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PARTI CLES (57) Abstract The invention provides a processzf auglidi®oos
preparation of polymer particles having a node particle size o? at | east 50
pm whi ch process conprises (a) obtaining a first particul ate pol ynmer seed

mat eri al hayj de particle dianeter of no nore than b) using
said fi rstwg;g/ ia(sl‘rrlﬁx;}t)eri al, performng a suspension pol yne?‘?ygﬁof?ﬁ?% nvol vi ng

the steps: (1) form ng an aqueous di spersion conprising a polymer seed

material, an organic compound (e.g. & polynerization initiator) which has a
nmol ecul ar wei ght of |ess than 5000 Daltons and a water solubility of |ess
than 10-2 g/L at 25 C, a stabilizer and optionally an organic solvent (e.g.

acetone or a portion of ths . nmnensr SEN410ned below,. (ii) allow ng said
organi ¢ conpound to diffuse rnto € seed nm I roduce an activated
seed material; and (iii) contacting said activated seed material with a
mononer (e.g. styrErey Evgnhioh welpdlepreri rapiorenent si it atheand ef f ecting
ﬁuspensi &N pobybeuEzEdd OF bgeﬁﬁﬂjlfat_%ngogﬁ%ez%t itiglne,lg&%/i&mrggn?ti ][19 ?nd/ (()L )
eat treating r . ifying the particulate product of step :
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styrenic homo- and copolymers and vinyl homo- and
copolymers. Examples of appropriate monomers include
vinyl aliphatic monomers such as esters of acrylic and
methacrylic acids, acrylonitrile, and vinyl aromatic
15 monomers such as styrene and substituted styrenes.

Millions of tonnes of expandable polystyrene (EPS)
are produced each year. The EPS is prbduced in bead
form and is used for the manufacture of a wide range of
products ranging for example from thin-walled cups to

20 packaging materials to large blocks used in
construction.

The different end uses require EPS beads of
different sizes, typically as follows:

200 - 600 um - Cups and trays
25 400 - 800 um - Thin-walled packaging materials
600 - 1100 pm - Normal packaging materials
900 - 2000 um - Insulation boards and block materials.

EPS beads falling outside these target size ranges

are typically considered to be "off-specification®
30 material and command substantially lower prices.

EPS is normally produced by a suspension
polymerization process in which styrene is polymerized
in the presence of a free radical generator. The
polystyrene (PS) beads produced in this way are

35 impregnated with a blowing agent, typically a C,,
hydrocarbon such as pentane, to produce the expandable
polystyrene (EPS) beads.
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desired Seklsul, in GB-A-1416405, describe a process in

which the suspension polymerization of styrene is
effected in the presence of polystyrene seeds of a size
smaller than the desired mode size of the end product.

Typically the Sekisui process may be performed as a
two-stage suspension polymerization. The first stage is
terminated when relatively small beads, e.g. having a
mode size of about 900 pm, have been formed. The small
beads are then graded to remove overly small and overly
large fractions leaving PS seeds, e.g. having sizes of
400 to 1800 um, and the seeds are then used in the
gecend of the suspension polymerization sﬁages to yield
PS8 beads having a narrower gize distributicn about the
desired particle size than is achieved in the
conventional suspension polymerization. Even this
process however yields a product which has a broad
particle size distribution and the complexity of the
grading procedure is increased since it must be carried
out on the smaller particles produced in the first
polymerization stage.

The grades of EPS produced by the conventional and
Sekisui processes contain a range of particle sizes,
e.g. particle diameters differing by several hundreds of
micrometers. This has a deletericus effect on the
processing of EPS beads into expanded polystyrene

products,



size, e.g. for thin-walled packaging materials, a large pLQport.i f the
total bead yield will still be in less desired grades or \%B-I%ugﬂfétc%gg

of f-specification sizes. Sekisui, in GB-A- 1416405, describe a process in
whi ch the suspension polynerization of styrene is effected in the presence
of polystyrene seeds of a size smaller than the desired node size of the
end product . wowpeised | y t he Sekisui process nay be perfor negcase@ioidzyo- st age
suspensi on pol yrmerization. The first stage is termnated when relatively
smal | beads, e.g. having a node size of about 900 um have been forned.
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distribution is created as under the same conditions the
15 smaller EPS beads will expand less and the larger beads
more leading to the tempering silo containing a mixture
which includes small high density particles and larger
low density particles. Settling cut of the smaller
higher density particles occurs in the tempefing silo
20 resulting in non-uniformity of the pre-expanded particle
mixture fed from the silo to the moulds and accordingly
to variations in the final densities and strengths of
the moulded preducts. Thus the broad particle size
distribution for the graded EPS beads and hence of the
25 pre-expanded particles leads to difficulties in
production of expanded polystyrene products and makes
the product quality inconsistent and difficult to
control.
We have found that it is possible to produce
30 substantially monodisperse (i.e. single sized) polymeric
seed particles which can be used in suspension
polymerization to generate larger but still
gubstantially monodisperse polymer particles, for
example substantially monodisperse EPS particles with a
35 size suitable for cne cof EPS's typical end uses. This
process for polymer particle production is described in
W099/19375. The disclosures of WG39/19375 are




conpl ete expansion and fusion of the particles. The tenpering period.is
required for the pre- expanded particles to devel op the ne@@g§EHV20m3
resilience 10 for the noul ding process. The particle size distribution in
the EPS beads is not sinply replicated in the pre-expanded beads, instead
the size distribution is broadened and a broad density distributionis
created as uwdewsisdse sane conditions the 15 smaller EPS bep@gcidghlzzgexpand

| ess and the |arger beads nore leading to the tenpering silo containing a
m xture which includes small high density particles and | arger | ow
density particles. Settling out of the shuller higher density particles
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equi pnent the process may be accelerated if in at least one
expansion cycle the seeds are pre-swelled in a process
15 somewhat similar to the Ugelstad polymerization process
described in EP-B-3905 (Sintef) and US-A-4530956
{Ugelstad) the disclosures of which are hereby
incorporated by reference.
Polymer beads may be produced by diffusing a
20 monomer and a polymerization initiator (or catalyst)
into polymer seeds in an aqueous dispersion. The seeds
swell and following initiation of polymerization, e.g.
by heating to activate the initiator, larger polymer
particles are produced. The maximum volume increase due
25 to swelling and polymerization is normally about x5 or
less. The late Professor John Ugelstad found that the
capacity of the seeds to swell could be increased to a
volume increase of x125 or even morz if an organic
compound with relatively low molecular weight and low
30 water solubility is diffused into the seeds before the
bulk of the monomer is used to swell the seeds. The
effect is based on entropy rather than particularly on
the chemical nature of the organic compound.
Conveniently the polymerization initiator may be used
35 for this purpose. Organic solvents, e.g. acetone or a
portion of the monomer, may be used to enhance diffusion

- of the organic compound intc the seeds. This "Ugelstad




5 and process duration. Mreover undesired grades are not groduced t her eby
| eading to a considerable increase in effective yield and28Augdsictd08n in
wast e- Furthernore the problens associated with a broad particle size
range wthin a graded EPS product are avoided or reduced. 10 The particle
si ze expansion cycles in the polystyrene particle production process of
W99/ 19375 are relatively tine consum ng and we have now found that the
process may be accelerated if _--n at |east one expansion cycle the seeds
are pre-swelled in a process 15 sonewhat simlar to the Ugel stad

pol yneri zation process described in EP-B-3905 (Sintef) and US-A-4530956
(Ugel stad) the disclosures of which areshereby incorporated by reference.
Pol ymer beads may be produced by diffusing a 20 nononer and a

pol ynerization initiator (or catalyst) into polyner seeds in an aqueous
di spersion. PR YBeEHEZiReProgass folWhdRings i #aqrdbeenter pompder izati on,
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mode particle size of at least 50 um, preferably at least
70 um, e.g. at least 120 pm, which process comprises
(a) obtaining a first particulate polymer seced material
{having in one embodiment a mode particle diameter
of no more than 50 yum, preferably no more than 40
pum, more preferably no more than 30 pm);
(b) using said first seed material, performing a
suspension polymerization to yield a second
particulate polymer seed material having a mode
particle diameter greater than that of said first
seed material, and, using said second seed
material, performing at least one Ffurther
suspension polymerization and
(c) optionally impregnating and/or heat treating and/or
surface modifying the particulate product of step
(b):
characterised in that at least one of the

suspension polymerizations effected in step (b)



carrying out several swelling and pol ynerization stages to reach the
desired particle size. In a sinplified version of the Ugel 8¢ Adgyst@8ss t he
enhanced capacity for swelling may be achieved sinply by the use of
oligoneric seed particles, e.g. where the oligoner weight average

nol ecul ar wei ght corresponds to up to 50 nononer units or up to 5000

Dal tons. Thus viewed from one aspect the invention provides a process for
t he prepar atWeRoefddol yner particles having a node parti claa/sioee1ss at

| east 50 pm preferably at least 70 pm e.g. at |least 120 pm which
process conprises (a) obtaining a first particulate polymer seed materi al
(having in one enbodi nent a node particle dianmeter of no nore than 50 pm
preferably no nore jthan4Q pm nore preferably no nore than 30 pnm); (b)
using said fir§£)seed ga%erial perfornLQ%%? suspension.poL%nerization to
yield a second *barti cGPAFE" DY RS8R Erral RaW g 2% Bde particle
di aneter greater than PRaY™ef speddmpresial.seedoraaers afomparndd using said
second seed material, (pegf of Molgmatiteaidn AR chdrbhervhiTuSREASA ON

pol ymerization and (c) _gpLi |y .1 ppr tin nd tregt'ng and/ or
surface ngdifying t he pgg%+€%%£pﬁlaggd§%p%§F g?%ﬁ é%ﬁ%&%a%ﬁg?ac‘%rised in
that at |east one of tRAe"d'sspEHEPohlpoI3imerEsatidnst®ffEéted in step (b)
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aqueous di spersion compsigifld @ BO! YEBromeed HBbSFi Al AN.QLgani ¢ conpound
(e.g_ a polynerization initiator%,mhi€q¥5gs a 5 nol ecul ar wei ght of less
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t han 5000 Dal tons and "& Wate 8¢ 71 ess than 10-- g/L at 25C, a
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t he _ the seed material to produce an activated seed
material; and )
(iii) contacting said activated seed material with a
monomer (e.g. styrene} and with a
15 polymerization initiator and effecting
suspension polymerization thefeof.
Alternatively the increase in mode particle
diameter in step (b} in the above process may be at
least x1.5, e.g. at least x1.8.
20 In the process of the invention, the seeds and the
final product are preferably substantially monodisperse.
In the process of the invention, the seed
activation stage (steps (i) and (ii)), preferably
involves producing an aquecus dispersion of polymer seed
25 which also is an "oil-in-water" emulsion of the organic
compound, preferably a polymerization initiator such as
dibenzoyl peroxide. The uptake of the organic compound
by the polymer seeds may be assisted by the use of an
organic solvent in which the organic compound is
30 scluble, e.g.'a solvent such as a ketone (e.g. acetone),
alkancl, ether, etc. or more preferably a monomer such
as a styrene. Where the organic compound is a
polymerization initiator, and especially where a monomer
is used as a solvent, formation step (i) is preferably
35 effected at a temperature below the activation
temperature for the initiator so as to prevent formation

of new particles, e.g. at a temperature between 10 and




nmononer mnentioned below); 10 (ii) allow ng said organic conpound to diffuse
into the seed material to produce an activated seed mateRd&ugust@®0Biii)
contacting said activated seed material with a nononer (e-g. styrene) and
with a 15 polynerization initiator and effecting suspension polynerization
thereof. Alternatively the increase in node particle dianeter in step (b)
in the above process may be at least x1.5 e.g. at least x1.8. 20 In the
process of the invention, the seeds and the final product are preferably

substantially nonodi sperse. 1In the process of the invention, the seed
activation stage (steps (i) and (ii)), preferably involves producing an
aqueous di spersion of polyner seed 25 which also is an "oil-in-water"

enul si on of the organic conpound, prefefably a polynerization initiator
such as di bestloyl ppefoxibde. bdhearptakenafsi®he asganire reenpopnd by the
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above 80 pm and particularly above 100 um {(e.g. up to 1500

pm), it is convenient to add the monomer as a single phase
material.

