WO 96/07675

10

15

PCT/AU95/00582

The present invention relates to a process for producing polymer beads
" incorporating solid particles. The polymer beads produced by the process of the
present invention are particularly suitable for use as ion exchange resins. The
invention further relates to the polymeric beads and to ion exchange resins .
~ incorporating the polymeric beads.

Jon exchange is widely used as a technique for removing contaminants from water.
Ion exchange techniques involve passing water through a packed bed or column of

ion exchange resin. Contaminant materials are adsorbed onto the ion exchange

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

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,
ideally they should be substantially uniform in size and free of very small particles.
This enhances the flow properties of the dry resin or a concentrated suspension in
water so that the resin can be metered or pumped. Such beads can be made by
polymerisation of a dispersed monomer phase. o |

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
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
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mto the resin bead in a manner that prevents 1ts loss by erosion or dissolution
during use\ It is highly desirable that the paruculate matenal should be dispersed

evenly throughout the polymer bead. Improved 1 mechamcal strengt.h is a further
benefit of even parnculate dispersion. This had been dxfﬁcult to achieve until now. .

-2.'

Processes for the manufacture of magnetic ion exchange resins have been descnbed
in some pnor art patents. For example, Umted States Patent No. 2,642,514
assigned to American Cyanamid Company, dlscloses an jon exchange process using

_ amnnedxonexchangeresxn. Oneofthemnexchangeresmslsamagnencresm.

The magnetic resin is produced by polymensmg a reagent mix until a viscous syrup
is obtained. Magnetite is added to thewseous_syrnp_andthemmure:s agitated to
mix in the magnetite. The mixture is cured to form a hard resin that is
subsequently ground to form irregular pnrticles of;'_ma.gnetic resin.

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

Anﬂtunauveproeessforpredudngmngneﬁcionmhangeresinsisdesaibedin

_AnstrahanPatemApphcauonNo 60530!80mthenameofICIAustrahaLtd. In

this process, magnetic porous erosshnkedcopolymerparncles 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. |

Asimﬂarprocessforproducingmagneﬁeionemhangeresinsis_describedin
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
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such as polyvinyl pyridine-styrene copolymer, polyacrylamide-styrene copolymer or
polyvmyhmxdazole copolymer to the mxxture in order to stabilise the dispersion of
magneuc powder. According to the patent, the dispersion treatment is important
for stablhsmg the dispersed state so that the rate of settlmg of the magnetic powder
is reduced by breaking up magnenc parncles which have clumped together in
secondary or larger parncles into primary particles. Furthermore, it is necessary to

use dmspersmn eqmpment which differs from normal mixing equipment, with special
mixers bemg required. ' '

-3-

The suspension stabiliser described in the ICI Australia Ltd. patent application and

ihthemtsubishichemiéalindusuiesKKpatemapphcanonaremtcapableof

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

Experiments by the presént 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% y-Fe,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
msme,poormmechamcals&ength,hadarelahvelylowloadmgofmagneuconde
whxchwaspoorlydnspexsedmthebeads |

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

Inaﬁrstaspect,thepresemmnﬂonprowdesamforpmduungpolymer

beadsmmrporanngsohdpamculatematenamechprocesseompnsesprodtmng
ad:spersnonhavmgadlspexsedphasemcludmgoneormoremonomersalso
mcludlngsohdparnculatematenaLandwmmgsmdoneormoremonomersto
undergo a polymerisation reacuon to form said polymer beads, wherein said
dlspexsxonfurthermcludesasohdphased:spersmgagentfordlspersmgsohd
pamdesofmatenalmthedmpersedphaseandwhemmsmdsohdphaset_hspersmg
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agent reaqs wnth at least one monomer to thereby become chemically meorporated

in safd polymer.

Thepresentmventxonprovndesaprocesswhmhcanprodueepolymerbeadsm
which solid pamwlate material is evenly dxsmbutedthroughoutthe polymer beads.

