; e3ePPLL: 6pTXE , ~AP.;~=a~ ' 5 Field of the Invention This invention
relates to inprovenents in the production of particulate polyners, in
“particul ar expandabl e pol ystyrene (EPS). 10 Background of the Invention
MI1Tions of tonnes of expandable polystyrene are produced each year The
EPS is pr ommmmm\mmﬁ formand is used for the manufact ure O 2Rde
range of p ng for exanple fromthin-walled cups to 15 packaging
materials to | asge®2bl ocks used in const fucti on. The differen
requi re EPS beads of different sizes, typically as follows: mwmmmmmm&mwm
Cups and trays 20 400 - 800 ~, m - Thi n- wal | ed packagi ng materi alg E
1100 ~Cm - Normal packagi ng naterlals 900 - 2000 ~Cm - I nsulation oards
and bl ock materi al Qetia kg i ) i GUIGHRR fer®l ze ranges are
typically considered to be "off speC|f|cat|on" 25 material and conmand
substantially lower prices. EPS is nornally produced by a suspension

pol yneri%zat i digicheds<henIntenbianyrene is polynerized in the presence of a
free radical generafiQf 4 %Qﬁt@BhyﬁéY£ﬁﬂ§t&Pﬁ%@HﬁﬁgﬁeﬂEQdEge@hEn this way are

30-inpregnated with a bl owm ng agent Ica rocar bon such as
pent ane, tC);ﬁ?ﬂﬂﬂﬁ?%ﬂ?eOéxﬁéﬁﬁaﬁpéab%l88&%%%%%3 GEPS?rSéﬁHéarSuspenS|on
pol ynmeri zat | asxgranieitlle poQgeegse® bepsls. with a broad size distribution and
the PS or EPS beads 35 nust be size-classified, i.e. separated into
fractions haV|no t he aoproprlate partlcle size range for the desired end
use. - . : beati on of the suspension
P0|V?EFIZa;lonlcoﬁdjnth% E&yt@hheﬁléheet <?ﬂﬂﬂﬂ%ﬁﬂy%§y&@hb”hié th?
raction of po ea avi ng ] cul ar red. si ze . for
thinewall od JRSSRASS SHberears. SRR FES 18 ISR AR iAo TPBra] bead
yield will stahd i used dog tiei madufacitese orf wi IWidee refigef bfspeci ficati on
si zes. Seki SUbrodl P-AriAA%, URSRHOCH AP ARSININ M EGRet 1S SUSPENS] O

polynerlzatlon of I.}/rene S ef ect ed he presence of ystyrene seeds
of & si Y5 10 BHNIEIIG MRHFSHE LAeEPr LATHB AL QT Y HE end product .
Typi cal |y thecGekisugtimmcess may be performed as a two-stage suspension

pol ymeri zation. Thg fiJ{Sts aﬁeehgoggé@ Péiﬁprm el a3t g&l y smal | beads,

e.g. having a_node size of been fornme The smal | 15
beads are theRlfFeErRRf 15 6o FePdFetity §ﬁa¥? WP overly large fractions

| eavi ng PS sepds, - .00 havi-ngupiszaadotrd®P® to 1800 ~Cm and the seeds are

t hen us in sec, u (o) %ﬂggq tages to yield PS
beads hgglng %Qﬁarraagg S|zquﬁzﬁﬁggqé?oﬁagg%%gﬁih g%éﬁred particle

size than is 6@ eveE0Q rim e Negmpdnprehagisasperetint ol yneri zation. Even

é hi s pL ocess bog\eveﬁow ghrils- @r@&?@ﬁﬁn%bﬁgdﬂa&n@- M&add mRAelriighe . Si zg
istribution and t of t a roceduyre . s increased since
it nmust be carri edgg%c%%%)é X’J‘Eilh Sgd L’?I [ etsar uscletf iATERE first

pol ynmeri zat i oprst tiyeically con51dered to be "off- spec1f1catlon"

25 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

30 impregnated with a blowing agent, typically a Ci
hydrocarbon such as pentane, to produce the expandable
polystyrene (EPS) beads.

Suspension polymerization however produces PS beads
with a broad size distribution and the PS or EPS beads

35 must be size-classified, i.e. separated into fractions
having the appropriate particle size range for the
desired end use.



The grades of EPS produced by the conventional and Sekisui processes
contain a range of particle sizes, e.g. particle dianmeters differing by

" several hundreds of 30 microneters. This has a deleterious effect on the
processi ng of EPS beads into expanded pol ystyrene products. |In expanded

pol ystyrene product formation, EPS beads are first pre-expand®Pid®Broduce
free flow ng 35 expanded particles, typically using steamat a tenperature
bel ow 100C, and then tenpered in a sil-o4hrough which air is passed, before
being filled into a 10 April 2002 - 3 nould and steaned, typically at
110 to 120C, to caphenghexpanstbonanfl fhesiompEngion palyvelrégat The

t enpering perd 1S J Gl 0 vel op the
necessary res%%lr%g%qwgﬁretgﬁgeﬁogﬁgi%éﬁ ocess. '%%reté%rlsﬁczlgetggze

di stribution $RIHETERS Bodygersbagds shaping e iRatdFylsrt Hespredexpanded
beads, insteadlide eig.e fbrsthibuivhDDed Spdleashane daiut-iallyy,0ad1degsi ty
beads wi 11 oRET S5 &id e PP BRatie Horti 1 odiing 6 dfele@fpering
si | 0 cont ai nigepired anadeswiorcwiilhchadef shibdt$pddighi abdrisint gipesti cl es and

larger |ow densitysdiarddiC! 6% cBChLhL4DE408! MedPHsIdRIcdds0lar density
particles occurs .in the tenpering sglo 15 resulting in non-uniformty of
t he pre-expan Bhdhs GUSRAReiGPePPAYMEF LA E P KF ST % Youl ds and
accordi ngly teffexrtied iionsthen pireaehicnabf dpoky st wseran diesidendt ks saket he

rmoul ded, pr od éllgﬁgﬁa%rggtr%%@i%&t RS%S S1Z€ S Siid ulld WJa@ket he graded

EPS beaés an ence pre-expanded particles leads to difficulties
in production of eXyRiRRdpANesSpkdguippracess B brRer iaraes: sgueat
qual i ty i nconswéterdganshsidddion bollomeonkaoion Ve Tiayerivaw foeuae tkat it is

possi ble to produce 25.substantial.ly.nonodisperse (i.e. single sized)
pol yneric see 5'31’??%?%5‘” i @iﬁ‘%éyug@ﬁi?n %%‘g%’en%i%‘nsr&}'ﬁﬁ‘ﬁeﬁ zation to
dgener at e | ar geeddusizetdd |abistobt ikal | havenbeés perrreedol yither spaddi cl es,

for exagpl e sybshanii@l ¢ e QAU LS Sekibve PETLE LY Esma 1 it Ireiize
suitable for ime of EPS s tg/ i cal. engﬁuses. Si nce hgevfr oduct is
C

subst anti al | yIABABdFEHEr L e §PSAPNngSt3- R AYREF Per eby
| eadi ng to coa8dderabd@0 sawi rgsl itinet @erslsobrpr bew t waed equitieent and

process durat ;@BendbEEOMEE ANKIRSIIRM BLaYRSraLe: DOh SCaddodused diber eby

| eading to a considerable increase in effective yield, and a redyction in
waste. Furt hePﬁDP‘éagﬁeh?)Yb’?ﬂ’ earrﬁlaé%rsoﬁf’&ratgé&evxﬁi%ﬁtéﬂﬁr‘%h‘dn pﬁﬁ?‘?tcltg’esi ze range

20 desired particle size than is achieved in the
conventional suspension polymerization. Even this
process however yields a product which has a broad
particle size distribution and the complexity of the
grading procedure is increased since it must be carried

25 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

30 micrometers. This has a deleterious effect on the
processing of EPS beads into expanded polystyrene
products,

In expanded polystyrene product formation, EPS
beads are first pre-expanded to produce free flowing
35 expanded particles, typically using steam at a
temperature below 100°C, and then tempered in a silo
through which air is passed, before being filled into a



10 April 2002 wthin a graded EPS product are avoided or reduced. ry of
the I nvention Viewed from one aspect the invention thus provides 5 the use
"of substantially nonodi sperse polyneric particles as pol ynerization seeds
in a suspension polynerization preparation of a particulate polynmer having
a nmode particle size of at |east 200 hem preferably at |east®48820h 10
Viewed froma further aspect the invention provides a process for the
preparation of polynmer particles of a-f8rst node size which is at |east 200
Vim preferably at |east 300 p, m wherein a suspension polynerization is

ef fect ed usi mgudd saRPevisantbotyRisRAdYpatyhb? tectR®IC.att5 second node

si ze which i gogpBét&rekpdihic Gird teiBRIGESLRE, paRd @dLr i zed in that as
sai d pol yner seed,{f'ﬁs tL_Jsed a, subst ant. al I)5/ m)nod%is ers Egarti cul ate pol yner.
Viewed from a furlRer FERT RESITeAt SRIPFESTd %rate}b M5%ul at e pol yner
mat eri al , e.gxpanded peast brl<) Ywoldgveliopathennecessrty tesdligracennde

particlg sizegpf tﬁ@tmﬁgq g;%cg(%(;(). ~.m especially between 100 and 2500
~.m in part?cul ar bet ween 0 and 2000 Vim, nore particular I&/ 200 to 1500
S

~Cm e.g. 250 to TP®OParwiedR Hide ddesadPurion3dtn the ARS Papdsidd® a cv of
| ess than 128@25s{mpey erébl ycatedtine thikapriOtxpatddsariseqgdsf amdaadno nore

than 5%, w the_proviso..that where the nmode rticle size i.5 _above 700
~mthe CV i SEE& 8%Z§0§%f%%ﬁb%°él pl e%§P§§F§e e?‘g 57.%5/3"’,‘§a ed"so]p)’i onal |y
with the prodiigsbrihutiohei® ciratasiaspanders| thei same scamdiisl @O0 Yhen t he 30

pol ymer gmat egingh 168 §P§F}¥é§c§‘é Gy 1Rt eé)ig’ﬂn,d §eds én@otﬂétﬁﬁ?';@r péLyed from a
yet further as rovi.des a_process,for the preparation of

EGCE tge i nvention B

pol yner par t FOFEs1ERAANT| FQ TR FF WX hiSahCi SORPR2LALRY ahdRt 85 to 3000
Vim which pwbdebsinolpdesesmaXh)higlit alemsigyaphirt $tleabahdintarxddry

monodi sper seypar hkpdl ate se 18l hgyi 10 April
2002 - 5 si %S’Q’OP‘E%LF}%EEQ?%‘E%%O i%nﬁra tﬁ?’ f,g’Pgb% E(H)eﬁso,re than 60 ~Cm
nore pref er aB}9RETNBLBELRENPBOE15IRS QPCUS A SBPdtPTPRYiRg Rt eri al |
perfornisng areWsPEAsboinpAby Fetii Pedmidy o thel gra-agpanded patbsicidially
nonodi sper se rticulate |y d rial ing.a S| greater
than that of “@gﬁtg‘lr%i rfg%1 ggg t?rﬁx;% e%ﬁg éz;gﬁg:%r?o _ortrlgraé %na%%p@d&#l%ref er ably
not nore thafoloerigwnignd idrehereiralasignsistiesopadt BEREBIENG 9L 10 (c¢)

usi lng sai ﬂ_ swgao&qadgrrlplt:eahatsaperﬁﬁ §ils b%o%ﬁf@QBEE@FeDQi'Xéferijzati on tlo
yield a third ,substantia odj sper rticul at ol yner.seed materia
havi ng a rmd%lf’llézr B&Fég{le;fgfﬂgﬁet%ﬁé)g%?e%ﬂz}? egggogagsggaxﬁa?%r?a? and not
nmore tRh 10@Fetsxvapdefdpaysingesal epdshivy ddddcpatépBalnor a seed

mat eri al der igiefhidteicf 68MexpPah&Sd NpEDy S HUSRE RToalct BOhMABhAKESE i ON O
yield p0|ynekjﬁ9&&kgh%i %Lai%Lg inconsistent and difficult to
control.