For both organic compound and monomer, emulsion
formation is preferably effected using an intensive mixer,
e€.g. a pressure homogenizer or a rotor-stator mixer such
as an Ultra-Turrax homogenizer, such that emulsion
droplets are less than 15 pm, more preferably less than 10
um in mode diameter.

The polymerization medium preferably contains a
polymerization inhibitor in the aqueous phase, e.g.
potassium iodide, in order to prevent formation of new
particles. The use of potassium iodide substantially
eliminates fines and its use forms a further aspect of the
invention. Viewed from this aspect the invention provides
a process for the preparation of polymer particles by
suspension (or dispersion) polymerization, preferably
seeded suspension (or dispersion) polymerization,
characterized-in that a water-soluble polymerization
inhibitor, preferably potassium iodide, is used in the
aqueous phase. This can be added at the beginning of the
polymerization stage (i.e. when monomer is added or when
the~bulk of the monomer begins to be added), however it is
preferable to add further inhibitor during polymerization.
The water-soluble inhibitor may be added to a

‘concentration of for example



a single nmononer phase. For the production of particles wth node sizes up
to 80 pm it is preferred to add the nonomer as an aqueousOéwaUgi28R3 f or
the production of particles with node sizes above 40 pm nore especially
above 80 pm and particularly above 100 pm(e.g_up to 1500 pm, it is
conveni ent to add the nonomer as a single phase nmaterial. For both organic
conpound and r, emulsion formation is preferably effected using an

i ntensi ve myg)ooo/a & g. a pressure honogenizer or a rotor- stGVSROMI3B3Rr “such
as an U tra-Turrax honogeni zer, such that enulsion droplets are |ess than
15 pm nore preferably |ess than 10 pm gn_node dianeter. The
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the polymerization stage to reduce the level of
15 unreacted monomer. The temperature increase is
preferably about 0.1 to 2.0 C°/min, more preferably 0.2
to 1.0 C?/min, and the polymerization mixture is
advantageously held at the elevated temperature until
analysis shows substantial disappearance of unreacted
20 monomer, e.g. for 30 to 120 minutes.

The monomer, as mentioned above is preferably added
as an oil-in-water emulsion; this emulsion preferably
comprises water, monomer, initiator (e.g. Trigonox 117
and BPO), and surfactant (e.g. a poloxamer or

25 ethoxylated sorbitan ester surfactant such as Tween 20}.

In one preferred embodiment of the procesg of the
invention, especially suitable for production of
particles with a mode particle size of S0 to 120 um, a
polymer seed activation and polymerization cycle

30 involves the following steps:
{8} form an agueous dispersion of polymer seeds
containing in the agueous phase a steric stabilizer

(e.g. a cellulose ether or an inorganic compound

such as tricalcium phosphate {TCP));

L)
N

(B) bring the dispersion to 38 to 42°C and mix in a
solution of initiator in monomer {e.g. styrene)

using moderate mixing whereby to form an emulsion/



preferably is increased over that period. Such addition may be batchw se
but nore preferably is continuous- During addition, the po??%lgﬂ&té’ppan

m xture is preferably stirred. 10 in at, |least a final pol ymeri zati on
cycle of the process of the invention, the tenperature.of the

pol yrrerization m xture is preferably increased, e.g. by 10 to 400C
preferably 25 to 350C "' towards the end of the polynerization stage to
reduce the I%Q@‘V‘“W 15 unreact ed nononer- The tenper at ur e FCREBAYYR3S s
preferably about 0.1 to 2.0 Co/nin, nore preferably 0.2 to 1.0 COnin, and
the pol ynerization mxture is advant agegusly held at the el evated
tenperature until analysis shows substantial disappearance of unreacted 20
mononer, e.g. for 38l ib20of At esvicTheoppnoner, as nentioned above is
preferably add a il-in:wat.er enul n,_ t.his | si on preferably
conpri ses wat e(r?,g) rm%lm ,Qhe 1 1&"&:;% % dﬂifuse NOX 1 gg HrBPey 2 and
surfactant (e.g. a Pof o%@aﬁ‘@rl%‘? W%ﬁﬁ@xﬂ%ﬁ%‘éﬁ@m BPeah @sﬂéﬂuwﬁf act ant

such as Tween 20). biimmaepraf eiveedenbosparniorot ot hec uieeassref the

i nventions especi ally 34i-haphe frﬁrclgEQQUEé'é)&leateHafé' I &3 \é‘%t h a node
particle size of SO 0, 120 yoer seed activatl on an

pol yneri zation cycl® 30 Pﬁ%gﬂf@gyt ﬁg ? 019 Gi-n§ et ¥ 27 ARUESRFN an aqueous
di spersi on of pol ymrluwdedsof comediynengzamidrhe nagbéous (Ehgseka) steric

stabilizer (e.g- aarkelbedlifSeoti@buor addlid 9 G@8NLE SRAMRAWAd.ssuch as
trical ci um phosphat e t(aT gn?m u§85r g@abbil negrth%ld!nggerstl on to 38 to 420C and
mx in a_ solution o T'or ‘i B onone (é) Y usi ng noder ate

m xi ng wléreby to fldlflrﬁlaﬁoén‘i‘.ﬂcbl GRF ioma Mugusn 2@)@35%':@@/ 61648
PCT/ GS00/ 01335 - 9 pci@ingti gax infn tiheciaidad atorg (hiwddoew the initiator to

diffuse into t h@) S%anﬁegaddltqlbn:%gfttgue]'%g)n%gytgrﬁllﬂr %f erably about 60

m nut es;
optionally adding further water-soluble inhibitor

one or more times; and opticnally
15 (F) bring the polymerization mixture to a higher
temperature, e.g. 390 to 100°C, tco deplete monomer
(preferably after monomer addition is completed) .
Such activation and polymerization cycles may be
repeated to produce polymer particles of the desired
20 size. Preferably, each such cycle will involve a
particle volume increase of at least x5. Thus for
example initial polymer seeds with a mode diameter of 20
pm may conveniently be transformed in two polymerization
cycles, first to a mode diameter of 40 um and then to a
25 mode diameter of 80 um. Preferably the seeds are
expanded this way from 5 to 25 um to 70 to 90 um (e.g.
in 2 or 3 expansion cycles) and from 70 to 90 pgm to 200
to 2000 gum (e.g. in 2 to 5 expansion cycles).
In the process of the invention, step (b) may, but
30 preferably does not, involve removal of over- or under-
sized particles from the seed material so produced so as
to yield a substantially monodisperse seed material.
The total number of suspension polymerization
stages used in the process of the invention will
35 typically be up to 12, preferably up to 8. Typically
transition from below 50 um to above 500 pm will require

more than one stage, generally two or more preferably



D) bring the "activated" dispersion to a tenperature 5 at _which the

i(ni)ti ator is activated (e.g. 60 to 95C, preferably 70 to 986V 9Usit®03dd an
aqueous solution of a polynerization inhibitor (e.g. KI) and begin
continuous addition of an enulsion of water, nononer, stabilizer,

pol ynerization 10 initi-ator and, optionally, an oil-soluble

polynerization initiator, and inhibitor; (D) continue addition of the
mononer enul WOIK8164Gnt j onal |y addi ng further water-sol ubl PGTHERWNIBY one or
nore tinmes; and optionally 15 (F) bring the polynerization mxture to a

hi gher tenperature, e.g. 90 to 100C, t ?Odgpl ete nmononer (preferably after
nmononmer addition is conpleted)- Such actrvation and pol ynerization cycles

may be repeat eght2 BrOgUEee NAUMET PahtdlLR19f the dasisradyidd size.
Preferably, easc.hzessuc._g1 oS cloe0 Wi | |thl nvol ve a ggrtl cle v%l unme i ncrease of at
| east x5. Thus For “exanple Al t78I PPotyie VELRHEE W aPibde ¥ anet er of
20 um may conveErileRel §t beeastanst 34 ned. 9 n atwdepot el zatl dass cyioires, fir st
to ? m)gle di ﬁrmicerpefaféﬁhmryn lé@édt:hﬁrﬁl A3 8 prébeFANIE, (iizr@memrt@f O80 ur9n0
Prefera t eds,, ar e is rom5 t.0 25 Amto 70 to pm
(e.g. ingz o‘r%c%ge)%b hs’?sqﬁeé’gg{g és)g%ﬂdse\fl\e%mh%l?% YFBm £6°%208°° to 2000 pm
(e.g. in 2 to M ekParRIgicdfcresyne |Frane peacesgoitherralarmtlon, step
(b) may, but BObpreéer abl2y 7doesdnedq, ienvol e temavakloodé over- or under-

si zed particl g5-ofreomhi G380 TRE ELi aly 330 Qgpg&faqciysgrggeré yhild a
substantial ly rmg(?gl s(_gerse seed material. The total nunber of suspension
pol yneri zati on® ges UsB88°Ph The process of the invention will 35

typi cal 130 be up tolfZHegirefer abhixupa @f8twIypi cwirey popy barsidrisortf r om bel ow
50 pmto aboveub@Padmanihl mbREEL £ferdDLebbaAL ARG St aferegen@iaal |y two or

o e e 20 B, 200500 (0151 U L 0ATR 10 e o
produce a multimodal, preferably a bimodal, end product
which can be graded relatively straightforwardly to

15 produce different substantially monodisperse grades,
e.g. corresponding to EPS grades preferred for different
end uses.

By mode particle size is meant the peak particle
size for detectable particles, observed in the particle

20 size distribution determined using particle size
determination apparatus such as a Coulter LS 130
particle size analyzer e.g. a mode particle size in the
distribution of particle size against percentage of
total particle volume.

