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PCT/ AU95/ 00582 ' POLYMER BEADS AND METHOD FOR PREARPARATI ON
THERECF The present invention relates to a process for producing

pol ymer beads I ncorporatng solid parlél_cl es. The pol yner beads produced
by the process of the 5 present |nvent| n are partlcul arIy suitable for
use as ion exchange re 4 he

pol ymeri ¢ beads& pol yneric

-beads. | on exchange IS W dely used as a technique for renmoving
contam nants from V\ht\er 10 lon exchange techni ques involve passing water
t hrough a pTbeecgresent dnvensiommrelates to poprecesh £0%e

e par ] curEPrOPEaRg S pReRe, 1 RSARR Bancs prodiod by 88 pRiGRE 0P td 751 1S

Crossl i niged ppaSeltrbivetion aré fparnanalpbmmelfbyuke lag iom rexcharigermpsins.csThes but
W t hout t he |on exchan nctional, gro e al so capabl e af
adsor bi ng oingention furtheg ?ﬁ § P‘?Mﬁtb?‘l#‘?o?@ E?iﬁnﬁ%éﬁs%r
this pur pos%dn@m& E’é%% - of the contam nant rermval capacity of
i on exchange Tesins ébsepo I'n practice may be due to adsorption by )
the polyneric matrix of the resin. 20 For ease of handling in use, the
above crossl | nk gagol ysne.rdef)ead W|th QL Wl}oliloiéﬁ contammantsfromwater

10 Ionexchangetechmquesmvolvepassmgwaterthroughapackedbedorcolumnof

" jon exchange resin. Contammantmatenalsareadsorbedontothemnmhange

resin. Ion exchange resins are particularly suitable for removing contaminants from

15 Crosslinked polymer beads that are physically like ion exchange resins but without
the ion-exchanging functional groups are also capable of adsorbing organic
contaminants from water; one such resin used for this purpose is XAD resin. Some
of the contaminant removal capacity of ion exchange resins observed in practice

_ may be due to adsorption by the polymeric matrix of the resin.

For ease of handling in use, the above crosslinked polymer beads with or without
ion exchange functionality should be substantially spheroidal or ellipsoidal in form,
ideaﬂytheyshouldbesubstanﬁanymifominsizemd&eeofverysmaﬂparﬁdes.
This enhances the flow properties of the dry resin or a concentrated suspension in

25 water so that the resin can be metered or pumped. Such beads can be made by
polymerisation of a dispersed monomer phase. -

In addition, resin containing dispersed particulate material may enhance the case
of separation either by increasing the density of the resin bead or by providing
30 another property such as magnetic susceptibility which can be used to separate the
" resin from the water. Resins incorporating magnetic particles flocculate and settle
rapidly by magnetic attraction. Such particulate material should be incorporated



I on exchange. functionality should be substantially spheroidal or

el | i psoM«®6/a767Sf or m | deal |y they shoul d be subst anPC8ANUPS/ONSBZ or m i n
size and free of very small particles Thi s .enhances the fl ow
properties of the dry resin or a concentrated suspension in 25 water so
that the resin can be netered or punped. Such beaqs can be nmade by

pol yrmeri sation of a dispersed nononer phe2e - In addition, resin
cont ai ni ng di spersed particulate material may enha%ce t he ease of
separation eistbethex¢sinriseagioin @ gnariner cthats pteyents itslnss byi erotien dr adissojution

providing 30 ,anotRer pro h_as netic:, susce |i I ch can
be used to séH-&P&t“&ctﬁésm&? M&MH’N ‘@&&ﬁg"‘f‘lﬁ%%ﬁeﬂn
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into the rPesin bead in a manner that prevents |ts Ioss by erosion .or

di ssol uti on processesdF fheGnatfifactite dfinigretic orl@achangd esinh hivé beentiesérilred at e
materi al should be di spersed evenly throughout the polymer bead.

| nproved neclimsonie PHor it patents. o Farr example, United,States; Patgnt dNa.n2,642,514

A e s

descri bed ammdrioamxehangemmr tombﬁmesmmhanmsms it )ai magheticresin.

Pat ent No,. 2,642, 514 assji ArTP.r.l can nam d an

di scl osesi®in’k B‘E’é&‘g“ﬁgxﬂé ntmlx MW
is obtained. Magnentexsgdd_edtothewscoussyrgp:;andthemmlxrexsagitatedto
mix in the magnetite. The mixture is cured to form a hard resin that is
subsequently ground to form irregular pﬁrticles of magnetic resin.

15 European Patent Application No. 0,522,856 in the name of Bradtech Limited also
discloses the manufacture of magnetic ion exchange resins by grinding or crushing
a polymer having magnetite dispersed throughout the polymer matrix. The
processes for producing magnenc ion exchange resins disclosed in U.S. 2,642,514
and EP 0,522,856 require a grinding step, which increases the cost and complexity

20 of the process and increases losses due to the formation of polymer particles outside
the desired particle size range during the grinding step.

An alternative process for producing magnetic ion exchange resins is described in
_AnstrahanPatentApphcauonNo. 60530/80 in the name of ICI Australia Ltd. In

25 this process, magnetic porouscrosshnkedcopolymerpamcles are produced by a
dispersion polymerisation process. A mixture of polymerizable vinyl compounds,
magnetic powder, polymerisation initiator and suspension stabilizer is dispersed in
water and polymerised.

30 Asimﬂarprocessforproducingmagneﬁqiongmhangeresinsis_desaibedin
Japanese Patent Application No. 62141071 in the name of Mitsubishi Chemical
Industries KK. In this process it is preferred to add an electron donor substance



a mixed W ARGy, 8 }1as BD %%ﬁht e i on exhange resins PGI‘/AUMB&IIC

resin. 10 The mag oduced by polynerising a reagent m x
until a viscous syru "mm
syrup and the m xtur mxmthe magnetite. The

ai ned. Magnetite is added to the viscous
m xture is cured to foerma hard resin that. ~ subsequently ground to
formirregular particl es of magnetic resin. 15 European Patent
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di scl oses the rranufacture ne ic ioh exchande resin b grlnoqon S or

crushi ng Bfw mgmhetmmpamw mm«hnmechspermnpher

matri x. The S .an chan e r.esi ns
di scl osed in u?“‘?‘ﬁéw M"’%‘%@ﬁ%@#ﬁﬂﬂ? isdmpgrant,
whi ch i ncr easefortstabilising tlmdispasﬁd state sp thatilie Phteldfse Qﬁﬁeiﬂﬁkdeﬁé

pawde
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Austral i an Pat ent Rg% I ca P%&&Glgg%ﬁéﬁﬁh@g gﬁ&ﬂgﬁﬁéﬂ&ﬁiﬁmﬁ
Ltd. In 25 wubedispersionesuipmentattich differs frommopmal misinlz 6QUEPMEHE withSpetial €S
are produced b di spersion polynerisation process. A m xtureée of
polymeri zabl e W%&Hﬁﬁﬂ“ﬁﬁ nmagnetic powder, polynerisation
initiator and suspension stabilizer is dispersed in wat er and

pol ymeri sed. - 30 A simlar process for producing nagnetic ion exchange

resins is dfsc msmlonsmmmw&mwﬂmwwudn

t he nane of M rie Ln this ocess |t
is preferred to add ﬁ“@%ﬁ%&%&%ﬁé@“ﬁm fio capable of

reacting with the monomers used to form the resins and do not become chemxcally
mcorporated into the resin.

15 Experiments by the present inventors using the process described in JP 62-141,071
‘showed that use of a polyvinyl pyridine-styrene copolymer, when used as a
dispersing agent in a system containing 108% yFe,0, in a glycidyl
methacrylate/divinyl benzene copolymer system, gave resin beads that encapsulated

the magnetic oxide. However, the beads were irregular in shape, very polydisperse

20 msme,poormmechamcals&ength,hadarelahvelylowloadmgofmagneuconde
whxchwaspoorlydnspexsedmthebeads '

Itisanbbject'oftheprekentinvenﬁbnto'pmvideanimpmvedpmwssfor
mmufacnmng polymer beads incorporating solid particles.

In a first aspect, the present invention provides a process for producing polymer
‘beads incorporating solid particulate material, which process comprises producing

a dispersion having a dispersed phase including one or more monomers also

| mcludlngsohdparnculatematenaLandwmmgsmdoneormoremonomersto
30 undergo a polymerisation reacuon to form said polymer beads, wherein said
dlspexsxonfurthermcludesasohdphased:spersmgagentfordlspersmgsohd
pamdesofmatenalmthedxspersedphaseandwheremsmdsohdphasedlspersmg



- 3- such as .pol yvinyl pyridine-styrene copolyner,

pol yacr ylyagoggresé yr ene copol yner or pol yvinyl I m dazol epcclc,) 5)69?85 to the
m xture in order to stabilise the dispersion of magnetic po

According to the patent, the dispersion treatnent is |rrportant for
stabilising the dispersed state so that the rate of settling of the
magneti c powder is reduced by breaking up._ qagnetlc 5 particles which have
clunped together in secondary or |arger partlcl es into primary particles.

Furt her nore, |t | S_necessar use dis er si.on ment. whi differ rom
nor mal m xi ng agen ﬁ{aﬁg\#ﬁngmo g%ﬁ? WF@‘B’ a?ﬁi
suspensi on st ghigalds yﬂgﬁcrl bed in the | CI Australia Lt d patent application
and in the 10 Mtsubishi Chem cal Industries K K patent application are

~ not capabl e of reactl ng w th the mononers used to formthe resins and do

not becone chemé: ?r@ﬂdéd" }&B%s he
present inventors usr ng t-he process descri d‘aﬁﬁﬂfﬂnmgﬁ sﬁoweag'gluE

that use of5 a whitlysolid particulats matesia) isevenlyaisttiputed throughoutsthe palymer beads.
di spersing agent in a 15 system containing 10.8% y-Fe208, in a glycidyl

met hacryl at e/ di vinyl benzene copol yner . - system gave resin beads that
encapsul at ed tjjeq [FiefRtdd efibolfinedtode Wi  BARABCHERR organic!pide|id ithé N
shape, very pol ydi'sperse in size, poor if mechanical: mgtren th, 'had a

rel atively | owlispersedophiise ands forepnwenicnce ithie invention will hpwnatyerobsmud in
the beads mthreferencetotheorgamcphasebemgthednspersedphase However,xtwﬂlbe

10 appreaatedthatthemvennonalsoencompassesanaqueousphasebemgthe (
dxspmedphase,mwhxchcasewatersolublemonomersareusedtoprodueethe
polymer beads. ‘

‘Where an organic phase constitutes the dispersed phase, an oil-in-water dispersion
15 is produced. Theorgamcphasemcludsoneormoremonomasthatreactwform
thepolymermamafthepolymerbeads Itxsespecxallypreferredthatthepolymer
matrix be aeopolym_er,v_zhxchreqmmtwo(ormorc)monomerstobeused. The
polymer beads may have ion exchange properties and it is particularly preferred
that the process provides for the production of jon exchange resins. Generally ion
20 mhangemxmreqmretwotypesofmonomers
(a) monometswhxchareabletoprovxdecmsshnkpomu,and
(b) monomers which are able to provide functional groups.