We have now found that it is possible to produce

25 substantially monodisperse (i.e. single sized) polymeric
seed particles which can be used in suspension
polymerization to generate larger but still
subgtantially monodisperse polymer particles, for
example substantially monodisperse EPS particles with a

30 size suitable for one of EPS's typical end uses.

Since the product is substantially monodisperse,
mechanical grading is not required thereby leading to
considerable savings in terms of production equipment
and process duration. Moreover undesired grades are not

35 produced thereby leading to a considerable increase in
effective yield and a reduction in waste. Furthermore
the problems associated with a broad particle size range



b first node size; and 20 (e) optionally inpregnating and/or heat treating
and/ or surface nodifying the particul ate product of step (d) characterised
"in that said polymerizations are carried out in different reactor chambers.
In this process, one or nore of steps (b), (c) and (d) may, but preferably
do not, involve renoval of over25 or under-sized particles frBAPERE%seed
naterial so produced so as to yield a substantially nonodi sperse seed"
material. Viewed froma further aspect-the invention also provides a
process for the preparation of polyner 30 particles by seeded suspension
polynerlzatld%lIEHhﬁhéF@ﬁPQe§P§nPFHQPC%sa§%éB§”éF§1&%e&eﬁdF?ﬁer particles
having a CV of |less than 12% and a node particle size of between 60 and
1000 ~, m (prefe ] 800 ~, mand nore preferably 300 to 700
35 ~ n) and i o) effected that the ratio of the
node particle si zeVJCﬁW éreevedeet asphat bite tinvenisisanditns paoyikdeszat i on

broduct 55 i nckbaudange subﬂs@aﬁeaaulgoaanoalg@élrg@ Po13mayief erably 1:1.58 to
1:2.72, nore gre era of the

i ef descriptian
O ani o o Ui BREE R T e PO MR GEAbEOR P T Tt e G ced by t he
process of thpolm@nizmcar erepawationFofus gsadit ol tef gdieyxmcorrpanyl ng
dr aw ngs. H?daest&c!deo 292 12 ol Egzé%?r‘éé%é@c%d& number of
suspensi on po zat1 on stages use he” processes ‘the invention
will typical | pregexabty a2 legssr 808bKP-up to 8. Typically transition from

bel ow 5@oum to abOVEevi&D frtniMal [Eui-eBdicr 8spBce i@ BRmSicyerogadesal |y two
or. nore preferam

hr € Or four venlentl f ar eds havi ng
si zes above 180P% ??ﬁe Par eclpé:eggfur?‘?%ogrogvt%cgf ge':yj‘vﬁllelS bzfeat | east X
2.74, e.g, at fioattmede, snaml whdch tiﬁantxgeaspre%r;am yrefanatd vt @tx15. For
seeds havi ng %agé @@d) Ot 1%exfémn taheuegéhg;%ﬁ f!@i;l'ﬁ@rﬂié%’itdh pey stage 20

w | preferabl tween x 74 and x40 nore preferably

et weon xb. andtASetoRaRTIa FuRbsTBian foREs iidd SOEr Rast Se | ¢
desiredlsa m mtooedofodevsice miriehpdpubatildas vhars udestdnt et wmmhnodlsperse

seeds having dybLer nlraie: 3l ATELGES ARYs D H5EHNGS g pr

invention to uce a multi nodal erab g nodal , end product whi ch
can be gradedaréPHFF%@$§a¥ﬁ¥eﬁ%ﬂﬂq%ﬁﬂﬁﬁﬁdl9aF lﬁ?%ﬂﬁ%ép%ﬂXW%ﬁent
substanti al | y nonotieped sEragu adeSirthey. aspetrespba dimgentol &P Papraidies

preferred for d ?%ngdge a_bjno Souct, is produced
for use witholt %E?% Hiaé@ ass?FF%%??gh S % |§a%$§éerredlthat t he
particl @0sj zepé’flyﬂ‘ﬁélé%ﬂ”erp%d? bé‘aé’éﬁ*ﬁalaaBPéetBa’(%lﬁle vit3R PE15% of )
the di aneter oktwbenl aogesd 3aq:dter;ers, Weipele 1w Ul dbét eént D06 heny @gbosspace 35

bet ween t he Iar er Sggé tc’Et_%‘,ee%e l%clégg th)heng @%re Such a bi nodal

product is noval' ahd aspect
particularly 200 to 1500 um, e. g 250 to 1000 um ‘and

more especially 300 to 700 pum, and a CV of less than 12%

(7))

25 (preferably no more than 10% and more preferably no more
than 5%), with the proviso that where the mode particle
gize is above 700 um the CV is below 10% (and more
preferably below 7.5%), and optionally with the proviso
that where the mode particle size is above 200 um the

30 polymer material is a styrenic material, e.qg. a
polystyrene.

Viewed from a yet further aspect the invention
providee a process for the preparation of polymer
particles of a first mode size which is in the range 200

35 to 3000 um, which process comprises:

(a) obtaining a first substantially monodigperse
particulate polymer seed material having a mode



10 April 2002 The processes of the invention are especially suitable for

t he production of EPS beads, but the processes nay be used for the

* preparation of any particul ate pol yner produci ble by suspension 5

pol ymeri zation, in particular styrenic hono- and copol yners and Y# %I hono-

and copol yners. Exanpl es of appropriate nonomers include vi nWApé‘I OE} atic

mononmers such as esters of acrylic and nmethacrylic acids, acrylonitrile,

and vinyl aromatic nononers such as 10 styrene and substituted styrenes. By

node particle sizg, i a h akspayt i | for. d t abl e

particles, obszérl\zlz(;%d ql%n%;ahgltoggr ?Fgﬁekg?zé&ﬂféﬁgbﬁlaﬁ n(?e?&eos:% ned using

particle size ddi} fitha oRMCXEpREEEREARYICRC J80%e A &0 1Wi130 15 particle

si ze anal ygsy msg.ngasmdeffﬁ&@ti lebedsinae?i-ﬂai?q:eﬁfﬁmmg iaan of Ioiarti cle

si ze agai nst per.centage. o otal .particle vo .. By substantially

nonodi sper se i 1R eﬁgg&n PF?LaLtW‘FgS?E‘)Q{:ﬂ)ﬂ}r‘él‘?i’f’yeu']brga "’bf\r/eﬁ" s (e. g. at |east

100, Fore 20 prasthataptiadilyl eespdiepeyse papaiculstes drlymer seefl i ci ent of

variation (CV) Rfcdq:S thlaeyg_n%O%; ﬁggg E%(égmf]%él@és dHaD t}é% Jrreferably Iess
an st er

than 12% nore preferably less t 11% nore pre abl'y | ess than
10% and nost pridiet Hdimpth Sems matrzhainded 8% wRFedhan d&Oefined in
percentage as @refe@bly siotndoid 6R¥haloonumean wWdle prederablihe nmean
particle dianeter q“%(%estt?%?‘arg 30 deviation is the standard deviation in
particle size. ROVARS pr € algly“cél culated on the main node, ie. by fitting
a noh@nodalcdi stgdnsutgade egopad: seeiemabertakd prrfdmtiangsiaze distri bution.
Thus sone partiél@%rﬁﬁ'&i”g@lyﬂa@%‘i&a@@éﬁ £bzpidRY bemiierounted in the

cal cul ation 35 \%cth y for exaggl e be basedio atbout 90% of tat al
particle nunber® aﬁ@@&‘é’bf‘@“ﬁ FPEFEE PA%Y ?‘%é SRH YIS B85 nat i on of
CV is perfornabletenriad Geulingr aLBoH80sizéOgrgatier 206 thgt ofarticle size
anal yzer. The degleelomP RS Ratelriil’ 8841 Add dd¥e s8Ry and enl arged
particles of each enlargenent stage tends to vary as enl argenent )
progtesses. For®he initial and 5 early stage seeds, a high degree of
nonodi sper &l y ussimge saiablthiand sgeddmagenial her pr cehest maperdlado be

desirabl e. Thusgd,.aen j e RL-edYet nQf 5 35 ég[%rd'r;’ation stage has a
CV of about 25%&%{ wﬁ@ﬁ:relefffrgﬁlgbpyggeygrgge% tlgéﬁ,ro uce a seed having a CV

of 10 |ess tharP2EMeztdcah |ty Ydgdd; H%Y‘?B%?%‘F‘P’tcﬁea%&fseﬁﬁélnt stage. For
seeds havi ng a fintket sictde @fideesanidhan 150 ~.m the CV is especially

r ef gr abl | W I, Is i ; 150 p, m
p g@ Y (& %%anﬂqyogﬂg:g%gg.v%gag angggﬁ BbZe @,.feagfﬁg;{ gdrn Agn p

t he is preferably at abodt 1 15 The separ pol ymeri zati on

stages in the pPocicRed g fenPRER1GREAERIFERAU R Bd}ﬁa"oei ng carried
out in differentdydaeicarisehianize ssid polyrhsrizetinagreccariadayt i giiferent feagtor bers.

react or chanberhptghi/%itﬁl}n@'ﬁt'i oTa o) A h\é%gegfnp@%r(@nd (qui%rﬁol y al so

further suspension ne The furt “mononer 1 s preferably added
conti nuousf¥) URRY{ Biie RE&fiaT@PLYNGMPOSH ABNBNER FREOWRLPRERYEF~ This
addi 2son ney edet - i Lo Pari dladse fidin Hheespedf watdyal o rate of addition
i's increas jti0o r S, i phC | ei t her gradyal
or 25 ste {j%(gic%ggéc} n%%]itg{g&?gl?%‘nﬁu\g IR:?/’n%ntﬂ)ﬁld ?s‘%ggr?%gi o%}%ar seed ¢
mat eri al useedfBrteriakr ocesses of the invention may conveniently be

pr oguced by anyvpews®seroi £ Eurdleds appavbsthat Lavéyt e agi gper sepol ymer
pr oduct,

b gan ¢ soPbErtied @ RIecHRb RSty Hnekatof, &F TonteE desor  bed for
exanpPe i npastichSs Y FeaiUSUBPIBIRNS polynarigatter, cl es produced by the
Si nt ef pr 0OCeRara¢CeSLEEN CONMEL ald YoddiePHRR used polymer

particles having a CV of less than 12% and a mode

particle size of between 60 and 1000 um (preferably

between 100 and 800 um and more preferably 300 to 700

35 pm) and in that polymerization is so effected that the
ratio of the mode particle size of the seeds to that of

the suspension polymerization product is in the range



35 Particles AS of Norway under the trade name Dynospheresm typically wth
node particle S|zes inthe range 2 to 30 um 10 April 2002 - 9 The
'Slntefprocess n "activated swelling" process rather than a suspension

pol yneri zati on because pol ynerization is only initiated after all the
mononer has been absorbed into the starting pol yner seeds. |0%prglZA% ast)
as described herein) in a seeded suspension polynerization the grow ng seed
is continuously contacting fresh nmononeré and initiator. Less preferably,
the initial polymer seed material may be produced by a process which yields
a pol ydi sper sk: L0t froduct, preferabépnieht 5dned SuspEnsimmrepol yneri zation

process, t hytdEa R dissRese cpr @dych7t hen being size separated to yield a
substantlally nonodi sperse particle popul ation. The initial nonodisperse
particles my be 15 transfor rred | nto | arger substantially nmonodi speres

pol ynmer seedsBhbiefi G j fig pr ocess substantl ally as

described in US-A- ) lt , atlon of the
|nd|V|dugI polyneﬁgééﬁ?gﬁxéghge béﬁhégs $§c$%%§$gr ﬁﬁf %s nal 20
subst ant i al | yPHOMRRS Jof e RIPCFredaEt the ineerlekon e‘vtmnﬁi@“@aﬁn cle size.