25 By substantially monodisperse it is meant that for
a plurality of particles (e.g. at least 100, more
preferably at least 1000) the particles have a
coefficient of variation (CV) of less than 20%, for
example less than 15%, preferably less than 12%, more

30 preferably less than 11%, still more preferably less
than 10% and most preferably no mcre than about 8%. CV

is determined in percentage as

CV = 100 x standard deviation

35 mean

- where mean is the mean particle diameter and standard




si zes above 100 umthe particle volune growh per stage m%él %east
X2.74, e.qg. at least x 4, and less than x60, preferably gugyst OQ
preferably fromx5 to 5 x25, e.g. x5 to x15. For seeds having sizes bel ow
100 um the particle volune gromh per stage will preferably be between x
2.74 and x50, e.g. x4 to x40 nore preferably between x5 and x30,
especially preferably x6 to x15, e.g. about x8. 10 If desired, a m xture
of two or no¥eIHdpHl ati ons of substantially nonodi sper se regariwodnais ng
different node dianeters may be used in the present invention to produce
a mul tinodal, preferably a binodal, end product which can be graded
relatively straightforwardly to 15 produée-di fferent substantially

nonodi sperse ¢ rr.espandi to EPS.grades. preferred for
di ff erent end&%g%zcmngg e gt nlodglg cg|g’1"'le‘-"1_ilsonrrég E’a?thlﬁﬁeﬁkz%artl cle size
for detectabl e“patt FeF §ra%lo\éé7r&\)€(ﬂll|aﬁetih@1 pdret mgie m@e.siizge Wy stribution

det er mi ned usi Higk ppiargt kchensnatia ldetier Fibat i cAppar e UheSuehedsed Coul ter LS

130 particle sizeapakyzerq &g AciBde pPald S the ,distribution
of particlLe sée ai nst erlcentlag[e: 0 totaél %gg?téﬁeclcqe bel “%25 By

subst ant i l'é_tl |y PorfSvEpBrde $i29 ?a%eﬁﬁtd%gﬁ%ﬁ“nFSFi in W%F&FF?%WOfpartl cles
(e.g. at | eastwhigd mapr or pﬁp@fn@rlabby dsdde st abOQD)s0heopandi«el es have a

coef fi ci ent ofpﬁeafrelrabnpnatﬁéaé) 9@ I§§S?5mlrollpg@?/qci@rnm@é§ Le | eISIS than 15%
preferably |es % refera ess an 11% sti nor e

preferably Ieséseter&%r‘%b%‘fgloéor fg%r eFdrabryRc? rf%ﬁ‘?rf“hﬁit%bﬁ’tf 8% CV is
determined in (ﬂ’erléeﬁFéEfér"é@lGVOH 3000yl tsirahfatl 80 draritaclensi®5 nean - where
mean i s the neatalpaeticle di aneter and standard 20 August 2003 WD 00/ 61648

PCT/.GBOO 01335 - 1,%hed&é@.1%tei Qi !ngn&g'l ggr)gengelvrle Ifgp the p%regiisd e size.
and enlarged particles of each enlargement stage tends
to vary as enlargement progresses. For the initial and
early stage seeds, a high degree of monodispersity is

isg desirable and grading of the product may also be
desirable. Thus in general if the product of a
polymerization stage has a CV of about 25%, it will
preferably be graded to produce a seed having a CV of
less than 25%, preferably less than 20% for the

20 subseguent stage. For seeds having a mode size of less
than 150 um, the CV is especially preferably below 5%.
For seeds having a mode size of greater than 150 um the
CV is preferably at or below about 10%.

The separate polymerization stages in the process

25 of the invention are characterized by being carried out
in different reactor chambers or by being carried out in
the same reactor chamber but with addition of Ffurther
monomer and desirably also further suspension medium.
The further monomer is preferably added continuously

30 until the desired amount of monomer has been added.
This addition may be at a constant rate but more
preferably the rate of addition is increased as addition
progresses, with the increase being either gradual or
stepwise.

35 The initial substantially monodisperse polymer seed
material used for the processes of the invention may

conveniently be produced by any prozess which yields a




CV is preferably calculated on the main node, ie, by fitting a nononodal
distribution curve to the detected particle size distribu?Qgng#ﬁ993sone
particles below 5 or above node size may be discounted in the cal cul ation
whi ch may for exanple be based on about 9°'0% or nore preferably about

95% of total particle nunber (of detectable particles that is). Such a
determnation of CV is performable on a Coulter LS 130 particle size 10
anal yzer. Th¥®O4e8¥#: of nonodi spersity required for the sd&&déGBIgPE3EN| ar ged
particles of each enlargenent stage tends to vary as enl argenent
progresses. For the initial and early age seeds, a high degree of

nonodi spersity is 1S desirable and grading of the product may al so be

desirabl e. Thusundtgenaiay adndiepREesdyss] @lerasr-s@hTEN Zat ppn, stage has a
CV of about 259 it will _preferably be graded to produce a seed having a
CV of less than 5% preferably | ass ¥han 209t or te *Y0*8ubsequent st age.
For seeds havitkgeifpgelsede BT Mess prrafayabdy. ppy tiite Ugwlssadspeci al |y
preferably bel ®mirk%f) poscseedrshavbay mrmedaemsigeimiusgheatesithan 150 pm

the COVis prehf #l%-2soirhe! fnabollle Lo TN SeRIIGLE pol yrer | zat i on

stages in the process 25 of the invention are characteéerized by being
carried out iHFOFUFEEEr Bt Che bRt PERASSEs 267 9L baorgeEai#ilsdtout in the

sane reactor dlvarhb&pebinl vy tHeladdirsiAm of Nortvdherundepnonercand desirably
al so further sisRenshesoumdiom cFhecdiunt ReEn RS kS PL &f &1ably, added
conti nuously %%eunt?l t d iregbannugi of nnnone?rhag been added. This

addition may beée at “a°¢ohstant Fate but nore preferably the rate of

addi ti omt9 s increa%kd ¥@eladdct Popcess d6r egsbact ipatkdt fieellnicisase bei ng

ei ther gradualprecesstemticzerhdh Jhaudpenkiah selbsieanthal by vwnagdisper se
pol ymer seed _paterial.used.fo el eS¢, Qf Lnvention_may
conveniently gé roduégé'b lanén%ggéggggggﬁp ﬂ%?b% g %ﬂidmiﬁﬁﬁgt 2003 WO
00/ 61648 PCT/@B@OP@?%S%”KH‘ed inte the starting polymer seeds. ~ In

contrast,’ as described herein, in a seeded suspension
15 polymerization the growing seed is continuously
contacting fresh monomer and initiator.

Less preferably, the initial polymer seed material
may be produced by a process which yields a polydisperse
product, e.g. a conventional suspension polymerization

20 process, with the polydisperse product then being size
separated to yield a substantially monodisperse particle
population.

The initial monodisperse particles may be
transformed into larger substantially monodisperse

25 polymer seeds by a suspension polymerization process
substantially as described in US-A-5147937 (Frazza),
with the number and duration of the individual '
polymerization stages being selected to vield a final
substantially monodisperse seed product of the desired

30 mode particle size. In general the desired mode
particle size for the final seed product will conform to
a size from which the final suspension polymerization
product may be produced with the desired median particle
size in one, or less preferably more than one,

a5 polymerization stages in a single reactor. Thus final
seed mode sizes may typically be within + 10% of 170 um,

340 um, 600 pm and 925 pm for the manufacture of final




- 12 substantially nonodi sperse polynmer product, e.g. by di sper.si on
pol yneri zati on process perfornmed in an organic sol vent or?bﬁﬂgﬁﬁgoaé
preferably, by the Ugelstad (Sintef) process described for exanple in

US- A-4336173 S and US- A- 4459378. Monodi sperse polymer particles produced
by the Sintef process are sold commercially by Dyno Specialty Polyners AS,
of Norway under the trade nane Dynospheres(r), typically wth node
particle si 7894648 he range 2 to 30 /sm 10 The Ugel st ad P6TEHREY81335 an
"activated swelli'ng', process rather than a suspension polynerization
because polynerization is only initiat after all the nononer has been
absorbed into the starting polyner seedS” In contrast,as descri bed herein,

in a seeded SuspeNsdtObebaspPot YRl 2aki oM dd1e sBOW il SERM 1550 CRRL i nuously
contacting fre§he”QQ9Q%E18”€%}'H§Q ator. . Less prefgra&#y, the initial

pol yner seed material oHay be prodaced-by S5 JR8%e° i &Sy PerdR a

pol ydi sperse produeE™Ple-g a conventional suspension pol ynerization 20
procgss, Wi trlthe rd ydiﬁ@fﬁfﬂhlﬁ&@ﬂUﬁﬁrﬁﬂﬁﬁipbetﬂgtS&§?3su%@@@éfﬁé%j tg yield
a substant:i a i e i . ul.at | The initial nonodi sperse
particles%nay'%gqggggﬁg %?ﬁgﬁpﬁg%og%gﬁﬁﬁﬁﬂg&gsbgg?%%ﬁﬁ%f ﬁgﬁ%ﬁ?%perse 25
pol yner seeds B £558Fensi RAT SI6L§ neFeLat itoAt pPEEWSS SuBstantial |y as
descri bed i n USil&ist4@03Fr¢frafzan, initadl mherourderecamdelititad i on of the

i ndi vidual  pohyiBldizat Lgntétnagﬁmp@éﬁgﬁ%heghggpécm@ eldafinal
substantial |l y nmonodi s t he e5|re§ 30 node particle

gerse se%% g&o uct gﬁ ¢ _

size- In general tH& 888 Y%d A6H % itOrE BrLEI 3PS FECYF NS seed product

wi |l conf8rm tarivantsiggeus romoghibd pdlemiirnabht sos parsiess  pohdireknzat i on

lor oduct ][ray Bla:ap’f m@ug@ﬁaﬂaayt bg%ﬁ@%eraeqogeés@@ PIChCagS] 28,d nl one, or
ess preferabl; r rization stages in a single
reactor. Thus Fi %Il%wéeglg? crf% &ls rzcgv%%%a?f}p%%%ef ff%%cgme? 5 7910% of 170

iim 340 pm HOFAT SAUCUESNS ARG CHTEORENGPRETEONSE 1 ridle

suspension polymerization production of millimeter sized
15 particles.

The performance of the Ugelstad process to generate
micron sized initial seeds is relatively time consuming
and expensive and the time and expense rises steeply as
the size of the particles increases. The commercially

20 available Ugelstad particles are moreover too small to
be used in a single step suspension polymerization to
produce EPS particles of commercial grades and
accordingly such particles did not represent an obvious
candidate for use as polymer seeds for EPS, in part due

25 to expense and in part due to the expectation that
monodispersity would be lost during the growth process.
However, using multistage suspension polymerization to
achieve the growth process, not only is the
monodispersity substantially retained but also the

30 expense of the Ugelstad process is diluted - thus a lg
of a 20 um Ugelstad product can be transformed into
about 275 kg of a 1300 pgm end product.