Inapreferredembodlmentofthepresentmvennon,anorgamcphasensthe
dispersed phase and, for convenience, the invention will hereinafter be described
with reference to the organic phase being t the dispersed phase. However, it will be
appreaatedthatthemvennonalsoencompassesanaqueousphasebemgthe
dxspmedphase,mwhxchcasewatersolublemonomersareusedtoprodueethe
polymer beads. ‘

‘Where an organic phase constitutes the dispersed phase, an oil-in-water dispersion
is produced. Theorgamcphasemcludesoneormoremonomersthatreactwform
thepolymermamafthepolymerbeads Itxsespecxallypreferredthatthepolymer
matrix be aeopolymer,whxchreqmrestwo(ormore)monomerstobeused. The
polymerbeadsmayhavemnexchangepmperuesandxtupamunaﬂypreferred
thatthepmmprovndesforthepmducnonoflonemhangeresms. Generally ion
mhangerwmreqmretwotypesofmonomers

(a) monometswhxchareabletoprovxdecmsshnkpomu,and

(b) monomers which are able to provide functional groups.

Ofeourse,thepolymerchainmaybeacopolymerandthefuncﬁonelgmupsmay
beaddedbylete;mactiqn:ofoneotthepo}ymer_mommerresiduesmmepolymer
resin. Accordingly, when the polymer beads are to be used as an ion-exchange
resm,theorgamcphaseshouldmcludeaaosshnhngmonomerandafnncnonal
me: merthatprowdesthenemaryfumuonalgoupsmgwethepolymeranm-
exchangecapabmtyorptowdessxtesthatmaybelaterreactedtoprovxdethe
reqmredﬁmcuonalgroupstoconfer ion-exchange capability to the polymer. Other
monomersmaybeabletobemcludedmtheorgamcphasetocopolymensewlth
themhnhngmommerandthemncuonal monomer, for example, a backbone
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monomer may be included.
. - ' \\ B . ’ .
The cross-linking monomer may be selected from a wide range of monomers,

including divinyl monomers such as divinyl benzene, ethylenegiycol dimethacrylate

or poly(ethyleneglycol) dimethacrylate or methylene bisacrylamide, ethyleneglycol
divinylether and polyvinyl ester compounds havmg two or more double bonds. This
list is not exhaustive.

Awnderange offunct:onalmonomersmayalsobeusedmtheprocessofthe
present invention. Suitable monomers include glycidyl methacrylate, vinyl benzyl
chloride, dimethylaminoethyl methacrylate, N,N-dimethylaminopropyi acrylamide
and methacrylamide, vinyl pyridine, diallylamine, and their quaternized derivatives,
N-vinyl formamide and its hydrolized derivatives, and methyl acrylate and its
derivatives. This list is not exhaustive,

The backbone monomers include any monomer polyineriz_able by ﬁ'eeradxcals such
as styrene, vinyl toluene, methyl methacrylate and qther acrylates and methacrylates.
This list is not exhaustive,

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. msmeasesthetotalsmfaceareaofeachbeadavaﬂablefor
contact. Toproducemacroporouspolymerbeadsaceordmgtothepr&ent
mvenuon,thedupemedphaseshouldmcludeoneormorepomgens The porogen
becomesdtspersedthmughoutthedroplensmatfomthedmpemedphase,bmthat
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
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and benzene, alcohols such as butanol, xso-octanol, cyclohexanol, dodecanol, isoamyl
alcohel an‘}merhyl iso-butyl carbinol, esters such as ethyl acetate and buty! acetate,
saturated hydrocarbons such as n-heptane, iso-octane, halogenated solvents such as
dichloroethane and u-xchloroethylene, plasticisers such as dxoctylphthalate and
dibutyi adipate, polymers such as polystyrene and polyvinyl acetate; and mixtures
thereof. Mixtures of cyclohexanol with other porogens such as dodecanol or
toluene have been found to be especially suitable for use as a porogen in the
process of the present invention. It will be appreciated that the above list of
porogens is not exhaustive and that the invention encompasses the use of other
porogens and cher combinations of porogens.