Ofeourse,thepolymerchainmaybeacopolymerandthefuncﬁonélgmupsmay
25 beaddedbyhte;macdqn:ofomotthepo}ymgr_mommerresiduesmmepolymer
resin. Accordingly, when the polymer beads are to be used as an ion-exchange
rsm,theorgamcphaseshouldmcludeaaosshnhngmonomerandafnncnonal
me*merthuprowdesthenmuyfumnonalgmupsmgwethepolymeranm-
_ exchangecapabmtyorptowdessxtesthatmaybelaterreactedtoprovxdethe
30 reqmredﬁmcuonalgroupstoconferxon-emhange capability to the polymer. Other
| monometsmaybeabletobemcludedmtheorgamcphasetocopolymensewlth
themhnhngmommerandthefunmanalmonomer,formmple,abad:bone



20 1t 1 sVWOEMI6EEt of the present invention to provide an pdAOYsARsgd OCESS
for manufacturing pol ymer beads incorporating solid particles. I n
a first aspect, the present -invention provides a process for producing ion
exchange beads i ncorporating solid particulate material, which process
conpri ses produci ng a.di spersion 25 havingsa di spersed phase including one
or nore nononers also including solid particul ate mat eri al, and causi ng

said one or TRiGhOMIGHBY Be | ifcldéler 90 a pol ymerisation reaction to form
said ion exchange beads, wherein said dispersion further includes a solid

phase dlsper5|ng\agent for dispersing solid particles of naterlal I n
t he di spersed a§% aﬂﬁ wherei n 9610767

PCT/ AUQE/ 00583%' g€ monomer mayva sciccred 3om a wide range of snonomers,
agent reacts indniding Whm&@ﬁ@@isw RaRiERe RN tiRdthicrylate

i ncor por at ai d pol yner The present 1 nvention

provi des a%p BEPQB’(WW’GHC glywol) dizarthacrylote or methyiene bﬁaﬂﬁwtbﬁemglycol-
particul ate mahihyiéthet and6ipbittyl st 'coftfiotfial RERHERASr hibfe BRIBIEBonRS i

list is not exhaustive.

llvndexangetﬂ?ﬁumnunuﬂxnononuns1nqy=mu:belmedln.ﬂuzpmmusscﬁlhc

10 pnsentuwennon.Suﬁdﬂenmnummns:ndudeghmuhdnunhmxﬂaugvuqdbequ
dﬂonde,duncﬂudmmumnﬂuﬂxneﬂwquwugI%hbduneﬂwhnnnuuwopﬁluxwhmnde
andnmnhauyhunuk:vuudpwnduugduuhmmmuuaamdﬂmnrquauunuzddenwanvug
N-vinyl formamide and its hydrolized derivatives, and methyl acrylate and its
derivatives. This list is not exhaustive,

15 _
Thebmcwbonetnononunshnﬂudeanynnnnnncrpohhmnhmbh=byﬁeeradkaksudh
asmyumunmnduﬂwmnanmﬂndnmﬂmmnmmnaddoﬂmrmuﬁausandnmnhm:ﬁau&
This list is not exhaustive. o

20 In order to increase the efficiency of removal of contaminants from water being
treated by the polymer beads, it is preferred that the polymer beads are
macroporous. Thmsum:emusthctnuﬂAnuﬂwe:ueacfcumhlxmd:nmﬂabkzﬁx
contact. To produce macroporous ‘polymer beads aunmhngtn the present
lnmmnunmthedupemedpha&:ﬂmnﬂdnmdudeomeornuueponu;ms The porogen

25 beummmsdmpenwdthnmuﬂunnthednnﬂesthatﬁnnlﬂmuhqxnuuiphmuabutﬂmn
porogen does not take part in the polymerisation reaction. Accordingly, after the
polymerisation reaction is completed, the porogen can be removed from the
polymer beads, for example by washing or steam stripping, to produce
macroporosity in the polymer beads.

Suitable porogens for use in the process of the present invention in which the
organic phase is the dispersed phase include aromatic compounds such as toluene



In a preferred.enbodi mrent of the present invention, an organic phase is the *
di sper sewophaIsand, for conveni ence, the invention w || WIAUSW00S82 be
descri bed with reference to the organi ¢ phase being the dispersed
phase. However, it wll be 10 appreciated that the invention al so
enconpasses an aqueous phase being the di spersed phase, in which
case water sol ubl e nononers are used to pgoeduce the pol ynmer beads.
Wiere an organi ¢ phase constitutes the di spersed phase, an oiI-in wat er

di spersion alﬁbehﬁeﬂ&,ﬁlébﬁ@ﬂsuﬁ‘ﬁ%bﬁtﬂﬁmwmmm
nononer s that react Yo form t he pol yner ITB.tI’IX of t he gusérrer beads
It is especi b MW‘Y}(%MH@LWS pestatee |

which requireguly ads
may have ion exc ang%@r i'es.an M&a%%% erreérmgg

that the proahelﬂomenhanteandmahlmmthyldm;tphsncﬁers @nsche)asrﬂmgglphemlm and

(G:?eralnl)ﬁo r%’bmew &F‘g Eﬁe resi,Ns {)@gslilre %Mﬁg‘?’ﬁof a no os

(b) nononer shifdof Migtupds 6F Egclm Siewithnéﬁ:lb?gﬂm r
course, the polymer chain nay a copolyner an he functlonal groups may
25 be added toiuengthaverlbean tablenfor wsenasrarporogen) i she n

t he pol yner o. t
used as an |opr{98?<sghé1tﬁ ee“pre@t?& ﬁrgléﬁs% t orga %l#a@dag ? |ncll§5g?a

crosslinki ng porogemrxsamﬂ exhaustive i amdathat the mvenﬁumzncommmevﬁséeof other
necessary_functional - groups to _give th ol yner- an ion- exchange
capabi | i t Y0 orPQsP Qtheg comp RB%/"EB&P&%%?' reacted to provide the 30 ¢
required functional groups to confer ion-exchange capability to the

pol ymer. O her nononmers may be able to be included in the organic

phase to copdinonerembodiment, incorporatini of thesolid particylate material iito thepolymer
functional nDbea@rprege?able%?n e ggf&%ﬂ&g a higher density than they otherwise

‘would have if the solid particulate material was not present. As the polymer beads
15 have increased density, settling time of the beads is decreased which allows for
simpler separation of the beads from a water sample being treated. The solid
particulate material may be described as a weighting agent and assist in promoting

~ rapid settling of the polymeric beads. |

20 Inthis embodiment, the solid particulate material used in the present invention may
be of any matenal that has a density higher than the density of the polymer
material in the absence of the solids. The solid particulate material is preferably

not soluble in water or in any solution or hquld to be treated by contact with the
| polymerbeads It:sa]sopreferredthatthesohdparuculatematenaldoesnotreact

25 with solution or liquid to be treated. '

Some examples of suitable solid particulate material include titania, zirconia, barite,
cassiterite, silica, aluminosilicates, nickel oxide, copper oxide, zinc oxide, zinc
sulphide, and other oxides, sulphides, sulphates and carbonates of heavy metals.

- In an especially preferred embodiment, the so_lid particulate material is a magnetic
material. Incorporation of a solid particulate magnetic material into the polymer
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rononer may be included. The cross-1inking nononmer may be sel ected
froma wide range of nononers, |nclud|ng di vi nyl nononers such as

di vinyl benzene, ethyl enegl ycoI di met hacryl€ 5 or pol y(ethyl enegl ycol)
di met hacryl ate or nethyl ene bi sacryl anm de thyI enegl ycol

_(Ij_lh:/lsnyl et helrI gpe?‘ggﬁ%ﬁ&égh ﬁStﬁr el unds h %@éﬁ@s&l’a’f@re d@ubllg%bonds.

nmononers may abs@sétét&@ﬁﬁen@nﬂ @?&Qféﬁtﬁé beadmem d&lﬁﬁe&eﬂhquﬂwﬁg @8ated.

Sui t abl e nmononer s £ ncl'ude glycid met hacryl ate, vinyl benzyl
chloride, di neThe|solid peet termmwmam Mmﬂnw@ﬂmﬁp&m present

acryl am de I

Cherr “quat er ni FgEEeh (B¢ by W60l tnarkh b § slagic. EApiIEl 1oae irom,

deri va';] ivess aoxideﬁwﬁdzOg,cqli_gr? himvmkgslmaghemxte), msgmnwi(ﬁl e403), cKi’omutn dlbndc,

not exhaustive e hackbone nnnoners I ncl uyge a nD

pol yreri zabl e BS;heFr%%m Q¥ides jand Jere €0 a(}ir sﬂw %Mvﬁ%yl

met hacryl ate a tﬁihﬂ I @&M qmg%ﬁfw drréd bécausdt -
4 Bﬂ, b Setict rd af&idk’i‘ I Cl enc 9 f renoval of

exchausti ve. In order to I ncrease the
cont am nant s fntdsunmnsm| ng

10 The solid particulate material is added in the form of particles. The particle size
- of the particles may range up to a size that is up to one-tenth of the particle size
of the polymer beads formed in the process of the present invention. Particles that -
are larger than that may be difficult to evenly disperse into the polymer beads.
More preferably, the particles of solid material range in size from sub-micron
15 (e.g0.13m) to 500ym, most preferably from 0.1ym to 10ym.

The process of the present invention includes a solid phase dispersing agent in the
dispersed phase. The solid phase dispersing agent acts to disperse the solid
material in the droplets of the dispersed phase to thereby form a stable dispersion

20 (or suspension) of the solid particles in the dispersed phase and the solid phase
dispersing agent reacts with one or more of the monomers to become chemically
reacted into the polymer matrix. Both of these actions are necessary for the
effective dispersal of the solid particulate material in the polymer beads. Use of

a suitable solid phase dispersing agent results in polymer beads being formed in
.25 which the solid particulate material is evenly dispersed throughout the polymer
bead and the solid phase dispersing agent is chemically reacted with the polymer
matrix. This avoids, or at least alleviates, the problem of leaching of the solid
particulate material from the polymer beads. This avoids, or at least alleviates, the
problem of erosion of the solid particulate material from the polymer beads in

30 service, as may happen if the solid material was located only on the outer surface
of the beads. Selection of the solid phase dispersing agent will depend upon the

~ particular solid material being used and the monomers being used. The solid phase
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ate and butyl acetate, ~gaturated dr ogar,bons .such as
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A3bspensionpdlyimerisationreaction and techniques known to those skilled in the

art to control and monitor such suspension polymerisation reactions apply to the

present invention. In order to maintain the dispersed phase in the form of a

: sus_pensibn of droplets in the continuous phase whilst avoiding aggregation of the

15

droplets, a-stabilising agent is preferably used. Where the dispersed phase is the
organic phase, the stabilising agent may be polyvinyl alcohol, gelatine, methyl
cellulose or sodium polyacrylate. It is to be understood that the invention extends
to cover any stabilising agent that may be suitable for use. The stabilising agent is
typically present in an amount of 0.01 to 5.0% by weight, and preferably 0.05 to
2.0% by weight, based on the weight of the whole mixture. -

It will also be generally necessary to use an initiator to initiate the polymerisation
_r.eaction.': The initiator to be used depends upon the monomers present in the
reaction mixture and the choice of initiator and the amount required will be readily
apparent to the skilled addressee. By way of example only, suiiable initiators
include azoisobutyronitrile, benzoyl peroxide, lauroyl peroxide and t-butyl

e
he

25 becones dispersed throughout the droplets that

he

in

uch

-

h
for

be(

hydroperoxide. The amount of initiator used is generally in the range of 0.01 t0 5.0

wt %, more preferably 0.10 to 1.0%, calculated on the total weight of monomer(s).