The processes and products of the invention will
now be described in further detail using by way of

35 example the styrene polymerization system. However, as
indicated above, while EPS is a particularly imporrtant

product, the processes are applicable to other polvmers



20 August 2003 WD 00161648 PCT/ GBOO 01335 - 13 product beg&g of nmde sizes
400, 600, 1000 and 1300 um i.e. suitable for use as diff Hougi2Qlds of
EPS beads for exanple. It is particularly surprising that the substanti al
S nonodi spersity of the particles is nmaintained despite the degree of
particle growth that occurs, e.g. multistage growth frominitial

m cron-si zed ad partlcles up to millinmeter sized end product. It has
been found twgggf%?s mul ti stage growh is 10 advant ageous §|%t38’?1ﬂ%5

pol yiveri zati on process conditions can be separately optimzed for each
gromh stage, and it allows the final. gpowmh stage to be effected using
process conditions and controls conventional in the suspension

pol ymeri zat i onapt qdwateos. of nmillinmeter sized 15 particles. The

performance of the figel s} Atk praacessato; RNCTALE ,gécg],%fke%aé g initial seeds
is relatively tinme consumn n en5| ve and the expense rises
steeply as tHRPYISFETERSt ?Pergtdﬁtelscisé | #t YRQERe R d&Rercial Iy 20

avai | abl e Ugel $gead apayt Pelweerar éSnobeblestteoo Nombdy)t @robecededy in a single

step suspensi ohdP@iNPBE | Zalded ,t BarPlOAUGE EBS: paFdHi6) 85 -0f c£ogmer ci al
grades and ac}gor di ngl{x c§ucsqz|%arlt| cles did %O% rep gsent an opvj.ous

candi dat e for PSP rer ZSedls t ForrEES, &le 38PEG'TPFense and
in part due to5 ttﬁ>e3éxlﬁéctaa‘tq 8w st haspe isriddi §b@|dl”5|3t(y2\ﬁéouhld be | ost during

thﬁ_ gr owtﬂ pr mmnattmwmyuahpgbmﬁﬁﬂaﬁltfagetmmbamy@@}%erf&ri zat: Ion to
t t t ant
achreve the gr %&Eé&%&%ﬁmc@a b9” e’axtd%zhgéing?%dﬂ{ }%&‘g%%}’zéy 3 antrally

retai ned but sot expense’ o ss 16 difuted - thus
a 1g of '8 20 HR6HeFIad Frobakt e ah Indter PARS AT r?eé?Sl RPol- @bt 275 kg of
a 1300. gm end qur pdligsty e prociéshes mvdngr adusies sofzet hé amventioon wil |

now be describgd iBrf Wdhatudsta) |1 usi ng b, eoRicedShexaml& dike styrene
pol ymeri zati on ﬁzmerlzaéjggegg énagrganlc solvent. The initial seed
particles may then be enlarged tc produce final seed
15 particles having a mode size of up tc 1000 um in a
stepwise suspension pelymerization process of which at
least one stage inveolves an activation step as described
above. One or more of the peolymerization stages may
however be substantially as described in US-A-5147937.
20 The process of US-A-5147937 involves combining an
agueous dispersion of the seed particles with an aqueous
emulsion of a water-insoluble monomer or monomer mixture
and an oll soluble free radical polymerization initiator
or a precurscor therefor at such a rate that an amount of
25 monomer or monomer mixture equal to the total initial
seed polymer weight is combined with the dispersion over
a period eof 45 to 120, preferably 60 to 90, minutes.
The combination is preferably effected at a temperature
at least as high as that at which the initiator or
30 precursor is activated and the reaction mixture is
maintained at a temperature at which the initiator or
precursor is activated until the seeds have grown by the
desired amount, suitably until the monomer is exhausted.
The procedure is then repeated until the final desired
35 particle size is achieved.
In the process of the invention, particularly

preferably, the monomer content of the reaction mixture




i ndi cated above, while EPS is a particularly inmportant product, the
processes are applicable to other polynmers 20 August 2003 3@%@9?%%@2@

PCT/ GB00101335 -- 14 and products. The initial seed particles used are
preferably polystyrene particles such as Dynospheres” (Dyno Specialty

Pol ymers AS, Lillestrom Norway) produced by 5 the Sintef process,
particularly preferably particles having a node size in the range 0.5 to
50 ym especwak#416485 to 30 pm and nost especial ly about ¥eTRfBomons3s
Alternatively they nmay be size fractionated polystyrene particles produced
by standard emul sion pol ynerization 10 procedures; e.g. having a node size
of 0.05to 1.0 gm or polystyrene partilél es having a node size of up to 20
m nore particularly 1 to .10 produced by di spersion ol.ynerization in
an organic solégnTéy S EFale J5ES tg%?t %Te§gﬁ§ypfﬁ%ﬁgﬁﬁyéﬁParged to
produce final %eEd 9pdOti cheswaigfitngt at i dwlyimee obntgit @c16809 pmin a

St epwi se suspegsven fiadeynmeri zati on process of which at |east one stage

i nvol ves an acti vaty as_ descri bed. _above. One or_.nore of fhe

pol yneri zati on stad%%ﬂﬁggggﬁoéﬁgéérﬁgpﬁu SNt Tar Ty a8 dssEFF beds n

US- A-5147937. YB15TR B dcédstoflA8xA- 81979355 hpoPdes %wdi®hi ning an  aqueous
di spersion of phefseddypakt tel B, Webheamdgueauso Bl &.gn 0% oo

wat er - i nsol ubl eoRPNRE BEe FDRANEY 41 X4 Wk (Qng.ali‘xq!cl 39l upl e free radical
pol ymeri zation_injti.ator recursor therefor at such’a ré%e that an

or a
amount of 25 nbRofEr ‘o HolidHe P IRt TP e &JudP 6%t e Fofd tPnl%¥lal  seed
pol ymer wei ght Indessbiifieped wiy prefieradbkpamsiodmeowevolumepentoehsd 45 to 120,
preferably 60 &g r&D,mdﬁé[lUEﬁ&Sh:LSWQiﬁQnm wmﬂﬁpeﬂgﬁhm@‘&re_@myoféfegg ed at a
t enperat ure st. | as. that,.at .whi the. ini.tiator or
precur sor is-g%?ill%get ég%gﬁase‘?)h’e Teac ?]blra?” ﬁang‘Fepf%ducﬁ'&Pﬁtﬁ ned at a
t emperat ure atSUHHiEY PRECiRI®S-ator or precursor is activated until the
seeds have grown byrheheondes: negddamdy e patiet abj-yenmtdr stged@nonmer is

exhaust ed- derivative or may alternatively be a mixture of a

15 styrene and/or a styrene derivative and optionally a
non-styrenic comenomer, e€.g. a conventional styrene
comonomeyx. Styrene and styrene derivatives such as
alkyl styrenes (e.g. C.;-alkyl styrenes such as o-methyl
styrene, m-methyl-styrene, p-methyl-styrene, dimethyl

20 styrene, ethyl styrene, ethyl-methyl-styrene, etc.)} and
halo styrenes (e.g. p-chlorostyrene or 2,4-
dichlorostyrene), and other conventional or non-
conventional styrenes may be used to produce
homopolymers or copolymers. In general however styrenes

25 and styrene in particular will preferably be the
predominant or indeed the only monomer used for growth
from the seed particles.

In one especially preferred embodiment of the

process of the invention aminostyr=ne (especially 4-

30 amino-styrene) is used as a comonomer, particularly
preferably in the final suspension polymerization stage.
In this way amine-functionalized particles may be
produced directly. Such functionalized particles are
pérticularly suitable for use in solid phase organic

35 syntheses, e.g. of peptides and oligonucleotides and
small organic molecules, in separations, e.g. in

chromatography, and as compatibilizers. The




The procedure is then repeated until the final desired 35 E@rtlcle size is
achieved. In the process of the invention, particularly p ERYHIAP03¢ he
nononer content of the reaction m xture 20 August 2003 WO 00161648

PCT/ GB00/ 01335 - is is maintained at no nore than 20% nore preferably no
nore than 10% by weight of the polynmer content at any given tine.
Preferably wth stage increases the particle 5 vo Ix to
1000x, Q%SEMQF§ 60x, nore preferably 2x to 50x, espec#gﬁwangkmto 30x
(e.qg. 3x to 30x), nore preferably 4x to 30x (e.g. 4x to 25x, or 4x to
20x), and nost preferably 6x to 25x (e.g 6x to 15x). Indeed st ages may
preferably involve a volune increase 10 of no nore than 15x (ie. no nore
than a fifteeRPEBPECYVRIUMAS RA¥RBEREIOUSAEpEERAl ¥4t @ shergrioduct i on of

snal | er parti eb@snodée MORANMBEYHSEE) NRY abe: PUES Silr @BegRE Slwbene

derivative or gpgcﬂig’; rg;lt \éegy gelas ’J)‘e’iEHEerQJ & 15, styrene and/ or a
t

styrene derivatfve an ti onal non-styreni ¢ conpnoner, e.g. a
convent i onal §F‘9?‘éh‘ée“tcforﬁfﬁ§ﬁélm ’S‘t‘%/rlén@"ﬁﬁﬁa%]t)yrl?erﬁéeﬂér}WeFtl'ieves such as
al kyl styrenesageiglie idkmelidkyb strngsenesosusknh@asire met dydarsiteyr ene,

m net hyl - StyrgB@veﬁkémﬂﬁnﬂhesb¥iﬁﬁg%lﬂytqghhﬂiocég% styrene, ethyl styrene,

et hyl - net hyl - styr é: etc.) and 0 renes (e g P hl or ost yrene or

2, 4- dichlorostyre %er arg athers dgﬂw‘fgn’t" Bridd WEdhdRc W hvent i onal styrenes
may be used tethybelucalliyorppatyraies opneopod Viver sxakpl geweyalichowever
styrenes 25 aaaleé yarxepesltereanéu&ulaer aMifil@rﬂlﬁr aRkynpe atcf}?laeéedom nant
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maleate and dibutyl maleate), maleic anhydride, fumaric
acids and esters thereof (e.g. dimethyl fumarate and
15 diethyl fumarate}, vinyl monomers, and acrylonitrile.

Non styrenic comonomers will preferably make up 0%
or 1 to 40% by weight of the polymer added in any growth
stage. For example, acrylic acid methacrylate
comonomers may be used as non-styrenic comonomers, for

20 example ethylene dimethacrylate, (EDMA),
hydroxyethylmethacrylate (HEMA), methyl methacrylate
{(MMA) , glycidyl methacrylate {(GMA}, acrylic acid, methyl
acrylate, ethyl acrylate, butylacrylate, methacrylic
acid, ethyl methylmethacrylate may be used. However

25 methyl methacrylate may be used as 100% of the monomer.

The seed particles are preferably of a polymer
analogous to or at least compatible with the polymer
added during the growth stage for which the polymer seed
is used. Thus the Ugelstad seeds are preferably

30 predominantly styrenic polymers, especially on the
surfaces thereof. ‘

Besides simple ethylenic comonomers, cCoOmMoOnomers
which are capable of cross-linking can also be used, for
example divinyl benzene and polyethylene glycol

35 dimethacrylate. Such cross-linkable comonomers will
generally be used in relatively small amounts.

Examples of suitable polymerization initiators




In this way amne-functionalized particles may be produced direct] Such
functionalized particles are particularly suitable for us &9 F¥9eE|20 é phase
organi ¢ 35 synt heses, e.g. of peptides and oli gonucl eoti des and snall
organi c nol ecules, in separations, e.g. in chromatography, and as
conpatibilizers. The 20 August 2003 WD 00/ 61648 PCT/ GB00/ 01335 am nostyrene
i s advantageously used with a styrenic conononer (e.g. styrene) in a 1:2
to 1:10 wei gMO 004648 especially a 1:2.5 to 1:5 wei ght rarCTGBUHO1IBHI S
enbodi ment, crosslinking is generally present in the 5 particles forned as
a result of exposure to organic solvents in the polymerization process.

