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(54) Title: PREPARATION OF POLYMER PARTICLES
(57) Abstract

The invention provides a process for the preparation of polymer particles having a mode particle size of at least 50 gm which process
comprises (z) obtaining a first particulate polymer seed material having a mode particle diameter of no more than 50 zm; (b) using said
first seed material, performing a suspension polymerization involving the steps: (i} forming an aqueous dispersion comprising a polymer
seed material, an organic compound {e.g. a polymerization initiator) which has a molecular weight of less than 5000 Daltons and a water
solubility -of less than 10-2 g/L, at 25 °C, a stabilizer and optionslly an organic solvent (e.g. acetone or a portion of the monomer mentioned
belowy); (if) allowing said organic compound to diffuse into the seed material to produce an activated seed material; and (i) contacting said
activated seed material with a monomer (e.z. styrene) and with a polymerization initiator and effecting suspension polymerization thereof
and (¢) optionally impregnating and/or heat treating and/or surface modifying the particulate product of step (b).




10 produci bl e by suspension polynerization, in particular styrenic hono-
and copol yners-and vinyl homes- and copol yners. Exanpl es of Aagitoposate
nononers include vinyl aliphatic nononmers such as esters of acrylic and
met hacrylic acids, acrylonitrile, and vinyl aromatic 15 nononers such as

styrene a”d“?ﬂﬁé¢h§Ut6d styrenes. MIllions of tonnes of ﬁﬁ@gndable

pol ystyrene § are produced each year. The EPS is pro 0 3head
formand is used for the manufacture of a w de range of products ranging
for exanple fromthin-walled cups to!20 packaging materials to | arge bl ocks

used in construction. The different end uses require EPS beads of
different sizes, typically as follows: 200 - 600 p.m- Cups and trays 25

400 - 800 p.m - Thin-val | gd.packagh ng: naherial 5,600 o, 1100 um - Nor nal
packagi ng materials 900 - m -1 nsu ) nd bl ock materials.
EPS beads falling outside these target size ranges are typically

consi dered to be "Bfis sipwenticat Fokite30 tpateriaterends conmmizd substantial ly

| over prisces. prERSct Son @Bkl ANIRAUCEd1 PYeds SUSPEASE PN, Rol yneri zation
process in mhbgfyg$ygéﬂga LSc merized “in the presence of a free radical
generator. The po ystyr@ne ? ‘beads produced in this way are 35

i npregnated with alBi GHOs§Sagehtthet ypreatign 4 Cesphythlboashenableh as
pentane, to pfodudes thedexpandadd epsppkyss yneie thEPSlohaads. n2p August 2003

VO 00/ 61648 PEd/ GRAD/ - Sj I rization however produces
PS beads , with adbr.%gﬁsﬁgg p.§F§%§8§?0%92ﬁ§pf%%%b§3d?“tﬁ@lﬁgﬁﬁs nust be
© ’1“:.13’. esZ’ﬁa?‘é?%%ﬁlﬁﬁop?}ﬂﬁli%loﬁavi}lh@étrﬁécab@ropri ate

si ze-cl assi fi 84,
particle sizeStargyed drompheandlesippégmens arse viAll hiestgh wagi ati on of the
suspensi on pObyﬁﬁﬂQM§ﬁ§.0nExamples 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 ..,
hydrocarbon such as pentane, to produce the expandable
polystyrene (EPS) beads.



conditions may allow the EPS producer to optimze the fraction of polyner
beads having the particular desired size, e.g. for thin-wdPlAegugadRagi ng
materials, a large proportion of the total bead yield will still be in

| ess desired grades or will be of off-specification sizes. Sekisui, in
GB- A- 1416405, describe a process in which the suspension polynerization of

styrene is vefghgmtied in the presence of polystyrene seedsp@ficrunsiE

smal l er than the desired node size of the end product. Typically the

Seki sui process nmay be perforned as a two-stage suspension polynerization.
The first stage is term nated when relatively small beads, e.g. having a
node size of about, 900 um have been forned. The smal|l beads are then
graded to renove GVEPFYSEARAIFCIANET6GRTISP 14FYE™ f PERT4GTs PPeBRA9y PS seeds,
e.g. having siizds aobrod@Osize HHGOriEntiamdndhehs e E®St headsised in the

second of thensdtspensiga-Prligyeiaat i on dpgesct® W@ FraPSibeads having a
narr ower - si ze d\ji%ggr ;:Qgt%on ahou thaeru{:lc sired parti clf%rsit e than is

. . =) rogriace e slzZe ran . .
achi eved in the orivention suspension polrymneri Zati'on. “BVen this process

however vyi el d§&S4 §FRoBURtUSthi ch has a broad particle size distribution and
t he conpl exity of alhRougft adimigtpenceti e isaspats BasedlsmBeezddignist be

carried oul QhdiBEsIBILT BAL! LAL GSPIOdUEEd: | Ml IR ik kS cpe
pol ymeri zati on stage. The grades of S produced by the conventional and
Seki sui pr océ%?@?gﬁn?%ﬁfﬂé’“}eénaéa%"f i FRe fardd culargdegingd ¢ e
di anet ers di fsfigeei. ng- by Bwvahah-hahtkdkdscahging oronetiels., dhisrdeas a
del eterious gl 08ntde cHar 06581 Buh O, 1EPS PLAdS 1Nk Opexpanded
pol ystyrene d%rsggggt sfageo Augu %20%& \(/}\g 00/ 601.648aPCTIIIGBOOISO.1335 - 3in
expanded pol yStyTene® product %6? RS G, CEPSPEEHIS 3581 161 pr e- expanded
to produce free fFefisig . dxpaRd_dlPer4lisc| 8sscrils GabPrgcess nigr st eam at  a
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 preduct 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,



tenperature bel ow 100"C, and then tenpered in a silo 5 thrggg} é&ﬁ air is
passed, before being filled into a nould and steaned, typ UPV flo to
120C, to conplete expansion and fusion of the particles. The tenpering
period is required for the pre- expanded particles to devel op the necessary
resilience 10 for the noul ding process. The particle size distribution in
t he EPS beadwoios/sisstot sinply replicated in the pre-expandegcherdmiizsnst ead
the size distribution is broadened and a broad density distribution is
created as under the same conditions the 15 smaller EPS beads will expand

| ess and the | arger beads nDre | eadi ng to-the tenpering silo containing a
m xture which includes sn%l gh denS|Lé Egrtlc%es and Iarger | ow
density particles. Settta™g ouPOoYS e SRl PHBF *88nsFEY particl es
occurs in the Peaperdyry Kivss poerexpandasy tpnpretuamitirerntiywiig t he

pr e- expanded palkbiaﬁdieei parctidl esf egydiamithasshd asde@nt Be goul ds and

accordi ngly 9e¥§%¢§ﬂd %e Bwt D8oid nal, dgﬁéﬁtééﬁ? <2 rIstrerlgths of the

noul ded products us t roa partlc e size utS on Tor the gr aded
EPS beads “and ﬁBﬁ@é%fwftlﬁ@ 25T i 2-RAGFEYde B pRFe iRAIGS Fehbsd tintdi Bf i cul ti es
in producti onmohléxpahdeaapotlystypersd lpr educis and2mékesto t he product

quality 'nconsbé%ﬁi@téﬂyipghgibﬁuéﬁdtf%51%9nBEQLK3W%r@%gfeéound that it is
possi bl e to produc 30 substantl %ﬁxﬁgnno i S erse % . single sized)
polyneric seed particl’€¥PRAIEH R 1§s Bt sud €n§?%#”“bolyner|zation
to generate Iaﬁgﬁ@niﬁﬁ R?FFPFlGSU%%tQﬂﬂ?ﬂaplVh¢ﬂﬂﬂN$S§p€YSEE$ﬂﬂ%ﬂnae particles,

for exanpl e subst@ﬁg|mauhmlﬂgqgﬂmggggse EPS particles wwth a 35 size
art ol o product i ortis BASEEY Phekt T CR00r 5T L RBS G es AsPee et
W99/ 19375 ar e'9H gmguéqrggbgca;ed km the pre-expanded beads, instead
the size distribution is broadened and a broad density
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
substantially 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




i ncorporated herein by reference, Since the product is substant|a2¥%
nonodi sperse, nechanical grading is not required thereby 3
consi derabl e savings in terns of production equipnent 5 and process
duration. Mreover undesired grades are not produced thereby leading to a
considerable increase in effective yield and a reduction in waste-

Fur t her nor e wokesiessobl ens associated with a broad parti cl epSi/égaofofdige

wi thin a graded EPS product are avoi ded or reduced. 10 The particle size
expansion cycles in the polystyrene particle production process of

W99/ 19375 are relatively tine consuninb'and we have now found that the

process nmay be; %%Ioeragt Ceidher -0 %te eeast one expansion cycle the seeds
are pre- swel | ed 11 '8 process efglsoma At i lar to the Ugel st ad

pol ymeri zation pr o§é§§e e oriasi@ti hs BRIBE3O03 al Sy nrefdd iape res. A- 4530956
(Ugel st ad) theneﬁhhﬁmh.ﬁalllr@ﬁa@fngl\ﬁllscho@.r&chﬁr&la)’thbﬂéww&ﬁ% by reference.