In a preferred embodiment of the present invention, the monomer mixture may
~ include a functional monomer present in an amount of from 10 to 99% by weight,

based upon the weight of total monomers, more preferably 50 to 90% by weight

*
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The dispersion of the dispersed phase (which includes the monomer(s)) in the
15 oonUnnousphaﬂam|mnanyadmewuibynnnngtbeoqynncandaqpeousphmusamd
shearing the resulting mixture. Thcshearapphedtothedeennoncanbczuhwnzd
to control the size of:he¢hupkmsofthethqxnmulphasa As the droplets of
dispersed phase are poiymerised to produce the polymer beads, the shear applied
to the dispersion largely controls the particle size of the polymer beads. Generally,
20 1&cpohmuwtnmdbaheconuuﬂcdiohawea;mrﬁdbshzinthgrangeoflOﬁDOOunL

_ Once a stable dispersion of dispersed phase in continuous phase is established, the
polymerisation reaction is started by heating the dispersion to the desired reaction
uquuanne.Thedkpuﬁonnmwbehddatﬂwnkshednumﬁonunmpuanueumﬁl

25 the polymerisation reaction is substantially complete.

Once the polymerisation reaction is substantially complete, the polymer beads may
be optionally treated to activate the active sites in the polymer for ion exchange and
the beads recovered. The activation of the active sites in the polymer for ion-
30 exdunmp‘wﬂlbcckqnmdgntohthexumu1rofthespaﬁesu:heampaﬁmuiﬁnnn
solution. For example, hydrolysis of poly(ethyl acrylate) beads will provide a weak
acid cation ion exchange resin suitable for separating transition metal ions such as



- 7- beads results in the beads becom ng nmagnetic. Magnetic separation
t echni qWE96/¢7S  be used to conveniently separate the BEHAYIHS8R o
solution or |liquid being treated.. The solid particul ate magnetic
material used in this enbodi nent of the present i nvention may be any
solid material that is nmagnetic. Exanples include y-iron 5 oxide
(y-Fe[err]derr], al'so known as nmaghem t+dp,- nagnetite (Fe[err]Jerr]),
chrom um di oxi de, - ‘ot her netal oxides and nore exotic magnetic
materials, SltadlmﬁﬁntaiﬂSﬁnbdaml solution. Amihation andjuaternization of ¢he tpolymer

mat eri al s. especi a referred because, t |nex ensi ve.
10 The. sol .Nigp& HRpridk L ionerehangs T Rirehisofor e rppord ol o
particle sizgg oganicl"ﬁa foMSsolitior. ARGFN-Be &Eaﬁt&ﬂi@e%ﬂﬂbd'lﬁth@aho
one-tenth of the ticle size of the polyner beads forned in the

process of t nbatphemans fonagtivation offthe i !0 mmtesmaybn@omwﬂytsnm at .

B?gf lej(raag: f %’b‘&q‘ X’Ieglgy#ﬁ%pﬁgﬁnﬁ}%&wr@% "N SI Z% om su m cron

15 (eg.O. |p'&aﬂ@nﬁ§%mur€%fdanﬁfg%ﬁ6ﬁ1hseerﬁ perachick€d by a sequencehof

process of the present -invention includes tg ol id phase dispersing agent in
t he di s tbﬁz%éds 9By SteRMSUHRRDE Fiﬁ 8% ng agent acts to disperse
the solid material in the droplets of the dispersed phase to thereby

forma stable dispersion 20 (or suspension) of the solid particles in the

di spersed ph®Bme moﬁdd\ﬁ)rmheamhg)ﬂnmlymerbehckpwudeagtbagfeﬂomm W th one,
or nore o{othe nononers to becone chemcally -

(a) .add reactlon product to a large emess of water, stir and allow to settle;. ‘
(b) separate beads from the supematant,
(c) add separated beads to a large excess of water, stir and allow to settle before
separating beads from the supernatant,
15 (d) _repeat step (c) several times;
(e) disperse water washed beads in alcohol (ethanol);
(f) separate beads from alcohol and dry.

An alternative clean-up procedure is to steam strip the porogens and then wash the
20 polymer beads to remove any free solid particulate material.

'I‘hepresentmvennonprovldesaproc&swhlchprodue&polymerbeads in which
sohdparnculatematenal:sevenlydxsmbuted throughout the polymer beads. In

an especially preferred embodiment of the invention, a magnetic polymer bead is
25 produced. The polymer is formed as a copolymer of glycidyl methacrylate and
divinyl benzene. The monomers are présent in the organic phase, which also
inciudes a mixture of cyclohexanol with toluene or dodecanol as porogens.
Polyvinyl alcohol is used as a stabilising agent. A free radical initiator such as
"VAZO" 67 or Azoisobutyronitrile (AIBN) is added to the organic phase as a
30 polymensatton 1mt1ator and y-iron oxide is the magnetic material. The solid phase
dispersing agent preferred for use in this system is a block oopolymer of
poly(hydroxysteanc aczd) and poly(ethylenelmme) and sold under the trade name



react ed iwb9ehfggs POl yner matrix Both of these actions are ﬁ@gggmsj or the
effective dispersal of the solid particulate material int pol ynmer beads.

Use of a suitable solid phase dispersing agent results in polyner
beads being formed in 25 which the solid particulate material is evenly

di sper sed throughout t he pol yner bead lArmd t he solid phase di spersing
agent is chemically reacted with the pol yner matrix This avoi ds, or at

| east al | evi at & @4000n This selidiphage diSpetsmgsMhas a high affinityl for she
material from 0o} Thi vOoi ds =l.e

probl em of er o%ﬁ%ﬁ&d&aﬁ%yﬁ §n85 @c%ﬁ%fﬁ%&% ?ﬁ&tﬁ‘fﬁg%{}rﬂwﬁ&gds
in 30 service ﬂﬁeﬂgh fits tpfitnarg/and sebdmiarg hmgfoupatamd theh \the viryhe
outer surface mh&n?l ds. _Sel ect|Qn of the sol i hase di spersjn
agent will depmiﬁgﬁﬂn&f‘em h acrylgte reactwath ‘?ﬂ% a}'
the nmononer § bgpifa t5atle }Biﬁnéxohidénﬂh%?of the té@m%%@&@o’i the orgatélc phase are

PCT/ AU95/ 00582

di spersi ng agepreferably premixed:in aseparatd tankiand idispetsed in waterdn the reaction ¢arikd
mat eri al and be able to react with one or nore of the nononers.

As ‘one exanpl e a silane nmethacrylate is a suitable sol i d phase dispersing -

28?” teolrn the art shommg%ﬁyﬁ%@%tMC esl remm

beads which incorporates a toughening agent. The toughemng agents are selected

10 tomeasethexmpactres:stanceofthepolymet Thegeneraltechmquesfor

- increasing the toughness of polymer beads prepared in accordance with the present

" invention may readily be employed to produce bead with increased durability. For

example, rubber toughening agents may be used to improve the strength and

durability of styrene-based polymer beads. The use of these rubber toughening

15 agents not only results in improved durability but increases the sérviceable life of

" the polymer beads. The rubber toughening agents include low molecular weight

‘rubbers which may be incorporated into the dispersed phase. A particularly

preferred rubber toughening agent is sold under the trade designation Kraton

_ D1102 although other commercially available rubber toughening agents are
20 available. .

In another aspect, the present invention provides polymer beads comprising a

polymer matrix having solid particulate material dispersed substantially uniformly

‘therein and wherein the polymer matrix incorporates a solid phase dispersing agent
25 chemically reacted into the polymeric matrix.

The polymer beads are preferably macroporous. The particle size of the polymer

beads is preferably within the range of 30ym to 1000pm. The particles of solid

matenalmayhaveaparhcleswemtherangeofsubmaon(e.g.Olmn)toSOO;m
30 andmorepreferablyfromOlwntolOm.

The solid particulate material may act to increase the density, and hence the weight



di spersing agent for the specific reaction system enpl oyed. 10 The

pol yrrerwzﬁgmﬂgqsr eaction taking place in the process of  tperTawoseuss:

i nvention is a suspension pol ynmerisation reaction and techniques
known to those skilled in the art to control and nonitor such
suspensi on pol ynmerisation reactions apply to the present invention.
In order to maintainm the dispersed phase gon. the formof a suspensi on
of droplets in the continuous phase whi | st avoi di ng aggregation of the
droplets, a far atticaia hase-
Is the %?gé&’ﬁh&ghase eglg?lslais?#&g agentte\mrr%ﬁgfg (%lé?ﬁ{/??éilf

al cohol, gel ahe meitivgimon mcludecﬁﬂahial amkzirgonéndi um pol yacryl ate. isto
be under st ood that the invention extends to cover any stabil | SI ng
agent that may be suitable f'or use. The stabilising agent is

typical l'y pregseqi ek %wm prefétred eribdliimlefit, Xhe Y8dlid ‘Phritithilate HfsteFiab i€ 'of W ¥
0.05to 20 2.0% vvelght based onthe wei ght of the whole m xture

It will a|Ssomgngeqm;em ansbaccordingly she polymer beads 3ilb be magnetici at e t he

pol yneri sati on reaction. The initiator to be used depends upon the
nmononers present in the reaction m xture and the choice of initiator

and the anourThersolidiphask dispérsing agentiisia/cheniital coppouad or ispediesthak tid redct

gigfiiﬁﬁfyrgmwy o g&g FBeckines the RS '”'““‘#@mmmﬂ&
Oyorlo?grgxb ﬁsﬁ%@%ﬂg‘/ﬁs grt%‘?erat‘ﬁﬁy%ﬂi% to % caﬁ:m on the

total weitht chﬂpermpagel(tshonld have3 goodh aﬁmtyeﬁ:ertheduﬁamooﬁ thersolidfpartieles

Tonorer  pr e @l FrsteEAbBIOGIG be' PhIE o ehetticaly, popd.Joyhe. s afﬁf‘%g&@upon

the wei ght Ohpahliédd, MHROER' 6f sHEl &nPigehf alowWy the sbﬁd%?ﬂ"&él&s w&hauspersed
throughout the polymenc matrix.

15 As the solid particles are dispersed throughout the polymer beads of the present
invention, the solid particles are not easily removed from the beads and this allows
the beads to be subjected to a number of handling operations, such as conveying,
pumping and mixing, without substantial erosion of solid particles therefrom.

20 In another aspect, the present invention provides polymer beads comprising a
polymeric matrix having solid particulate material dispersed therein, wherein the
polymeric matrix incorporates a solid phase dispersing agent which is chemically
reacted into the polymeric matrix and wherein the polymer beads incorporate a
toughening agent.