O her cormnorrers whi ch may be used incfudé ~ethylenically unsaturat ed
nononers for a&?‘ e aclrf 1ig %(l;l gsdandS est grssdggr(l:h s acrylic aci d,
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cononomer s- wi | ImﬁfiéF‘ﬁFé‘é]iV REiEpI t JheTet B UG Weﬁei’@ht of the pol ymer
added in any groomventseagle cofgeneranplne, (acgyl ¢ cl ami doket puwscieyhat ¢
conononers may e gge@Le@Y %ﬂgﬁEYf@IH&v%OHBn@'ﬂ@rn%n&n@E) 2&@%@-@' e ethyl ene

di net hacryl at e, O;/lég% | et hacr n%) % t hyl

net hacryl at e (FN?%E ]r{/m t%o RV én( FY1 v "é?cf’ioﬂ‘errret hyl
acryl ate, ethyMixEpyeaee lrbﬁtlylla%ﬂ'ylcmgénlﬁ”e%%]a{ﬁqﬂ i €-gachehzeaehyl

met hyl methacr ylcallaefayobelidsedropimier. 2Bhend olfghhﬁ@réél%ﬁtnﬁé{ be used

as 100% of t he ,pROMEL; . 1Eh§_g§?8%k£{%[%c£eﬁlz%e gher ably ok, g pol yrer
p

anal ogous to or at |east at| th the pol yrrer ring the
grow h stage fGPE\AB‘PHFFl&tIhé’O fUher seed is used. Thus the Ugel stad seeds
are preferabl y 30 predomreintigd stoyueni et ptaareose especilably on t he

polymerization inhibitor which is disposed in the
15 monomer or monomer mixture in order to prevent
polymerization in the seed-free monomer droplets and
thereby nucleation of new particles. Such an inhibitor
preferably has a high molecular weight (e.g. at least
300 Daltons) and low-water-solubility to reduce
20 diffusion through the water phase. The inhibitor may
for example be a phenolic compound (such as 3,5-di-tert-
butyl-4-hydroxytoluene, 1,1-bis{4-
hydroxyphenyl)cyclohexane, 4,4-butylidene-bis(3-methyl-
6-t.butyl phenol), 1,3,5-trimethyl-2,4,6-tris~(3,5-di-
25 t._butyl-4-hydroxybenzyl)benzene (available as Irganox
1330), 2,2'-methylenebis{6-t.butyl-4-methyl phenol), a
sulphur compound (such as dilaurylthiodipropionate,
4,4'-thiobis{3-methyl-6-t.butyl-phenol)), or an amine
(such as N,N'-di-f-naphthyl-p-phenylenediamine and N-
30 phenyl -N-isopropyl-p-phenylenediamine) .
The inhibitor is conveniently used in quantities of
0.5 to 10%, preferably 1 te 5% by weight relative to the
initciator.
' As with conventional suspension polymerizations, it
35 is also preferred to include one or more stabilizers in
the reaction medium. It is particularly preferred to

include a suspension stabilizer (i.e. a steric



surfaces thereof. Besides sinple ethylenic conononmers, co mer ich
are capabl e of cross-linking can al so be used, for exanpr288FQW§§P&€enzene
and pol yethyl ene glycol 35 dinethacrylate. Such cross-I|inkable conmonomers
will generally be used in relatively snmall anmpbunts. Exanples of suitable
pol ymeri zation initiators 20 August 2003 WO 00/ 61648 PCT/ CB00/ 01335 - 17
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5 bisdinethylvaleronitrile. These may be used in conventional
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hase. The inhjf iARYcef a P& BHPAENY] i (such as
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5 SN, ComRd D g L g prcpronate
hydroxypropylmethyl celluloses, available for example as
Methocel K-100}, polyols, polyvinylalcochols,
15 polyalkylene oxides and inorganic materials such as
calcium phosphate and magnesium pyrophosphate.
Cellulosic ethers and TCP are preferred as suspension
stabilizers, especially for the production of larger
sized polywmer particles. Preferably such stabilizers
20 are present at 10 to 60% w/w, especially 15 to 55% w/w,
relative to the initial polymer seed in any
polymerization cycle. For cellulose ethers, the
stabilizer concentration is conveniently up to 25% w/w,
while for inorganic stabilizers such as TCP the’
25 stabilizer concentration is advantageously up to 55%
w/w, e.g. 1 to 55% w/w, conveniently 30-55% w/w,
relative to the initial polymer seed in the
polymerization cycle. TCP is especially preferred since
it can be used at such high concentrations and since it
30 has low environmental impact.

The emulsion stabilizers may for example be
surfactants, e.g. poloxamers or other polyalkylene
oxides such as Tweens. Furthermore emulsion stabilizers
such as nonylphencl-polyethylene oxides containing 20 to

35 150 ethylene oxide units, may be used, e.g. Berol 274 or
Igepal CO 990. Alternatively ionic or ethoxylated ionic

surfactants may be used. These stabilizers are




(such as N, N -di-fi-naphthyl - p-phenyl enedi am ne and N 30

phenyl - N- -i sopropyl - p- phenyl enedi am ne). The inhibitor is EgﬁVEWﬁgﬂp?y used
in quantities of 0.5 to 10% preferably 1 to 5% by weight relative to the
initiator. As with conventional suspension polynerizations, it 35 is also
preferred to include one or nore stabilizers in the reaction nedium It is
particularly preferred to include a suspension stabilizer (i.e. a steric
20 August 207300/#$480161648 PCT/ GBOO 01335 - 18 st abi | i zer PCT/EBMI3Equeous
seed suspension and an enul sion stabilizer in the aqueous nonomer emul sion
whi ch is added thereto. Exanples of suitable stabilizers include ionic,
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is conveniently up,p;2a%aWMed WBLbE 100d RObLAR L 18k-abbddLGl5 such as TCP
the' 25 stabiljzer. concentration is aﬂy%Ptageouslza%B to 55% ww, e.g. 1

to 55% w w, comvertitentry 30-BEGRRFAF a“ 1.5k L autoclave

reactor) equipped with stirrer, inlet and cutlet ports
and temperature controls.
15 The reactor is charged with initial or later stage
seeds, suspension stabilizer, deionized water and when
the seed is small (e.g. below 50 pm, especially below 30
pym) preferably also a water-soluble inhibiror such as
sodium nitrate. Where an inhibitor is used in the early
20 stages of particle growth this will typically be used at
0.001 to 0.005% by weight concentration in the water.
The seed is typically up to 65% by weight, e.g. 1
to 60%, preferably 10 to 60% by weight of the agueous
suspension and the stabilizer typically 0.5 to 15%,
25 preferably 1 to 10% by weight relative tc the seed.
The temperature of the seed suspension is typically
raised to about 70 to 100°C, preferably 78 to 92°C and a
monomer emulsion is added. '
The monomer emulsion is typically prepared by
30 dissolving the oil-soluble initiator and the cil scluble
inhibitor (e.g. dibenzoyl peroxide and Irganox 1330) in
the styrene monomer {or monomer mixture) and mixing with
an agueous socolution of an emulsion stabilizer (e.g.
Berol 274 or Igepal CO 990). The oil {(monomer} phase
35 desirably makes up 30 to 60% by weight of the monomer
emulsion which is prepared by any convenient

emulsification technique, e.g. by use of a rotor-stator




relative to the initial polynmer seed in the ol yneri zati o TCP is
especially preferred singe yit can be used atpsugh hi gh coﬂ%éﬁ@#ﬁgpgﬁs and
since it 30 has | ow environnental inpact. The enul sion stabilizers nmay for
exanpl e be surfactants, e.g. poloxaners or other polyal kyl ene oxides such
as Tweens. Furthernore enul sion stabilizers such as

nonylphenol ol yet hyl ene oxi des containing 20 to 35 150 et hyl ene oxi de
units, B@OQ@@ 68 e.g. Berol 274 or |gepal CO 990. AIt@Fﬁ@?WW@FV i oni c
or ethoxylated ionic surfactants may be used. These stabilizers are 20
August 2003 WO 00/ 61648 PCT/ GBOQO 01335 5,15 preferably present in the
nononmer enul sion, e.g. at concentrations of 0.1 to 2% preferably 0.2 to
1. 0% by . weighhmkeiahbueaéanth&tﬁannmfmxcontent Preferably the suspension

stabilizer used i ”ﬂnQSfa? 44 nal.iR l/é@cr;!cﬁ-ﬁtl'sogoﬁéé‘ﬂ?eoorltsﬁéges is an

inorganic solid particul ate, suc as a hate (e.g. tricalcium
phosphat e) , vWH%ﬂFlE&ﬁaF%&d?ﬁ§mﬁénFeﬁﬁ@éﬁmﬂﬁﬁﬁl?ﬁ%dsﬁ?b&ﬂﬁ?r?rFﬁﬁqmashlng
step. Suspensite sbabner zens svih| droeegr alilzyg be- smad .atn@. Bat o 25% by

wei ght r&kat'%%n%?a119tth£;ﬁ@ﬁ@rré&ﬂh&%lEﬁeSQSHoﬁéﬁQﬁﬁQEi&@ from snmal | er
seeds may Dbe EffiFEEd i n reac tocl ave reactor)

equi pped wi t h EFPHPEF S??ﬁ nﬁm%iﬁﬁiﬂé%&Srfé %ﬁ? tpanﬁé? TUrEControls. 15

The reactor idgnchavgedventdragri-tial or |ater stage seeds, suspension
stabilizer, deioni Aedomi:@lyandtv\mrpretf@@r&aedoi&ﬁmhé é@]g;mbjel ow 50 Am

espect al |y Delgu 30, Al 68E 3L 119l 2.YB1LEL 50 Wphes VD) or such as

sodiumnitrate ere S u e ear tages of
particl etQr owPRAUERT $Ei 9§ rWﬁFC%L‘F?SPIbét&%H atIn G@leﬁb ©19005% by wei ght
concentrati onpirodhheivatel oveFhezabetopdetypisahinimipedo 650 by wei ght,

e.g. 1to 60%%195§£§Ef¢gﬁ& %getﬁlﬁ%hé%bﬁmgebghﬁaéged:Q@q@@ﬁ%ﬁ&f&y suspensi on

and the stabil zer- t i call
h yg serle of separate kotor-stators or repeatedly

cycled through a single rotor-stator mixer.

15 The monomer or monomer emulsicon is then
conveniently fed continuously into the stirred
suspension in the reactor, preferably using an
adjustable feed rate pump. The feed rate is preferably
kept at 0.1 to 2.0g, especially 0.15 to 1.0g and more

20 especially about 0.15 to 0.8g, particularly 0.15 to
0.6g, monomer/hour per gram of polymer in the reactor,
i.e. the feed rate is preferably increased during the
period of addition. Once monomer addition is complete,
the reaction mixture is stirred until monomer is

25 exhausted, e.g. for about 2 hours, or polymerization is
brought to an end by addition of a chaser (ie. a monomer
composition with a high concentraticn of initiator) or
by increasing the reactor temperature. If desired a
second polymerization initiator, activated at a higher

30 temperature than the first, may be used. )

At the end of each such polymerization stage,
particle sizes are preferably determined (using a
Coulter counter) and the quantities of monomer used in
any subsequent stage calculated accordingly.

