol tel@tes toWrbhmBe apRLEgLAt ed
that in order to vaporise the water included in the particles to effect

f oam ng, the témﬁ@rcgtqn@ AgtymeE 19ifgRe ¥ {OWAR L89€d MPaPTET- 889hPdPE1 &ar bon
f oam ngzagent s 4 mem WAk drpwa hgid 'nrﬁg o@o'v‘ltn jtlh%'}eW@t fio ofi@gM B¢ gan

al so be ef fect éd by ‘heating in- air, 'irn oil 8 m ¢rowaves.
The invention wdgolbena‘rwstaﬁpéqe |qoms7m|nait @@nﬁﬁlmms aopomaé m@ulem agd a
_exanpl e. EXANP%% 3&1 re vessel; 900 granms styrene containing 20

0.4 9wt of dibenzaoy pero i'de and 0.15 9%t of tert-butyl perbenzoate, both
based on amount of styrene, 100 ml distilled water, 10 g sodi um styrene
sul phonat e as copol yneri sabl e conpound and 2.0 g trioctyl nethyl

MVM15/TS9116PCT
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ammoni um chl ori de as phase transfer catal yst, were m xed 25 and

pol ynmerised at 90 [err]C for 2.5 hours whjle stirring at 800 rounds per

m nute. The conversi on degree of the pre- polyneri sed mass was about 55%
Subsequently, the prepolynerised nmass was suspended in 3 litres distilled

wat er cont ai ni RN rahsPdtvees Uk kb th Bttebilasad Io amounthafed on

acrylic am de aﬁgEffgyéﬁ@_acid. The poly- nmerisation was continued for 5
hours "at 90 [err] C and subsequently for 5 hours at .125 [err] C under a
ni trogen pressure cfulisegrentytmltihe wie -Podiverenics tdool etapn tbempre-

wator content B TR Geatit T T G MRS Bty meandil o °

PCT/ EP9%/ 03609 yidX -swspsndedt duagldtve Mdep vufl unee maigreavdemsieere taeal ysi s.
of pol yst yr ene *ARE1S ren S R s P sk e Bhsatada
.in hot air 5 varwfbdi3tedrerwide imamyes00 ad wjllds deveggalectiated: e kel p of a
hot air gun. Thpee rbseoarfj % kCJ.OﬂLl edd bien et%a%drecd tS% i%Aék}lien%Soltur:]n%i rra riiO%i Q%lcl\\/l%leune'
1:1 to 1:10 (pre-polymerised mass:aqueous phase). The
10 » optimal ratio is determined by economic considerations.
The suspension polymerisation can be improved by
increasing the stability of the water-in-oil emulsion.
This can be attained by using an aqueous medium containing
one or more conventional stabilizing agents, such as
15 polyvinylalcohol, gelatine, polyethyleneglycol, hydroxy-
ethylcellulose, carboxymethylcellulose, poly-vinyl-.
pyrrolidone, polyacrylamide, but also salts of poly(meth)-
acrylic acid, phosphonic acid or (pyro)—phosphoric acid,
maleic acid, ethylene diamine tetracetic acid, as will be
20 appreciated by the person skilled in the art. Suitable
salts include the ammonium, alkali metal and alkaline
earth metal salts. An advantageous example of such a salt
is tricalcium phosphate. Preferably, the stabilizing agent
is based on acrylic acid and/or methacrylic acid,
25 optionally in combination with acrylic amide. The amount
of the stabilizing agents may suitably vary from 0.05 to
l,héreferably from 0.15 to 0.6 %wt, based on the weight of
the aqueous medium.
The free-radical initiator can be selected from the
30 conventional initiators for free-radical styrene
polymerisation. They include in particular organic peroxy
compounds, such as peroxides, peroxycarbonates and

peresters. Combinations of peroxy compounds can also

AMENDED SHEET



NEWSETOFCLAI MS 1 Process for the preparation of polyner
parrfCTES“tﬁﬁTarﬁTﬁﬁ_é“vinylarene pol ynmer by suspension poly- nerisation,
mhich s: a) preparing a pre-polynerised mass based on a