Pol ymer beads i U n Lpnor rrer a
pol yneri zati on&?br%l tlalggtg%?igmr%% ? %Jlsﬂl]l %tfg P56 ynp pf“ﬁmén agueous

di spersi on. THESEEASSSSWdiT2tERg - fOMq)m"f?@- Flﬁfiﬁﬁa%’?%rgltﬂdeﬁohyﬁemtzatl on,
e.g. by heat ipoypdugedcthematley tleeding tt@tzoconkadgesbpolitieeaspaiti cl es are

produced. The e!“f&é'cH}J%VPié!{rH? anecaeééﬁ_m%% 23nt Qasue! | 'E'%&cﬁgg pol yneri zation
is normally about x ess. .The.l fessor Joh stad found that

at
the capaci ty[%o P Obf%“ésdsasts(?%\%?ﬁi "b’otSW g’€°f“ RS etﬁlée X e
i ncrease of x¥25hép everpdmst EPBf predwitgamiec avohgodng wietihceél atively | ow
mol ecul aro wei ght anHe | @yt 130 W8t 8¢ . o:6RIndbbhi I:gycless CLJ ftused into the seeds

before the b ed.to swel effect is
based on entro|§Ii QE %er t ar}(r%qgg?tﬁ &ﬁ" rlmnoﬁrocf% cqre1fe 8?2?1%%{]%re of the
organi ¢ conpodng. re]c’%tfﬂ/‘éerﬁyeﬁtlf"? ??fé‘?%lnﬁnﬁflﬂz‘a%ﬂtmfﬁ movi &ewrd rdyetbe used 35
for this purpébe. pOrgess ayobeeatsslexagedacet DN@tONeastPofidi on of the

Tonomer, MRy Beplasthd ¢:yenkange dldddiskany:0fsddia o 9ank G eQmmaund into the

seeds. s "
fg Ugmewhgk 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




20 August 2003 5 polynerizazion process”, which is described for exanple in
EP-B-3905 (Sintef) and US-A-4530956 (Ugel stad), may be us@édAugugrZddice
nonodi sperse particles, if necessary carrying out several swelling and

pol ymeri zation stages to reach the desired particle size. In a sinplified
version of the Ugel stad process the enhanced capacity for swelling my be
achieved sinply by the use of oligoneric seed particles, e.g. where the

ol i goner wei ght average nol ecul ar wei ght corresponds to up to 50 nonomer
units or up to 5000 Daltons. Thus viewed from one aspect the invention
provides a process for the preparation of polyner particles having a node
particle size of at least 50 pm prefergbly at least 70 pm e.g. at |east
120 pm which process conprises (a) obtaining a first particul ate pol yner
seed material _(having in one enbodinent a node particle dianeter of no
nore than 50 BOhYMBF LT B! PrR6SHDIre WHER 49 IHiRTrikerelpr chev@BEyino nore
than 30 pm ; EPbB-280ho(Saite £ i a3d Beed4Aradesé ajUgeperhay mMmy &e suspensi on

pol yneri zati @Rehoryi glshiteSREAHS: bi gylef e ol yrer.seed apterial having
a node particFe diéﬁeteregggggégigégn ?ha sai d f?rst ]gged mat eri al ,
t

and, using s&q-¢EeHnd &8 F?gpﬁ?éd%%ﬁﬁﬁréFaFﬁﬂéfﬂﬁﬁgsfE?ther
suspensi on pérygaer Fratdesiraddedeyidst isémal |y i npregnating and/ or heat
t Leati ?g and/ or  gur Iaasﬁnplsmi(ﬁjfey&i ﬂgri?ﬁh Qgrthéut@éﬁsd&ﬁoﬁga&e% it&{:teipon( b) ;
Chan et | et te g 89l ey HRSIRL PO IR 00t Lo
i nvol ves i) H%r ‘?lgo%r?léﬁgﬁ‘éﬁjsc dieSFePaF bR ohp i §i nthare the
oligomer welght average molecular weight corresponds to up
to 50 monomer units or up to 5000 Daltons.
Thus viewed from one aspect the invention provides a
process for the preparation of polymer particles having a
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)



pol ymer seed material, an organic conpound (e.g_ a polynerization
initiator) which has a 5 nol ecul ar weight of |ess than 50080 Bage#R§0and a
water solubility of less than 10-- g/L at 25C, a stabilizer and optionally
an organic solvent (e.g. acetone or a portion of the nononmer nmentioned
below); 10 (ii) allow ng said organic conmpound to diffuse into the seed
material to produce an activated seed material; and (iii) contacting said
activated sew@oypreéd i al with a nononer (e-g. styrene) andPGiveRPeAa1lbd

pol ymeri zation initiator and effecting suspension polynerization thereof.
Alternatively the increase in node par;igl_e 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, tihg-3¢eds and the final product are preferably
substantial ly rr:p)nodi sperse. In the process of .the invention, the seed
activation stage (stepd {I FAnd’ ﬁ%”f??sp CEYABFY “PRO1EE Broduci ng an
aqueous di spersion of polyrer sresdmapPg§riwi.clnalsgansc ggpmpoiukhdi n- wat er "
emul si on of the organi geconpoOwWHd ympket et fdH YindcpotyAENIERL 6Rsi Ai ti ator
S ae dnenzoyl per st den INGaiphaks: Al lnengh 98NP RITRRUNG.y Y | e

pol ymer seeds may be assiste e sfe of "an” organic sol'vent 1n which
t he organi ¢ compound i & B-¥ol9Breilety.of legFvehtn sifth Hd- atket one (e. g.
acetone), al kanol, etherq, ef crabilimee Ppreberabhyllay r@nerganstch as a

styrene. Were the orgapi¢e/aonROUNAaiScdhe BY xwgéfgia:tﬂ Q¢ tpLtiator, and
especially where a nononer is uSed as .a.solvent, formation step (i) is
preferably 35 effected™at % t gﬁﬁéfﬁ?%“?ebe&é’lwé\iv the activation tenperature
for the thitiatidd so azllerinmevent dxgamit campoinddw gaffist etce. g. at a

t enperature between 10ceditbe2d AdgES1aRAR3 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




65C, preferably between 20 and 55C, nore preferably 25 and 50C, especially
preferably between 30 and 45C. Foll owi ng organi c conpound2@pugks 200Be
tenperature of the dispersion is preferably raised to a |level at which the
pol ymeri zation initiator is active, e.g. 60 to 100C, preferably 70 to 95C,
nore preferably 75 to 90C and the nononmer is added, preferably as an
aqueous enul sion or as a single nononer phase. For the production of
particles wth node sizes up to 80 pm it is preferred to add the nonomner
as an aqueous emnul sion; for the production of particles with node sizes
above 40 pm nore especially above 80 pmand particularly above 100 pm
(e.g_up to 1500 pn), it is convenient to add the nononer as a single
phase material. For both organic conpodnd and nonomer, enulsion formation
i s preferabl ye2€f epteth bl pgbatwdait @0SkNe FE°Rermore . fFefarfhBSSAH €

honbgeni zer olp 5ot Olespedl 91 1§ K& SUEDy, %%p@@nUbérﬁaJ%ﬁ?X homogeni zer,
such that enulsio roplets are |ess nore preferably |less than

p than 15 pm
10 pmin node dia qé’lw.m?h%r%lfnﬁﬁ@%‘mdoﬁpﬁﬂg?un’ﬁﬁ eEPEbR i kSHnt ai ns a
pol ymeri zat i cif ithki BEseeriient he prplscudlphasised tyg. a peralssituwhiodi de, in
order to plrlevwmt lpf)ﬂlf{lﬁ@.iiﬁ'tfiaﬁ DeWt i fart ii@@étiv@'leel«.'%]? 66 ROL1@BsEUM i ?di ﬂe
substantia .oy, nat i a It a tbher ect of the
i nvention. vﬁgﬁgﬁkgkgﬁ{ﬁﬁfﬁ ggﬁécﬁgf%egfﬁéﬁﬁ%ﬁ EF%r%%ﬁgegfmgggggcess for
the prepar at i"EROBFT pbt VAIEdpaPF LT LIy 25 st Rvsions e8! Hicgpersian)
pol yneri zati ensipoét enapingr phesed Buspaaspordiyaiiodi spesaitdr)les

pol ymeri zati aith Rbas agtR 28ded Nsd hat, acWed grereipblecpalagehlzati on .
aquequs phase. This

e PSR YR BT Gy SRl Dl ageais pase
monomer is addédiEtemiEth MR bt 4esorbPie HbnBremobegeIredielbe added),
however it i sbogreferablaadt paadd:-Jlantigeabdwdiliot @ derd ngippebynesd zat i on.
The wat er - soluhl, i { i RidnQEn MBY: NS adHerhd Gdhon@QNGENS rAIQR Bhafor exanple

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



20 August 2003 WD 00/ 61648 PCT/ GBOO 01335 - 8 1 to 50 ppm by wei ght,
preferably 3 to 30 ppm Mnoner and initiator addition |s29P@Q@ﬁ§BD§

ef fected over a prolonged period, e.g. 1 to 15 hours, preferably |I to 10
hours, nore preferably 1 to 8 hours S and the rate of nononer addition may
be constant but preferably is increased over that period. Such addition