Inone embodimeilt, incorporation of the solid particulate material inito the polymer
beads preferably results in the beads having a higher density than they otherwise

‘would have if the solid particulate material was not present. As the polymer beads

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.

In this 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

- polymer beads. It:salsomeferredthatthesohdpamculatematenaldoesnotreact

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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beads resuits in the beads becoming magnetic. Magnetic separation techniques may
be ns'ed* td.conveniently separate the beads from a solution or liquid being treated.
The solid particulate magnetic material used in this embodiment of the present
invention may be any solid material that is magnetic. Examples include y-iron
oxide (y-Fe,0s, also known as maghemite), magnetite (Fe;O,), chromium diaxide,
other metal oxides and more exotic magnetic materials, such as those based on

niobium and other rare earth materials. Maghemite is especially preferred because
it is inexpensive.

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
(e.g._O.l;in) to S00um, most preferably from 0.1ym to 10um.

‘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

_(orsuspension)ofthesolidparﬁclgsinthedispezsedphaseandthesolidphase

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
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
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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d:spersmg agent should have a good affinity for the surface of the solid material
and he ab‘}e to react with one or more of the monomers..

As one example, a silane methacrylate is a suitable solid phase dispersing agent for
use with titania or zirconia particles.

Persons skilled in the art should be readily able to select a desired solid phase
dispersing agent for the specific reaction system employed.

The polymerisation reaction taking place in the process of the present invention is

"a suspension polymerisation reaction and techniques known to those skilled in the

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

presentmventmn. Inordertomamtmnthedlspersedphasemtheformofa
. suspensmn of droplets in the continuous phase whilst avoiding aggregauon of the

droplets, a stabilising agent is preferably used. Wherethedlspelsedphasexsthe
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

reaction. 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, suitable initiators

include azo:sobutyromtnle, benzoyl peroxide, lauroyl peroxide - and t-butyl

hydroperoxide. Theamountoflmnatorusedlsgenerallymtherangeof001 to 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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(same basis). The crosshnlnng monomers may be present m an amount of from 1
to 90%'bxwe1ght, based on the weight of total monomers, more preferably 10 to
50% by welght (same basis). Additional monomers may be present in an amount

‘of 0 to 60% by weight, more preferably 0 to 30% by weight, based on the weight

of total monomers. The total monomers may constitute from 1.0 to 50%, more
preferably 5.0 to 30% by weight of the whole suspension polymerisation mixture.

Thesolidparticlesofmatérialatepreferablyaddédinanémountoffmm10to300

_wt%, based on the weight of total monomers, more preferably 20 to 100% by

weight (same basis). The solid phase dispersing agent is preferably added in an
amount of 0.10 to 30.0% by weight, more preferably 1.0 to 10.0% by weight, based
on the weight of solid particles of material.

The dispersibn of the dispersed phasé (which includes the monomei'(s)) in the

oonUnuousphasexsusuanyachxevedbymmngtheorgamcandaqueousphasesand
shearing the resulting mixture. 'lheshearapphedtothedspemoncanbeadmsted
toconu'olthesxzeof:hedroplesofthedxspersedphas_e. 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,
thepol_ymerbeadsartcontmlledﬁohaveaparti_glesizeinth_erangeoflO-SOOOm.

. dnceambledispemicnofdispemdphasemoonﬁnuouspmisestabnsmme

polymerisaﬁonmacﬁonisgmedbyheaﬁngthedispminnwmedesiredmacﬁon
temperature. 'lhedlspersmnmaybeheldatthedeﬂredreacnontemperatureunul
the polymerisation reaction is substantlally 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-
exchangewillbe_depend_entohthe nature of the species to.beseparatedfrom
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
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cadrmum and zinc from solunon. Ammanon or quaternization of the polymer
beads m \be used to provrde an ion exchange resm suitable for the removal of
acidic orgamc matenals from solunon. It will be clear to those skilled in the art
that the means for actwatxon of the jon uchange sxtesmaybe conveniently selected
dependent on the nature of the compounds to be separated from solution. The
beads mayreqmre cleamngbeforeuse “This maybe achxevedbyasequence of
washing the heads or by steam stripping the beads.