I'n general theigesés ed v®de dRlthieChBcongant Ohig tdeaidtd. seed product will
conformto a size fromwhich the final suspension polymerization product

may be produced mnth the deS|red nedlan partlcle 25 size in one, or |less
preferably ‘ 3 ‘ somn a single reactor, Thus

final segd rmde S|.g1§: g@yalt %m‘*b%lljfbgﬁﬁéﬁmﬁﬂ% d%‘t iqy 340 \/ m 600

~cm and 925 ~m for e nenhu ure of node si zes
400, 600, 1008tages 1%%?1 -innthep grogesggpt aS| ¢ oFNYRRE RN difller ent grades

of EPS beads typlwmlwe Ug tes 1231 pirefib2bbYy Sup PEd S8 NY THRAlcING
substanty al TBGRLEELT: Hofndily BE LhckEabsodnt s YOOI A0
initial nlcroﬁ°§ﬁzéha@ﬂ¢ﬁQﬁS§ﬁSQA(ﬂﬂ@§r§51V0tWPIP¥n@@E¢ ryefaradid product .
It has heen feHpdet HAt Féilt SstiBddd .St 29avenevhblys fodOsdiid |haA00g
sizes above 100 um the particle volume growth per stage
will be at least x 2.74, e.g. at least x 4, and less
than x30, preferably from x5 to x15. For seeds having
sizes below 100 um, the particle volume growth per stage
20 will preferably be between x 2.74 and x50, e.g. x4 to
x40 more preferably between x5 and x30, especially
preferably x6 to x15, e.g. about x8.

If desired, a mixture of two or more populations of

substantially monodisperse seeds having different mode

25 diameters may be used in the present invention to
produce a multimodal, preferably a bimodal, end product
which can be graded relatively straightforwardly to
produce different substantially monodisperse grades,
e.g. corresponding to EPS grades preferred for different

30 end uses. Where a bimodal product is produced for use
without further size classification, it is preferred
that the particle size of the smaller beads be
comparable to (e.g. within 15% of) the diameter of the
largest spheres which would fit into the void space

35 between the larger beads when in close packed
arrangement. Such a bimodal product is novel and forms
a further aspect of the invention.



- 10 advant ageous since the polynerization process conditions can be
separately optimzed for each gromh stage, and it allows the final growth
'stage to be effected using process conditions and controls conventional in
the 5 suspension polynerization production of mllinmeter sized particles.
The performance of the Sintef process to generate mcron sizd@Aphi200%|
seeds is relatively tinme consum ng and expensive and the tinme and expense
rises steeply as 10 the size of the particles increases. The commercially
avail abl e Sintef particles are noreover too small to be used in a single
step suspensi on pdhePICLEEEeR 6 phedireHESMansg @specdhliymer ci al
grageg tandf acH oG &foliU%ep@E:baﬁbf%oﬁ“E%fsr@s ward%sg%t?@habw ous 15d _
candi date for_use as po r seeds_for ,_1n par, u 0 _expense and in
ot due.t o (HRCSBARES TEV0Re: HABOnBHEdH D AR A e 27851 dur i ng 1t he
growt h processartHonehadre padiymgrnprodst dgke Sus perepieomsipnl yneri zation to
achi eve ¢the ¢ . t i q Ispersity substantially
ret ai nedEg butgéa o) t!ﬁeﬁgﬁggﬁsggopgghgcg?ﬁ%%&oﬂ%@di Ht ed - thus alg
of a 20 ~. m SFORSFYRATH X YARYBehPPansRRA RPN TouE*xaPpiRg 6f a 1300

~. m end produgpprdhiti e eRmaRrandnplodectsndl dlnpHatiRN moddmerkl 25 now be

described in further detail in way .of exanpl.e t he, rene
e L oat | oo 54, et o BBy P <Nl e ARG € AL 2T
particul arly aepp¥emitrigreodwetd, vithgrlpavewatks morongys isswldl @st o ot her

pol ymer ggand QE)?P&% SandBQubi iicikkiake geedepar ticl es used are preferably
pol ystyrene particles such as I%nos her es é.@ no Particles AS, Lillestrom
a

Norway) produced BRY tTRASHATEE PFoEEZE, 18 R4 e e Paribc) eparti cl es
havi ng a nodesszeefomn ddiataide Pavrtiolss, unhseaspetiial Ibhed parti¢le, m 35
and noat espegi al | ¥ &0 L T : e LV, i JiB% be size
fractionated %% ys%%/ren'e up%l%%%egsemgﬁ%gcég?%% Egét%tnlc%fé/d emul si on
pol ymeri zat i oREHPHRERAR LY aPRpratugosuphi peopoZoulter I3y a node size of
?/.05 to15.0 mattfélf)oén}llﬁ VATRA16 Zeat bi.gl.gs ﬂﬂ@&%llgaﬁ:m_sﬂzlae ilﬁhf the to 20
im nore parti rly. 1t o pr c i Q yneri zation
i n an organi céé‘gé ’\:/gl?]‘fell%eoo"i rjﬁ ﬁté@lgeggzg %‘g‘:‘r’L %(%Eeég%e?tt%eeg%ge enl arged in
a stepw se sutpeasiparpotlensrdlamsi.on process substantially as described in
USA- 5147937 to progycsubstite 5006 RdhbisbBerbavingi & faie: e Goxup to
1000 ~.m This &;oce S n(%/é)l ves .C nbi gl ng antagueogs éoo di Sper si on of the
seed particl e® Rithiah-Adlediy €8 ofi -8f A-watd?=insol U nononer or
mononer 2@ xt uprsefadabhy ot beAsibl1® 00) egheadprhiches yimevye Zation initiator or

a precursor tRgeetQE;eht SUE BTl Naly) aBramByat £ 19dn WMo 0r NDNONEr

m xture equal to tt,fe _Ilotal initial 15 %eedb ol ¥rrer |Ig81t s conbined with
the di spersi ofi*80RICa P87 i R B Ay PF5t562 B?’e 8?3b¥\€a 1Y M i nut es.
The conbi nat i preferpbby el ads yrhi adttod s&tild menpeprueierality |lesst as high as
that at whichehhg 1Bkt bAdORo PHOSUIRAY hS ABLEVAhSH MBSt Ney reastion

m xture i s 20 maintained at a tenperature at which the initiator or

precurséP is &8t PEEEERIBRE; In(PRF eh&Fe grown by the desired amount,
suitably until the nononer is exhausted. The procedure is then repeated
until the final desired pagtigcl [ i [ ticularly preferably,

the 25 nononmer content of the reaction mxture i s nalntained at no nore
than 20% nore preferably no nore than 108%™y wei ght of the pol yner
content at anwhgireemebhnes Phefmsablpamacilegdaambtatragadi scamdass t he
particl eolu X 1.0, DOX { &l 0.30 30. breferably 4x
to 20x, %aond rml%t\a%rtéf)ér é%l iﬁgxs%%ﬁq%% ac*er%'gééog‘t égeéaﬁgg{:g?a% %é'l nvol ve a
vol une i ncreasd g prefsrablrapaloxlqted amo Ypsr Madpanodefiteediyfol d vol une

increase). TheiioREh Wea8mBBY1 D& MF ERIIrERRrYe ShYERBEISEeEEEd vative or
may alternatively be a mxtuyre of, a styre and/or a st_ylrﬁne de{|vat|ve and
optionally a rﬁ:ﬁ?tﬁ N A R Tt A VERE BRIFLELGE Hglow

or above mode size may be discounted in the calculation
35 which may for example be based on about 90% of total

particle number (of detectable particles that is). Such

a determination of CV ig performable on a Coulter LS 130



10 April 2002 - 12 conononer. Styrene and styrene derivatives such as

al kyl styrenes (e. g. Cl1_3-al kyl styrenes such as o-nethyl styrene,

“m net hyl -styrene, p-nethyl-styrene, dimethyl styrene, ethyl styrene,

et hyl -nmethyl -styrene, etc.) and 5 halo styrenes (e. g. p-chlorostyrene or
2, 4di chl orostyrene), and other conventional or nonconventi ondfAgily¢®&nes may
be used to produce honopol yners or copolyners. In general however styrenes
and styrene in particular will preferablBy-be the 10 predom nant or indeed
the only nononer used for growth fromthe seed particles. Qher conononers
whi ch may bebagédcilactyge anaml¥zs¥ical l.y unsaturated nmononers for exanpl e

acry: i;: acibdts ?ndTﬁFt taé§réétu(§f1 tﬁ&ll@piréﬂéx@iw ?ﬁq}miﬂéwhf@ﬁr?/ﬁ?t@eedf ﬁ] hlyl
acryl at e, u acr at e ne a I C. aCl 4, ne acr e n e Yy
Tt hy 1 ot hat POXa e A THER P TEC LEISF £t SATh PO IAREPRBRE SEade N hy)

nal eat e, di ettoyvanyl eat endadgeindntt yWromiesses)., Fowmathe, doidsakhmhdesters
thereof fe. %a,rfilyrr%ft%g fuors at g iyh Al JrupBhaliespeRRity Ny nononers,

and acrylonitrile. eni.c conmbnomers will preferably nake up 0 or 1

) Non styr (
to 40~ by weid§iRiréPlenanfofiadinadfed i BEAFUGEoMRE &t 89ePe The seed
particl es arelguieaelabl yThisaipohemeral?sS fandleoganduto of at | east
conpatible wi_th.t .RQ r d dur t r sta f whi ch the
pol ymer seed ;}ogylrjn%gr&_%a%gg ?ﬁge]g%dtﬁ %fé s%ée gtegr%g%g 21‘55( agﬁyw%jéledom nantly
styreni c pol preferabdyebragryden thepradicr és selkér Bavingoapedieles sinple
elt hyl grud: Cgm@f&n%%n ngﬁ‘?gﬁﬂéfélréﬂglﬁfn@éae tqlamab:o% ?ErFEH§5'| i nk: ng can
al so be used, for exanple divin enzene and pol yet.hyl ene glLyco
di net hacr yl at@Pe§eUenE §Ea9P; nké‘Bﬁf 7 ﬁ’tﬁ?@?@p\ﬁ F‘Pdﬁeﬁér"ﬁl ?% ](C)‘:és%sed in
relatively smildn asdupivs. tB6 EXanpl espafisliiy ghleEepab)gebezavi ®h. initiators
i ncl ude orgary i : SHC [ L.d n a per oxi de,
per oxy ester?cgru,c ez;ﬁ)sé ?’QE’&?‘%Q ﬁ?%gA%ﬁ%q%%%%[a@lé% Qgg?ogige%ggg%% and
t-butyl peroXhidaarsesexallYz8t cohpBeted ARUT d9%azo bis isobutyronitrile
and azar®i sdi net hyfhealsepagiatei polymdeseatibyn kt adeed inn thenpeotéased
concentrationsg ( i . % .Q 49 R relative
to the rmnome?f) ,t%?fng'ng%g%ﬁgr‘)glf é?ébfggg%%é%p}ié/necg(ﬁqfu%egglgi ré% ? %égﬁm%?){ner or
nmonomer m xt vk Srffearemt reactosxghareesy| ey, heigpg wanréme, ovbl Hene or