.may be batchw s ut nore preferably is continuous- During addition, the
pol yneri zat i gﬁ ﬂ‘%&% reis preferably stirred. 10 in at, g%Té‘EB%?f“Wﬁm

pol yneri zation cycle of the process of the invention, the t enper at ur e. of
the polynerization. mxture is preferably increased, e.g. by - 10 to 400C
preferably by 25 to 350C ' towards the end of the polynerization stage to
reduce the | evel tof sd pmmtgacteghtpnorgerafhe 1 enpevapyhe | Nncrease i s

preferably about 0.J,{8e- Qn@ém&at@i}r SdBE@I&H 31'%' Berf@raEﬂr 1.0 &min, and
t he pol yneri zati on_m ture 1s vant ageous at the el evated

t enper at ure unffFeCHhISE s 2shb ﬁﬁf?%1‘ﬁﬁ%aﬁpéarﬁﬁ€€qﬁﬁ unreact ed 20
nononer, e.g. PoefSCkrhly ]l2®oni®|mce§rs Theraoponerrabds et iomedrabove i s

pref erabl y addgda @ %t@' bti BoMiear a@@k%@ﬂnayt mescﬁﬂ;waﬁ{tommgo ef er agl y
conpri ses water |n|t|ator ri gonox an
surfactant (e. 6regb Q1 éﬁe%ncre %hox T g’sorgltan e tgg %??actant
such as Tween 2&y. beIQ?H§H€19?eW¥Hlmﬂﬁeeﬁﬁ@%ﬁ#ﬁhﬂy oF eaRtiTsTEss of the

i nvention, espeatiald \wdsidktah| ecHeOpopyRdttidipnothixpardiied es with a node

particle size q@ polynmer seed activation and
polynerlzatlongﬁsé%géﬂgglgg§g ves the~ fO||OMAn% steps:. (A form an aqueous
&

di spersi 6f of poIyHEYa§eéﬁ§5tdbﬁF§Pﬁlﬂ©1¥W??H%§ aﬁéaﬁ§ibﬁ§séhé steric
stabilizer (epypcemscelfl thesoreiniépnortian tHenpeganiuce cohmubdend such as

trical ci um phospPhaled iGIERY) ' mixture is preferably increased, e.g. by

10 to 40°C, preferably by 25 to 35°C, towards the end of
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));

(B) bring the dispersion to 38 to 42°C and mix in a

L)
N

solution of initiator in monomer {e.g. styrene)

using moderate mixing whereby to form an emulsion/



35: (P) bring the dispersion to 38 to 420C and mx in a solution of
initiator in nmononer (e.g. styrene) using noderate m xi ng20A¢EEeHY008 form
an emul sion/ 20 August 2003 WO 00/61648 PCT/ GS00/ 01335 - 9 solution of the
initiator; (C) allowthe initiator to diffuse into the seeds, e.g. for 30
to 120 m nutes, preferably about 60 mnutes; (D) bring the "activated"

di spersion to a tenperature 5 at which the initiator is activated (e.g. 60
to 95C, prefBPUHFP 70 to 90C), and add an aqueous sol ut PEHGHEOY3IS

pol ymeri zation inhibitor (e.g. KI) and begin continuous addition of an
emul sion of water, nonomer, stabilizer, polynerization 10 initi-ator and,
optionally, an oil-soluble polynerization initiator, and inhibitor; (D)
continue addition ofoleidiDBENESe €AikSLOBy; Optionally adding further

wat er - sol ubl e i,phi bj r.nore tines: -and aptiopall 5 (F) bring the
pol yreri zat i on (%pxtﬁir%h{ %@% gFlﬁ%rt%rt é(rjrpé%fa usree,mté.ogpgpgogete(])asloﬁd?‘ to
depi ete nononer (pFet éOaSPy1%1$t‘@rnuﬁﬁﬁonEFe§%lléﬁtﬂ1'YoﬁbPSt cohplisted¥: Such
activation and (pbl ymeiriaz aheonact/iclaeednayibgereipeatedat Cegpeaddaes pol ymer

parti cles of the desi gflcn20ndiZ6ciREeLerablye: 2agh suGh cyelg wiil involve
a particle volunme jncrease_of at |east x5. Thus for exanple initial
pol ymer seeds with & r?odBr‘aF%ﬁ?éﬁé’r Bt 20 U mad e o At AEP§O®R t r ansf or med

in two polynerizatienutdpel e§,a flolymerbzat ywdendiibiveder (e0k.481uUrn and then
]Eo a 525 mz)geAdl arr&l;ei &EiBOCMinBBQEe{i@cbizlyiclrh%fsgﬁdén@rsfioﬁxBlﬁnd)ed tglfs way
rom5 to mto 0 m(e.g.,.in 2 or 3 expansion cycles) and from
70 to 90 pmto 200 ‘f’ato_coet]_"20%%n%ﬁ%r§‘e.sg?bf'inlzze]i'o p§§¥>[?% het ot cycl es). In the
process dP the invertitédatostap (BPLaayal but am30ipredlardlsl y does not,

i nvol ve renoval of mlemerotatirdennisiaed paind ciesifitam;t he seed materi al

SO prOduced Sofﬁﬁ continue addition of the monomer emulsion,
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



to yield a substantially nonodi sperse seed material. The tﬁt al nunber of
suspensi on pol ymerization stages used in the process of t&8AUEYEAO8n will
35 typically be up to 12, preferably up to 8. Typically transition from
bel ow 50 pmto above 500 Amw || require nore than one stage, generally
two or nore preferably 20 August 2003 WD 00/ 61648 PCT/ GBC0O/ 01335 - 10
three or four stages. Conveniently, for seeds having sizes above 100 um
the particl eWOIEHE growt h per stage will be at |east x2.PIF/GROOGIZHt | east
X 4, and less than x60, preferably | ess than x30, preferably fromx5 to 5

x25, e.g. x5 to x15. For seeds having _Si,zes bel ow 100 um the particle
vol ume grow h per stage will preferably "be between x 2.74 and x50, e.g. x4

to x40 nore  prgfer abl Yobetneer sx5 %Hyé&%@nt@§$e§$@|ée§éd@r ghetably x6 to
x15, e.g. about. x8. a%gvéflodoey rgglﬁ a mgg ure two or mrengo ul ati ons of
a

OFRGAT FRIUAT " BPANBTESS may be

substanti al | y monodi sper se sé&d
used in the presdnte ayerrdssn *Ro74prodiuceatalpast invdalandpleserdpiny a

bi m)dald, eng ]E){ardug:)tref&\ﬂilﬂhr Qé@lslbehgrﬁ@dﬁﬂ @@b@éﬂ/@ﬂ% fsbhakghtd or war dl y Ejo
15 produc [ ent s tanti y nodi sperse_ grades, . g.. correspondi ng
to EPS grides ){)zﬁé:éf gr‘?é ot(r% (gjﬁhsf er%cr)r? ~end g%\élsr.lgg fzr?osdgeg%‘fgtllog e size is
nmeant the peak"pafbfcPartisilfevpormegedetitioper paradecivéd] Bbekenadyin the
particle 20 diezeecdwsdn izbut.imanadetesm red.ust ng pawt mekke si ze det erm nation

appar at us such,,a$e@aCoH Il LR §§0ancp%toi,C!egﬁ;ééiaqﬁa!rx,%gfaﬁ <8 Node

particle size in the 'distribution of particle sizé agalnst percentage of

total particl ézovafﬁafrept‘gZS aéﬁu'éu’é%t antially nonodi sperse it is meant that

for a pltlrality off platirelesa(migtur cfeast dO@oreprepuprefemablty at | east

1000) the par tsugkesntiana yamor6&f fpsiNkeolis idvialyl aR £ E&Mn0fndagss than 20%

for diameters may be used in the present invention to
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




exanple less than 15% preferably |less than 12% nore 30 pé$f era }Séess
than 11% still nore preferably | ess than 10% and nost pr Fﬂ'ﬂﬁ)gﬂ nor e
than about 8% CV is determned in percentage as CV = 100-x standard
deviation 35 nean - where nean is the nean particle dianeter and standard
20 August 2003 WD 00/61648 PCT/ GBOO' 01335 - 11 deviation is the standard
deviation in particle size. CVis preferably calculated on the nmain node,
ie, by fittwa@¥eé#ononodal distribution curve to the det @eraxbooqmasst i cl e
size distribution- Thus sone particles below 5 or above nobde size may be
di scounted in the calculation which nay for exanple be based on about
9'0% or nore preferably about 95% of ‘Hotal particle nunber (of

detectabl e parfig].gs b 2 et erm nat.i on_of i.s performable
on a Coulter LS 130 par ?%c eQ sStzéldfﬁga%a yrern fﬁep%lrglrcelé’ 8f Zfronodi spersi ty

required for thé Jseé’&Efe’éﬁ'aliérﬂadrcgléétBﬁr@'? cihes mgfnepede edkargement st age
tends to varyfas:ien ar genenid{lr egksessest idrolcurhe ll:rﬂlttl'iealde@@@tecﬁarl y stage

seeds, a hioh deareacol: sonadisngheily i Skl deaLIaRle a0d gad, no of the
product may al SO a}é’gedes ra e Thus 1 n genera r oduct 'of a
5t

pol yner i zatr on” h38%% f“aébeEtdlZE‘%unit?d\M‘P Itheprcéﬂ@‘r”a‘%ﬂﬁpnbe gr aded
to produce a sétirthaavnirn Gdrofle besisagdvnpn2sbputprasfier abl yotess t han 20%

for the 20 Suwablﬁtﬁgﬁlt ek ,sggd@ogyswr gracj(@qﬁlme;e(gg | ess than 150
pm the CVis rab % ., For_ seeds having a node size
of greater thadrer %g%aéié 637 Lx?gf Wabl YUSP HrivEFBW AL ©f0% The
separate pol yrﬁé‘r|1faPP6ﬁ°§‘ta§§@sOPnat%@ﬂrFr‘iG’cé§sl3i23386ftlt:he $imeention are
characteltdzed dmpiheeng carried out in different reactor chanbers or by

being carried out if. hhecRARR FEASEQULGNATPL R M Eh, addi tion of further

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




nononer and desirably also further suspension nedium The further nononer
is preferably added continuously 30 until the desired amouftAH8U${8RBYer has
been added. This addition nay be at a constant rate but nore preferably
the rate of addition is increased as addition progresses, with the

i ncrease being either gradual or stepwise. 35 The initial substantially
nonodi sperse pol yner seed naterial used for the processes of the invention
may conveni WRtPOI6E% produced by any process which yi el ds BEETZEBINOESt 2003
WO 00/ 61648 PCT/ GB00/ 01335 - 12 substantially nonodi sperse pol yner
product, e.g. by a dispersion polyneni%?tion process perforned in an
organi c solvent or, nore preferably, by the Ugelstad (Sintef) process

described for axafine ikl PSnéhtE38E73e SaNGhe¥SoAoddtrd3 L8 4. Mypodi sper se

pol ynmer particle r.odu by the.Sintef process are sol'd commercially by
Dyno Speci al tyéjfgcﬁf%é?’g g%?”"é%rﬁﬁgg\ﬁﬁ? nder t H‘érf?rar%?éi *Raff® Dynospheres(r),
typi cal |y witPHaddpapPlyente & z88re rPraferapargeb? the Yoelsrmd 10 The