The invention further provides ion exchange resins including polymeric beads in
accordance with the present invention.

Throughout this specification and the claims which follow, unless the context

30 requires otherwise, the word "comprise’, or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated integer or group
of integers but not the exclusion of any other integer or group of integers. .
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(same basis).

The crosslinking nononers may be present

PCT/A(95/00582

1 - to 90% by wei ght, based on the weight of total nononers, nore

preferably 10 to

30% by wei ght,

by wei ght of t

-

partlcles of matefial are preferably added in an anmount of from 10 to 300
W % based on the weight of total nonomers, nore preferably 20 to 100% by
10 weight (safixamgpled). The solid phase d| spersing agent is preferably

added in an

to 10. 0% by %l ght,

MagueHSCpOlvbEe il i piepdied BE) Gy Sl e Brorfy U1 e

mat eri al .
t he nononer (s)

)

_amount of 0.10 to 30.0% by weight, nore preferably 1.0

based on the weight of solid particles of

t he organi c an@resentinventibn usingahe following rawanateriglst he resul ting ni xture.
The shear applied to the dispersion can be adjusted to control the
size of the droplets of the di spersed phase As the droplets of

di spersed phasq, ar e waley-"efis I .
appl i ed to the di sper5| on ?ar nﬁﬁy contro HI partlcoéisllﬂ%ihg?ét'ﬁe

lreagsed.y ner beads are controlled to have a

pol ynmer be

Genedispessed angithen

particle size bl t NgdsBifidi PEH 7 B0 a high molecular weight polymeric surfactant, a

15

polyvinyl alcohol, that dxsperses the organic phase in the water as droplets.

Teric ®N9; thrslsalowmoleclﬂarwelghtsurfactantthatmaddedtofurther

reduce the particle size of the dispersed organic phase.

Cyclohexanok this is the major porogen: it is a solvent for the monomers,

but a non-solvent for the polymer, and it promotes the formation of voids
and internal porosity in the resin beads.

Dodecanok: this is the minor porogen.

~ Solsperse ® 24000 it is a solid phase dispersing agent and is a block

copolymer of poly(hydroxystearic acid) and poly(ethyleneimine).

Pferrox ® 2228HC y-Fe,0; gamma - iron oxide (maghemite). This is the
magnetic oxldethat makes the resin beads magnetic.

DVB-50 (divinyl benzene): this is the monomer that crosslinks the beads.

GMA (glycidyl methacrylate): this is the monomer that is first polymerised
to incorporate it into the beads, then it is quaternized to place quaternary

in an anmount of from

50% by wei ght (saneqasi's). Additional nononers may
be present in an anmount of to 60% by weight, nore preferably 0 to

nonomers may constitute fron%d%& m%%%ﬂmm}%r e?&%?%%ﬁ%%.

suspensi on pol yneration m xture. The solid

-



Once a stable dispersion of dispersed phase in continous phase is

est abl i sIY£Q26/07¢

pol ynerisation reaction is starteddRAURSHIS8Ag t he

di spersion to the desired reaction tenperature. The di spersion naybe
held at the desired reaction tenperature until - 25 the polynerisation

reaction is substantially conplete.
~reaction is substantially conplete, the poiﬁner beads may be

Once the polynerisation

optionally treated to activate the a tlve S|tes in the polymer for ion

exchange and

W%mnsee&/ erebyicyeating the ion gxchange gites:

~sites in the polynmerxfor ion- exchange wi || be dependent on the

nature of- the speti,es"to be separated

ro solution. Fgr e
hydrol ysis of pol yflethyl acrylate) bedds W IjL provide a weak aC|d
cation ion exchan e <9S|n suitable f ratlng transition ns
such as VWO 96/ polymenuuon quatermzanon
- 10 A

PCT/ AU95/ 00§82

cadm um and zi nc fp m soI um;gnthm nati on @r quat e.EnNzg@ on of theopol yner
beads may be used g

provide an ion exchang® resin“Suitabl e for theYyenova

of - acidic ofganic materials fromsoglution. It wll be cl o tédse |
skilled in the arg that the means activation of the ion xchqgge
sites may be conveniently sel ected 5 “dependent on the nature of

conpounds to be separated from solution. The

beads may require

cl eaning before use. This may be achieved by a sequence of washi ng
the beads ¢ byp,St eAIBN! thiBfié the datflyst@RESmitiates polymerisation when the mixture is

15

‘heated above 50°C.

11.  Trimethylamine this is the amine that reacts with the epoxy group of the
glycidyl methacrylate to form quaternary ammonium jon exchange sites.

12.  Hydrochloric acid: this is used to neutralise the high pH due to the
trimethylamine.

13.  Ethanok this is used as a rinse and as a wetting agent.
Method

Water (6.3L) was charged to a 20L reactor and the stirrer and nitrogen purge
started. Next Gosenhol ® GH-17 (30g) and Teric ® N9 (15g) were added, and the
water phase heated to 80°C to dissolve the surfactants. While the water was
heating cyclohexanol (1755g) was charged to a separate stirred mix tank and the
stirrer turned on. Dodencanol (195g), SOLSPERSE @ 24000 (63g), Pferrox 2228
HC y-Fe,0, (936g), divinylbenzene (410g), and glycidyl methacrylate (1541g) were
added in turn. This mixture was stired and sonicated for one hour.
Azoisobutyronitrile (8g) was added and the mixture was stirred for a further five
minutes before adding it to the heated water phase. The resulting dispersion was
held at 80°C (+5°C) for two hours, during which time polymerisation occurs and the

(

’



‘One net hWe® %87675| eani ng t he pol ynmer beads includes the foPCBAMUIY088RPS:

10

(a)

add reaction product to a | arge excess of water, stir and

allowto settle; (b) separate beads fromthe supernatant;
(c) . add separated beads to a | arge excess of water, stir and allow to

settle before

separating beags fromthe supernatant; 15

- (d) repeat step (c) several tinmes; (e) di sperse water washed

beads in al colslid fegin'tRiags {2.95kg were fdrineds e mitrog is'th6h 8lopped hnd e

dry.

por ogens and FH&HWFI@@‘I thed

particul ate

whi ch produces pﬁ yner Ba%ﬁls ?r%e%ﬁa%mrgg#tégﬂg???%ﬁﬂ#em%ﬁ} i's

An al ternative c?ean up procedure I s to steamstrip the
ydmfamamaa@ agdded torgminate ghe resin.s These

evenly distri hddediin suchaghayas mfmamtdmmh%pﬁelﬁiweeﬂGandS -Theareactiqemixtirey

preferred
produced.

di vi nyl benzeeanpéilaauevmafe%ﬁds
i ncl udes a m xture of cycl ohexanol

such as

or gani ¢ phase

oS0 ibe ot Mt e M ncfet i sy et bﬁ%‘%}écﬁmm and

séé\nﬁﬁ%at ?ﬁﬁéwss % SO
tol uene or dod ol poro ens
Pol yvi nyl al coﬁmhmg,wsuunamdcm(ﬂxmaalgumhmwmmm or

pacidésS: Ty sfin i 35 Mok ket reprenetjn St Hheh Bl

nmagneti ¢ nmat eandlwashéd with additibralcethanol, thendacepsrie; iang dristwithranf sir stréamor

@B ﬁtemjs a hl oc C'cr)ggiéprrgrb&%% Pgéhﬁr?ﬂég‘ x;;ts_é ea‘;vlmcm

use in thi
acid) and

15

Figures 1AandlB Ascanbeseen,especxallyﬁ'om Figure 1B which is a
photomicrograph of cracked beads, the solid particles are evenly dispersed
throughout the polymer beads.

The maghemite was well dispersed throughout the resin beads produced in this
Example.

Comparative Example 1

The materials and method of Example 1 were used to make 58g of resin on a 300g
scale, the sole difference being that the dlspersant for the y-Fe,O,, Solsperse 24000,
was omitted from the preparanon. After the polymerisation and quaternization,
fine, dark brown beads were obtained. However,whenthebeadswere cracked
open, . their interiors were white and only the surfaces were brown.
Photomicrographs of these beads are shown in Figures 2A and 2B. Figure 2B is a
photomicrograph of cracked beads and, as can be seen, the y-Fe,O, was only
attached to the surface of the beads and not dispersed through the bulk. This
means that the beads are highly likely to lose y-Fe,O, in service.



WD 96/ 07675

* PCT/ AUOW/ORSH367S PCTIAU9SIBSS2
SOLSPERSE 24000. This solid phase di spersi ng agent has a high affinity for
t he . surface of the y-iron oxide and also reacts with the epoxy group
of the glycidyl met hacryl ate through its primary and secondary am no
groups and then the Vinyl groups f¥om the nethacrylate react with
pol ymerising radicals to becone covalently 5 bound to the polyner
matri x Al | ofExample@rponents of the organic phase are preferably

pre-mxed in a sepasate tank and dispersed in water in the reaction tank.
I n anot her aspecte, the present invention provides a process which produces

pol ymer Mag@etits mydtreporots oweakr akits cationugichaingey bemdst are'r;n-epamghm ng
agents are selected 10 . to increase the i ac@ge& stance of the
‘pol ymer . The ageorsianee mith, the, pracess, of the mvenqggt

fg;ﬁ; Ee g%@o prc}guc(eu%ggg&vﬂh mcrggseg guraglll Ity. I For !ﬂP ad
exanpl e, rublsyual igheofe&ybwylhte nAy thecendsaf the polymerization sedivty hkydgatidend
oughent ny s b&sow&qp%?aﬁégqﬂ’fﬁ%w%“e  Bipic of SHIh AeiapeT gpd the

i ncreases th g%‘ﬁﬁggﬁrr’ehfa?wfde bf&vﬂ%%ﬂr%dﬁmﬁbﬂsrahhhﬁé

t ougheni ng agents i e | ow nol ecul ar WEI gh rubbers which may be

i ncopor at ed ibeads washet] by slecantation With wats, @E#Qﬂqu‘s described lﬂrgﬁéﬁl pled,
E)li?ggr alt? S‘ﬁ wmrép%g%ly avetltem@fﬁ E&Sab“g?&%ﬁghem ng agentdsﬂug?e |
20 avai | abl ehydrochloric acid to convert the sodium acrylate functional groups to acrylic acid
groups. The beads were thendned in a vacuum oven. The unhydroljzed poly(ethyl
acrylate) beads contained 40.3% iron oxide by weight. After hydrolysis for 2 hours
at 80 degrees the product had a weak acid capacity of 2.1 mlhequwalenspergram
15 and contained 40.2% iron oxide; after 7 hours’ hydrolysis the capacity was 29
meq/g and the iron oxide content 38.8%.

Example 3

20 Magnencpolymerbeadswerepreparedmaocordancemththeprowssofthe
present mvennon using the followmgrawmatenals

1.  Water thisisthecbnﬁnuousmediuminwhichthgorganicphaseis
dikpersedandthenreacted. '
2.  Gosenhol ® GH20: this is a high molecular weight polymeric surfactant, a

polyvinyl alcohol, that disperses the organic phase in the water as droplets.