One method for cieaning the polymer beads includes the following steps:

(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,

(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
polymer beads to remove any free solid particulate material.

The present invention provides a process which produces polymer beads in which
solid particulate material is evenly distributed throughout the polymer beads. In
an especially preferred embodiment of the invention, a magnetic polymer bead is
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
polymensatlon 1mt1ator and y-iron oxide is the magnetic material. The solid phase
dispersing agent preferred for use in this system is a block eopolymer of
poly(hydroxystemc aczd) and poly(ethylenemne) and sold under the trade name
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SOLSPERSE 24000. This solid phase dispersing agent has a high affinity for the
surface‘o(the y-irbii oxide and also reacts with the ‘epoxy group of the glycidyl
methéicrylate through its primary and secondary amino groups and then the vinyl
groups from the methacrylate react with polymerising radicals to become covalently

~bound to the polymer matrix. All of the componehts of the organic phase are

preferably pre-mixed in a separate tank and dispersed in water in the reaction tank.

In another aspect, the present invention provides a process which produces polymer
beads which incorpbrates a toughening agent. The toughening agents are selected
to increase the impact resistance of the polymer. The general techniques for
increasing the toughness of polymer beads prepared in accordance with the present

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

15

example, rubber toughening agents may be used to improve the strength and
durability of styrene-based polymer beads. The use of these rubber toughening
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
available. .

In another aspect, the present invention prcmdes 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.

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
andmorepreferablyfromOlumtolOm.

The solid particulate material may act to increase the density, and hence the weight
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of the polymer beads. Examples of solid particulate materials suitable for use in
the present invention include titania and zirconia.

In an especially preferred embodiment, the solid ‘particulate material is of a
magnetic material and accordingly the polymer beads will be magnetic.

The solid phase dispersing agent is a chemical compound or species that can react
with the monomers used to produce the polymeric matrix such that the solid phase
dispersing agent is incorporated into the polymeric matrix. Further, the solid phase
dispersing agent should have a good affinity for the surface of the solid particles
and preferably should be able to chemically bond to the surface of the solid
particles. The use of such an agent allows the solid particles to be dispersed
throughout the polymeric matrix.

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.

Inanotheraspect,thepresentinvenﬁonprovidespolymerbeadscompﬁsinga
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
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 'gl'oup of integers. .
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The invention will be further described with reference to the following non-limiting
Exampleg, |

Example1

Magnetic polymer beads were prepared in accordance with the process of the

present invention using the following raw materials:

10

15

Water: this is the continuous medium in which the organic phase is

- dispersed and then reacted.

Gosenhol ® GH 17: this is a high molecular weight polymeric surfactant, a
polyvinyl alcohol, that disperses the organic phase in the water as droplets.

“Texic ®N9: this is a low molecular weight surfactant that is added to further

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 oxide that makes the resin beads magnetic.

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

GMA (glycidyl methacrylate): th:s is the monomer that is first polymerised
to incorporate it into the beads, then it is quaternized to place quaternary
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ammonium groups into the beads, thereby creating the ion exchange sites:

,r ° polymenuuon Lﬁ' quatermzanon ‘
5 . .

AIBN heat N HCl

HO a

°_ o NES

10 10. AIBN: this is the catalyst that initiates polymerisation when the mixture is
‘heated above S0°C.

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

15
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.
m .