Ugel st ad processiritefanpracdsy aleedrswed | idig'exampl®CRSISLat hessi1w@n a
suspensi of pol&ggaruisz_gt_ggglgp}esc_au&gaogpgéler@rei £at i iﬁ)sarggl Yeinitiated after
1 ng

all the nononer has been absorbed into the star poFyrrer seeds. In

contrast,as déSEUGER Rerieit SiPhch RENHST S8 petisd SvmIsTHbt\nedvzat i on t he
growi ng seed iynoofRbeaualUst Poleoatadid ngif Neshayomoker chadotawiet | at or. Less

preferably, thgaenblhasppolag®er c$eechiIMBL ¢ LAl modBYDe i PIOdUCAd By, a process
which yields a oL:Xgl spgrse ., pr r(})lduct , €_g_ a conventional suspension

pol yneri zati on 20 pr%cess, wi t A"t he pol ydi sperse product then being size
separ at et t 0 yi el dThe s¥dssltshad arPsesmicdrspbree vageti evel Ligggul ati on. The
initial nonodipgpeese pdHdrCle@anNAYsUMpenth anShORE 18t Col HBQse

substantialIypgggggi§£§gfgi is only initiated after all the monomer
has been abscorbed intc 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




25 pol yner seeds by a suspension polynerization process su%& ant| {a as
described in US-A-5147937 (Frazza), wth the nunber and d t he

i ndi vidual polynerization stages being selected to yield a fi naI
substantially nonodi sperse seed product of the desired 30 node particle
size- In general the desired node particle size for the final seed product
will conformto a size fromwhich the final suspension polynerization
product rmay WRMH#EHuced with the desired nedian particle PETGBO/BI3Hhe, or

| ess preferably nore than one, 35 polynerization stages in a single
reactor. Thus final seed npde sizes may.typically be within® 10%of 170
jim 340 pm 600 Am and 925 pm for the Ranufacture of final 20 August 2003

WO 00161648 PGI£&a(X BL3A8 of kddePLodbistsdieads o0f 1 s®slessi 2850400, 600, 1000
and 1300 um ll.e. Suitable foustésgsa 1ffertent gradOafﬁ of EPS beads for
exanple. It is part| PRIy r i 8P NGt T he  Buns tan il bezds

monodi spersityfe®f e¥@Pd&rticles is maintained despite the degree of
particle growth thate aecpassi@lgrly htpSicagg ghovtdhd rQmsEaht Al

m cron-si zed u II| e nd product. It has
z %Lcﬁﬁlasq,ere@g% & 8% ab @ dildd e sinfane% and, pre

been found that t gtd g geous SPnce the
pol yneri zat i ontf §ec8F1cﬁ’atIi fse SEIVBe téléﬁa?’(é‘t:‘é‘f%f 6pBi-mi zed for each

growt h stage, mridistagal owect feohi halcigrlows hrsh agiezed vhelefdect ed using
process condi tjons aad ggn@a Qfllsllm@efeeptg&@a' eha A cguspensi on

pol ymeri zation pr odI g n% FP L meter sized shqpartl cles. The
performance of the tgjg AT D 888%15“13(5: g r‘rérﬁﬂetl oA SYZed S niti al seeds
i s rel atitfel y adypmtggasusi Figiceantle eopemeini eapnoh th®ceisrecamdt expense ri ses
steeply as theusisee sepatdi:1gabht ChBfed Foh-€ASES -groM@nCOREBRL Cigld y 20

avai | abl e Uge'i% aacil%ét {:1% ef%n%ie%gc?sgt OV%I‘ag‘taOQO sbrm'lelffectege used in asingle

step suspensi on po ynmeri zati o
praocess conditions and controls conventional in the

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



produce EPS particles of comercial grades and accordinglg zuch articles
did not represent an obvious candidate for use as pol yner Q t28P3 Eps,
in part due 25 to expense and in part due to the expectation that

nonodi spersity would be | ost during the gromh process. However, using

mul ti stage suspension polynerization to achieve the gromh process, not
only is the 0 ersity substantially retained but alsg the 30 expense
of the Ugel§?§§ %V%gess is diluted - thus a 1g of a 20 pﬁl@ﬁﬂ?gpgﬁ pr oduct
can be transformed into about 275 kg of a 1300 gm end product. The
processes and products of the inventiaon;will now be described in further
detail using by way of 3S exanple the styrene polynerization system
However, as iadi gabadcabove, while EPS is a particularly inportant

product, the procesf%@s13{@1ﬁp@e'ega9g@t£&ec§ %Edpgia/f@esfeégb gust 2003 VO
00/ 61648 PCT/ GB00101335 -- ﬁBrO ucts. The 1nitial seed particles
p

used are pref eﬁ’%i}yr%fy@%ﬁé’s £h 3% OYEGERNSEE T) HYPRer es” ( Dyno
Speci al'ty Pol ydpercs aASy Polvrestsr 88, Nok hwghrapr, odocety )by rbdiihed Shint ef

process, partigu @rlhyeprﬂ&fe%@ BBEi(‘:&laexsly B@é!f@:gahﬁy'?ggt§kz§sl n the range
0.5 to 50 ym egpe0|all%?e > L9 gn% and ngs% especi a about. 10-20 pm

Al ternatively % 4 ra ¥ rdiesd *pal {33t éffe ﬁ%??%?ﬁ%% pr oduced
by standard eﬁﬁﬂéﬁéﬁ ﬁ@lyﬁ%WW¥EF|@ﬁpqiﬁﬁﬁhmééﬁvésuyépg#mhaV|ng a node size
of 0.05 to 1.gmErnadiveio} sy’ aag Pardiel esaboadhgea @Bﬂﬁs@}ﬂ&eof up to 20

m nore parti Gy, an k!ﬁeﬁfbd&e@ b rQ@&?&‘l@bémﬁ@P&{ o‘i%meP YOEL] zation in

an organi ¢ solvent init articles ma be eﬁTarged to
produce tfnal REEEGIIEPrarti%cl 83"1’1‘&‘3/@1@“0&1%66@65‘? d-8F 6P 1o M0 pmin a
St epwi se suspensipohypofnarer pzaticlepriooesy of mawhi clizat of | @asto awe st age

i nvol ves an aghi VabLop8Ruaar8pScridad ,abaysadda 8 ARL&Qfihhe
polyner|zat|on ﬁtagrlzggﬁén in an organic 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




however be substantially as described in US-A-5147937. 20 The Er oce of

SS
US- A- 5147937 invol ves conbi ning an aqueous di spersion of £HeugEt 7003
particles with an aqueous enulsion of a water-insol uble nononmer or nonomer
m xture and an oil soluble free radical polynerization initiator or a
precursor therefor at such a rate that an anmount of 25 nononer or nononer
m xture equal to the total initial seed polyner weight is conbined with
the di spersivwaoweess a period of 45 to 120, preferably 60 FHoo/¥dgom3nut es.
The conbination is preferably effected at a tenperature at |east as high
as that at which the initiator or 30 precursor is-activated and the
reaction mxture is nmintained at a terperature at which the initiator or
precursor is agtiyvat etd ll,rllrétdl| t he seeds hav gr own bé Pe desi red anount,
suitably until Th& Honomer rs exHEIS: &40 pr”}?cr?d Fete @&l ¥enCr epeat ed
until the finalcBesthad 185, phy tvalgdtspieths Fm,imm@vedonﬁwtt la¢ pnpcess of the
i nvention, pargiceharine. preferably, the nononer content of the reaction

m xture 20 August ZLQ_OQ?E 48 PCT/ GB00/ 01335 - is s _maintained at no
more than 20% nore %QDQ% Q}@n %rOWtA Than 10% by we hehPaZSFl‘fﬁee pol yner
content at’ any"ob‘r‘% Yillnéx F’Pe]f%’roébl? %aclh5@<r(§@/t ﬁoét d‘g@-’el ncreases the

particle 5 vobuagednblly. bx to dB)Oxspecirlll 5% to SO, (dar.ezxpieferably 2x

to 50x, especi 0 e X ) r.ef er abl 4x to 30x
(e.g. 4x tg ZSL%JC)y orie p§Q;_( l(a%lgr 13 t(SOij:'BB)eé gra igtogg%%o %E % 6x to

st . g.
15x). | ndeed é‘f’ %«%%’ nﬁ?dp?‘%?ter%ﬁ%rf‘ﬂ%%l ‘] ¢okure-9- néﬁ‘eé@el% of no nore
than 15x (ie. hederst stehan maY ifredenalyl dnvedlvane voloreaseyresespecially in

the produeti onedfne skl enapardd qlies. nJm%r@Deaaﬁra USEE UBY rDE3 PUre styrene

or styrene defi, %&l V& QL OBY alstge{:Qa 6{l%/elnytple 2.0 Jure 8% a 15 styrene
and/ or a styrene derivative an pti I
smaller particles.