3. Cyclohexanok this is the major porogen: it is a solvent for the monomers,
30 but a non-soivent for the polymer, and it promotes the formation of voids
and internal porosity in the resin beads.

’



I'n anot he wasgeets the present invention provides pol yner heeglgussmosega si ng

a pol ymer matrix having solid particulate material dispersed
substantially unifornmy therein and wherein the polyner nmatrix

i ncorporates a solid phase dispersing agent 25 chemcally reacted into
the polyneric matrix The pol yner _Rgads are preferably

macr oporous. The particle size of the pol ymer beads is preferably
wi thin the rangg of 0 43k ol es of solid mat eri a
may have a part?cle g?@%h%nﬂ%ggpggkge O#EE n1cron (eg. 0.1 pn) to 500pm
30 and nore preferablx fromO.lpmto 10pm ' . The solid partlculate

material may act td Crease ensi,t d hence t he, wei ght

96/ 07675 y g hglsperse W %SD%GPQ &spers a& andlsabm
PCT/ AU95/ 00582 -

of the polyner beads. IE&] rne)ll‘es 0 ol %%‘?F?ﬁ?&?%%e‘rhfléf‘é sw!’abl e for

use in S the present i nvention include titania .and zirconi.a.

In an especi al | referred t he sol.id particul ate. nat aI
of a 5 magnePic n&mrﬁg&ge% FARMY, S 1rpR %(m %
magnet i c. magnetic oxide that makes the resin beads magnetic. '

7. KRATON®D1102 this is a low molecular weight rubber, incorporated into
10 - the organic phase to toughen the polymer beads. |

8. DVB-50 (divinyl benzene): this is the monomer that crosslinks the beads.
9. GMA (glycidyl methacrylate): this is the monomer that is first polymerised
15 to incorporate it into the beads, then it is quaternized to place quaternary

ammonium groups into the beads, thereby creating the ion exchange sites.

10. VAZO ® 67: this is the catalyst that initiates polymerisation when the

mixture is heated above 50°C.
20 .
'11.  Trimethylamine: this is the amine that reacts with the epoxy group of the
glycidyl methacrylate to form quaternary ammonium ion exchange sites.
12. Hydrochloric acid: this is used to neutralise the high pH due to the
25 trimethylamine.

- Method

Water (2333g) was charged to a 5 L reactor and the stirrer and nitrogen purge
30 started. ‘Next, Gosenhol GH20 (10g) was added, and the water phase heated to
80°C. While the water was heating Toluene (130g), DVB-50 (130g) and a first
portion of Cyclohexanol (130g) were charged to a separate mix tank and the stirrer



The solld!Phase di spersing agent is a chem cal conpoundnér 38§§k s that can -
react €Pth the nononers used to produce the poly such

that the solid phase di spersing agent is incorporated into the

- polymeric matrix Further, the solid phase 10 dispersing agent should
have a good affinity for the surface of, %@e solid particles and
preferably should bé able to chemically bond to the surface of the solid

Grsper sea | clrnd Bn? ik lkpdtle B0 (P840 Snd i Btk 3B TIC e (B55e)

particles argefs ﬁ&umrthaﬂlﬂwmxidmemtmed land denichted!for 20 aminutes to

I nvention, the Spol I.d-particles are not, eas d fromt s, and
this allows Yﬁ?%@&&gemugﬁé}déctmﬂﬂﬁ;@ 8’8? qlg@ﬁg ‘Pﬂ
operations, gy 8oy |4 further, h?ur wmgeqné tﬁhﬁi&iﬂaq \WgédtO U Glycidyl
substanti al er05| on solid particles therefrom ¢ n_anot her aspect,

the preseft mcﬂmcrylm (520g)i ﬂnsepmﬁmgCydohmob(ﬁSDg);%ﬂ& VAZO 67 (65g)er i c

.gg]t;lré“hgvkg sol.i d %ﬁ?‘tge materlal a%g%eéoﬁ %%WW

chemical l'y addm it ©8e hdatedivratergh &elm ﬁﬂ%ﬂispeﬁfﬁi%@h@uﬁéﬂaﬁd' yner.

beads i ncor por at e a toughenl ng agent. The i nventi or}

further pr ovbddsaﬁ ¥NCeforHmogkourss | Fhe nHEOSERi PWIED AY35
apeci 1 cati ofsiyfinBhg V887g: 230607 Bod byiroch ess‘*%‘ﬂ@“%?g%%”fsd“"
reqw r es 10t hetren l:he mkhﬁemdhémmpedandhehimébr arfarthelcﬂlreﬁ;hom.rrﬂhnses
stat od int egm”m SI naxﬁncooled nde t.ood to | chhe isncl. u%ﬁﬂ f’e{ny
other integep ﬁﬁo:aﬁﬁ&agq{phldma%ids is shown in Fignre 3A. Figures 3B and 3C are
| photomicrographs showing the beads crushed between two microscope slides. Some
of the beads are broken revealing their interiors. This illustrates that the solid
15 magnetic oxide is well dispersed throughout the beads, and the beads are
qualitatively tougher than those of Example 1. Further, the size distribution of the
polymer beads was relatively narrow.

Example 4
20 o
- Magnetic polymer beads were prepared in the manner of Example 3, except that
the temperature of polymerization was 70°C. Polymer beads similar to those of
Example 3 were produced.

25 Example$

Magnetic polymer beads were prepared in the manner of Example 3, except that
the temperature of polymerization was 90°C, and that the mixture of monomers,
porogens and magnetic oxide was gradually fed to the water phase over sixty
30 minutes. Polymer beads with excellent magnetic oxide dispersion and strength
resulted, however the distribution of polymer bead sizes was relatively broad.
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Jhe invention will be further described with reference to the foll ow ng
non-limting Exanpl es 5 © Magnetic polymer beads were
prepared in accordance with the process of19he present invention
using the follow n raw material s: 1. Water: this is the

cont i nuous m(mmgk-ﬁmi ch the organic phase is 10 di spersed and
t hen reacted. 2. -CGosenhol [err] GH 17: this is a high nol ecul ar
wei ght pol yneric surT\act ant, a pol yvi nyl al cohol, that

di sperses t he Magheticpolyares berd\ptegw@mdmenhmrofExam 1e3 @xcept Tedti C
[err] N9: this_ is Iow m)lecular Welg t surfactant that is added to
further 15 the mmatgguw tlparoyd - Peroxides z@%#eﬁw&ilm &eeﬁi@m not

“phase. &E@‘ﬁ?&':mst %gu'-?b woﬁﬁ wbgpt?b
sol vent for th %?rr‘g‘rlgﬂ e t a non-sof vent for the polyner,
and it pronotebommxmw‘mming\mms of separation of the magnetic oxide from the

polymer matrix. Some beads contained no magnetic oxide.
Example 7

10
Magnetic polymer beads were prepared in the manner of Example 3, except that
the initiator was Benzoyl Peroxide. While the resulting polymer beads had
acceptable magnetic oxide distribution, the beads had a very broad size distribution,
and many were irregular, rather than spherical, in shape.

15
Example 8

Magneuc polymer beads were prepared in the manner of Example 3 except that
theamountofSolsperse24000wasoneth1rdthatmExamplc3 The resulting

20 beads had a poor distribution of magnetic oxide, with internal regxons that were
whlteduetoalackofonde,smﬂartoComparauveExamplel. There was much
magnetic oxide not incorporated into the beads.

Example 9

Magnetic polymer beads were prepared in the manner of Example 3, except that
the amount of Solsperse 24000 was three times that in Example 3. While the
resulting polymer beads generally had acceptable magnetic oxide distribution, the
beads also frequently included smaller white beads that were free of oxide, and
30 were fragile, rather than tough.



and i nterpal ? rosity in the resin beads. 20 Dodecanol.:

this is r porogen 6.  Sol sperse [err] Eﬁ?{é@ SH0582 s a
solid phase dispersing agent and is a bl ock copol ynmer of

pol y(hydroxystearic acid) and pol y(ethyl eneim ne) 25 7.

Pferrox [err] 2228HC y-Fe[err](ferr] g -~ iron oxide (maghemte)

This is the magneti ¢ oxi de“Vhat makes the resin beads
magneti c. ﬁ DVB-50 (divinyl benzene): this is the nonomer that
crosslinks th 30 9. GVA (glyci-dyl nethacrylate): this
is the nononer that' ks first polynerised to incorporate. it
into the beads, tthen Tt is quaternized to place quaternary - WD 96/ 07675

PCT/ AU95/ 0058Magnenc polymer beads were prepared in the manner of Example 8; except that
anmoni um gr ougs, i nt o th? &eadﬁbl W%c&&ahl npmat}e 'ﬁ Pﬁhgngmlet&s:
5 resulting polymer beads generally had acceptable magnetic oxide distribution, the
beads also frequently included smaller white beads that were free of axide, but were

‘tough, unlike Example 9. | '

Example 11
10
Magnetic polymer beads were ptepared in the manner of Example 3, except that
theamountofGosenholGHZOwasthreenmesthatmExample3 The resulting
polymerbeadshadgoodmagneucondedxsm‘buuonandweretaugh. However, the
beadsowasmnaﬂymdudedsmaﬂerwhxtebeadsthatwereﬁ'eeofunde,butwere
15 hard and tough, unlike Example 9.

Itw:nbeapprematedthatthemvennondesmbedheremmsuseepﬁblemvmamm

andmodxﬁcauonsotherthanthosespecxﬁcaﬂydescribed. It is to be understood .

'thatthemvennoneneompassesaﬂsuchvmanonsandmodxﬁunonsthatfanmthm
20 the spirit and scope.



‘[err] WO096/0/%75 10. AIBN. this is the catal yst that iniRCTABIS/00582
pol yneri sati on when the m xture is heat ed above 50[err] C.

11. Trinethylami.ne: this is the amine that reacts w th thé epoxy group—of

tegghange sites. gI135/C| V! magacrmgfoéﬁl%ﬂg‘ gg?éernar%ﬂ"’ﬁmmmﬂ"m

neutralise the high pH due to the rrethyla*mrf

Et hanol : this el as a rinse and as a wetting agent. Met hod
Water (6.3L) was charged to a 20L reactor and the stirrer and ni trogen
pur ge started\ Next Gosenhol [err] G417 (30g) and Teric [err] N9

(159) were added,-f aﬂdpﬂdoess fo Sprutlucingppolymeh coeads! ihcorpofating] solid particuldte
e o o e tRespruci s o S bl sl
5 including one or more monomers also including solid particulate material, and

causing said one or inor__e monomers to undergo a polymerisation re.ac_tion to form

said polymer beads, wherein said dispersion further includes a solid phase

dispersing agent for dispersing solid particles of material in the dispersed phase and

wherein said solid phase dispersing agent reacts with at least one monomer to

10 thereby become chemicaily incorporated in said polymer.

e

2. A process according to Claim 1 wherein the dispersed phase is an organic
phm. . .

15 3. A process according o either Claim 1 or Claim 2 wherein thie polymer beads
-are ion exchange resins.