35 Where a polymerization stage is found to produce an
undesirably large particle size distribution, the volume

size increase should be reduced for subsequent




25 preferably 1 to 10% by weight relative to the seed. The %ﬁ ?bﬁ%e of
the seed suspension is typically raised to about 70 to 108 ng bly 78
to 92C and a nononer enul sion is added. The nonomer enulsion is typically
prepared by 30 dissolving the oil-soluble initiator and the oil soluble

i nhi bitor (e.g. dibenzoyl peroxide and Irganox 1330) in the styrene
nmononmer (or nononmer m xture) and m xing with an aqueous solution of an
ermul si on st aWwolodgmis (e. g. Berol 274 or lgepal CO 990). Thecaidme§sBswoNEr)
phase 35 desirably nakes up 30 to 600 by weight of the nononer enul sion
which is prepared by any convenient enulsification technique, e.g. by use
of a rotor-stator 20 August 2003 WO 0011648 PCTI GJ00/ 01335 - 20 m xer
such as an Utra-Turax Ins as enul sification is concerned it is

particul arly i Rpor a1 6r © gnﬁ T SPCe8H8" 1! HiShre HA%TVSR FESmonomer
enul si on dropl erodigte may- skl l  bangednfsr gtrnhalr growsh prtefesr €6l t hat t he
monomer enul si @p 1£Hgﬁﬂd%HStsrﬁﬁﬁdiebQVSHB#|éﬁaﬂ?h69 thersegad particles used
in any given ség gcordingly, it is preferred to formthe enulsion by
passing the m ure rough a pressure honogeni zer or 10 plurality of
rotor-statior stagefqsf Pﬁigm%wattﬁénp%%oﬁﬂiftﬂléﬁeoft]é‘%‘/e?rsllazfséﬂdr oplets is

m nimzed. Al pernitlieschyyt be ramcveticeandyi DeleRasse owsaHL RbI abhdive t hrough a

series of sepa&géé%fgghogtggfq{gé%sorlﬁggﬁg&ggg¥c cycled through a single

rotor-stator mxer. The nonomer or nononer. enul sion is then:
conveniently fed c&ﬁFﬁﬁﬁ%ﬁé}ﬁFﬂ'ﬁFotPﬁeP%ﬁYWeFéaatéﬁ%pﬁﬁﬁﬂeéﬁlPﬂ t3e react or,
preferably usibige amlegdjastedightf eédthatme lymap. pibdudeekbdepabe 415 Hr ef er abI y

kept at Qol torznéw,ofesagga@lésv (g §5 %&é o@gmaﬁgmé@raﬂadl%%ﬁspec' al 'y about
0.15 to 0. 8q, fﬁgéfa %rarIX A5 ner/ ur ram of pol yner
in the reactor; t f2 ?%%5 ttéf’g |tse"§)e§1a§}'15%f ‘ﬁfrlé’g Hg%lltﬁ"‘i ng the
51zer seed size, etc.) in different ways.
Stability requires the avoidance of coagulation.
This can typically be assured by ensuring that the
15 monomer concentration in the seed particles does not
exceed about 20-25% by weight, more preferably it does
not exceed about 10 to 20% and especially preferably it
does not exceed about 10% by weight. Avoidance of
excess monomer concentration can be achieved by
20 increasing imitiator concentration {although this
reduces the molecular weight of the polymer formed, the
viscosity of the polymer and its glass transition
temperature) or by reducing the rate of monomer addition
{(which increases polymer molecular weight and reaction
25 time) . Essentially therefore the operation of the
process must balance initiator concentration and monomer
addition rate to aveid coagulation and achieve the
desired molecular weight within an acceptable process
time.
30 The water contents of the phases may be wvaried
generally without serious problems although if the
suspension phase has too low a water content stability
may be lost.
' Likewise emulsifier, ie. emulsion stabilizer,
35 content is generally not critical, although if tco low
stability is lost, and if too high micelle formation and

hence fines formation may occur. In general the process



period of addition. Once nononer addition is conplete, theg,reacti
m xture is'stirred until nmononer is 25 exhausted, e.g. forS%B‘H%‘fst%Bﬁ%urs,
or polynerization is brought to an end by addition of a chaser (ie. a
nononer conposition with a high concentration of initiator) or by
increasing the reactor tenperature. If desired a second polynerization
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used. At t he™OMoW#8 ecach such pol ynerization stage, partiRIECERPHBES are
preferably determ ned (using a Coulter counter) and the quantities of
mononmer used in any subsequent stage cahcul ated accordingly. 35 Were a
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nol ecul ar wei g% F2fhsé pol ynénPrﬁr 3anTed cfe'ﬁénd on a 10 range of vari abl es

(e.g. rate of nononer addition, initiator concentration, tenperature,
emul si on droplet skage seedosizesoekd. )e.ign doféerantunvays. Stability

requires the avoi dggégeog _c%g%agbolpra This can typically be assured by
ensuring that the nononmer concentration in the seed particles does not

exceed abBut 20- 25GFBgSwki gRP, “Rofel ptef érabl §°it° d@ds#™not exceed about 10
to 20% and especi abkygpref-erabl yoi €50 does engt 2T eed 48bout 403y wei ght .
Avoi dance of excess nononer.cgagephration can be achieved by 20 increasing
initiator concentration (although thjs
Stages 5 et sed. - 400 to 2000 um, e.g. 400 to 600
pm or up to 1300 pm or 650 te 1700 um
15
To produce EPS beads, the PS5 beads must be loaded
with a blowing agent, ie. a material which is not a
solvent for the polymer or which only slightly sweils it
and has a boiling point lower than the softening point
20 of the polymer and is in gaseous or liquid form at
ambient temperatures or which is a solid capable of
generating a gas. Typically an optionally substituted
éliphatic hydrocarbon having up to 8 carbons, preferably
3 to 5 carbons, and a boiling point in the range -50 to
25 +50°C iz used, e.g. propane, pentane, cyclopentane,
cyclobutane, methyl chloride, ethyl chloride,
dichlorodifluoromethane (or other Freons}, propylene,
butylene, etc. Pentane or butane is preferred. The
blowing agent is typically added during the final
30 pelymerization stage or stages or to the final
polymerization product, optionally after recovery,
washing, drying, etc. Mixtures of blowing agents can be
used.
1f desired, the particles may also be treated with
35 a flawme-retardant, e.g. hexabromocyclododecane, or they
may be surface treated to attach other materials with a

desired property, e.g. antistatic additives, or




reduces the nol ecul ar wei ght of the polyner forned, the 05|t of the
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10-20 gm Dynos@hgias beadBBghi fia@gt beRet Qufdilik-asiged. pardicles of 5 for

le 2Q0 to Q. t | ] ffected 5
cxampl € 200'{ 0, 00 [ oy SR TR, LYDISALLDS pslsated n S or mre

80 um St age- 3 Suwttlﬁ 55 PRf QOHSG"?}@%OrGﬁFS%ab%% fopo@ater 650 pm
e.g. 200 to 40fuwiMiicrt2b0) mdw beSPrapasidgesubhetesaf.beadd00ilp 2000 pm

e g. 400 10 O0ndiinal bBhord WAPELOLHIN EoIIO0 B0 (produce EPS

beads, the PS S,.Mmust ad ent, a material
which is not a’ tg’bld\}é(r’rf“”iL o}Pe’H‘?é‘ego?gn’éhre @Pl%ﬁ%hm%rﬂ“g‘ ﬁ“ﬁg‘ﬁﬂ’ WwSswel I's it
10 derivatised after bead formatlop has occurred, e.g. by

sulphonation by treatment with sulphuric acid to produce
acidic ilon exchange resin beads or by amination of a
reactive comonomer used in the final stage or one of the
later stages of polymerization, e.g. chloromethyl-

is5 - styrene, to produce a basic ion exchange resin. Such
resins would have the advantage that with repeated use
and flushing there would be a lesser tendency towards

bead size separation occurring in the resin bed, a

problem which leads to reduced performance. In general
20 for ion exchange usage, bead sizes will be about 100 to
500 um,

Further examples of applications include use as
substrates for the generation of combinatorial chemistry
libraries where the substantial monodispersity of the

25 particles gives improved distribution of library members
in library generation using split and mix techniques.
For this application, unless an appropriately
functionalized comonomer (e.g. aminostyrene} has been
used in the production of the beads, the beads will

30 generally be. reacted post production to introduce a
surface functionality appropriate for attachment of the
library members. Again bead sizes of 100 to 500 um
might typically be used.

The beads produced according to the invention may

35 also be used as pigments or additives for paints (e.g.
to replace TiO,), as spacers (e.g. in LCD's), as friction

reducers, as lubricants, as carriers for cells, enzymes



and has a boiling point |ower than the softening point 20 t he | ymer
and is in gaseous or liquid format anbient tenperatures gép\‘/\'ﬂﬁf%%f)g a
solid capable of generating a gas. Typically an optionally substituted

al i phatic hydrocarbon having up to 8 carbons, preferably 3 to 5 carbons,
and a boiling point in the range -50 to 25 +50C i s used, e.g. propane,

pent ane, cycl opentane, cyclobutane, nethyl chloride, ethyl chloride,

di chl or odi f Iwonwéretshane (or ot her Freons), propylene, buteersEmeeogixc.
Pentane or butane is preferred. The blow ng agent is typically added
during the final 30 polynerization stage or stages or to the final

pol ymeri zation product, optionally afteesrecovery, washing, drying, etc.

M xtures of bl ow agents can be used 3f desired, the particles may al so
be treated w tH C%a AYPFanets SRarFdshe, T g’r%xéﬁrfo?ﬁﬁ%%ﬂn@dodecane or they
may be surf acerdlreeaedotroubidiacils, othefiTmier,i aksmuktd JRensdesi £ed property,

€. 9. ant'Stal'ééﬁ?*@&%'Y§§1adﬁit%geéugg§t éﬁggi géaéﬁﬁﬁm ?ﬁ% 00101335 23

functional and re ctl ve c lem ca r ou Besi ei ng use ‘or the
preparation of'EPSSYpHEa¥s® ttljl"éer‘ngiE‘g‘is)%s ofd - H\ieﬁf‘i“iﬁfﬁ?&y b2 used to
produce Pol yri@?Odb@adéliimr&’rmDﬁy folher ogipls eathonsgh lunifpamtigwiar,
substanti al | y gmeedegperse particles sui tabl e for use as ion exchange
resins (e-g. for waper 1ptylrlflcatl nf Om%\é repared.. Such resin beads

will generally requrr sor‘r:ele cr oss i A% HY 3EELGIVe it h di vi nyl

benzene) of tK&ELEs %ﬁf‘“‘ﬁﬁrPﬂrﬁhﬁuwyb@oiwoéléfMﬁatﬁt@édaafter bead
f or mati on has pedgerhetene.ad bylysthphenat i o1 Pyatieakaentand t hngul phuric

acid to péoducb%lygg&gélgeé o(rg, %XC giggyear{cp%&gspeadgd& flg%(‘hap nation of a

reactive conononer use n Inal stage or one o | ater stages of
pol ymeri zat i oR2*E1G: e%rﬂ%ﬂr@‘f’h‘wlel%ﬂ'é‘tryi‘"éﬁﬁhtt‘EFYbrb@dG@’ée a&tbasic ion
exchange resi nmp8geéd flesipmepaotiss havg.t he atwanisegecthatios th repeated

use index, or to modify the molecular weight distribution.
For many of these uses, a degree of porosity is
15 required for the particles, e.g. when they are for use
as catalyst or enzyme carriers. This may be achieved
relatively simply by controlling the degree of cross-
linking of the polymer matrix and by including a porogen
{(e.g. toluene, pentane or any other volatile or gas
20 generating agent which is non-reactive with the polymer)
in the monomer emulsion used in the final stage or one
of the later polymerization stages.

Where desired a porous particle may be loaded, e.g.
with drug, catalyst, enzyme or the like, and then

725 provided with a Further polymer layer to seal in the
load or to delay its release.

Porous particles may be used not simply as carriers
but also as a source of controlled porosity in ceramics,
polymer membranes, etc.