The monomer used may be pure styrene or styrene

derivative or may alternmatively 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




non-styreni ¢ conononer, e.g. a conventional styrene conongper. Styrene and
styrene derivatives such as alkyl styrenes (e.g. C -3-al ké@%’@%@ﬁ@% such
as o-nethyl styrene, mnethyl-styrene, p-nethyl-styrene, dinmethyl 20
styrene, ethyl styrene, ethyl-nethyl-styrene, etc.) and halo styrenes
(e.g. p-chlorostyrene or 2,4- dichlorostyrene), and other conventional or

non- convent‘,},(gmi@‘%tyrenes may be used to produce hormpolp}fw ﬁoﬂﬁﬁss
copol ymers. In general however styrenes 25 and styrene in partBl curar will

preferably be the predom nant or indeed the only nononer used for growth
fromthe seed particles. In one especiald y- preferred enbodi nent of the
process of the invention am nostyrene (especially 4- 30 ami no-styrene) is
used as a conGROREFTYHR | EuREVRYtIFETSLablyed nvithe of sharesispensi on
pol yneri zat i orosbagaer (d.d.hissynayeaninne- tuncid onalo zedgpartdiglbes my be
produced di reggggé-%h B qugt_goggli:zseq,eggml ¢cles ar ?n pgrlicularly suitable
for use in soll pﬁase organi ¢ 35 synthéses, e.g. o pepfl des and
ol i gonucl eot i GBECAHBE R sl IOSEr §RAIRY k51 E0PERL LY RPrE&EFREat oFS, e.g. in
chr omat ogr aphparabhdieas omedt abid izensr dheetbAugusdb 204:hi1\W0 00/ 61648
PCT/ GB0O0/ 01333,20L A0St i et L1 AfMaANLRI8RUSIYdised With a styrenic
conononer (e.g. st trktlane) ina 1. Zd%{),ﬁé: 10 V\glgg ratio, . especially a 1:2.5
to 1:5 weight ratio. 1n THPETERbIA TENTY 7 %dn&f*ﬁg“‘?% general |y present
in the 5 parteeheberiigtatdd assatweshigd mohorxpo Siare ekempigairglisol vents in
the polynerizati®@® HPEREsrsQX haih GRNMRASPELS aMhiaChmbByy D L$ed:&ncl ude
ethy! eniygal 1 yoURpAt UL Ahed TORQMPLS. (9L £XAIL e G YL Lo  Acids and esters
(such as acry?l ¢ adi d, et hy crﬁ dré. 1d“ehhyl Yacry are, Sﬁlf‘\j acryl ate,
met hacryl i c aRpelagrilinfe aRdt flderly retby HirF eyl afet hywatstihaeryd at e) ,
mal eic acid amgl esteatss thbeeedfl (.g.gdidetmtihylaleateat®iectyet hyl nal eate
and di butyl n@éf@ﬁé@1angah§b&tfﬂﬂaéigbg§),fﬁgﬂgﬂccanhydride, 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-iinkable comonomers will
generally be used in relatively small amounts.

Examples of suitable polymerization initiators




acids and esters thereof (e.g. dinmethyl fumarate and 15 diethyl funmarate),
vinyl monomers, and acrylonitrile. Non styrenic comonomer €0@ugyst &Ogﬁerabl y
make up 0% or 1 to 40% by wei ght of the polynmer added in any growh

stage. For exanple, acrylic acid nethacryl ate conmononers may be used as
non-styreni ¢ conononers, for 20 exanple ethylene dinmethacrylate, (EOW),
hydr oxyet hyl net hacryl ate (HEMA), nethyl nethacrylate (MVA), gl ycidyl

nmet hacryl at eWO@MaIe48 acryl ic acid, nmethyl acrylate, ethyl BCWgBbE3s

butyl acrylate, methacrylic acid, ethyl nethylnmethacrylate may be used.
However 25 nethyl nethacrylate may be used as 100% of the nononer. The
seed particles are preferably of a pol ynie? anal ogous to or at | east
conpatible with t] (o] dded. during.the ovvth for which the
pol ymer seed is useﬁ18 Cf%%amt%é)eﬁ(g) fs? adSLg:ee S g%céenzoe"? elpgﬁ?’y‘z“{%

predoni nant | y s dAHECYb| BARSFE dCe sPRET Wteﬁsmech Qgr tabeyt her eof .

Besi des sinple r&Ixh)ydyBInﬁommrTEFBut\C]Orﬁéﬁﬁ@pSvaWﬁeﬁI&nal’@z@apam e of

cross-|inking camealiags be.dised JL0My: L% ey HLY] I Dengeng, and
pol yet hyl ene gl, coI 35 di ma\%acrg Such cross-11nkabl e cononomers wil |

general |y %e usEFReFRY bt P§i5hh ET " aBEREsTaY B&seesinf suitabl e
pol yneri zati on domivehatonsl 2@nAggusdt ZOG3 (WO 00¢ 611648 1PET/ RO QB3R5 - 17

I ncl ude organi @ pergxigas, wqahasrmmreréoyb 8L QdfdRer) anghd aueoyl
per oxi de, pero sterf sudch as_t-hbut x%benzoate and t-butyl

per oxypi val at e an -V 8uﬁﬁss%uc °§‘s ﬁz'gh |”§°r1°§‘85u?’§/r‘mﬁ°f“FFl e and azo
5 bi sdi et hyl vzﬂléff—éﬁ?tf?ll‘ Iﬂé1 amhéSQrWQl@@l(as%@l\remt:c@ngemarmwle,
concent r atd ons te@ugne b diehl0%piswier abliyerd.ah b@gé?/@@ysdweﬁht iselative

to the monomer |cBdiAre ; PEELELARLY addgchi i sabenLi e ppnomer or

monomer mixture or In an i Aert organic sol vent g benzene, “10 tol uene
or di chl or opr op&ReP ¥ SRRt BRGani ¢ sol vent is

It is preferred to use at least one 0il soluble
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



used, this is preferably in a mnor anount relative to th ol Laa
content. It is preferred to use at |east one oil soluble g%%ﬂ%ﬁ?gﬁon

i nhibitor which is disposed in the 15 nononmer or nononer m xture in order
to prevent polynerization in the seed-free nononer droplets and thereby
nucl eati on of new particles. Such an inhibitor preferably has a high

nol ecul ar weight (e.g. at least 300 Daltons) and | owwater-solubility to
reduce 20 diwg&g’F’éﬁzthrough the water phase. The inhi bit orPGHSBIAEAS exanpl e
be a phenolic conpound (such as 3,5-di-tert- butyl-4-hydroxytol uene,

1, 1-bi s(4- hydroxyphenyl)cycl ohexane, 4, 84-_but yl i dene- - bi s( 3- net hyl -
6-t.butyl phenol), 1,3,5-trinethyl-2,4,6%fis--(3,5-di 25

t. butyl - 4- hydr exybanzyl) bepzene a(cﬁ)é@ulsangd as JpkdanoX ans3Q)

2,2 -net hyl eneg[ingj(SGi-otﬁ b%gi-iﬂf- rg:etlﬁlyl gheng%%{ a nS"LII|LphUI‘ (;Soinﬁound (such as
di I aur yl t hi odi propi onate. WD PR 5B PR TPRETEE BTYAS 9Renol )), or an
anine (such ashi¢Nisdprdfied nditietyl-- pEphepldsewédaiiaieleand N 30

phenyl - N-- i sopﬁmyﬂl-iﬂeabeﬁ%&mwiigaﬁiagl) etﬁlrcn@liagob/abicsroirq,i zltoaomi\ss?(b ent It y ;Jﬁed
in quantities . . 10% .pref.er.a t.0 5% by. wei . relative to e
i ni ?i at or.% As %\nrg(% ﬁ%clgrﬁl%gﬁ | ot pgiﬁgﬁgng%hoenc%gfy%%‘?ilzna Iig%‘r?éf: it 35is also
preferred to iPRYIUGEEnee oF- MtETsEabiPl e drigh poterulpeaesiioht nedi um | t is
particul arly pneferinéd, t oridaiclintde prospisensiron) stadithitzeees(i . e. a steric

20 August 2003 40100163645 RETLEPO0L0I335,n 18 shahl luast) Lo the agueous

seed suspension.,and an” _enul sion stapbilizer_int aqueous nononer enul sion
which is added tHfé&fet 5P Ye§rof 26t S61 LU IIRBEPFEE! s*R%cl ude i oni c,

et hoxyl ated i dnideroxpehkynikyl5 capdupossy mhies s angdpiephiallily hpdeeoutes and
inorganic. ®  parthCkes.c,galky V&l risiQIsublendigh copl ecathsie Wei ght
meterials, trigal GLym RIOSRARLS LT 6 &Y, 058
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




(i ncluding cellul ose ethers such as al kyl cellul ose etherz spe% @#Iy
C -,-alkyl cellulose ethers; and 10 hydroxyal kyl al kyl cell ? R
especi al |y hydroxy- Cl-4-al kyl -C1-4al kyl cellul ose ethers, for exanple

hydr oxyal kyl net hyl cel | ul oses such as hydroxypropyl met hyl cell ul oses,
avai l abl e for exanple as Methocel K-100), polyols, polyvinyl alcohols, 15
pol yal kyl ene oxi des and inorganic materials such as cal cium phosphate and
magnesi um pyY@Mdehate. Cellul osic ethers and TCP are pPEF/EBHEIIISS
suspensi on stabilizers, especially for the production of l|arger sized

pol ymer particles. Preferably such stablllzers 20 are present at 10 to 60%
ww, especially 1S to 55% w'w, rel ativéto the initial pol ynmer seed in any

pol yneri zati ony, fa@él%mgogxgséwlﬂﬁ%h@t REhSmed REw1818D] 1d zer jeoncentration
wh for nic stabilizers such as TCP

IS convenlentl¥ $ I |nor%g
the' 25 stabilF2¥ erbtoﬁ?ctéﬁ’flﬁa?f oh li $CalvakEYESasY U 56 3596 Ww, e.g. 1
to 55% w w, coweEshemslntavesEdonhewmonprénatdongeno-the initial pol ymer seed

in the polynerizatdQFegyshe. trmugge%p&clsaelalbm@ﬁ@i aldegdigi fige it can be
used at s§ch hk%k conqentratégﬁglgga since |t Q§1H%W envi ronnment a

i mpact . & on StABI T 2%rs ayITor” eXal Fe B SUPFaRtEhts, e.g.

pol oxaners or wehet nFsLjarkytensuchxptes BhrsPhase TiReehs CrFerkdiermor e

enul si on StablﬁhdﬁﬁﬂhteSUChhﬂﬂaﬁﬂmykéhﬂiﬁy Heolryabhyd enemoxhdes contai ning 20

to 35 150 et hyﬁ &Xllge UpL 45 i a?ed renS18n %@éq_llggés %116' gepal CO

990. Alternative y |on|c or et é IC sur tants may be used.
These st abi | i ZBFE5EE YZEGA%‘?ﬁ%tatZ 03 lW)%/ @YGK%lW/rGééf}m%% 15
pref er ablg presentseied.t he nononmer emul sion, e.g. at concentrations of 0.1

to 2% preferably Q‘y%lEQli]-y %@e@yprgﬁéﬂa&tld‘rﬁlf@&l'nvﬁne;lqg&‘hgeé@q% content.