4. A process according to Claim 3 wherein the jon exchange resins are
produced from crosslinking monomers which are able to provide crosslinking points
20 andarefhncﬁonalmonomerswhichareabletoprovideiongxnhangefnncﬁonal

S. Aprowssmdihgmam4whéreinthemﬁnkingmommersm
seleetedﬁ'omthegmupconmnngofdxvmylmonomerssuchasdmnylbenzene,

25 ethylenegiycol dimethacrylate or poly(cthylenegiycol) dimethacrylate or methylene
bisacrylamide, ethyleneglycol divinylether and polyvinyl ester compounds having two
or more double bonds.

_ 6. A process according to either Claim 4 or Claim 5 wherein the functional
30 monomers are selected from the group consisting of glycidyl methacrylate, vinyl
benzyl chloride, dimethylaminoethyl methacrylate, N,N-dlmethylammopropyl
acrylamide and methacrylamide, vinyl pyridine, dlallylamme, and their quaternmd

Sheet Has Been Reﬂlaced
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stirrer turned on. Dodencanol (195g), SOLSPERSE [err] 24000 (63g),. Pferrox - *.
2228 WOFTS. Fe[err] O err] (936g), divinyl benzene (418§FAUL: yci dyl

nmet hacryl ate (1541g) were . added in turn. Thi s xture—was—sti++red
and soni cated for one hour. 30 Azoi sobutyronitrile ( t he
m xture was stirred for a further five m nut es: amﬂlﬁﬂ iﬂﬂﬁﬂ ui

t he heated water phase. The resulting di §|:?&"sion was -

80[err]C([err f.or tvvo hours, . dugi WwWhjch tine polymerlsatlon
occurs and théJ W;sg%’ amide arid Lycﬂ'ghzed&enva tives.

PCT/ AU95/ 00582 AN -15 -

solid resin beads (2 95kg) were formed. The nitrogen purge is then stdpped
and the 7.t r i deprogessaceerdingroany onpof Claims i to Gwiereiarthe dispersed phase

amnate the r |Qﬁ@gi ials can either be pre-mxed (with
great caution eerto e exot"ﬁer‘?w'%é(ix%gé‘%Is - added in such a way as to.
maintain the pH between 6 and 8. The reaction m xture I's then held at
80[err]C for three hours. . The e is then cop]ed to room

tenperature, &nd t%%ﬁs‘@@‘iﬁi&%& 3 m"%wm%
repeat ed cycl %ﬁgﬁa BDenkdnee aﬁgﬁ&g tle.
much faster t ngﬁonsfsree oxl partltaﬁes he resin beads are then.

filtered, rediasfbmtanal, mtdmhcdydohbxanol,dodecmﬂ,:soamyl denholvandauethytiso-

addi tional ethangl . .then aceto dried an_a trea

‘Phot oni crogra i"t’t”'ﬁ@’ g‘l"‘?ﬁ’é‘?‘ % "GMM ?’Wh

Fi gures 1A!(ﬁn%u&IBas%h§ﬁan&eism&ne,eﬁﬂ6§¢xﬁxéd/ sémliuwrs dl&luﬂjeﬂihdes

phot omi crograph of cracked beads, the solid particles_are evenly di spersed‘
asilioctyighielate and dibweyi pdipels, Bobvmers

t hr oughout t harigaloresthylgae, plasticisers such

throughout  t NguEe St BoljeRftne 4R bSiGHn{iNackilitS, and mixtures thereof.

9, A process according to Claim 7 wherein said porogens are mixtures of
15 cyclohexanol with other porogens such as dodecanol or toluene.

10. A process according to any one of Claims 1 to 9 wherein said solid
particulate material is a weighting agent.

20 11. A process according to Claim 10 wherein said solid particulate material is
selected from the group consisting of titania, zirconia, barite, cassiterite, silica,
aluminosilicates, nickel oxide, copper oxide, zinc oxide, zinc sulphide, and other
oxides, sulphides, sulphates and carbonates of heavy metals. -

25 12, AprocessaceordmgtoanyoneofClmmslto9wheremsmdsohd
particulate material is a magnetic material.

13. A process according to Claim 12 wherein said solid particulate material is
selected from the group consisting of y-iron oxide (¥Fe,O,, also known as

30 maghemite), magnetite (Fe;0,), chromium dioxide, other metal axides and more
exotic magnetic materials, such as those based on niobium and other rare earth
materials. | '
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Exanpl e. WO96/076750 The materials and nethod of Exanple 1 RETAUIS0Ss20 nmake
58g of resin on a 300g scale, the sole differencebermgthat The

di spersant for the y-Fe[err](Jerr], Sol sperse 24000,

fromthe preparation. After the polyrrerl satlon and qu*ml!lmgmum "ﬁ
fine, dark brown beads were obtai ned. Howev4d = when t eads wer e cr*acked
open, their interiors were white_and only the surfaces wer e brown.

Phot oni crograpl*?s4 4%9%%@% ta rasinong, of glﬁ“@% b 10 243 wherein; sgid éoh@

IySFfal[err] qerr] was g{‘\.'l y o a?’?gﬁg%g@ sr?r gfﬁ?ﬁi%s and

not di spersed throlgh t he bul k Thr S means t hat the beads are

highly likely tQ | os Fe err .err] in servigc V\096/07675
PCT/ ALDS/ 00582 1 A P& ing to any one of &alms 11514 whereig said

5 particulate material is in the range of ﬁ_'om 0.1um to 10um.

16. AprocessacoordmgtoanyoneofClmmsltolSwheremsalddlsperslon
furthermcludesastabﬂmngagent.

10 17. A prooess according to Claim 16 wherein said stabilizing agent is selected
from the group consisting of polyvinyl alcohol, gelatine, methyl cellulose or sodium
polyacrylate. | |

18. A process accordmgto either Claim 16 or Claim 17 wherein said stabilizing
15 agent:spresentman amount of001 to 5.0% bywexghtofthewholemmure

19. A process according to any one of Claims 16 to 18 wherein said stabilizing
agent is present in an amount of 0.05 to 2.0% by weight, based on the weight of the

- whole mxxture.
20 _ _
20. A process according to any one of Claims 1 to 19 wherein said dispersion

further includes an initiator.

21. A process according to Claim 20 wherein said initiator is selected from the
25 group consisting of azoisobutyronitrile, benzoyl peroxide, lauroyl peronde and t-
- butyl hydropero:nde

2. A process accordihg to either Claim 20 or Claim 21 wherein said initiator
is present in the range of 0.01 to 5.0 wt% based on the total weight of monomers.

23. A process according to any'oncdf'claimsZOtoZthereixisaid initiator is
present in the range of 0.1 to 1.0 wt% based on the total weight of monomers.

This Sheet Has Been Reﬂ
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Magneti c_macr oporous weak acid cation exchanger beads are prepared in
accor darf¥@9PTS t he process of the invention. The suspensRGCIIAPRSIOPS82r i zat i on
5 described in Exanple 1 was repeated with the glycidyl nethacrylate

repl aced by an - equal wei ght of ethyl acryl atej ma " figgi he

pol yneri zati on sodi um hydr oxi de wag, added to Hlmu mﬂ MHHL (1.5
mol es per nole of ethyl acrylate) and the - mixtUre géntly stirvred at
80 degrees. Sgppleg were w thdrawn at interyal.s a e . _.beads shed
by decant ai i ofbwi + A HERcEs SorAlfi b, v o8e 3E Lpfc % 73 herpin said Bttty o
packed into anfiindftelé ate Preséntlinm athdintdf BUNP10 t6/999%5by weight Belsedl widifithei t h
dilute hydrochloric acid to convert the sodiumacrylate functional
groups to acr {atakmgapmers, said cropslinking mpnemersmay he peesentin an amgunhoffromc uum

Y on oxi de. by 48 S0 67 wEkbY biilinon the o BBt ind Sl hitclich bl
product ha§ abeprésent imlan anunt of ap t8 60% by weight basedoujion thertotal asonomerb. and

contai ned 40.2% iron oxide; after 7 hours' hydrolysis the capacity was 2.9
meq/ g and the iron oxide content. 38.8% : Exanpl e 3 20

Magneti c pol yger b‘g’a?ﬁ,” c@gr&w L Bnd ¢ RCE 10'08 Rviebéin fixtiBhalt he -
pr esent inventﬁigon using the foll H%*PQ%WWQer_i-al_s: ' FHaﬂg V\%‘tner:
this is the chenomesssrenprésent inransmountiafdram §0o S0%hby weight based upon the

0 pet 560 20 b RABhS it sroliving pppafrs ey 8 A L7 bd koS
al cohol . t10at 10t 56%byewdigiht used ipsn EieAEal nibriofery\ @i additiodl titbiitiriers may
' be present in an amount of up to 30% by weight based upon the total (
monomers.

26. Aprocwsaceordmgto any one of Claims 4 to 25 wherein total monomers
15 are present in an amount of from 1.0 to 50% by weight of the suspension
polymerization mixture. | |

2. Aprowssaecordingtoanyon.eofClaimsho%whereinmtalmonomers.
are present in an amount of from 5.0 to 30% by weight of the suspension
20 polymerization mixture. |

28. A process according to any one of Claims 1 to 27 wherein the solid
particulate material is present in an amount of from 10 to 30% based upon the
weight of the total monomers. -

29. A process according to any one of Claims 1 to 28 wherein the solid
_pat_‘ticulatgma_terialispresentinanamount.ofﬁ'ommtolm%baseduponthe
weight of the total monomers.

30 30. A process according to any one of Claims 1 to 29 wherein said solid phase
- dispersing agent is present in an amount of from 0.10 to 30.0% by weight of the
solid particulate material.
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3. Cycwuossorers : this is the major porogen: it is a sol wnyadesrosgae

nonomner s, 30 but a non-solvent for the polmﬂﬁr—and—rt—prcrrm’res
the formation of voids L and i nternal sin
beads 00 0107075 i
PCT/ AU95/ 00582 4] -

4. Toluene: this'is the ni nor por ogen. 5. SoI sperse [err]

2400: it is 3150! iKlpritessactbrding o aae&tcnﬂﬂ:slts:m@bmiemsadsohdphm

copol ynmer of pol y(hydroxystearic aC| d and ol y(et hyl enel m ne) ,

6. Pf er r ox [d&psfsmmwné 019 10,0 Mhﬁd-’hﬁﬁ@%)
This is the ma g\gnet I C OXi de that makes the resin beads

magneti c. t? teﬂ TON[err] D1102: this is a | ow nol ecul ar wei ght
rubber, incorporated into 10 t he organlc phase to toughen the

pol ymer be VB- 50 (di VI be ze this is . the oner
t hat crosslaéinl:’;th€‘5§§8§s toanyoneof eremale beags

are treated to activate the active sites in the polymer for ion-exchange.

33. A process according to Claim 32 wherein the polymer beads are treated by
hydrolysis, amination or quaternization.

10 :
34.'_ AprowssaccordingtoanyoneofClaimsl-to%whereinthepolymerbeads
are subjected to a subsequent cleaning step.

35. AprowssaccordingtoanyoneofClaimslto%whereinallthe
15 mmponentsofthed:spemalphasearepremnedandsubsequenﬂydlspersedmthe

continuous phase.
36. A process according to any one of Claims 1 to 35 wherein said dispersed

phase further includes a toughening agent.