30 All documents referred to herein are hereby
incorporated by reference.

The invention will now be described further with
reference to the following non-limiting Examples and to
the accompanying drawings in which:

35 - Figure 1 is a diagram showing reaction mixture
temperature against time and indicating the stages at

which different reagents are added in Example 2; and



and flushing there would be a | esser tendency towards bead. size ration
occurring in the resin bed, a problemwhich leads to redu%%gu$€¥§§&ﬁance.
In general 20 for ion exchange usage, bead sizes will be about 100 to 500
Am Further exanples of applications include use as substrates for the
generation of conbinatorial chemstry libraries where the substanti al
nonodi spersity of the 25 particles gives inproved distribution of library
nenbers in PXH?ﬁyvsgeneration using split and m x techni gifdéCBIORERS ¢ hi s
application, unless an appropriately functionalized conmononer (e.g.

am nostyrene) has been wused in the prpq#gyion of the beads, the beads w |
30 generally be-reacted post production to introduce a surface
functionality apgae®ri ateaf gicat {dehmeNtolbndheaditPERrYaEmRers. Again
bead sizes of %Qgetﬂiéggmygg glght typically be used. The beads produced
according to the itnvention my" 35 also be used as pignents or additives
for paints (e.g. to replace TiQ ), as spacers (e.g_in LCDs), as friction
reducers, as | BRahslntis, as carriers for cells, enzymes 20 August 2003 WO
00/ 61648 RCT/ GB00/01335 - 24 or catalysts, as carriers for drugs for
sustained release fornulations, as filters, as mcro |lenses, as carriers
for additives Pofe¥Hutrdsi*f8scharaqd sithat ket &9 obr 2B RA1988% be t her nof or ned,
e.g. by sinterpugpertsgod pFositices f4d wer pobystiyirdeher Degakgmentel, hi gh

uniformty of yxqROf Qe odBeeRANt | (HEERHBY KdlSP @Er@-%ﬁ%s@[%xer%g %g' tive in

ot her polyners articul ar ol yol efins such as _polyethyl

pol ypropyl ene, Ef’i)cgpgoﬁg{’%s,g Tand™Md %Pﬁ&?b‘?‘éﬁé& EELFTeEPPS and

H PS). Additi ofi0 ofrm padt heglesd Wia B 6vwyrt éichbar- wei ght may be done to

i nprove flow properties, e.g. to increase nelt flow index, or to nodify

e P oy ar 1o Y oFhBRELPH i BT FRMrClab DR Gt BRu0 FE0T ° O
in 10 kg styrene in a 10L vessel using a conventional
propellor as an agitator. After complete dissolution

15 this was charged to the reactor. The suspension was
kept at 40°C for 1 hour then raised to 80°C over 1%

hours.

A styrene monomer emulsion was prepared by mixing 385 kg
20 styrene, 3.0 kg benzoyl peroxide (75% in water) for 30

minutes. Then 770 kg water and 1.66 kg Tween 20

stabilizer were added and the mixture was emulsified and

added to the reactor over 8 hours at rates of 90.75

kg/h, 115.09 kg/h, 133.5 kg/h, 146.3 kg/h, 156.2 kg/h,
25 165 kg/h, 173 kg/h and 177.5 kg/h for one hour each.

After 10 minutes at 80°C, the reactor was charged with
5g KI dissolved in 12.5g water and after 2 hours at 80°C
a further 15g KI dissolved in 37.5g water was added.

30
After the polymerization reaction was complete, the
reaction mixture was held at 80°C for a further 2 hours.
THe product was recovered and analysed for particle

35 size-distribution using a Coulter Counter 256.

Mode diameter : 3%-41 um




15 required for the particles, e.g. when they are for use g cat§l¥ t or
enzyme carriers. This may be achieved relatively sinply b9§ HStSPPF ng t he
degree of cross- linking of the polyner matrix and by including a porogen
(e.g. toluene, pentane or any other volatile or gas 20 generating agent
which is non-reactive with the polyner) in the nonomer enul sion used in
the final stage or one of the later polynerization stages. Were desired a
porous parti¢PE"AEP be | oaded, e.g. with drug, catalyst, BETGRMOEH t he

| i ke, and then 25 provided with a further polyner |ayer to seal in the

| oad or to delay its release. Porous particles may be used not sinply as
carriers but also as a source of contr&“%éd porosity in ceramcs, polyner

menbr anes, etccv30sAbd docunents referred to herein are hereby

i ncorporated by reference. The invention will now be described further with
reference to the followng non-limting Exanples and to the acconpanying
drawi ngs in whE&Bmebs 2 Figure 1 is a diagram showi ng reaction nixture
tenperature against tinme and indicating the stages at which different

reagents aye agdeg é@m£§g A4 .20, Mgust 2003 WO 00/ 61648 - 25
PCT/ GBOQ 01335 Fi gure 2 1°s gpkﬁa‘%‘l) qug\%l %lg sznaﬁ%I‘f‘?c?‘if‘n rate over time
in Exanple 2. EXE %%9? 9fA§?€%é¥thﬁa§0dﬁaﬂﬁéélﬁﬁ@ﬁ<¥©Z&amgleflan aqueous

suspensi on of 55k$gﬂ2&eAmup@¢ysk¥meme(ﬁymﬂﬁﬁhemﬁaér)@niﬁlskgkgf cel I ul ose
sther (Mbthocelaid0) gar esdli esalived:ha. wal gLl and.defg kg water- The
and heatéd to X ot

suspension was stirred at 10 40 rpm over 1.0 kg
di benzoyl peroxide (75%in water) was dissol ved |n 10 kg styrene in a 10L,

‘vessel udfPng aTkdriMsPperighelr was stirred at 40 rpm and heated to 40°C
over ¥ hour.

0.25kg dibenzoyl peroxide (75% w/w in water) was
dissolved in 10kg styrene and mixed in with the
15 suspension. The suspension/emulsion was kept at 40°C

for 1 hour then raised to 80°C over 1Y% hour.

A styrene monomer emulsion was prepared by mixing 3B85kg
styrene, 770kg water, 1.66kg Tween 20 stabilizer, 0.4kg

20 Trigonox and 3.0kg of dibenzoylperoxide (75% in water) .
This was emulsified and added to the reactor over 8
hours at a rate of 90.75kg/h (1 hour), 115.09kg/h (1
hour), 133.50kg/h (1 hour), 146.26kg/h (1 hour),
156.14kg/h (1 hour), 165.38kg/h (lhour), 173.04kg/h (1 -

25 hour) and 177.50kg/h (1 hour). The reaction mixture was
then heated 110°C over 2% hours, maintained at 110°C for
1 hour and then cooled. At the beginning of monomer
emulsion addition and 2 hours thereafter 5g KI in 50g
water was added.

30 _ '
The product was recovered and analvsed for particle size

distribution.

Mode diameter : 79-81 um
35 CV : 5-6%




propel l or as an agitator. After conplete dissolution 15 th'@ was éﬁ%ge{j to
the reactor. The suspension was- kept at 40C for 1 hour th€hAPGYSL o 80C
over 1% hours. A styrene nononer emul sion was prepared by m xing 385 kg

20 styrene, 3.0 kg benzoyl peroxide (75%in water) for 30 m nutes. Then 770
kg water and 1.66 kg Tween 20 stabilizer were added and the m xture was
emul sified and added to the reactor over 8 hours at rates of 90.75 kg/h,
115. 09 kg/ h, WOI¥6Kw44 o/ 146.3 kg/h, 156.2 kg/h, 25 165 kJH/GBIYGIRSG/ h and
177.5 kg/ h for one hour each. After 10 mnutes at BOC, the reactor was
charged with 5g KI dissolved in 12.58 water and after 2 hours at 80C a
further 15g Kl dissolved in 37.59 water 2das added. 30 After the

pol ymeri zati on Jr':eacf‘;an was conplete, the reaction mxture was held at 80C
for a further -~ The product was recovered and anal ysed for particle
35 size-distribution using a Coulter Counter 256. Mbde dianeter : 39-41 Am
20 August 2003aV:LHH1648 PRILLBDMOA3BP s K26 seC¥: 0 b-HY0-Example 2 5 A

reactor was chg&gg&g{qﬂ&Qﬁt}g} g{fyngg?‘?%le&us(i Sus?@?ﬁ%}ib?rﬁ%gfﬁgo g of the 40

m particles of Exa - celTulosic éthe _ 00), and
1863kg  wat er . PTHE ORI 88FE. ctidhalds s BvasofmesialiywApbymeaus The
suspensi on wasAStirridg atsgénsipm and deatwed ko 40Gpmwver % hour 0. 25kg
di benzoyl peroxide (75% ww in water) was dissolved in 10kg styrene and

mxed in wth the 15 suspensi gn. The suspension/emul sion was kept at 40C
for 1 hour the%r“? aiséd ' foP ?)??Qrtﬁfgr QET?), Holi®: A< (NASPRAoReter enul sion

was prepared b{ahiwi @gy38skiforsttel efed3 7 Ok gavatwargel @6kgecTivearn 20
stabilizen, O.dky RQAcEbirgoR@xX RNGudpdkd B wHkbeazid per eybde (75%in
wat er) . _

2.8 kg di-benzoyl peroxide (75% wt. in water) was

dissolved in 20 kg styrene in a glass reactor. At 40°C

in the polymerisation reactor this sclution was charged

15 to the reactor. The suspension was kept at 40°C for 1
hour and then raised to 80°C during approximately 1

hour.

470 kg styrene and 5.5 kg di-benzoyl peroxide (BPO) (75%
20 in water) was mixed together for 1 hour. When the

Cemperature at the reactor was 80°C this Styrene/BPO

solution was added to the reactor over 5 hours at a

constant rate.

25 After 3 hours at 80°C the reactor was charged with 10 kg
tri-calcium phosphate and 0.028 kg Nacconol GS0.

The temperature was kept at 80°C for further 2 hours
after the charging of Styrene/BPO was completed. The

30 residual mononer content was approximately 3%.
The product was recovered and analysed.

Results:

35
Mode diameter : 79,5 um
Appearance : TCP present




This was enul sified and added to the reactor over 8 hours 6t a r%tog of
90. 75kg/h (1 hour), 115.09kg/h (1 hour), 133.50kg/h (1 hofPU9¥#&098 ) g/ h
(1 hour), 156.14kg/h (1 hour), 165.38kg/h (ihour), 173.04kg/h (1 25 hour)
and 177.50kg/h (1 hour). The reaction m xture was then heated 110C over 2%
hours, maintained at 110C for 1 hour and then cool ed. At the begi nning of
nmonomer emnul sion addition and 2 hours thereafter 5g KI in 50 wat er was
added. 30 ThECHM®Etft was recovered and anal ysed for part iPOTE&BIPHIEIS

di stribution. Mde dianmeter : 79-81 um 35 CV : 5-6% 20 August 2003 WD
00161648 PCT/ GB00/ 01335 - 27 Exanple 3 A reactor was charged with 1359 kg
seed of an aqueous suspension of 70 kg?Pynoseeds 40 (i.e. 40 ji m nonosized
5 pol ystyrene ed,_ .available from 10 ecialty.Polymers AS). The
suspensi on vvasé\gt Gidy Py %}A)fo rpm riggca(lg'%lug "ﬁh%lss)phate (TCP) 14 kg, and
Nacconol 00 Yaleglagr yeighit f onat 36892039 kg was charged directly to 10

t he reactor andwiMie suspension:was heated. to 40C. 2.8 kg di-benzoyl

per oxi de (75p e | was di dipn 2 St e in a glass
reactor. At 40%\4“1 rfrltoﬁygkg%%yrrer'i satllssg) /\rigag!tlgi [%ﬂgcs'ol)%@lnon was charged 15
to the redctor. The suspensi on was kept at 40C for 1 hour and then raised
to 80C during Epmode Aately 1 hour. 470 kg styrene and 5.5 kg di - benzoyl
peroxi de (BPO (75% 20 in water) was m xed together for 1 hour. When the
tenperature at_the reactor was 80C Ithi 527§t %ér ene%?P% sol uti on was added to
the reactor over"BH8ar a8 I8ontt4ht Faf@. 5237 A%t & 39HWS at 80C the
react or was chdrspeaswpPrhrlGkla Pyrasesidsi dfh phdsphatcsognded. 028 kg Nacconol

0. 10 polystyrene seed). and a stabiliser solution of 12 kg
' Methocel K-100 and 1493 kg water. The suspension was
stirred at 40 rpm and heated to 40°C.