Vi nyI ngmﬂmﬂml oner, a copol yneri sabl e conpound cont ai ni ng a pol ar
noi ety*and & vitnyF nbiety, and water enmulsified therein, by r@&cPihg pOeT
vi nyl arene nononer together with the copol yneri sabl e conpound such that the
vi nyl arene nononer is pre-polynerised to a conversion degree of 20 to 70%
10 b) suspending the pré&- ol $nBrTse@ Aas€ LnAald HMgBeous nmediumto
yi el d suspended droplets, and c) polynerising the vinylarene nononmer in

t he suspended droplets to conpl ete nononer conversion to yield suspended
pol ymer particlhes. Ptbcess f02 tnErpﬁéﬁ&r&ttﬁﬁdbﬂgpbbyﬁéﬁiﬁhititnemhiCh t he
copol y- nerisable congoun ?acted mn t he vinélarene conggund in the
presence of a PRASEMD ﬁﬂsFeVLEX aFyee. Pa. YE?BCBgSS CRoraArng P8 ¥raim1 or
2, in which thgegstuspendad pﬁhyﬁeprpaéksctempaieeseparated fronhthe aqueous
20 m xture and eannded to ylei re gﬁ panded g icles. 4. Process
according to cfii nfPESPRALRRAI BhPEREPHT ¥R EXPAA B PaPEF R e%“a?ev%?% gegne

furthers to obtabAche2Ned copolymerisable compound containing a polar

. molety and a vinyl moiety, and water emulsified therein,
by reacting the vinylaréne monomer together with the
copolymerisable compound such that the vinylarene monomer
is pre-polymerised to a conversion degree of 20 to 70%;

10 b} suspending the pre-polymerised mass in an aqueous
medium to yield suspended droplets, and
c) polymerising the vinylarene monomer in the suspended
droplets to complete monomer conversion to yield suspended
polymer particles.

15 2. Process according to claim 1, in which the copoly-
merisable compound is reacted with the vinylarene compound
in the presence of a phase transfer catalyst.

3. Process according to claim 1 or 2, in which the
suspended polymer particles are separated from the aqueous

20 mixture and expanded to yield pre-expanded particles.

4. Process according to claim 3, in which the pre-
ex??nded particles are treated further to obtain foamed
articles.

5. Process according to any one of claims 1 to 4, in

25 which the vinylarene monomer is polymerised in the
presence of a polyphenylene ether.

6. Process according to any one of claims 1 to 5, in
which vinylarene, copolymerisable compound and water are
mixed together, and subsequently subjected to pre-

30 polymerisation.
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ch the w polynerised in the presence of a

polyphenylene ether. 6. Process according to any one of clainms 1 to 5, in

whi ch vinyl arene, copol yneri sabl e conpound and water are m xed toget her,

and subsequent |'¥. suyjcestsed ataa:opcrcaﬂgSQ;o any opel Yekladkison. to 67 iRrocess
f

according to a f clainse 1 to n which . the anount o
copolynerlsabléxkéﬂbgﬁﬁﬂ‘?5%5%%‘%ﬁ(ﬁﬂqy%ﬁTP#ﬁ?@?L%M?O“88§§§ SangRE Aweunt of
vinyl arene nmon@ane0l &o B Geass baeeel ¢inNg hleO a@kdyin@ne fof i 6hakbiend t@nbmelkN 5
whi ch the copol?yrrerl sabl e conpound is a styrene conpound with a polar

moiety. 9. Pr&ces$ SREESEURN OF lBﬂaFﬁlgnylﬁnﬁhPéhC Rém&opokgnéri dabl e

conpoungl is Stynﬂmﬂl&mdﬂmwdey@%st@bL@ % ohh@rﬁgfa égyrnne L8mpbliRGess
according to ahy one of clains 1 9, i ch polar polyners arg
i ncor porat ed i P@laﬁoW#@FWsed ma_ss. 11. Process according to any one

of claims 1 togl0, P'r'&c‘é@iscﬁcébgaihbi 0ki pga2geBt L8 RRESRNEnGUTing
copolymerisable compound is styrene sulphonic acid or a
salt thereof.

10 = 10. Process according to any one of claims 1 to 9, in
which polar polymers are incorporated in the pre—'
polymerised mass.

11. Process aCcording to any one of claims 1 to 10, in
which cross~linking agent is present during

15 polymerisation.

12. Expandable polymer particles based on a vinylarene
monomer and 0.001 to 5 %wt,.based on the amount of
vinylarene monomer, of a copolymerisable compound
containing a polar moiety and a vinyl moiety, which

20 polymer particles further contain 1-20 $%$wt, based on the
weight of vinylarene monomer, of water emulsified therein.
13. Foamed articles based on a polymer of a vinylarene |
monomer and 0.00l to 5 %wt, based on the amount of vinyl
arene monomer, of a copolymerisable compound containing a

25 peclar moiety and a vinyl moiety.

MVM15/TS9116PCT
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pol ymeri sati on.
Vvinylarene nononer and 0.001 to 5 ‘%,
nononer, of a ner i sablworLw
vinyl nmoiety, which 20 pol ymer @5’?‘!"?‘@
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12. Expandabl e pol yner particles based
based on the anount of
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