37. - Polymer beads produced according to the process of any one of Claims 1 to
36. . . R . .

38. Polymer beads comprising a polymer matrix having solid particulate material

25 dispersed substantially uniformly therein and wherein the polymer matrix
incorporates a solid phase dispersing agent chemically reacted into the polymeric
matrix,

39. Polymer beads according to Claim 38 wherein said polymer beads are in the
30 range of from 30pm to 1000pm.

- 40. PolymerbeadsacdordingtqeitherClaim380r39whereinthesolid

This Sheet Has Been Repl
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: “éé&,&/mdyl met hacrylate): this is the nononer that is first
poI ymer i to incorporate it into the beads PGIAYS/00S82g

quat erni zed to place quaternary amoni um-greups—into the

beads, thereby creating the ion exchange sites err]
67: this is the catalyst that initiates pol rrerlsatlon‘ H ’
m xture is heated above 50[err]C - 20 "&0°

Il
is the am ne that reacts with the epoxy grqQup of the.
gl yci dyl met hal?ﬁ‘? material & Q&B&@Pﬂ%ﬂ!ﬁ%ﬂﬂ%ni umion exchange sites.

12. Hydrochloric &e{d: this is used to neutralise the high pH due to the

25 tri met'hyl amne. _ Met hod - \ater (2333g) was
charged to a H#lL r Rolymer beadds romprisingea polymericr matix havipg solid3 particulated.
Next, Gosenhol 20 s adde t he wat er heat ed t

801 er 1] & vt | e ispetbed Bier @ Fherell e emi it BB ErDER e i phpse

first 5 disﬁdfslﬁ tSificld RThamidall %mm&meﬂcmmmm X
tank and the sti rrergagénV\O 96/ 07675 9

PCT/ AU95/ 00582the polymer beads mcorporate a toughening agent.

42, Polymerbeads according to Claim 41 wherein said polymer beads are in the
range of from 30um to 1000pm.
10
'43.  Polymer beads according to either Claim 41 or 42 wherein the solid
particulate material is a magnetic material.

4“4 A process for producing polymer beads substantially as hereinbefore
15 described with reference to any one of the Examples and/or Figures.

45.  Polymer beads substantially as hereinbefore desu‘ibedmthrefereneemany
one of the Examples and/or Figures

This Sheet Has Been RTlaced 3




-18 - turned on. The Sol sperse 24000 (21.84g) and the Pferrox 2228
HC y- Fe[ erwdhebsrerd (3250) were added in turn, then the m xture was
stirred and sonicated for 20 mnutes to thoroughly 3F§$@P§@W$ﬁe
magneti c oxide. Kraton D1102 was then added and the m xture stirred
for a further hour to dissolve the t degﬁnlng agent. dycidyl 5

nmet hacryl ate .(5209), t he renalnlng Cﬁ exanol (390g) and the VAZO 67
(2.650) We 'Sl il | ysas stirred for a further
five minutes befd - ' = ¢ phase. The
resulting dispers :

hours. The nitroge
(6879, 25% w w)
the m xture was
hours. The

cl eaned as in Exd;
Figure 3A. Figur
crushedbet ween tw
revealing their
oxide is well dis
qualitatively toug
di stribution of t:
Exanpl e 4 20
Exanpl e 3, excep
70[err] C. Pol yne
25 Exanmple 5

: trimethyl am ne
ndded, 10 then
further three
ng pol ynmer beads
beads is shown in
showi ng t he beads
Bc beads are broken
:id 15 magnetic

‘the size
fnarrow.

Izgyritqagnanner of

pl e 3 were produced.
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‘Magneti c pol yner beads were prepared in the manner of Exanple 3, except

t hat tenperature of polynerization was 90[err t the
_m xture hiin 93@ﬂ6§ﬁer b@mﬁ@q@{iﬁ?

S, por ogens and-magnetic oxi de was- gra ly fed

fto t he water gﬁi r sixty 30 mnutes. Polyner beads with excellent
magnetic oxid _E_ﬁi on and strengt3f5 resul ted, however the

PCT/ AU95/ 0 _
Magneti c po. BRC cpt

that ; . - beads
wer e not ' S| N gnet i c
oxi de was’ ’ par ati on
of the mag ai ned
no magnet i beads

wer e prepar;
was Benzoyl
accept abl e -
di stributi of
shape.
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~ 15 Magneti c pol ynmer beads were prepared in the manner of Exanple
3, excepkobbeisrs t he amount of Sol sperse 24000 was peaavsiudsgzt hat in
Exanpl e 3. The resulting 20 beads had a poor distribution of magnetic
‘oxide, with internal regions that weléd white due to a lack of oxide,
simlar to Conparative Exanple 1. There was nuch magneti ¢ oxi de .not

I ncorporated into the beads. 25 Magneti c pol yner beads were
prepared in the manner .of Exanple 3, except that t he amount of

Sol sperse 24000°-was three tinmes that in Exanple 3. Wile the

resul ting pol yner Béwds generally had acceptabl e magnetic aside

distribution, the& - ~ beads al so frequently included smaller white
beads that were free of oxide, and 30 were fragile, rather than tough.
WD 96/ 07675 - ' .

PCT/ AU95/ 00582 " - 20-
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‘Magneti c pol yner beads were prepared in the manner of Exanple 3, except

t hat wo stmgrenount of Gosenhol GH20 was one third thapcpnubxasgie 3.
Wil e the 5 resul ting pol ynmer bead&%eneral I'y had acceptabl e nagnetic
oxi de distribution, the beads al so frequently included smaller white
beads that were free of oxide, but were tough, unlike Exanple 9.

10 Magneti c pol yner beads were prepared in the manner of Exanple 3,
except that t he amount of Gosenhol GH20 was three tinmes that in
Exanpl e 3. The resulting pol ymer beads had good magnetic oxide

di stribution and wer® tough. However, the beads occasionally

i ncl uded smal l er fhité beads that were free of oxide, but -were 15 hard
and tough, unlike Exanple 9. It will be appreciated that the

i nvention described herein is susceptible to variations and

modi fications other than those specifically descibed. It is to be

under st ood that the invention enconpasses all such vari-ations and
nodi fications that fall within - 20 the spirit and scope.
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"CLAI VS 1. A process for producing ion exchange beads incorporating
sol i d pakfé gﬁ&%y@ mat eri al, which process conprises produ bﬂgigq §§ erS|on
Javing a dlspersed phase |nclud|ng ong/&r nore nononers a SO inc

‘sol i d particul ate material, and causing said one or nore nononers to
undergo a pol ynerisatjon reactlon to formsaid i on exchange beads, wherein
sai d di spersion further includes a solid phase di spersing agent for

di spersing solid particles of material in the dispersed phase and wherein
said solid phase dispersing agent reacts with at | east one nononer to

t hereby becone chenidally incorporated in said polyner. 2. A process
according to claifnl viherein the dispersed phase is an organi ¢ phase. 3.
A process according to claim1 or claim2 wherein the ion exchange beads
are produced from crosslinking nononmers which are able to provide
crosslinking points and are functional nmonomers whith are able to provide

I on exchange funtional groups. 4. A process according to.claim3
wherein the crosslinking nononmers are selected fromthe group consisting of
di vi nyl nononers such as divinyl benzene, ethyleneglycol dinethacrylate or
poly(ethyleneglycol) dlnethacrylate or met hyl ene bi sacryl am de,

et hyl eng or nore
doubl e b 4

wher ei n i ng of
gl yci dyl
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di methyl gm -: A > ﬁﬁ ate, N, N-di netyl am nopropyl acrylam de and

met hacryl diy\ne, diallylamne, and their quatem zed .
derivati veg i{de and its hydrolized derivatives. 6. A
process actokdi opel of clains 1 toSabstitatesheé¢the9ddegamber 1988se
further ind ms el por ogens.

Substitute : 1998

-22 - 7

: aecording to cl,aim6 wherein said porogens are
sel ected fr &+

€ group consisting of “aromatic conpounds such as tol uene

and benzene, al cohols such as butanol, iso- octanol, cycl ohexanol,
dodecanol, i soa al cohol. and net h i so-butyl carbinol, esters such .as
oot o s s Ry B Poiidint Ryt topblymer oAl asEiae BTISE CoRalRET oF PRIV,

| So- oct ane; : RVZTald i I : :
trichlor oe%g?%&@k%i&g%&éﬁgﬁ még&cflg 5@? g%@?’h@?ﬂab? %&gggnﬁg%e&c ﬂowdcr.
adi pat e, p?ldéﬁ’ﬁﬁﬁ%w&i& pateni Oth¥ HispeRih Reutmest i¥ inpyttad d6rt sthisilisiag dhedispersetls
t her eof . 8. Eéocess according to claim6 wherein said porogens are
mi xt ures ofstatsysd thatthe mete ofisettlingrafshe magnaicpowsier is reduced by dueaking,up magnetite.
5 particles which bave clumped together in secondary or larger particles into primary particles.
Furthermore, it is necessary to use dispersion equipment which differs from normal mixing

equipment, with special mixers being required.

The suspension stabiliser described in the ICI Australia Ltd patent application and in the
10 Mitsubishi Chemical Industries K.K. patent application are not capable of reacting with the
monomers used t0 form the resins and do not become chemically incorporated into the resin.

Experiments by the present inventors using the process described in JP 62~141,071 showed
that use of | a polyvinyl pyridine-styrene copolymer, when used as a dispersing agent in a

15 system containing 10.8% y-Fe,0;, in a glycidyl methacrylate/diviny! benzene copolymer
system, gave resin beads that encapsulated the magnetic oxide. However, the beads were
irregular in shape, very polydisperse in size, poor in mechanical strength, had a relaﬁ%)ely low
loading of miagnetic oxide which was poorly dispersed in the bads.

20 It is an object of the present invention to provide an improved process for manufacturing
polymer beads incorporating solid particles.

In a first aspect, the present invention provides a prbcess for producing ion exchange beads
incorporating solid particulate material, which process comprises producing a dispersion
25 having a dispersed phase including on¢ or more monomers also including solid particulate
material, and causing said one or more monomers to undergo a polymerisation reaction to
form said ion exchange beads, wherein said dispersion further includes 2 solid phase
dispersing agent for dispersing solid particles of material in the dispersed phase and wherein

said solid phase dispersing o REPLACEMENT SHEETS  SG
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9. . A, ?ggéjﬁklﬁﬂ\b‘[ﬁ lso any one of claims 1 to 8 wherein said solid
parti cul :&g-'—nﬁt"eﬂ"é'r S I ghting agent. 10. A process according to
claim9 whetei rbi)gi#i\gggl ild jparticulate material is selected fromthe group
consi sting bf & la, ziycbnia, barite, cgabstiteneisheetst |9 Dacember 1998
al um nosi i +TKET ox| de, copper oxide, zinc oxide, zinc sulphide,

and ot her {oxi des, sul phidess sul phates and carbonat€s of heavy netals.