Preferably thqjsu%%en5|8n stablllzer sed in_the
e e cte reactor (e.g. a 1.5L to 10L 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




5 final polynerization stage or stages is an inorganic SO ig‘ gartigul at e,
such as a phosphate (e.g. tricalcium phosphate), which ca P A L&ﬁt?9 e
renoved fromthe product in a washing step. Suspension stabilizers wll
generally be used at 0.5 to 25% by weight relative to 10 the seed.
Typically seed preparation fromsmaller seeds may be effected in a reactor
(e.g. a 1.5L to 10L autoclave reactor) equipped with stirrer, inlet and
outl et port YOMH648erperature controls. 15 The reactor i sPERSBHEU3M t h
initial or later stage seeds, suspension stabilizer, deionized water and
when the seed is small (e.g. below 50 Agy_especially below 30 Am
preferably also a water-soluble inhibitor such as sodiumnitrate. \Were an
i nhibitor is use@r Butheaeasd wi2@astages. of particle growh this wll

typically be used gf.,0,P0L t0,,99PP% Y WRiORLAEORERNLEAtLON 1n the water.
The seed is typical 1 to 60% preferably 10 to

y UE to 650 wel ght, e.g.

60% by wei ght BSFEERE1EHUEOUPOrEAEpeRY Gireddg Tt ARt &% FPZRYE tYHitcal iy 0.5
to 1506, 25 prhef epabingr lenud si0% Byomietglstizeeliat $wael t, 0abfieiseed. The
tenperat ute ofgdesseed SUSRRRELPAI | thdty RheahbiomdAletRision about 70 to
100C, pref era}l:;ﬁy3 {7}18 to 92Ci(fnd a g%nonglr enFI sion is Edd]gd. The, nononer
enul sion is tyFreaFt§ PPepst &8 BY* S ditdes) VMRg THe P8rF SotUusted niti at or
and the oil sdinubh¥ givem Htege-(e. g. di benzoyl peroxi de and |rganox 1330)
in the styrene noAEEBFA{M1ONONEE pletlettiei aAdEdinXitRg Wilkioan aqueous

solution of ap, eg‘dkﬁk%@ agieamikbiw?é L(e.r'ogl'gthrgJ: 35&6% O, %Qﬁe&?ﬂ 0o290) . The
oi |l (nononer) Hh se esira ma}kes up 3 §0 60 By |gzht of the
nonomer 1®nul SlgR2WAEEHPE sroﬁPéD%%/%'ﬂnbftéﬂ?sconVérﬁ@ﬁt WA fi cati on
t echni que, e. grobycusen aif aveotidrzedtdbpileRd Psiguistin2@83. WO 00161648
PCTI G J0O/ 013%5térggtimﬁrthguﬁﬂ(@c&ea%ayl bt %Jég@f(sequentially
through a series of separate rotor-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




I nsofar as emulsification is concerned it is particularlyzéﬁgor gaé for
smal | er seeds to ensure that the nononer enul sion dropl et 0%

and in 5 general it is preferred that the nonomer enul sion droplets should
be smaller than the seed particles used in any given stage. Accordingly,

it is preferred to formthe enulsion by passing the m xture through a
pressure honogeni zer or 10 plurality of rotor-stator stages. In this way

t he product iwoookiegversi zed droplets is mnimzed. Alter netriombyiside

m xture may be passed sequentially through a series of separate
rotor-stators or repeatedly cycled through a single rotor-stator mXxer. 15
The nononer nmononmer enul sion is thenZiconveniently fed contlnuously into
the stirred susgﬁn5|on in the reactor, preferably u5|‘9 adj ust abl e
feed rate punp RIS 8f eTHS H1Sr EF BTy &g - atH@wﬁ.?ﬁ)t €0g, especially
0.15 to |. Qg apdodwrte may0sespedialusgdabout 0 thert orowey,stpaesi ¢l arly 0. 15
to 0.6g, nonower{fHaHadear tg’ fshdfe POLYIPIsdd) 1t Be s08E1PMargk- €. the feed
rate is preferab %g 4Ngreased during the perlod of addition. Once nonomer
addi tion |s coﬁp ete the reaction mxture is'stirred until nononmer is 25
exhausted,” e. g. fchéﬂﬁﬁuPoéYmﬁﬁﬁ%étlBF polsARRlicEat | Be ienlagpedght to an end
by addltlon of partciEser mbly ebe arei@edRand GRSt ke wadidd achighove

concentration diééhgéhagggglfgzergy LpeLeasing.the reactor tenperature. If

desired a second Iynerlzatlon i'nitiator, actlvated at a higher 30
tenperature than trﬂ§efFF§Pl He¥y e Che eRPLVRIETE AR 270 BISREREHOB yAnd
pol ymeri zat i ontls¢ ageecupar twelghts pZeshare lymet epabdyceadedepandeth (aisi ng a

Coul ter ggunt efanga@@ft k}srﬂa@md te€§. of o RINBEnMREH dduic3BY, Subsequent
stage cal cul at ed, ac a po énerlzatlon st e is found to

»
produce an unﬂ%%lr c?g?%ﬁgﬁégﬁ?PCI%F@?§£8t P&t ri B 6R, RISl ume  si ze
i ncrease shoul e ﬁéééc%ﬁ?#oﬁ¢§ubs@au@ﬁﬁ629nﬁuqu§t 2003

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



WO 00/ 61648 PCT/ GBOO 01335 - 21 performances of the sane g@g‘mht?bgge.
However the product may still be used for further growth a{j%s' it is
graded to renove overly snmall or overly large particles. 5 After

pol ynmeri zation is conplete, the enlarged particles may be renoved and if
desired washed to renove wundesired stabilizers, initiator etc. The
stability of the polynerization suspension, and the nolecul ar wei ght of

t he pol ymer POJ4 depend on a 10 range of variabl es (EG/CHBPBIDS
nononer addition, initiator concentration, tenperature, enulsion droplet
size, seed size,.etc.) in different ways, Stability requires the avoi dance
of coagul ation- This can typically be assured by ensuring that the 15
nononer concendf atHeoAnivant ren seed bpabpechesi daed hets exceecdbabouts 20- 25% by

wei ght, nore pgefenablysite d98S ngNBogxc&ed about 10 to 20% and especial Iy
preferably it does ™ not exceed about 1005%\/,@ ggt Avoj dance of excess
bY: SRR Shst

nonomer concent r at iF6A™cAn® B HEH 878" Yl i at or
concentrat i on Palddpbeghst himmgriddgeeson heo fivllécakaed weingitcles ¢he pol yner
fornmed, the ViScQatp18f2dd1&@ PAbYOELmaRshd 328! Ase dyARShY 0B
tenperature) or $e¥: rgducigg}tpn%rreagsgaof mononer addi tion (which increases
pol ynmer nol ec_u‘?fa et gh’fL and react foi” 25t ﬁ’e). Essentially therefore the
operation of the process nust bal ance initiator concentration and nononer
addition rate to agehdecnaguloatbonoagl, acki.eve thero desired nol ecul ar
bhases ey be var | S1-0genct 40 ot PHlt Serous propl e although if the
suspensi 6k phase h&528%0° | oW a*Rate? Hontedt &Patf 1I3%°% ™ nay be [ost.
Li kew se enul si fi estage.4 em2losi on T@hkin.i zeg, 3%0 dcon#@nt pmsogertaral |y not
critical, although if too | QW g50 um
Stages 5 et seq. - 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




stability is lost, and if too high mcelle formation and h%ﬁe fi nes
formation may occur. In general the process 20 August 20032 avitePBas
PCTI GBOO' 01335 - 22 of the invention may be operated with | ess than about
1% by weight fines being produced. Froma starting point of typically
10-20 gm Dynospheres'", magnification to full sized particles of 5 for
exanple 200 to 1300 pm node size may typically be effected in 5 or nore
stages, e.g.Wa¥88stage 1 - 10 to 40 ug, e.g. 20 to 40 uRCTGBAYY3F - 40 to
80 um Stage-3 - 80 to 250 pm e.g. 80 to 200 um Stage 4 - 200 to 650 pm
e.g. 200 to 400 umor 250" to 650 um_Stzgg(_as 5 et seq. - 400 to 2000 pm
e.g. 400 to 600 pmor up to 1300 pmor “650 to 1700 pm To produce EPS
beads, the PS pgadsidnist -he Loaded. wWhihi&iblpwupg agent, ie. a material
which is not a solélentd fog t he Lpolf¥P;rE£ or_whi ch onI%;_ sli %ht I%/ swells it
and has a boiling pornt rower™d KT Hhe’ Lot niPAGPRbE M2 0F e he pol ymer
and is in gaseetrdmyr Hheqairacedian af ianditeimn rewpee atsaksoopradiah is a
s?)l [ g capaEI S 861 yiganeeatibNgod @y ofNP L}iﬁﬂl}d_c&ﬁif@@éi glnlai I % subst i tu})ed

al i phati cchydr J avij . car bons [ [ abl to 5 carbons,
and a boil'i ng %ﬁﬁ%ﬁl}t’h%gg%%%é%g%gytﬁo lf?&%?lgsgﬁlgtel, °8. g. propane,
pent ane, cycl opeHt3HE, TOEyEPOAR 4R, eHEaTAe ERFPARE dES - Bt HPF EMisn i de,

di chl or odi f | uoronetikaneochdrmat her pFegons)., poepylesns bdadsykene, etc.