1.47 kg di-benzoyl peroxide (75% in water) was dissolved
15 in 8.8 kg styrene in a glass reactor. At 40°C in the

poclymerisation reactor this solution was charged to the

reactor. The suspension was kept at 40°C for 1 hour and

then raised to 80°C during approximatley 1 hour.

20 A styrene monomer emulsion was prepared by mixing 353 kg
styrene and 5.1 kg di-benzoyl peroxide {75% in water),
708 kg water and 1.52 kg Tween 20. When the temperature
was 80°C at the reactor this emulsion was added to the

reactor over 5 hours at a constant rate.

25
After 10 minutes at 80°C the reactor was charged with S5g
KI dissolved in water.
After 3 hours at 80°C the reactor was charged with 15

30 gram KI dissdlved in water.
The temperature was kept at 80°C for further 2 hours
after the charging of the emulsion was completed. The
residual moncmer content was approximately 1.5%.

35

The product was recovered and analysed.




The tenperature was kept at 80C for further 2 hours
Styrene/ BPO was conpl eted. The 30 residual nononer

after ?Bﬁggsr}azro% ng of

conten

approximately 3% 35 The product was recovered and anal ysed. Results: Mde
di aneter 79,5 um Appearance TCP present 20 August 2003 WO 00/ 61648

PCT/ GBOO' 01335 - 28 CV (main peak) 8.9% (Coulter LS) Mlecular weight
86800 MV Mh 2.47 Melt Flow Rate 1509/ 10 min_ (200C, 3kg) 5 Exanple 4 A

react or was W¥og¥gedd with 274 kg seed of an aqueous
Dynoseeds 40 (40 m nonosi zed 10 pol ystyrene seed). .

solution of 12 kg Methocel K-100 and 1493 kg water.

SuspeSTEIBIg#I3B0 kg
and a stabiliser
The suspensi on was

stirred at 40 rpm and heated to 40C. 1. 47 kg di - benzoyl peroxide (75%in
water) was disgalyed. 15 in 8.8 kg styrene in a glass reactor. At 40C in
the polynerisation reactor this solution was charged to the reactor. The
suspensi on was kept at 40C for 1 hour and then raised to 80C during

appr oxi mat | ey Modpuyam@peA st yrene #dromer enul sion was prepared by mxing
353 kg Styremaﬂ@iﬁpéa\}kg di - henzoyl operoxider (h% in water), 708 kg

wat er andgl. 52, kg %gn 20.. Wen th jgmperature was 80C at the reactor

this enul 5| on was

W?%??WEE reac%or over 5 hours at a constant rate.

After 10 ni nut™®yMit 80C the reactor2y@s charged with 59 KI dissolved in

water. After 3dioursoatrRBOC the reantoy/1vasisharaed, wetiky)l5 30 gram K
di ssolved in water. The tenperature was kept at 80C for further 2 hours

The beads of Examples 3 and 4 were added to samples of

10 polypropylene, polyethylene, polycarbonate and ARS

{(acrylonitrile/polybutadiene/styrene): in all cases the

addition of 5% wt. beads resulted in significant

increase in the melt flow index.

15 Example 5

A reactor was charged with 556 kg seed of an aqueous

suspension of 70 kg Dynoseeds 40 (40 um polystyrene

seed). The suspension was stirred at 40 rpm.

20

Tri-calcium phosphate and Nacconol G90 (alkyl aryl

sulfonate) was charged directly to the reactor and the

suspension was heated to 40°C.

25 2.8 kg di-benzoyl peroxide (75% in water) was dissolved

in 20 kg styrene in a glass reactor. At 40°C in the

polymerisation reactor this solution was charged to the

reactor. The suspension was kept at 40°C for 1 hour and

then raised to 80°C over approximately 1 hour.

30

35

A styrene monomer solution was prepared by mixing 470 kg
styrene and 1.68 kg di-benzoyl peroxide (BPO) (75% in
water) for 1 hour. When the temperature at the reactor
was B80°C this Styrene/BPO solution was added to reactor

over 5 hours at a constant rate.

After 3 hours at 80°C the reactor was charged with 10 kg

25



after the charging of the enul sion was conpl eted. The residyal r
content was approxinmately 1.5% 35 The product was recoverggﬂg%‘gﬂﬁgﬁsed.

20 August 2003 WD 00/ 61648 PCT/ GB00/ 01335 - 29 Results: Mde dianeter 83.3
m CV (nai npeak) 7.9% (Coulter-LS) 5 Ml ecular weight 99700 Mv Wh 2. 55

Melt Flow Rate 100g/ 10 min (2000C, 8 kg) The beads of Exanples 3 and 4 were
added to sa f 10 pol ypropyl ene, pol yet hyl ene, pol ycarbonate and ABS
(acryl onitrir{?é Z%%but adi ene/styrene): in all cases the &HHCEIMEH3SF 50 wt
beads resulted in significant increase in the nmelt flow index. 15 Exanple
5 A reactor was charged wth SSG kg sqegi of an aqueous suspension of 70 kg
Dynoseeds 40 (40 pm pol ystyrene seed). the suspension was stirred at 40
rpm. 20 Tri-cali-uanphosphiemand Nagconpls @0ntalkyl: awyl sul fonate) was
charged directly to the reactor and the suspension was heated to 40C. 25
2.8 kg di-benzoyl peroxide (75%in water) was dissolved in 20 kg styrene
in a glass redtCofSmpErAnEY washkerporty iy Cs &eF ofuutdget drhatiss sol uti on was
charged to thefteeacherchakikd nguspessy-afhay@pokept @nAQEfor #hour and

then rai sed t%@@&lgyerno@og@rﬁgébﬁ@&ﬁé Yy @gg%o,éggitgelg.tmg'e monomer  sol ution

was prepared by m xing 47 styrene an “benzoyl peroxide
(BPO (75% in water) for 1 hour. Wien the tenperature at the reactor was
80C t hi s Styr&he/ BR®Igol waisomenaseadtethdt anatpsddar 35 over 5 hours at a

constant rate. After 3 hours at 80C the reactor was charged with 10 kg

Results:
10
Mode diameter : 81.1 um
CV {main peak) : 9.4% (Coulter LS)
Molecular weight : 132000
Mw/Mn : 2.47

15 Residual Styrene : 3.7%



20 August 2003 WD 00161648 PCT/ GB00O/ 01335 - 30 tri-calciug&gﬂoiﬁgng and
0.025 kg Nacconol G90. The tenperature was kept at 8000 fo g hour s
5after the charging of Styrene/ BPO was conpl eted. The resi dual nononer
content was approxi mtely 3.5% 10The product was recovered and anal ysed.
Results: Mdde dianmeter 81.3. Am CV (main peak) 9.4% (Coulter LS)

5Mol ecul ar wei ght 132000 MwM Wh 2.47 Residual Styrene 3.7a 20 August 2003
- 31 dains 1. A process for the preparation of polymer particles having
a node particle size of at |east 120 pm which process conprises (a)
obtaining a first particulate polyner seed material having a node particle
di aneter of no nore than 50 pm (b)-.3j7using said first seed material,
perform ng a suspension polynerization to yield a second particulate

pol yner seed material having a node particle dianeter greater than that of
said first <ééBSmaterial, and, using said second seed naterial,
performng at |east one further suspension polynerization; and (c)

optional l'y ijpregnatbhgs andf,ofnBegletdatibAds ANH Qe rSPh 28 J10di fying the
partICU|atek£&gggC£IngF%SBticle size of at least 120 pm which

process comprises

(a) obtaining a first particulate polymer séed material
having a mode particle diameter of no more than 50
pm;

{b)- using 5aid first seed material, performing a
suspension polymerization to yield a second
particulate polymer seed material having a mode
particle diameter greater than that of said first
seed material, and, using said second seed
material, performing at least one further
suspension polymerization; and

{c) optionally impregnating and/or heat treating and/or
surface modifying the particulate product of step
(b): _

characterised in that at least one of the
suspension polymerizations effected in step (b)
invelves

(1) forming an agqueous dispersion comprising a
polymer seed material, an organic compound
which has a melecular weight of less than 5000
Daltons and a water solubility of less than 1077
g/L at 250°C, a stabilizer and optionally an
organic solvent;

{ii) allowing said organic compound to diffuse into
the seed material to produce an activated- seed
material; and

(1ii) contacting said activated seed material with a
monomer and with a polymerization initiator and
effecting suspension polymerization thereof.




(b) ; characterised in that at |east one of the suspensio ol rjzations
effected in step (b) involves (i) form ng an aqueous dispgqu@%gggh%rising
a polymer seed material, an organic conpound which has a nol ecul ar wei ght
of less than 5000 Daltons and a water solubility of less than 10-2 g/L at
250C, a stabilizer and optionally an organic solvent; (ii) allowng said
organi ¢ conpound to diffuse into the seed material to produce an
activated-seed nmaterial; and (iii) contacting said activated seed nateri al
with a nononmer and with a polynerization initiator and effecting
suspensi on pol ynmerization thereof. 20 August 2003 - 32 2. A process as
clainmed in claiml1l wherein said first 3pparticulate feed material has a node
particle dianmeter of no nore than 40 pm 3. A process as clained in either
claiml or claim?2 wherein said first particulate feed material has a node
particle di aret er® Frogespore alRanedoipraladn A wrensdgs sagdcfiaiated in any one
of clains 1gartdcunbes efceai daiocigasasi 8 Haike ppakibté elidimaretessin step (b)
is at least x4, 5. APIogess as claimed in any one of clains 1 to 4 where
said increase in node particle dianeter in step (b) is at least xIO 6. A
process as clainmed in any preceding claimfurther conprising inpregnating
t he pol yner dartifclrescess ra clblioed nigp ageher Jlaik pr oceskafmor2 t he

prepar at i on Werafinexpandad spopyiEIcul RESJEEdd GRBEES] NthLxPaARdLNg particles

pr oduced byg%ut&%?&%%&m%&eglg%qggn{QecLﬁgﬁné% 8. The use of particles
produci bl e by ‘a process as clainmed in any on8"of claims 1 to 5 for
separation or

4. A process as claimed in any one of claims 1 to 3
where said increase in mode particle diameter in step (b)
is at least x4.

5. A process as claimed in any one of claims 1 to 4
where said increase in mode particle diameter in step (b)

is at least x10.

6. A process as claimed in any preceding claim further
comprising impregnating the polymer particles with a
blowing agent.

7. A process for the preparation of an expanded polymer
product comprising expanding particles produced by a

process as claimed in claim 6.

8. The use of particles producible by a process as
claimed in any one of c¢laims 1 to 5 for separation or
synthesis.
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aqueous dispersion conprises a water-soluble polynerization nhidrtor.
10. The process as clainmed in claim9 wherein said inhibitor is potassium
iodide. 11. The process as clainmed in claim1l wherein a water- soluble

pol ymeri zation inhibitor is added to the aqueous dispersion during

pol ymeri sati on.
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9. The process of claim 1 wherein the aqueous
dispersion comprises a water-soluble polymerization
inhibitor.

10. The process as claimed in claim 9 wherein said
inhibitor is potassium iodide.

11. The process as claimed in ¢laim 1 wherein a water-
soluble polymerization inhibitor is added to the aqueous
dispersion during polymerisation.