di chl or opr opagige MY &-caldtRfUaRbRbES| ¥eOtwith UsRllt ik ®fi SuptRéerably in a
m nor anount relative tdo 10.th§1 o‘l_:l ner ent_ |
a

cont t i referred to use at
| east one oi I™TEUBI ealboldfr%ﬁa 4 ons?mﬁ'u‘ilf)‘f or s\/‘\ﬁpgﬁlsﬁggdﬁggég‘gd in the
mononer2@r noberrefurtibarmerionesr der prefpraviintadsisidy montiaupPeAlyn the
see_d-l;] _rg_e WDF\Q;Q‘@{fl dﬂfblmcﬁteih I@ﬂdaﬁélﬁlhhefebﬁ?mﬁﬁ{df'be‘éfn aa\a{eaalrtl cl egbOSuch
an inhibitor preferably has _a high_nol ecul ar wei ght . g.. at |east
dalton) and | %\/a"l“g‘fl-%/l(ﬁrhmﬁyi ?’f/’ 25 PeGORR-HY flhag:leor]]o(‘i%hr"%ﬁ&h t he wat er
phase. The i npréfevabimtHeorageamsl edBataophisoinaraameso @wd addashons

3,5-di -tert - byt ¥hrdsgls hYARX ¥Rl YeBeeade 1nbi Sd 4 10HE O HAMRAY! beycl ohexane,
4, 4- but ¥I i denée-bi s(3-nmethyl -6-t. buty~l phenol),

1,3, 5t rfret hyPEOPH 82 ¢ i s- (3, 5-di - t . but yl - 4hydr oxybenzyl ) benzene (avail abl e
as |Irganox 1330), Phe' ireithidlemsibiss@bttialbyt ponddiapende podiysie)x, seedul phur
25 conpound (mHebrgs) didayrsdd RiadipieRaRatl 65 dné LV /I3 wiaHt hyl - 6-t.
butyl - phenol )), or an amne (such as N, N -di -a-napht hy| - p- phenyl enedi am ne
and” N- pheny| - RPEBERLBYF LD -BhARARTES B ABY. process which yields a

substantially monodisperse polymer product, e.g. by a

30 dispersion polymerization process performed in an
organic solvent or, more preferably, by the Sintef
process described for example in US-A-4336173 and
US-A-4459378. Monodisperse polymer particles produced
by the Sintef process are sold commercially by Dyno

35 Particles AS of Norway under the trade name
Dynospherea®, typically with mode particle sizes in the
range 2 to 30 pum.



The inhibitor is conveniently used in quantities of 30 0.5 to 10%
preferably 1 to 5% by weight relative to the initiator. As with
‘conventional suspension polynerizations, it is also preferred to include
one or nore stabilizers in the reaction nmedium It is particularly
preferred to 35 include a suspension stabilizer in the aqueou8Agdaao2
suspensi on and an enmul sion stabilizer in the agqueous nononer enul sion which
i s added thereto. Exanples of 10 Aprils2002 - 14 suitable stabilizers

i nclude ionic, ethoxylated ionic, non-ionic and polyneric anphiphilic

mol ecul es and i norBegiEing=t ipdlogesseig. anat act s wdyl ewwldhingd| ecul ar wei ght
materi al s, Cebféé SréﬁHE?lﬂﬂaﬁgacghEHEH§?oﬁtﬁ@ifhé%fiaffaﬁﬂﬂgd%use

hydroxyalkyl | cel | u) oses such as hydroxyprapyl net hyl cel |l ul oses,
avai | abl e forp% oL@ dfoon YKlTéé}atﬁgl e 3l WiseRoRsEol s,
pol yal kyl ene hasdheezarmbsmche;hmrmormher B8& st Shg hpelymat clesdsphogphat e and
magnesi um pyr te ok le e I IS such as
nonyl| phe%qol 8$HP?££'€enaesg% es%(?on g?ﬁ?ﬁg g% %mé%gg erI{{eSA(;%X| de units,
may be used, 90 Ymgé%atmt'd}e |ggr@yam90@e9901smwﬁrmquﬁé4w but | ess

desirably '0nb§n@éc€i£§)xﬁ/ﬂ'@é}€dndr@ﬂieﬁ' auaf aptephsorny be used. These 15

stabilizers are preferabl n enul si

concentrations of ist%r%%)ép %’rs}é' r’%‘ﬁl ffnﬁtia? {W/e%yg?ﬁe‘?d?ﬂete?‘ellaitl ve to
the nonomer coayehe. phdeoadibyt ke ragpeeseswhéal sishdmsi @rlyvdisgereker abl y
contain,g Stagkbaase Ségﬁ g @oxﬁfelnltti'o‘i’x%‘i thﬁ@ng%x‘x OB Nl iy an

inorganic stabilizer su ate (e.q. _trical ci'um phosphate).
Preferably th8r95§5§nst%hSQQHMHQ%¥§3ﬁ9§§HelHrPﬁ%C¥|?EﬁnrRﬁﬁnﬁnﬁ%&%n on stage
or stages is asphpatgants pielid Ppasibstianttali abnedispent |pahea dlenoved
fromthe pr odégé &Q 2 washl ng 25 step. Suspension stabilizers wll
general ly be d F 85 to 15% by weight relative to the seed, nore
preferably 1 to 10¢@eespé%i%ﬂIWDWPQRFH@%ﬁPoParhéﬁéeﬂlEEXk#Q|culates

Typi cal In(s See@rﬁh@ﬂai’:ﬁéﬁoﬂnié 018 e |sQib's%%%€§aMy aQn@@l@ééle@é ed in a
r eact or e.

? OIE aut ocl ave reactgy@ gf with stirrer,
inlet and out Pé’ YB‘SFt geﬁﬁ% Erip FHRTE EO EF ergrﬁ% BRI char ged
with initial eubssasrislipeasecdelsriheshdmsiUonAsbaniP37ZeftErakdani zed wat er

and when 35 tRhatpeedel AusBBL| ak&- &réﬁlﬁﬂl&%u@ if&pechahly below 30 ~, m
preferably al so.a water-sol ubl e inhibitor ;uc}ée S SOdlU nltéat . V\here an

inhibitor is &9 CRIERE RRr PRI %%ﬂQIS °© ¥ta ticle
growt h t20 s wisiubstppiéally benodbspartse). @@H pcroaucciS% byhgwedegired

concentrati onpguct BRreREeE. sThe. Seﬁr@’ g}eﬁqéﬁéﬁ' ¢Rkl Yed®rtq R94a by weight of
t he aqueous suspensi on and the stab er typica

preferably 1 ®EFFASHy SwEFghP* r BPGt ’tféa osetel"i]ep§8é18\étﬂ°iélie?‘r‘i’)‘é‘f1 ‘%theo of the
seed suspensi @ dgizet fprpmaWhychathedfilmJatnMApeﬁ@mn pO0Vrepiedeiabl y 78 to
92C and a non Bel ﬁrééﬁ@é’d Witth MO RS 1 S| ﬁé&ﬂahspé%’ Pioplly

prepared by I ISSO|VI g the_ oil-soluble 1nitiator and the oIl soluble
i nhi bit ot (e. $1%H Bé‘n?&ffl' REr bRERPERHERLTIRI M FOTEIEFHRT RPBhe styrene nononer
(or nononer mpdliywerizadivhxsnggast in an siqtde sesatoi. onThhs afiiwalil si on
stabilizer (e.

sdkd mode sizes may typically be within + 10% of 170 um,
340 pm, 600 pum and 925 um for the manufacture of final
product beads of mode sizes 400, 600, 1000 and 1300 um,
30 i.e. suitable for use as different grades of EPS beads
for example.
It is particularly surprising that the substantial
monodispersity of the particles is maintained degpite
the degree of particle growth that occurs, e.g.
35 multistage growth from initial micron-sized Sintef
particles up to millimeter sized end product.
It has been found that this multistage growth is



Berol 274 or lgepal CO 990). The oil (nononer) phase 15 desirably makes up
30 to 60% by wei ght of the nononmer enul sion which is prepared by any

' conveni ent enul sification technique, e.g. by use of a rotor-stator such as
an Utra-Turax. Insofar as enulsification is concerned it is 20
particularly inportant for smaller seeds to ensure that the rfBAs#2P02

emul sion droplet size is small, and in general it is preferred that the
nonomer enul sion droplets should be sralber than the seed particles used in
any given stage. 25 Accordingly, it is preferred to formthe enul sion by
passing the rmdvamtagelusughnaeptibe apelymefizaitiors ratcresst ageditiécns by
using a1 Ot Ol cDlacilalrdebBlCobLEk] A6 At Adoh SRAH SlagaNCERRT I C

cylindri cal flan es and grooves wt he enul si on passi ng .ouf ward 30

t hrough sl ot &5 qtll?é"scﬂ‘ienélli“éél gF‘P‘%’@e%taﬁﬁi b ﬁ%@%%éf”éﬁ? creating a
separate sheq:rrddtrs@e cooidid tibast Ah8 wveytidlks pcrondzmiumalf iavehei zed dropl ets
s mni g zed o ALGINA YEhYLOE 0L XL 6 FLI3RUeRL 8L byl T ouon
a series of sep Fate 1o ors-or epea roug a single
rotor-stator BAstEClemhe enul sion is then convenl ent I y fed continuously into

the stirred suspengie éﬁfotrhﬁnbéaéfoﬁhepgﬁfxt%ﬂtﬁﬁbcesw tAPGehe28682 - 16

usi ng an adj ust abl e fee%[rat% Enﬁ %erale I S referabl kept at 0.1
to 2 0g esndiicHan, 55 4R tAR LaRACR: b° CEHHAT 9L 40t conayhi

nonomner / hour get epramdfvepaingdnmehei hinbeandaetpense .wisdcheterpllyi an f eed
rate is1§ prehed abl e idiciens gl diehag 1Aeoesdod Oind UlirieaRaPige monomer

addltlonls conpl e reaction mxture 1s stirred until nono
exhaust ed, @Valf]c?rb]a?oo?l}tnt?fhé’élr§lcé?spﬁF?n‘ﬁ‘P’F%‘f?’brFC?% Fddghke P8 an end
by addition ois@d disersiicle atepnenBpefsiPn Spdlwie 44t inl@chi gh

concentrati Okpéddég té@é 35%ﬁt1%t etsh%fegg érgfgf %é%esf)oéﬂdm” zation stage,

particle siz are_prefe eterni ned [usTn ter counter) and the
quantities ofaqzﬁﬁmghéeﬁilql’h ramFisdBseqiennott BeRreesiulan evaersr di ngl y.