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

25 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.
30 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
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solid resin beads (2.95kg) were formed. The nitroéen purge is then stopped and the
trimethylagine and the hydrochloric acid are added to aminate the resin. These
two thaterials can either be pre-mixed (with great caution due to the exotherm), or

added in such a way as to maintain the pH between 6 and 8. ~The reaction mixture

is thea held at 80°C for three hours. The mixture is then cooled to room
temperature, and the beads separated from the excess 'y-Fe;O, by repeated cycles
of washing, settling and decantmg (the beads settle much faster than the free oxide
particles). The resin beads are then filtered, redispersed in ethanol, then filtered
and washed with additional ethanol, then ieetone, and dried with an air stream.
Photomicrographs of the polymer beads produced by this exarhple are shown in

Figures 1AandlB Ascanbeseen,espeexallyfrom 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.
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Magnetic macroporous weak acid cation exchanger beads are prepared in
accordance with the process of the invention. ‘The suspension polymerization

descrived in Example 1wasrepeatedvuththeglyudylmethau'ylatereplacedbyan

"equal weight of ethyl acrylate. At the end of the polymenzatmn sodium hydroxide

was ‘added to the agueous phase (1.5 moles per mole of ethyl acrylate) and the
mixture gently stirred at 80 degrees. Samples were withdrawn at intervals and the
beads washed by decantation with water and ethanol as described in Example 1,
then packed into a giass column fitted with a porous glass frit and eluted with dilute
hydrochloncacxdmconvertthesodmm aaylatefuncnonalgroupstoauyhcamd
groups. The beads were thendned in a vacuum oven. The unhydrolyzed 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 milliequivalents per gram
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

Magnencpolymerbeadswerepreparedmaocordancemththeprowssofthe
present mvennon using the followmgrawmatenals

1. Water: this is the contimious medium in which the organic phase is
dispersed and then reacted. '
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,
but a non-soivent for the polymer, and it promotes the formation of voids
and internal porosity in the resin beads.
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4, Toluene: this is the minor porogen.
» ) \\ . ’

5. " Solsperse ® 24000 it is a solid phase dispersing agent and is a block
copolymer of poly(hydroxystearic acid) and poly(ethyleneimine).

6. Pferrox ® 228HC y-Fe,Oy gamma - iron oxide (maghemite). This is the
magnetic oxide that makes the resin beads magnetic.

7. KRATON®D1102 this is a low molecular weight rubber, incorporated into
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
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. '

'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

- Method

Water (2333g) was charged to a 5 L reactor and the stirrer and nitrogen purge

‘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
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turned on. The Solsperse 24000 (21.84g) and the Pferrox 2228 HC y-Fe,0, (325g)
wereadd&mmrn,thenthemxxturewassnrredandsomcatedformmmutesto
thoroughly disperse the magneuc oxide. Kraton D1102 was then added and the
mixture stirred for a furthcr hour to dissolve the toughening agent. Glycidyl
methacrylate (520g), the remaining Cyclohexanol (390g) and the VAZO 67 (2.65)
were then added and the mixture was stirred for a further five rxiinutes_ before
adding it to the heated water phase. The resulting dispersion was then stirred and
held at 80°C for two hours. The nitrogen purge was stopped and a mixture of
trimethylamine (687g; 25% w/w) and hydrochloric acid (294 g; 36% w/w) added,
then the mixture was then stirred and held at 80°C for a further three hours. The

‘mixture was then cooled and the resulting polymer beads cleaned as in Example 1.

A photomicrograph of the beads is shown in Figure 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
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.

Wﬂ

- 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.

Example 5

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
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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Example 6
Q\

~ Maghetic polymer beads were prepared in the manner of Example 3, except that
the initiator was Lauroyl Peraxide. The resultmg polymer beads were not

homogeneous. In some instances the d:stnbutmn of magneuc oxide was aeeeptable
however there was varying extents of separation of the magnetic oxide from the
polymer matrix. Some beads contained no magnetic oxide.

Example 7
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 o:nde distribution, the beads had a very broad size distributipn,
and many were irregular, rather than spherical, in shape. |

Example 8

Magneuc polymer beads were prepared in the manner of Example 3 except that
theamountofSolsperse24000wasoneth1rdthatmExample3 The resulting
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
were fragile, rather than tough.
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Example 10

Y
Magnenc polymer beads were prepared in the manner of Example 3 except that
the amount of Gosenhol GH20 was one third thal; 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 axide, but were

‘tough, unlike Example 9.