11. A pr cording to any one_gf .clains 1 to ' mﬂm 1id
particulate material is a magnetic material. 12. . mluamn; ing to
claim 11 wherein said solid particulate material is sé&lekted fforhthe group
consistin oi@?’( iron oxide (y-Fe[err](err], also known as maghenite),
magnetite [ $‘] dJerr]), chrom um di oxi de, other netal oxides and nore

exotic magnetic materials, such as those based on ni obium and other rare
earth materi al s. 13. A process according to any one of clainms 1 to 12

wherein sdid s\ prbepssrios producing ivatexchiznge beaiydncorporafiigesdlidarticutateintatenial,
(e-g. 0O thcj:h 11:){'30cgsosocg:o%prises producing a dispersion having a dispersed phase including one or
more monomers also including solid particulate material, and causing said one or more
monomers to undergo a polymerisation reaction to form said ion exchange beads, wherein
said dispersion further includes a solid phase dispersing agent for dispersing solid particles
of material in the dispersed phase and wherein said solid phase dispersing agent reacts with

at least one monomer to thereby become chemically incorporated in said polymer.

2. A process according to claim 1 wherein the dispersed phase is an organic phase.

- 3. A process according to claim 1 or claim 2 wherein the ion exchange beads are
produced from crosslinking monomers which are able to provide crosslinking points and are
functional monomers which are able to provide ion exchange functional groups.

4, A process according to claim 3 wherein the crosslinking monomers are seleciéd from
the group consisting of divinyl monomers such as divinyl benzene, ethyleneglycol
dimethacrylate or poly(ethyleneglycol) dimethacrylate or -méthylenc bisacrylamide,
ethyleneglycol divinylether and polyvinyl ester compounds having two or more double bonds.

5. A process according to either claim 3 or claim 4 wherein the functional monomers are
selected from the group consisting of glycidyl rmethacrylate, vinyl benzyl chloride,
dimethylamiooethyl methacrylate, N,N-dimethylaminopropyl acrylamide and methacrylamide,
vinyl pyridine, diallylamine, and their quaternized derivatives, N-vinyl formamide and its
hydrolized derivatives.

6. A process according to any one of claims 1 to 5 wherein the dispersed phase further
includes one or more porogens.



14. . 'A.‘procm}ﬁ@ﬁdﬂmgsmgny one of clainms 1 to 13 wherein said solid
particul ate fm S 1n thel range of fromO0. 1 pmto 100pm 15. A
process accofd of clainms 1 to 14 wherein said dispersion
further incl ydgs g} agent. 16 Substittessheelc @ Décethbey 1998 M 15

wher ei n sai d jst tlis selectedfromthe—gm*p—eensﬂt_si_mg_of
pol yvi nyl al gohol, gel ati ne, ﬁt hyl cellul ose or so I at e.

A process acce+etmg—t0 €lther claim 1! 0r claim 16
agent is present in an anount of 0.0T o 5. 0%
m Xt ure. A process according to any one of cI ai ms 15 to 17 \/\herel n
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Initiator.
octanol, cyclohexanol, dodecanol, isoamy! alcohol and methyl iso-butyl carbinol, esters such
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as ethyl acetate and butyl acetate, saturated hydrocarbons such as n-heptane, iso-octane,
halogenated solvents such as dichloroethane and trichloroethylene, plasticisers such as
dioctylphthalate and dibuty! adipate, polymers such as polystyrene and polyviny! acetate; and
mixtures thereof.

8. A process according to claim 6 wherein said porogens are mixtures of cyclohexanol
with other porogens such as dodecanol or toluene.

9. A pracess according to any one of claims 1 to 8 wherein said solid particulate material
is a weighting agent.

10. A process according to claim 9 wherein said solid particulate material is selected from
the group consisting of ﬁmﬁa,_.zirconi.a, barite, cassiterite, silica, aluminosilicates, nickel
oxicié, copper oxide, zinc oxide, zinc sulphide, and other oxides, sulphides, sxﬂpﬁétes and
carbonates of heavy metals.

11. A process according to any one of claims 1 to 8 wherein said solid particulate material
is a magnetic material.

12. A process according to claim 11 wherein said solid particulate material is selected
from the group consisting of y-iron oxide (y-Fe,0;, also known as maghemite), magnetite
(Fe,0,), chromium dioxide, other metal oxides and more exotic magnetic materials, such as
those based on niobium and other rare earth materials.

13. A process according to any one of claims 1 to 12 wherein said solid particulate
material ranges in size from sub-micron (e.g. 0.1um) to 500um.



20. . A proces T m 19 wherein said initiator is selected
from the group ' ME&WS@?@, sobutyronitrile, benzoyl peroxide, |auroyl
peroxide and t- yl hydropero i de. 21. A process according to either
claim19 or clajm 2@ owereOfBsaid initiat osubstnmtewﬂieti rQUeeen&mJe19980. 01
to 5.0 wmt % base n the total ijght of nononers. Aprocess

according to sa arms 19 to] 21 wherein said |n|
the range of 0.1 to 1.0 w%-based on the total wei ght “ﬂlﬁm!mmﬂﬂm&
A process according to any one of clains 3 to 22 wherei ncsak

nmononers are present in an anount of from 10 to 99 % by wei ght based upon
t he total

crossl i nki %m%g&in&?%%%rt%g%tow ﬁfﬂﬁ%m l%fW*}eF%siidt @Iiélog)argculgté
wei ght bas&?ﬂw&ﬁtﬁc ébfmm['lﬁhase Mhu@gldi tional nonomers may be present

I n an anoun up to 60% by wel gh upon the total nonomers.

15. A process according to any one of claims 1 to 14 wherein said dispersion further
includes a stabilizing agent.

16. A process according to claim 15 wherein said stabilizing agent is selected from the
group consisting of polyvinyl alcohol, gelatine, methyl cellulose or sodium polyacrylate.

17. A prbcess according to either claim 15 or claim 16 wherein said stabilizing agent is
present in an amount of 0.01 to 5.0% by weight of the whole mixture.

18. A process according to any one of claims 15 to 17 wherein said stabilizing agent is
present in an amount of 0.05 to 2.0% by'weight, based on the weight of the whole mixture.

19. A process according to any one of claims 1 to 18 wherein said dispersion further
includes an initiator. - '

20. A process according to claim 19 wherein said initiator is selected from the group
consisting of azoisobutyronitrile, benzoyl peroxide, lauroyl peroxide and t-butyl
hydroperoxide.

21. A process according to either claim 19 or claim 20 wherein said initiator is present in
the range of 0.01 to 5.0 wt% based on the total weight of monomers.

22. A process according to any one claims 19 to 21 wherein said initiator is present in the

range of 0.1 to 1.0 wt% based on the total weight of monomers.

23. A process according to any one of claims 3 to 22 wherein said functional monomers

are present in an amount of from 10 to 99% by weight based upon the total monomers, said
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from 10 to 30% based upon the wei ght of nononer s

process acweighl baged upamthe dotel mbnarhers.ns 1 to 27 wherein the solid
particulate material is present in an am)unt of from20 to 100% based upon
t he wei ght of the total nononers. A process according to any one of

clains 1 t | n
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are present in an amount of from 50 to 90% by weight based upon the total monomers, said
crosslinking monomers may be present in an amount of from 10 to 50% by weight based
upon the total monomers and additional monomers may be present in an amount of up to 30%

by weight based upon the total monomers.

25. A process according to any one of claims 3 to 24 wherein total monomers are present
in an amount of from 1.0 to 50% by weight of the suspension polymerization mixture.

26. A process according to anmy one of claims 3 to 25 wherein total monomers are present
in an amount of from 5.0 to 30% by weight of the suspension polymerization mixture.

27. A process according to any one of claims 1 to 26 wherein the solid particulate matérial
is present in an amount of from 10 to 30% based upon the weight of the total monomers.

28. A process according to any one of clairos 1 to 27 wherein the solid particulate material
is present in an amount of from 20 to 100% based upon the weight of the total monomers.

25. A process according to any one of c¢laims 1 to 28 wherein said solid phase dispersing
agent is present in an amount of from 0.10 to 30.0% by weight of the solid particulate
material. '

30. A process according to any one of claims 1 to 29 wherein said solid phase dispersing
agent is present in an amount of from 1.0 to 10.0% by weight of the solid particulate
- material. '
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30., A,pro O any one of clains 1 to 29 wherein said solid
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subsequent cl eani ng step. A process accord| ng to any one of clains

1to 33 rein,all the co ents of di s phas d and

subsequent?y di §pRFOLES r}e s‘ﬁ%’é o 36 wibrita the’) cﬁygxer @ead%
treated to activate the active sites in the polymer for ion-exchange.

Q).

32. A process according to claim 31 wherein the polymer beads are treated by hydrolysis,
amination or quaternization.

33. A process according to any one of claims 1 to 32 wherein the polymer beads are
subjected to a subsequent cleaning step.

34. A process according to any one of claims 1 to 33 wherein all the components of the
dispersal phase are premixed and subsequently dispersed in the continuous phase.

35. A process according to any one of claims 1 to 34 wherein said dispersed phase further
includes a toughening agent. '

36.  Polymer beads produced according to the process of any one of claims 1 to 35.

37.  Polymer beads comprising a polymer matrix having solid particulate material dispersed
substantially uniformly therein and wherein the polymer matrix incorporates a solid phase
dispersing agent chemically reacted into the polymeric matrix.

38.  Polymer beads according to claim 37 wherein said polymer beads are in the range of
from 30um to IOOOum '

39.  Polymer beads according to either claim 37 or 38 wherein the solid paruculate material
is 2 magnetic material.

40.  Polymer beads comprising a polymeric matrix having solid particulate material
dispersed therein, wherein the polymeric matrix incorporates a solid phase dispersing agent
which is chemically reacted into the polymeric matrix and wherein the polymer beads



35. i A proces cw* =i il one of clains 1 to 34 wherein said dispersed
phase furthej ¢ eni ng agent. 36. Pol ymer ‘beads produced
according tojthe process of farfy one of clains 1 to 35. 37. Pol yrer
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havi ng sol Hj& arti cautleg%l}een%%gﬁné di spersed therein, wherein the polyneric
matri x incorporates a solid phase dispersing agent which is chemcally
reacted into the polyneric matrix and wherein the pol yner beads

41.  Polymer beads according to claim 40 wherein said polymer beads are in the range of

from 30um to 1000um.

42.  Polymer beads according to either claim 40 or 41 wherein the solid particulate material
is a magnetic material. '

43. A process for producing polymer beads substantially as hereinbefore described with
reference to any one of the Examples and/or Figures.

44.  Polymer beads substantially as hereinbefore described with reference to any one of the
Examples and/or Figures.
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The present invention relates to a process for producing polymer beads incorporating solid particles and to the novel polymer beads
per se. The invention provides a process for producing polymer beads incorporating solid particulate material, which process comprises -
producing a dispersion having a dispersed phase including one or more monomers also including solid particulate material, and causing
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solid phase dispersing agent for dispersing solid particles of material in the dispersed phase and wherein said solid phase dispersing agent
reacts with at least one monomer to thereby become chemically incorporated in said polymer. The polymer beads comprise a polymer
" matrix having solid particulate material dispersed substantially uniformly therein and wherein the polymer matrix incorporates a solid phase
dispersing agent chemically reacted into the polymeric matrix. .
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