15 Wher gsa p%yxmdg@élm siﬂ%s @oﬁweg b@e@t OEHE cERY), URfesirtably | arge
particle size_distributio i ncrease shaoul qﬁl%e reduced for

z
subsequent pe eF? o HRTRES %}d Jﬁbpég(r)?e 6?0%? glg?a%fép Hoetdt e product may
still be usedndwmedispermityymomid deadesti dupingtthe grewidd nrocegseve overly

smal | or overjyydpese Mﬂé qﬂﬁstlsﬁfatg@r =sROb¥ABL A abb PPnd S £WIEkS, the
enl arged particles re ved and if _desir d washed to renove undesired

stabilizers, FRPTYR oelh%t HIOEEEn PPEYOBLY 1 1R Y& yneri zati on
suspension, amdndpcﬁlesm@tmw asulviagitti adfl yt het pohgdebuprabkwdthedepend on a

range of varigRhegsé €or Ghd Mt 'E%Q)%'é%"s @thﬂeﬂed'ﬂ't‘é}&@é%{ 1g of
concentration, gBerature emu] si on dr

different wayg. 2304%: ShrFet P b &% E’& 568?83%‘8‘3& “&%ng% 3r7)5 Thi s
can typi cal | ykbeofisgut a0 bymeafmiurpxrcgi\tdtat t he nononer concent ratl on in the

seed particles doeghpobysxessd aélmltpx%%u%%% by %bgtﬂﬁveﬂl?{&l Ry@fier ably it

does not exceed apout 10 to 20% and ‘espec] al | ferably 1t 35 does not

exceed #Bout TO% B§ ARPERIPeAVHR dEHTH d@)’("é‘éis ﬁﬁﬁSnBY nchtration can

be achi eved byxbmpleashagstyrénatimsl aendenitian egstait hoBoietdrt s ag 10 Apri |

2002 - 17 indicated above, while EPS is a particularly important

product, the processes are applicable to other polymers

and products.

30 The initial seed particles used are preferably
polystyrene particles such as Dynospheres® (Dyno
Particles AS, Lillestrem, Norway) produced by the Sintef
procegs, particularly preferably particles having a mode
size in the range 0.5 to 50 um, especially 5 to 30 um,

35 and most especially about 10-20 pm. Alternatively they
may be size fractionated polystyrene particles produced
by standard emulsion polymerization ptrocedures, e.g.



reduces the nol ecul ar wei ght of the polyner fornmed, the viscosity of the
polymer and its glass transition tenperature) or by reducing the rate of
“nmonomer addition (which increases pol yner nol ecul ar wei ght and reaction 5
time). Essentially therefore the operation of the process nust bal ance
initiator concentration and monomer addition rate to avoid cd@4eladfi2on and
achi eve the desired nol ecul ar weight within an acceptable process tine. 10
The water contents of the phases may beiyari ed generally w thout serious
probl ens although if the suspension phase has too | ow a water content
stability mayhéaemg)sat mddekewizeeoérml BSft@rJ, 0 eum,eratd g:iodlyssyatb'nlei zer, 15
content is g %1(}} ,CRbde éi% g dP%d %\M stakllity is lost,
mce For ence |

and if too hig tion an nes formdti on may occur. In
general the rP%’é“e’s%‘-ﬂa?ﬂ%é itev&ft #Bn REgdRRedur stigPagaien ess t han about

1% by wei ght péIpsebiia g déeadord@nke O%Evéﬁtﬂrt i@ Reiittaaf skwai cal |y

10-20 ~. m Dynospher |f|ct|ontof articles of .for exanple
200 to 1300 Er%acefessf i%aygq: nS/pl caPF‘ar%% eWe%t qo W fﬁlsﬁgflglgflages
e.g. Stage 1 polzmemlml{@rnmcssageulzstanmablﬁoas{dﬁ%tra@@dsm g6-to 200

~.mStage 4 -p280,393 A0 prERiR0€Inal eheS€dpart f®d hfRAALE HRgko 1300
~.m 30 To produce S beads, the PS beads nust be | oaded with a bl ow ng

agent, ie. a FhERrPRIVRBHITHI%Y #BY a sol vent for the pol ymer or which only
slightly swells i tTlasz ﬂsmesdomnwbﬂgepocumbimﬂm drhargqudoaissof t eni ng poi nt

of the FQI ynmeg4 g;rbgmo%%egr Fgwﬁg? ﬁtan?»sacg_{ogr?%at t enper at ur es.

Typicall'y an op ona substituted droc ving up to 8
carbons, prefefabsion ¢H & wahegorisscdnile ‘B@F@Fﬁh’g PFOiRANOMERD MAKLUre2002 -

18 in the ragge afRloiDp 5OGBIes ﬂi%%draalﬂalpﬁ@ 1%&!‘&m¢:§i@t@l@ent ane,
cycl obut ane, rret hyl _chl ogl d e%% I orég |é:h od| fl uor oe gne (or
ot her Fr eons) p?o%{'ﬁcélﬁ]é 15 n?aﬁae ort a\“b‘@ p|p ferred.

The bl owi ng agenemex Qlypm@mnll%r addr@dlréuaquglthe tﬁhmaiotpiﬂl yimgirtiizdt i on st age
or stages or Eeeahﬁoihﬂéi‘ mgl{{?rﬂsz%bhﬁﬁnaﬁogi'@ﬁ tmtdpgpéﬂs\idﬁ lRfer

recovery, washin Lyi pg M xt ur ents can be used. 10
| f desired, tfteP gjé? g 4%‘3}’ %o l?E FEQE’%& &M{'ﬁg °T1 WM tSar dant, e. g.
hexabronocycl muedeoahenat)xom hisy praferabdyr Eafectedadiedh tttengidradiuret her

materials wt Qta1g2§trsg H{&Peéé X:ha‘?: glt @ﬂ&bﬁt eﬁéclﬁpéiéwﬁsor or functional
and reactive chem cal groups Resi d bei ngguse ul  for the preparation

of EPS beads, PFﬁ@“ﬁFSEeé%e%cB’fWﬁﬁper?t‘ﬁdoﬁhﬁaye tieR MW ditte pol ymer
beads f awo manynadxhbatina@pht cattemserdturganti ehliah, tiselbst bt atadd yor

m)nodispefse %t:uzgs? §g'£§€1@aéa{ 1a%heoaesé§hg£@ ﬁﬁ%r?% Gned. fox

water 20 purification pr epar resin eneral ly
require some 9@@%@8%?‘“8%55 RNy Uatid, thet WOH?R‘)?ﬁﬁS bEHRBIRPSDf the
pol ymer matri Chengproagdbeedis i viadn sesbeaftieelr uheémi the minah dexsimwturred,

e g. by sul phongllih Dy sLEeal AL AN SWaBRYLLS 28] dolroEAdge 3R, aci di ¢
i on exchange resin bea y _am nation of "a reactfve conpno used in
the find5 st af®nemegnecptenheof ke %qaaﬁé@rbmlpfépyﬁeitﬁz@ﬁ@hal%ecb at

chl Faoget hyl ﬁtrw’ giaﬁre thafr ﬁdupem@f]@@ﬂemdx@dmwﬁbggaeereﬁ?ﬁ t@upm%em ns .
wou ave the _advantag epeat.ed . use ushing there wou
be a | esser ten&g\r%’% t%o&g%dgg%g“%rm zrgcesné:péartatan nJ5¢ Sﬂrtr: % in the resin
bed, a probl em whi (ﬂ?elféaébltfoeﬁébLﬁwtﬁbrﬂf@gﬁanmreﬂﬁegehbﬁapatbltcl%n

exchange usageolfrd by 2e3xWtbl sbe, AbaskciiG v 03508 Yo more
30 preferably 4x to 20x, and most preferably 6x to 15x.
Indeed stages preferably involve a volume increase of no
more than 15x (ie. no more than a fifteen-fold volume
increase) .
The monomer used may be pure styrene or styrene
35 derivative or may alternatively be a mixture of a
styrene and/or a styrene derivative and optionally a
non-styrenic comonomer, e.g. a conventional styrene



35 Further exanples of applications include use as substrates for the
generation of conbinatorial chemstry libraries where the substanti al
“nonodi spersity of the 10 April 2002 - 19 particles gives inproved

di stribution of library nmenbers in library generation using sglip and m x
techni ques. For this application, the beads will generally bd0Agdi20@d post
production to introduce a surface 5 functionality appropriate for -
attachment of the library nenbers. Agaifybead sizes of 100 to 500 ~Cm m ght
typically be used. The beads produced according to the invention may al so
be used as picgmembﬁ\efrox saj;ﬁéﬁe(md@tﬁﬁeﬁeeraleaﬁea&@v&rboamchaas5pacers (e.

g. in LCD s), er brlcant arrlers for cells,
enzynes or atl y lt%ﬁleggf’:a?e érsélrb?asl Egs 6‘?1’%%5 arned Ieas}yl

f or nul at i ons stagemiel, t@r%‘ethxl nﬁ%yvoem@mszesnetéwlcatw@ng fdnmaulm’ll ves for

adhesi yes assa‘;}x@ﬁerraékﬁ § sOyréhey dényRyndidyhheeyRbaeedrce) Jandy
sinteri od%pe fi Ls_or fllter cakes with_high uniformty of

por osi ty’ Fo 8Fepﬁ85 egesP- AT 8Fodirfy is required for the
particles, e. dgu.cthmsu:Iyeryanai e &od osle?(-asradtiongdt oor nenzyne carriers.

Thi s may be %‘JH\%%‘%QSB%%&EWEL%{??;ﬂ@%z’}:%yué‘é%i“trOIbB:bHQ ckhe degree of

crossl i nki ng of I nclud porogen (e.dg,
t ol uene, pentl'eﬂﬁ@%’r YARY¥ SoPKeFORBL ¥PETR: orIfg&e“@éﬁ‘ér BPWﬁgeégéﬁYrWh‘F%h is
non-reactive amd fsdylienpohnnpa):t%umrt\hﬂwramyl peoghdsed in the final

stage oy,one of 1he | er L tages. r ire por ous
partch% nangeéqﬁiﬂﬁi &ngﬁ éﬁ A ygFr 5n?§ngggr F%ggFike, and
t hen provi dedfxgm [Ehe ﬁ@ﬁﬁhéﬂrpopyﬁér Iayer to seal in the 30 load or to
delay its rel ease.otfRrO¢SmBAbIEEE eRh 1Y rﬁhﬁylb%.edm'é@t iscplg as carriers but

I f ty i b ,
oo AT dooiianrEniERatY ol Eae REREEn ToRothEh hprs S3aMPHEORETAtad by
ref erence. Thecidwemd @sterkl (suowhbes dascyl e ddidg,t hethyilt Bergletence to
the fol{ow ng, '&%Pl |dc’Pytl'a'%Q Exaephesry1add, Aﬁgﬂt{ac?x@q%c a%@d AndPhyi €act or

was charged wt q@_ an aquéous Ssuspensi on = n1po|y tyrene
Dynospher ese, m%RF?RRY QﬁfaEQIPﬁpﬁél@eEPH%WetQﬂﬁfﬁinfg'déFéﬁFEeac ter. The
cellul osic etdmd emteny ehdresd (edgi ndivatehyl heldayreheiddeehgdd. The

suspensi on m%aféé.tre{ %@Eiﬁ&@y‘ip%i@gtg??t %éﬁ&%e&% and esters
thereof (e.g. dimethyl fumarate and diethyl fumarate),

20 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.