Pentane or but@ne.i.sipr e&sﬂféﬂ-s_o}ﬁ@ede&,_lmoqgcégggilirﬁcitrbépi(ﬁ%' y added
during the fina or. stages or to the final

| .30, .pal ri zati on stage
pol yrer i zat i on” Prod tlfl}//gglf?’b?‘?é‘leﬁyogfrtrg? ReSEBGEr PR W dhPnB2Y fiSi ng, etc.
M xt ur es18f bldstiivgragedt sfican bged formation 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-

15 - 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



used 3f desired, the particles may al so be treated with 3

fl ame-retardant, e.g. hexabronocycl ododecane, or they may g%%§EV$§@83
treated to attach other materials with a desired property, e.g. antistatic
additives, or 20 August 2003 WD 00/ 61648 PCT/ GB00101335 23 functional and
reactive chem cal groups. Besides being useful for the preparation of EPS
beads, the processes of invention nmay be used to produce polyner beads for
many ot her appbd/@adsi ons. In particular, substantially noredicE®isSs
particles suitable for use as ion exchange resins (e-g. for water
purification) may be prepared. Such resin beads will generally require
sone degree of cross-linking (e.g. w-tha4divinyl benzene) of the polyner
matrix and may be 10 derivatised after bead formati on has occurred, e.g. by
sul phonati on BYF t5%&4tHahE Wit IFoLERBREr fer &5UEst 6°pr Berkce.nedei di ¢ i on
exchange resi nrdlesds Oorbylanionati en Ofltaera eaet nwers aranzeserasised in the

final stage orc£Hn8-0L £HE adfl8kest ESFSa&IesQ%Xé[TEQL Z@févpﬂlarﬁelgs,
chl oronmet hyl 15 styrene, e a basic I on exchange resin.” Such

t o produ
resins woul d Hive Hemiﬂdgﬁﬁgﬁngﬁafm%ﬁtI?'ﬁép@ét@ﬂ“ﬁ?@fﬁhnﬁoflushing t here
woul d be 2 | esg@ducenfehesrs owafddtebeamkesi »e taepighatirdifoontty rdfng i n t he
resin bed, a gyreblietn which | eads to reduced performance. In general 20 for
ion exchange usage,, bead si: es %L"aﬂg,%QPUt 00 to 500 Am Further
exanpl es of applicart ons incl ade Us& As ““subStr 4t €8 AP thE” gdher ati on of
conbi nat ori al ke BEHYmTS bPaFF &3ulitdive pehEosabirsamuichl aspnodi spersity of
the 25 parti clpedygiMgheiaTpnay pdl gbsdpyillauiki, 0po D cd tHmALYs TEAMEr Singi n | i brary

gener ati gy us%%gygpk£énéﬁﬁieqéx &gggngﬁ%u%?gséForAééyggogpgkication, unl ess an

appropriately” founctionalized conpnomner am nostyrene) has been wused
in the producfPShi6tes HE BBedf¥, "eiReHeZd¥wedhpht may be done to

improve flow properties, e.g. to increase melt flow
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




30 generally be-reacted post production to introduce a su ce
functionality appropriate for attachment of the |library néi859§“238%in
bead sizes of 100 to 500 um mnmight typically be used. The beads produced
according to the invention nmay 35 also be used as pignents or additives
for paints (e g. toreplace TiQ ), as spacers (e.g_in LCD s), as friction
reducers, as_lubricants, as carriers for cells, enzynmes 20 August 2003 WO
00/ 61648 PCTI'E96I%8%335 - 24 or catalysts, as carriers fdi€k 81383
sustained release fornulations, as filters, as mcro lenses, as carriers
for additives for adhesives, as fIOM/npﬁ%ng, or they may be thernoforned,
e.g. by sintering, to 5 produce filters or filter cakes with high

uniformty of rig@F@S L% aTBEcPaEhdiblRS nBBYndt SRR Used,as ;3p,.additive in
ot her polyners artl Iarhg Qolyoleflns such as polyethyl ene and

pol ypr opyl ene, po?yca Sona ABS, and 10 pol ystyrenes (e.g. GPPS and

H PS). Addition of partlcles with | ow nol ecul ar wei ght may be done to

i nprove fl ow peeaesid as, e.g. to increase nelt flow index, or to nodify
the nol ecy ar wei ght distribution. For many of these uses, a degree of
porosity is 15 required for the particles, . when they are for use as
catal yst or enZyhe*d&r T MBFsCharaes iy bé9%%HEb§§danr%ﬂ%ﬁquﬁely sinply by
control ling theudegrdenobfcs9dss 40 mhlpglyﬁtﬁﬁwaepD#QWHyheﬁ&B@LXlsﬂﬁd by

i ncluding a poxggsen ceﬁeugosé%é&?&e (Meeﬂé@éhe “oodny ? S%QLQ&'L? or gas 20
N the nononer

generating agent reactive

enul si on used |?1t%,\1lir} o nif&gt é"a&groneﬂ%fsutsﬁgn 8 Waﬁol%f’rﬁ??‘iaﬁtq on

st ages. WRer e #esinednd perord Yrardi’ €l evemy: beutroaded, e.g. wth drug,
catal yst, enzyne or the |ike, and then 25 provided mﬁth_a further polyner

layer to seal inO t]&je dli)glqgoﬂ ox1|dg'y(11§§ 156!«15931?)' was dissolved
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




Porous particles may be used not sinply as carriers but %?R asAﬁ Source
of controlled porosity in ceramcs, polyner nenbranes, pos
docunents referred to herein are hereby incorporated by ref erence. The
invention will now be described further with reference to the follow ng
non-limting Exanples and to the acconpanying draw ngs in which: 35 -
Figure 1 is dla am showi ng reaction m xture tenperature against tine
and i ndi catlwa ?ﬁ’g‘mstages at  which different reagents ar @ddIH03H Exanpl e
2; and 20 August 2003 WD 00/61648 - 25 PCT/ @BOO 01335 Figure 2 is a plot
shomﬁng mononer addition rate over ting jn Exanple 2. Exanple 1 5 A
reactor was charged with 1929 kg of an éteous suspensi on of 55 kg 20 Am
pol ystyrene Dynespbeges(r), 18 kg of cellul ose ether (Methocel K100)
(pre-dissolved in water) and 1600 kg water- The suspension was stirred at
10 40 rpm and heated to 40C over X hour. 1.0 kg di benzoyl peroxide (75%in
wat er) was di sESP¥RYe 32 n 10 kg styrene in a 10L, vessel using a

conventional propellor as an agitator. After conplete dissolution 15 this

h tont kept at 40C f 1h th
was charged top Pgaéé%ﬁ%% L ct‘%ﬂ%ﬁswﬁ‘g KO or SR aqdeans = g;epar ggrby en

raised to 80C over 1% hours. rene non
m xi ng 385 kg SHIPYHENLL §°¥EI&§ Géﬁ269lﬂﬁnﬂa§%ﬁéé8€75@65m¢mWQEeI) for 30
m nutes. Then ¥¥Bg kaf waflénlani: let&@rkgMé'ﬁ/mﬁﬁelZ@:msIamdd Za.%f'smgre added and

the m xture wagsel sithked. g oAdded, L0 a r .8 hours at rates
of 90, 75 kgl n o 0n, oa o i hesAE RN S §3 0o 38 BFTET 08 160

kg/ h, 173 kg/h and 177.5 kg/h for one hour each.

The suspersion 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%




After 10 mnutes at BOC, the reactor was charged with 5g dIS 2 &gd in
12.58 water and after 2 hours at 80C a further 15g KI dis RO%7 5¢
wat er was added. 30 After the polynerization reaction was conplete, t he
reaction mxture was held at 80C for a further 2 hours. The product was
recovered and anal ysed for particle 35 size-distribution using a Coul ter
Count er 256. Mbde di ameter : 39-41 Am 20 August 2003 WO 00/ 61648

PCT/ GB00/ 01398 9/6# . 5-6% Exanple 2 5 A reactor was cH&TEI%0I38h 1929kg
of an aqueous suspension of 50kg of the 40 mparticles of Exanple 1, 11lkg
of cellulosic ether (Methocel K100), and 1863kg water. The cellulosic

et her was pre-dissolved in water 10 The<2Suspension was stirred at 40 rpm
and heated to 40C pvey % hour 0.25kg di benzoyl peroxide (75% w w in water)
was dissol ved styrene and mxed in with the 15 suspension. The
suspensi on/ enul si on was kept at 40C for 1 hour then raised to 80C over
11/, hour. A shyreserJTDRGEEEhEMHE WQBhWess Phepaced by 4 gngo§§5

styrene, 770kg Kk b |zer 4k Trigonox and

3. 0kg of d| ben?ﬁ\@%&g%}% %§ g&ﬁ%ﬁ%ﬁ? 4d Thi § V\ggs ”e‘?rﬁ']ono?% and added
to the redct or°‘6 t"&rer‘}‘?oﬁfagdata"é‘lllé%e ofF 90 DYBRgFPE iR HiguPPLlymenss 09kg/ h (1
hour), 133.50k##h. ( FHeowuppeddtnr?bkg/ st {drddour) 40 156u.14kg/ h (1 hour),

165. 38kg/ h (ihour) 173. 04kg/h (1 25 hour) and 177.50kg/h (1 hour). The

reacti on m xt t hen, he F%%ed i,( 1gjover 2% hours mai nt ai ned at 110C
for 1 hour andr%henCEHEIBBOS aten dTHRgi riniHy B MARSIEPS €%l si on addi ti on

and 2 hours théx¥afl ery$gsilfonmts0g0 . Wkht dig was clumtekd 8@rectly to

10 the reactor and the suspension was heated. to 40°C.