The seed particles are preferably of a polymer

25 analogous to or at least compatible with the polywmer
added during the growth stage for which the polymer seed
is used. Thus the Sintef seeds are preferably
predominantly styrenic polymers, especially on the
surfaces thereof.

30 Besidesg simple ethylenic comonomers, comonomers
which are capable of cross-linking can also be used, for
example divinyl benzene and polyethylene glycol
dimethacrylate. Such cross-linkable comonomers will
generally be used in relatively small amounts.

35 Examples of suitable polymerization initiators
include organic peroxides such as dibenzoyl peroxide,
and lauroyl peroxide, peroxy esters such as t-butyl



A styrene nonomer enul sion was prepared by m xing 560g styrene, 933g water,
3.1g Herol 274 stabilizer, 0.52g Irganox 1330 inhibitor and 15. 69 of

~ di bénzoyl peroxide. 15 This was enulsified for 2 mnutes in an Utra Turrax

m xer and added to the reactor over 7 hours at a rate of 1 rrL/m'_n&) hour) ,

2.5 nL/nin (2 hours), 4.5 nl/mn (2 hours), 5 ni/min (1 hour JOANU282m /i n’

(1 hour). The reaction was allowed to continue for 2 hours after 20 nononer
enul sion addition was conplete. The prarict was recovered and anal ysed for

particle size distribution (using a Coulter LS 130 counter). 2 5 Mde : 4 3
~Cm CV . 2. 2%e30xybeyzodtemad) uediyt yWupeensyprvelagegand azseed produced in

Exanple 1 Wa%o%@%haag bﬁ‘&H as 1o rﬁ@":.@obh@?%bﬂ%rﬂé had@Ga£&! | Ul Osi c
et her, and 53180 .dei wat er., Again_the cellul osic_ether had been

di ssol ved in F‘ef‘ﬁgi?ﬁ eB%‘FJo"'r"e’HeﬁTd T%S?h@agugﬁeﬁg?%nlﬂvas stirred at 170
rpm and heat edriven8@6nal d6nd@nttat2iiin -(e2f. Anlebul 30%Nn pmfma&p]qr ed using

5609 Styrene . 1560497 pdi REngey| rSRIANIGo 1na20ohtfappx 4380, 3 10 Berol

nd 933g wa mnutes 1'n an rrax mxer. This
was added toHIH?é%lalbllVea @aépbﬁas*rwtstqm ithéhee BEPEReEVeF MORRIRE at a rate

of 1 m/mn (nih:dtwre) or21ﬁ gh/ Thért Zoftitis) ,so4v5nﬁ1,/alg (Beﬁ@wié) 5 n/mn
(1 hour) and %C g %1 The reeac h%r%ewa r weC to cont'_Elnue for 2
hours after r%D éﬁu 3] T HEI wa conpfaetg gﬁ'ﬂé ?%]dﬂ%? Ve
recover ed andlsj_s@i,arlté%llyzed pretieraisky m@\/mmozﬂ/@mguakanpletmﬁzllzg of an

agueous; guUspeisd %1%e§0gogf;eﬁtseed from Exanpl e 2 was charged into a 10L
reactor with 10g cell ul osi c et hg and 5238g dei oni zed Y/ater The 20

cel lul osic ether H&diSgRFREBEERIGFQINI® A&F iHpaRt oret RéL 459 1yRtsr ehand. This
was stirred golim@rmipatand hahibiltéo v&ﬂﬁ:h 25 ﬁlspyssedemnﬁhei on was

prepar ed 1 omA33e Wl ehopdnld RELOLr2 T dLA20 ckf §309¥n1 330, 15,69 of

di benzoyl per oxi g styrene. he mx ure s enulsified for 2
M nut es usi nPAYMIRYZRLIGRr 4R FhRePeddibrae momeyezddearistenandeact or over

7 hour simt a diod e 1o f nlldlieféman%f(ﬂednqm)mo’&@ mLeich &R hAHEB)tcd.5 nmL/min
(2 hours), "{Féégrat{%, %%‘é A08n 6 g}égfﬂi‘az( JWqu{:I’rlE) (eTﬁ éga@é&@ was
allowed to ccP i 'hue hSur's ar T nononer a on was
compl ete. The3®? cﬂﬁj(ﬁonh/agn@héﬁwrﬁébﬁér%@hd?ﬂd%alt@sé‘G.dUSE diffusion

through the water phase. The inhibitor may for example

be a phenolic compound {(such as 3,5-di-tert-butyl-4-

20 hydroxytoluene, 1,1l-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-t.butyl-4-
hydroxybenzyl)benzene (available as Irganox 1330), 2,2'-
methylenebis (6-t.butyl-4-methyl phenol), a sulphur

25 compound (such as dilaurylthiodipropionate, 4,4'-
thiobis (3-methyl-6-t.butyl-phenol)), or an amine (such
as N,N'-di-p-naphthyl-p-phenylenediamine and N-phenyl-N-
isopropyl-p-phenylenediamine) .

The inhibitor is conveniently used in quantities of

30 0.5 to 10%, preferably 1 to 5% by weight relative to the
initiator.

Ag with conventional suspension polymerizations, it
igs also preferred to include one or more stabilizers in
the reaction medium. It is particularly preferred to

35 include a suspension stabilizer in the aqueous seed
suspension and an emulsion stabilizer in the aqueous
monomer emulsion which is added thereto. Examples of



Mode: 170 ~m CV: 9.2% 10 April 2002 - 22 80g of a seed from Exanple 3
was charged into a 10L reactor with 4.8g cellulosic ether and 24009

" dei onized 5 water. The cellulosic ether had again been dissolved in water
bef orehand. This was stirred at 170 rpm and heated to 90C. 10 A styrene
emul sion was prepared from 1760g water, 12g |gepal CO 990, 0.18¢pr1i2§%&nox
1330, 7.2g of dibenzoyl peroxide and 880g styrene. The m xture was -

emul sified for 2 mnutes using an Utra,Jurrax m xer before being added to
the reactor over 13 hours at a rate of i 25 15 nb/mn (1 hour), 1.7 nb/mn

glshﬁE;)g Zt%uﬁkhﬁl% @%a?@%&%krs3i§c£Pdéﬁibﬂ%%,h%%%%kylétggﬂléﬂié,(5 EOF:SQ,
: m n our) .an m n our). .The nmononer, addition was halte
over ni ght aflr’é’rn'é*dﬁr?ngngorl@ﬁ a ‘?'B‘?%%%-Ef‘i%&oqgcﬁéﬁ%aﬁ t he next day.
The reacti on iwgerddhial lpamtdclescoat g nueater- £olhinires habghemoheowhar enul si on
addi ti on was ete. ro he; a A

sanpl e of thﬁ%@&%ﬁﬁ%@%ﬁn%%%%ﬁ @q}ol{l%é%?%%%ggﬁggn%y ram ngs. 25

Mode : F67 ~ERREFTP Lee bydgrsadty L onprsi oRl Id@ses3euohnfeCV 8% 30
pol ystyrene hgatloxypepaneattayal egduslysés, Ruailat el fo@ Sxalyla ddiree step

expansion fr 0 = LS YT 0s [N filrst step to about 60
~.m in a seg'&(;gn%lcfcfr?aggu]’t)b%fz_ogg?%%ﬁd ﬁgﬁbﬁgﬁ%‘%ﬁﬁlﬁ?‘.‘s"%&p to 230 un) was
char ged i nt o RelyBikylena exigeshapdegnerdant oateniisds 88chppedi ssol ved in
water) and 3QQ dhaind HbheRlee bnd T R8gAk X1 bt Spy¥splddphiatd .at 150 rpm and

heated o 90C. 1 ril 2002 - 23 styrene enul sion S _prepared from
I88g wat®r . 1 3g IS 8eaTEI6 RENF P SRSt A0 F G UER 2

di benzoyl per momie @rehd2paiyptéyd enenukidés ecbrittriring 2ot es LB0an U tra
Turrax m xer. | S+ a d r t e urs 40

m nut es at 0%%%% O?&ll%oﬁ.téo. ggﬁL?%nO‘rl\é ' h%%f) (Hef%g rﬁn'#mgﬁ (1 hour)
and 1.5 ni/ni¥eqE@b GR fi%s) AlSSIpativey Rt cfeshalanirebly daBi€hen

al |l owed to cafitietieodtyiated ioiics sutiacpanesichayase neeever edlegad anal yzed.

. _ : o E. N :
I0 e 400 SONGLAGE STk B SoFERIBL P O e DL i
1.0 m/min (3EMleIn., PIgn@l LonceRtshtipes wiktUrle a2 hen allowed to
continue for pmerdatssy oThe H¥ Qdwat byaGe28ht CEOVAE Bk A theahyAsHler
content. Moreover the aqueous bead suspension will
preferably contain a stabilizer such as a cellulose or
20 cellulose ether or an inorganic stabilizer such as a
phosphate {(e.g. tricalcium phosphate). Preferably the
suspension stabilizer used in the final polymerization
stage or stages is an inorganic solid particulate which
can readily be removed from the product in a washing
25 step. Suspension stabilizers will generally be used at
0.5 to 15% by weight relative to the seed, more
preferably 1 to 10%, especially 1 to 6% for inorganic
particulates.
Typically seed preparation from smaller "seeds may
30 be effected in a reactor (e.g. a 1.5L to 10L autoclave
reactor) equipped with stirrer, inlet and outlet ports
and temperature controls.
The reactor is charged with initial or later stage
seeds, suspension stabilizer, deionized water and when
35 the seed is small (e.g. below 50 um, especially below 30
pm) preferably also a water-soluble inhibitor such as
sodium nitrate. Where an inhibitor is used in the early



Mode: 401 um CV: 10% 2 5 E. ganbl ~~7 Exanple 5 was repeated but using a
reaction tenperature of 95C. Pol ynerization of the m xture was then all owed
"to continue for twa hours. The product was recovered 30 and anal yzed. Mode:
402 ~mCV: 9% 3 5 ~'"~p 1 a ~, An aqueous suspension of 50g of a pol ystyrene
seed of 10 April 2002 - 24 node dianeter 399 ~m (CV 8. 4% 1¢4&pg 200
produced in Exanples 5 to 7) in 1500 water with 1.0g of a cellul osic ether
was charged into a 3L glass reactor witfga double spiral stirrer. The

m xture was stirred 5 at 150 rpm and heated to 90C. A styrene emnul sion was

prepared frog4688 wat gart feBl J¥RAM Z:Qrislw(igldi:?ﬁﬂéal’iﬁ%@x&@l&iadtd 2009
styrene, emul siftied f8r émg mnutes in an Utra Turrax mxture. 10 The
enul si on was %adéd*Po’t RB> é&’ét“ﬁlé%rcof’feﬁﬁﬁr%laf‘ 47 5BG YALRE 8 ni/nin.
Pol ynmeri zati on wa%hel beaédis veymittalye foortot WO %f byt welghbues. thde product

was recover edoRaduanaliygetaidy RN OI W GYerS i Exaap 6 0 20 An

agueous suspensi on o g ol ystyrene see ) aneter 635 ~,m
(from Bfanpl 58y PrefsogPit brie1td E3stpightaredrFilVeste ERteFesths char ged
into a 3L gl ass rahet eempetatars asth|tthes pidedl stispensionThe typicaElyas
from 600g watoi ook 23 THoth 20, 3 B G ERe S AE R B et 0T h ey  ane.
emul sified f&cnopgrmepudgesonnignadieda Turrax mxture. The enul sion was
added to the reactpe ¥abmerhemiBsfdn 3B &R ialThv pirdpleEdshyand 0.9 nl/min
The. or oiict  ERPOYSGEr CHeanay SFEFYRER: L@ to agdoEhenPas bl st ey o
| i ght m cr osdopdabivege (ef gt hdipenzioyl percticlen and Erganex21B20ktin 10
April 2002 the styrene monomer (or monomer mixture) and mixing with
an aqueous golution of an emulsion stabilizer (e.g.
Berol 274 or Igepal CO 990). The oil (monomer) phase
15 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
such as an Ultra-Turax.
Insofar as emulsification is concerned it is
20 particularly important for smaller seeds to ensure that
the monomer emulsion droplet size is small, and in
general it is preferred that the monomer emulsion
droplets should be smaller than the seed particles used
in any given stage.
25 Accordingly, it is preferred to form the emulsion
by passing the mixture through a plurality of rotor-
stator stages, e.g. by using a rotor stator with
interlocking radially separated concentric cylindrical
flanges and grooves with the emulsion passing outward
30 through slots in the cylindrical flanges and each flange
thereby creating a separate shear force zone. 1In this
way the production of oversized droplets is minimized.
Alternatively the mixture may be passed sequentially
through a series of separate rotor-stators or repeatedly
35 cycled through a single rotor-stator mixer.
The emulsion is then conveniently fed continuously
into the stirred suspension in the reactor, preferably



- 25 Exams 10 A 3500 L reactor was charged with 518~kg of an aqueous
suspension of 50 kg 37 ~, m pol ystyrene Dynoseeds 5 (prepared anal ogously to
"Exanple 1), 10 kg cellulosic ether and 1300 kg dei ani zed water. The
cellulosic ether was pre-dissolved in the water. The suspension was stirred
at 25 rpmand heated up to 10 9oc. A styrene nononer enul si onl0vasl 280%par ed
by m xing 350 kg styrene, 3.5 kg of di benzoyl peroxide, 1.5 kg Tween 20
stabilizer and 700 kg water. This was_eqglsified for 10 15 minutes with a
Di sperm xer and added to the reactor over 14 hours at 11, 17, 28, 37, 46,
59, 59, 77, $4in86anli8juidBibldlfedddraidd gigphourrhkoEegaerhedrigach. The

enul sion was _re-enulsified ever our:, 20 The stirring.rate during the
reaction waspﬁgfﬁ§3h§¥8kg 8 ﬂg %bﬁﬂﬁ%ﬁ%ﬁﬁ?n&spﬁglegkﬁn%’?nt?hg'#%aetor. The
reacti on was asid owse eepeohalhveabout 70 Hgur soabmer/hononper agidami @oh was

conpl ete. 25 HiGmah0gduCEnRSeLLEOV e £0 AT, ARMN SEEn! PLelaLLEE! £ Si ZE
distribution. Myde: 73.4 ~m 30 CV. 3,95% A |ight m croscope I nage of the

r ~Mm . .
product 3 s sﬁ&ﬁﬁqq?bﬁyg&P@rgaﬁ%?eﬁﬂﬁlng:RPQJH%H%§d19fAB@ﬁF »8B2 1. A process
for the prepamd aonohepohyditiparisctesplited fthestremodtoni agxwhieh is in
the range 2044 @3900NIL W1 (BnBROFCES SAMNALARS: <dolakopblabping a first
substantial | y nonodi sperse particulate polyner sée terira avi ng a node
size of no MKV TIPOLNRETEBRT 48N NS serahdhity $0 88e@nAaPEri al , perforning

a suspensi on RN 23t GOBhhBeYi €L d. 2a SRSUNES Wombast tabhywiBRogi sper se

partic te pal yner see terial havjng a node size greater than that of
sai d fﬁb@t sggéﬁhéF@ﬁ?£%r§§&°ﬁo? nb?béféﬁﬁFHBO Nm 10 (c) using said second
seed material, pe®tothengnd ofispaabi suchapolymeariziaitdont etpgeld a third

substanti al | y,nQdicsSRALEe B2k bgukéksbppgdé@m&%g Mkehbak having a node

size greater than that of said Second seed material and ndt ngre than 1000

Nm  (d) usi nd"BRiTEH HPPEEEL 2Relt EPFafUBRtH R PIndCEPMEF HEFF VRd
t her ef rom by dnyr tdhdysebuenitts geageonapolyareed zaidaraingdrf.or m ng a suspensi on
pol ymerjgation t0 y&ld PYNTRERILE!EheS: Ae SA TSt oBIBaTEECanaNd

undesirably large particle gize distribution, the wvolume

size increase should be reduced for subsequent

performances of the same growth stage. However the

product may still be used for further growth stages if

20 it is graded to remove overly small or overly large

particles.

After polymerization is complete, the enlarged
particles may be removed and if desired washed to remove
undesired stabilizers, initiator etc.

25 The stability of the polymerization suspension, and
the molecular weight of the polymer produced depend on a
range of variables (e.g. rate of monomer addition,
initiator concentration, temperature, emulsion droplet
gize, seed size, etc.) in different ways.

30 Stability requires the avoidance of coagulation.
This can typically be assured by ensuring that the
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

35 does not exceed about 10% by weight. Avoidance of
excess monomer concentration can be achieved by
increasing initiator concentration (although this



(e) optionally inpregnating and/or heat treating and/or surface nodifying
the particul ate product of step (d), characterised in that said
"polynerizations are carried out in different reactor chanbers. 20 2. A
process as claimed in claim1 wherein the coefficient of variation of said
seed material is less than 12% 3. A process as clained in cll&ppi2Z08&her ei n
the coefficient of variation of said first seed material is less thanm 12%
4. A process as clainmed in any one of -chaias 1 to 3 wherein the successive
suspensi on 25 pol ymeri zation steps involve a nean particle size expansion
of froml. 4 tredides &hel @a3ecohar obebshtd off ape polyhepr doemedastisdai med in

claim 4 wher & yb5alidSUIDERS! 081 DALY BA4 2ALd Q) 8eRTa8RGR: bRVOI ve a mean

particle size expansion o A process as claimed in any
one of cl ai neteMReFaAFUTe)heEePH §§ﬁi‘dlcb%$y"n‘ﬁ ‘ot o)t MOpeReE, adgéFyeRyrene
particles. 7. (vhidibsnaiteaakkypobpaéi S@@Ié@l]&)ﬂf tweGyhat @andok-gaeticnt eri al

having nod artlcl e bet we 0 Nm,_a | ess t han
12% t hgtjg eJW S 5"I% mﬁa?’eg%‘ﬁrg‘&)? tﬂger t9 %g%téig?e%?s%g?ve 700 pmthe
CVis beI ow J@%cesszmum hpﬂ-ﬂhCQOQngla‘PPdelthmtéﬂnalandsm@h@i“ﬁléd in

claim 7 havi n&d&lﬂ’@ﬁﬁ Rl kel %v%haecgég@iaéﬁtar@%d}{fﬂev% tAepol yner
material as claimed.in._eit aV|&%§ﬁ node artlcle si ze

of from 200 tSBHFDMOLES arAwﬁbﬁbﬁeY’lﬁﬁ’f’ér"i‘%lacé%eP r‘?e&rf:’ﬁ 8Pt her of
claims 7 or 8tirewing a node particle size of from400 to 800 pm 11. A

pol yrmer,gaterial ag, £l alded do?lt%hEQerOEh&ﬁ&g iy $13hiigqa mode

partlcle size of from600 to 1100 pm material as clainmed in
ei t her of cIa$%%e§a¥%Yéyﬂﬁﬁ@wﬁgsérﬁﬁHé Bé??*%W%a%ﬁ%ﬁ??ﬂ? df £F6m 900 to 2000
pm 13. A pol yaepermdi ipdlas@s halsatsedlow anvatde aintedmi R abilaty2 produced
froma seed ng%ngr:pr duced by the Sintef process. 14. A polymer materi al
as clainmed in y one of claims 7 to 13 being a polystyrene. 15. A process
for the preparati onikgwins wrerlsgdierce| &8 - bymaleien stabidd@edd suspension 15

pﬁlymsr u;atlgaoﬁé@ﬁ)@ LalddrRE-quly nacdeklieieat, raelagt&rgrlmefrrtt%sa_ow o of
characterise eeds ar e artlc ving 0

| ess than 12@5 Qaﬂ%dﬁ’ééng ; 98$ %X ﬁgrfﬁgdoﬁnlgﬁd in

t hat poIynerihancanflmﬁsquﬁﬂaamp@dm@hapCFhe raimcsenen&ﬂaﬁh@d@rp&ﬁﬁﬁcle si ze
of the seeds Lp thatidfedthiorSUileBe 8Berated with less than about 1%

by weight fines being produced.

20 From a starting point of typically 10-20 um
Dynospheres®, magnification to full sgized particles of
for example 200 to 1300 um mode size may typically be
effected in 5 or wore stages, e.d.

Stage 1 - 20 to 40 um
25 Stage 2 - 40 to 80 um
Stage 3 - 80 to 200 um
Stage 4 - 200 to 400 um
Stages 5 et seq. - 400 to 600 or up to 1300 um

30 To produce EPS beads, the PS beads must be loaded
with a blowing agent, ie. a material which is not a
solvent for the polymer or which only slightly swells it
and has a boiling point lower than the softening point
of the polymer and is in gaseous or liquid form at

35 ambient temperatures. Typically an optionally
substituted aliphatic hydrocarbon having up to 8
carbons, preferably 3 to 5 carbons, and a boiling point



pol yneri zation product is in the range 1:1.4 to 1:3. 20 16. A process as
claimed in clains 15 wherein said ratio is in the range 1:1.58 to 1:2.72.
"17. 'A process as clainmed in either of clains 15 and 16 wherein said pol yner
is a polystyrene. 18. A process for producing an expandabl e pol ystyrene
bead, conprising |oading a polynmer particle produced by eithdfApfil2892ai ns 6
of 17 or a polynmer material of claim25 14 with one or nore bl ow ng agents.
19. A process as clainmed in claim18 ein said one or nore blow ng
agents are selected fromthe group conprising pentane and butane. 20. An
expanded pol ygt YheneaRERdUElH. g@d@sgqquagsgépagd%bl ﬁﬁ lystyrene bead

S

produced by a process of _clains 18 larm 1 equently expanded.
30 . A5. AUE. ABStANR, Amvlwm.e AW%?P%&EEANQGAPYAAF% pide

2. Aal . Aa. AUE eAgl lAbhANrAdE AdYcWVordi fAelckBié thane (or other
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acidic ion 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-
styrene, to produce a basic ion exchange resin. Such
resins would have the advantage that with repeated use

30 and flushing there would be a lesser tendency towards
bead size separation occurring in the resin bed, a
problem which leads to reduced performance. 1In general
for ion exchange usage, bead sizes will be about 100 to
500 um,

35 Further examples of applications include use as
substrates for the generation of combinatorial chemistry
libraries where the substantial monodispersity of the
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also be used as pigments for paints (e.g. to replace
10 TiO,), as spacers (e.g. in LCD's), as friction reducers,
as lubricants, as carriers for cells, enzymes or
catalysts, as carriers for drugs for sustained release
formulations, as filters, as micro lenses, as carriers

for additives for adhesives, as flow markers, or they

15 may be thermoformed, e.g. by sintering, to produce
filters or filter cakes with high uniformity of
porosity.