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




The product was recovered and anal ysed for particle size LStri .on.
Mode dianmeter : 79-81 um 35 CV : 5-6% 20 August 2003 WO Oggéfgﬁglgoog

PCT/ GB00/ 01335 - 27 Exanple 3 A reactor was charged with 1359 kg seed of
an aqueous suspension of 70 kg Dynoseeds 40 (i.e. 40 jimnonosized 5

pol ystyrene seed, available from Dyno Specialty Polyners AS). The
suspension was stirred at 40 rpm_ Tri-cal ci um phosphate (TCP) 14 kg, and
Nacconol QOVOBYFWIY aryl sul fonate) 0.039 kg was char ged PGTfGRPYIT 0 10
the reactor and the suspension was heated. to 40C. 2.8 kg di-benzoyl
peroxide (75p wt. in water) was dissolved in 20 kg styrene in a gl ass
reactor. At 40C in the polynerisation Factor this solution was charged 15

to the reactor,., The .suspepsi on was kept Cf 1 hour and then raised
to 80C during %‘6 G| F%Ff/ 1 'houréﬁ “4°7o(%tﬁ§1ﬂgt’§r’g§h)e and 5.5 kg di -benzoyl

per oxi de (BPO)M¢ lapowpicdiat er) VP9 xed together for 1 hour. Wen the
tenperature atMmthen reactor was:80C 1 his Styrene/ SPO sol ution was added to

the reactor OV@éltSA_JjgurEagé a _consltc)q)%t/lroa&gn Z'E@otcerﬁ%pours at 80C the
Wt '

reactor was charge 10 kg  tri-cal ¢ci um phosphat'é and 0. 028 kg Nacconol
&@0. The tserrperature was kept at 80C for further 2 hours after the

char gi ng of StEerzpapd/eBPO was conpl eted. The 30 residual nononer content was
approximately 3% 35 The product was recovered and anal ysed. Results: Mde

di aneter 79,5 Aj@ea'?:‘@ earance TCP pr .eser}tnggAggggtotZOOB

was arged with an agqueous
suspension of 60 kg Dynoseeds 40 (40 pm monosized
10 polystyrené 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.




WD 00/ 61648 PCT/ GBOO 01335 - 28 CV (main peak) 8. 9%(Cou|h§ LS%

Mol ecul ar wei ght 86800 Mw/ Mh 2.47 Melt Flow Rate 1509/ 10 AY AYSES38ES 3kq)
5 Exanple 4 A reactor was charged with 274 kg seed of an aqueous

suspensi on of 60 kg Dynoseeds 40 (40 m nonosi zed 10 pol ystyrene 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 40C. 1.47 kg di-benzoyl

per oxi de (73Y0PH6l6#4t er) was dissolved 15 in 8.8 kg styre®ETIGRIGNIgISAsS
reactor. At 40C in the polynerisation reactor this solution was charged to
the reactor. The suspension was kept at 40C for 1 hour and then raised to
80C during approximatley 1 hour. 20 A'slzﬁréne nononmer enul si on was prepared
by m xi ng 353 kgs,styrene and 5.1 kg di -benzoyl peroxide (75%in water),

708 kg water and 1.52 kg Tween 20. When the tenperature was 80C at the
reactor this enul sion was added to the reactor over 5 hours at a constant
rate. 25 AfterMadr fipggeesrat 80C t hé3reactor was charged with 5g KI

di ssolved in Wa‘te(rmalﬁigégm) 3 hours a¥ 80CGchhecgeandor was charged with 15
30 gram Kk di sgol ved_in water. The § erature was kept at 80C for further
2 hours after the chargi of ‘the enul'si on was conpl eted. The residual
nonomer cont erf¥AMEs approxi mately 125% 35 The product was recovered and

anal ysed. 20 Augustr12008.840 00/ 61648 RZTOGROD/ @336, - 3 28y) Resul ts:

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

35 over 5 hours at a constant rate.

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




Mode dianmeter 83.3 m CV (mai npeak) 7.9% (Coulter-LS) 5 Nbﬁ@ﬁ\“' ar g@%ght
99700 Mw Mh 2.55 Melt Flow Rate 100g/ 10 nin (2000C, 8 kg)°TAHIBEZYE3 of
Exanples 3 and 4 were added to sanples of 10 pol ypropyl ene, polyethyl ene,
pol ycarbonate and ABS (acrylonitrile/polybutadi ene/styrene): in all cases
the addition of 50 wt _ beads resulted in significant increase in the nelt
fl ow i ndex. “;é [@%le e 5 A reactor was charged with SSG kg seed of an
aqueous suspelSi®R of 70 kg Dynoseeds 40 (40 pm pol ystyr EFECBAMEES  The
suspension was stirred at 40 rpm_ 20 Tri-cal ci um phosphate and Nacconol 30
(al kyl aryl sulfonate) was charged di_rggtl_y to the reactor and the
suspensi on was heated to 40C. 25 2.8 kg di-benzoyl peroxide (75%in water)
was di ssol ved tinc3ckGmSindeMa tkNaRd 04 885 KGARLOEonAl A8C in the

pol ymeri sation reactor this solution was charged to the reactor. The
suspensi on was kept at 40C for 1 hour and then raised to 80C over

appr oxi mat el y Theh6arpeBd-yxss tiase hep rrororféY” Cs 6Put fust haais2 prapar ed by ni xi ng
470 kg styrenrgrandcie 6hdsgyichio- BENZOYterRomoni des (BRALet48% i+he Water) for 1
hour. Wen th tor . hi,s_St yr ene/ BPO

sol ution was gg%gggfg%qﬁ%{gﬁegi ngg%%tg?&ss ﬁgg\régﬁg?a %l&o%g?ém rate. After 3
hours at 80C the reactor was charged with 10 kg 20 August 2003 WD 00161648
PCT/ GB00/ 01335he Bocduqt wal ceuavahss phndt enahgséd.025 kg Nacconol (B0. The
tenperature was kept at 8000 for further 2 hours 5after the charging of
Styrene/ BPO was _conpl eted. The

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%



resi dual nonomer content was approxi mately 3.5% 10The pro%@ %
recovered and anal ysed. Results: Mde dianeter 81.3. Am EW&? OB%ak)
9.4% (Coulter LS) 5Ml ecular weight 132000 MM Mh 2. 47 Residual Styrene
3.7a 20 August 2003 - 31 Cdains 1. A process for the preparation of

pol ymer particles having a node particle size of at |east 120 pm which
process conprises (a) obtaining a first particulate polynmer seed materi al
having a node particle dianeter of no nore than 50 pm (b)-. using said
first seed material, performng a suspension polynerization to yield a
second particulate polyner seed material having a node particle dianeter
greater than that of said first seedzjaterial, and, using said second seed
material, performng at |east one further suspension polynerization; and
(c) optionally inpregnating and/or heat treating and/or surface nodifying
the particulZ#e®™8roduct of step (b) ; characterised in that at |east one
of the suspension polynerizations effected in step (b) involves (i)

form ng an aqueouys ;48085 SEAN tERNPFESING 18n PP! YRS eps - MBIRNI al , an

organlc CO”QPv1gg a mode particle 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.




whi ch has a nol ecul ar wei ght of | ess than 5000 Daltons and wat er,
solubility of less than 10-2 g/L at 250C, a stabilizer an éﬁgﬁ‘sgﬁgp?’y an
organic solvent; (ii) allow ng said organic conpound to diffuse into the
seed material to produce an activated-seed material; and (iii) contacting
said activated seed material with a nononer and with a pol ynerization
initiator and effecting suspension polynerization thereof. 20 August 2003
- 32 2. Aprocess as clainmed in claim1 wherein said first particulate
feed material has a node particle dianmeter of no nore than 40 pm 3. A
process as clainmed in either claiml1l or claim2 wherein said first
particul ate feed material has a node. sparticle dianeter of no nore than 30
pm 4. A process as clainmed in any one of clains 1 to 3 where said
increase in node particle dianeter in step (b) is at least x4. 5. A
process as cd-ai ned AXRCaRy dhelefimed almerlpifol 4whegivdme sgad dfinsdr ease i n node
particl e di amitacuilatst®pd bitetfalathakeastiood Rarbicle pricgessrasrcl ained in
any precedi ng, ¢labmf W ther,, conprising inpregnating the polynmer particles
with a blowng agent. 7. process for the preparation of an expanded

pol ymer product conprising expanding particles produced by a process as
clained in d-ai mprr@ceFheause aofiepain iedlcbsr pebdircilbbe byain [@r ocess as
clainmed in amereng 9fi€lAirge Jati®boE BERALALEONADIMasS¥NkPEsi s. 20 August

2003 - 33 %ar'lggglgr f%%%egf ¢laiml wherein the aqueous dispersion
conprises a water-so ubl e po?yrreri Zation Hi-

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.




inhibitor. 10. The process as clainmed in claim9 wherein sgj jahjhLtor is
potassiumiodide. 11. The process as clainmed in claim1l mhg?gWHh%e§§?er-
sol ubl e polynerization inhibitor is added to the aqueous dispersion during

pol ymeri sati on.

- 33 -

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.