For many of these uses, a degree of porosity is

required for the particles, e.g. when they are for use

20 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
generating agent which is non-reactive with the polymer)

25 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
provided with a further polymer layer to seal in the

30 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.

All documents referred to herein are hereby

35 incorporated by reference.

The invention will now be described further with

reference to the following non-limiting Examples.
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The suspension wag stirred at 170 rpm and heated to
80°C.

A styrene monomer emulsion was prepared by mixing 560g
styrene, 933g water, 3.1g Berol 274 stabilizer, 0.52g
Irganox 1330 inhibitor and 15.6g of dibenzoylperoxide.
This was emulsified for 2 minutes in an Ultra Turrax
mixer and added to the reactor over 7 hours at a rate of
1 mL/min (1 hour), 2.5 mL/min (2 hours), 4.5 mL/min (2
hours), 5 mlL/min (1 hour) and 6 mL/min (1 hour). The
reaction was allowed to continue for 2 hours after
monomer emulsion addition was complete.

The product was recovered and analysed for particle size
distribution (using a Coulter LS 130 counter).

Mode: 43 um
cv o 2.2%
Example 2

762g of an aqueous suspension of 80g of a seed produced
in Example 1 was charged into a 10L reactor together
with 10g cellulosic ether, and 5318g deionized water.
Again the cellulosic ether had been dissolved in water
the day beforehand.

The suspension was stirred at 170 rpm and heated to
80°C.

10H Hr 11 L1 100 & ) - L1110% & ()-10° L1! 10%W& () - Bt OO\ DyEpF6GMI3r SA! |
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An emulsion was prepared using S60g styrene, 15.6g of
dibenzoyl peroxide, 0.52g Irganox 1330, 3.1g Berol 274
and 933g water, emulsified for 2 minutes in an Ultra
Turrax mixer. This was added to the stirred suspension

5 in the reactor over 7 hours at a rate of 1 mL/min (1
hour), 2.5 mL/min (2 hours), 4.5 mL/min (2 hours), 5
mL/min (1 hour) and 6 mL/min (1 hour). The reaction was

allowed to continue for 2 hours after monomer emulgion

addition was complete. The product was recovered and

10 analyzed.
Mode : 83 um
CV: 3.2%

15 Example 3

842g of an aqueous suspension of 80g of a seed from
Example 2 was charged into a 10L reactor with 10g
cellulosic ether and 5238g deionized water. The

20 cellulosic ether had again been dissolved in water the
day beforehand.

This was stirred at 150 rpm and heated to 80°C.

25 A styrene emulsion was prepared from 933g water, 3.1g
Berol 274, 0.52g Irganox 1330, 15.6g of dibenzoyl
peroxide and 640g styrene. The mixture was emulsified
for 2 minutes using an Ultra Turrax mixer before being
added to the reactor over 7 hours at a rate of 1 mL/min

30 (1 hour), 2.5 mL/min (2 hours), 4.5 mL/min (2 hours), 5
mL/min (1 hour) and 6 mL/min (1 hour). The reaction was
allowed to continue for 2 hours after monomer emulsion
addition was complete. The product was then recovered
and analysed.

35
Mode: 170 pm
CcV: 9.2%
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reactor with 4.8g cellulosic ether and 2400g deionized
5 water. The cellulosic ether had again been dissolved in
water beforehand.

This was stirred at 170 rpm and heated to 90°C.

10 A styrene emulsion was prepared from 1760g water, 12g
Igepal CO0-990, 0.6g Irganox 1330, 7.2g of dibenzoyl
peroxide and 880g styrene. The mixture was emulsified
for 2 minutes using an Ultra Turrax mixer before being
added to the reactor over 13 hours at a rate of 1.25

15 mL/min (1 hour), 1.7 mL/min (1 hour), 2.5 mL/min (2
hours), 3.3 mL/min (2 hours), 4.2 wL/min (5 hours), 5.8
mL/min (1 hour) and 7 mL/min (1 hour). The monomer
addition was halted overnight after 8 hours and resumed
for the final 5 hours on the next day. The reaction was

20 allowed to continue for 2 hours after monomer emulsion
addition was complete. The product was then recovered
and analysed. A sample of the product is shown in
Figure 1 of the accompanying drawings.

25 Mode: 367 um
Example 5

20g of seed product comprising mode 230 pum, CV 8%

30 polystyrene beads (prepared analogously to Examples 1 to
3, by a three step expansion from 20 um polystyrene
Dynospheres® in a first step to about 60 um, in a second
to about 120 um and in the third step to 230 um) was
charged into a 1.5L reactor with 0.6g cellulosic ether

35 (predissolved in water) and 300g deionized water. The
mixture was stirred at 150 rpm and heated to 90°C.
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5 added to the reactor over 4 hours 40 minutes at 0.5
mL/min (1 hour), 0.7 mL/min (1 hour),'l.o mL/min (1
hour) and 1.5 mL/min (100 minutes). Polymerization of
the mixture was then allowed to continue for two hours.

The product was recovered and analyzed.
10

Mode: 404 um
CV: 10%

Example €
15
Example 5 was repeated but adding the emulsion over 6
hours at 0.5 mL/min (2 hours), 0.7 wml/min (1 hour) and
1.0 mL/min (3 hours). Polymerization of the mixture was
then allowed to continue for two hours. The product was
20 recovered and analyzed.

Mode: 401 um
CV: 10%

25 Example 7
Example 5 was repeated but using a reaction temperature
of 95°C. Polymerization of the mixture was then allowed

to continue for two hours. The product was recovered
30 and analyzed.

Mode: 402 pum
cv: 9%

35 Example 8

An aqueous suspension of 50g of a polystyrene seed of
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A styrene emulsion was prepared from 400g water, 0.8g
Tween 20, 1.0g dibenzoylperoxide and 200g styrene,
emulsified for two minutes in an Ultra Turrax mixture.

10 The emulsion was added to the reactor over 11 hours at a
rate of 0.8 mL/min. Polymerization was allowed to

continue for two further hours. The product was
recovered and analysed.

15 Mode : 635 um
CV: 8.4%
Example 9
20 An aqueous suspension of 50g of a polystyrene seed of

mode diameter 635 um (from Example 8) in 750g water with
0.35g of a cellulosic ether was charged into a 3L glass
reactor with a double spiral stirrer. The mixture was
stirred at 150 rpm and heated to 90°C.
25
A styrene emulsion was prepared from 600g water, 1.2g
Tween 20, 3.0g dibenzoylperoxide and 300g styrene,
emulsified for two minutes in an Ultra Turrax mixture.
The emulsion was added to the reactor over 9 hours at
30 0.6 mL/min (2 hours) and 0.9 mL/min (7 hours).
Polymerization was allowed to continue for two further
hours. The product was recovered and analysed.

Mode: 980 um
35 Cv: 9.8%

A light microscope image of the product is shown in
Figure 2 hereto.
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5 (prepared analogously to Example 1), 10 kg cellulosic
ether and 1300 kg deionized water. The cellulosic ether

was pre-dissolved in the water,

The suspension was stirred at 25 rpm and heated up to
10 90°C.

A styrene monomer emulsion was prepared by mixing 350 kg
styrene, 3.5 kg of dibenzoylperoxide, 1.5 kg Tween 20
stabilizer and 700 kg water. This was emulsified for 10

15 minutes with a Dispermixer and added to the reactor over
14 hours at 11, 17, 28, 37, 46, 59, 59, 77, 84, 86, 115,
130, 113 and 144 kg/hour for one hour each. The
emulsion was re-emulsified every hour.

20 The stirring rate during the reaction was between 18 and
40 rpm depending the volume in the reactor.

The reaction was allowed to continue for 7 hours after
monomer addition was complete.

25
The product was recovered and analysed for particle aize
distribution.
Mode: 73.4 pm

30 CV: 3.95%

A light microscope image of the product is shown in
Figure 3 hereto.
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mode size greater than that of said first seed matenal and not more than 150 pm;
10 (o) using said second seed material, performing a suspension polymerization to yield
a third substantially monodisperse particulate polymer seed material having a
mode size greater than that of said second seed material and not more than
1000 um;
(d) using said third seed material or a seed material deprived therefrom by further
16 suspension polymerization, performing a suspension polymerization to yield
polymer particles of said first mode size; and
(e) optionally impregnating and/or heat treating and/or surface modifying the
particulate product of step (d), characterised in that said polymerizations are
carried out in different reactor chambers.
20 2. A process as claimed in claim 1 wherein the coefficient of variation of said seed
material is less than 12%.
3. A process as claimed in claim 2 wherein the coefficient of variation of said first seed
material is less than 12%.
4. A process as claimed in any one of claims 1 to 3 wherein the successive suspension
25 polymerization steps involve a mean patrticle size expansion of from 1.4 to 3 in at
least one of said steps.
5. A process as claimed in claim 4 wherein said suspension polymerization steps each
involve a mean particle size expansion of form 1.4 to 3.
6. A process as claimed in any one of claims 1 to 5 wherein said polymer
30 particles are polystyrene particles.
7. A substantially monodisperse particulate polymer material having a mode particle
size of between 60 and 3000 ym and a CV of less than 12%, with the proviso that
where the mode particle size is above 700 um the CV is below 10%.



10

16

20

25

30

8.

10.

11.

12.

13.

14.
15.

16.
17.

18.

19.

20.

27 10 April 2002

A polymer material as claimed in claim 7 having a mode particle size of at least 200
pm.

A polymer material as claimed in either of claims 7 or 8 having a mode particle size
of from 200 to 600 um.

A polymer material as claimed in either of claims 7 or 8 having a mode particle size
of from 400 to 800 um.

A polymer material as claimed in either of claims 7 or 8 having a mode particle size
of from 600 to 1100 um.

A polymer material as claimed in either of claims 7 or 8 having a mode particle size
of from 900 to 2000 um.

A polymer material as claimed in any one of claims 7 to 12 produced from a seed
polymer produced by the Sintef process.

A polymer material as claimed in any one of claims 7 to 13 being a polystyrene.

A process for the preparation of polymer particles by successive seeded suspension
polymerization steps carried out in different reactor chambers, characterised in that
as seeds are used polymer particles having a CV of less than 12% and a mode
particle size of between 60 and 1000 um and in that polymerization is so effected
that the ratio of the mode particle size of the seeds to that of the suspension
polymerization product is in the range 1:1.4 to 1:3.

A process as claimed in claims 15 wherein said ratio is in the range 1:1.58 to 1:2.72.
A process as claimed in either of claims 15 and 16 wherein said polymer is a
polystyrene.

A process for producing an expandable polystyrene bead, comprising loading a
polymer particle produced by either of claims 6 or 17 or a polymer material of claim
14 with one or more blowing agents.

A process as claimed in claim 18 wherein said one or more blowing agents are
selected from the group comprising pentane and butane.

An expanded polystyrene product made from an expandable polystyrene bead
produced by a process of claims 18 or claim 19 and subsequently expanded.