Example 11

Magnetic polymer'beads- were ptepared in the manner of Example 3, except that
the amount of Gosenhol GH20 was three times that in Example 3. The resulting
polymer beads had goodmagneucondedxsm‘buuon and were tough. However, the
beads owas:onallymcludedsmallerwhxtebeads thatwerefmeofunde,butwere
hard and tough, unlike Example 9.

Itw:nbeapprematedthatthemvennondesmbedheremmsuseepﬁblemvmamm
andmodxﬁcauonsotherthanthosespecxﬁcaﬂydescribed. It is to be understood .

‘that the i mvennonencompasses allsuchvananons andmodxfiamons that fall within

the spirit and scope.
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CLAIMS:

N | :
1. ¥ A process for producing polymer beads incorporating solid particulate
material, which process comprises producing a dispersion having a dispersed phase
5 including one or more monomers also including solid particulaté 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.

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

15 3.  Aprocess according to either Claim 1 or Claim 2 wherein the 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. Aprowssmdihgtodaim4whéreinthemlinkingmonomersm

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

6. A process according to cither Claim 4 or Claim 5 wherein the functional
30 monomers are selected from the group consisting of glycidyl methacrylate, vinyl
benzyl chioride, dimethylaminoethyl methacrylate, N,N-dimethylaminopropyl
acrylamide and methacrylamide, vinyl pyridine, diallylamine, and their quaternized

This Sheet Has Been Reﬂlaced
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~ derivatives, N-vinyl formamide and its hydrolized derivatives.

' N
4
7. Aprocess aceordmgtoanyoneof(:laxmslto6wheremthedxspersedphase

further includes one or more porogens.

8. A process aceordmgtoClmm7wheremsa1dporogensareselectedﬁ'omthe
group consists of aromanc compounds such as toluene and benzene, alcohols such
as butanol, iso-octanol, cyclohexanol, dodecanol, isoamyl alcohol and methyl iso~
butyl carbinol, esters such 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 dibutyl adipate, polymers
such as polystyrene and polyvinyl acetate; and mixtures thereof.

9, A process according to Claim 7 wherein said porogens are mixtures of
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.

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 axide, zinc sulphide, and other
oxides, sulphides, sulphates and carbonates of heavy metals. -

12, AprocessacenrdmgtoanyoneofClmmslto9wheremsmdsohd
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
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. - | '

(A
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14. A process according to any one of Clalmsl to 13 wherein said solid
particulatg materid fdnges in size from sub-micron (e.g.0.13m) to S00um.

15. Apmms accordmgtoanyoneofClalmsl tol4wheremsa1dsohd
particulate material is in the range of from 0.1pm to 10um.

16. AprocessacoordmgtoanyoneofClmmsltolSwheremsalddlsperslon
furthermcludesastabﬂmngagent.

17. A process acoordmgto Claim 16 wherein said stabilizing agent is selected

from the group consisti’ng,of_ polyvinyl alcohol, gelatme, methyl cellulose or sodium

polyacrylate.

18. A process accordmgto either Claim 16 or Claim 17 wherein said stabilizing
agent:spresentman amount ofOOl 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.

200 A process' according to any one of Claims 1 to 19 wherem said dispersion
further includes an initiator.

21. A process according to Claim 20 wherein said initiator is selected from the
group consisting of azoisobutyronitrile, benzoyl peroxide, lauroyl peroxide 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.
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2. Amoméaecordingmmoﬂebfdﬁms4m23wheminsaidfuncﬁonﬂ

mon?nieis are present in an amount of from 10 to 99% by weight based upon the
total monomers, said crosslinking monomers may be present in an amount of from
1 to 90% by weight based upon the total monomers and additional monomers may
be present in an amount of up to 60% by wexght based upon the total monomers.

25, AprocssaccordmgtoanyoneofClaxms4t023wheremsaxdfuncnonal
monomersarepresentmanamountoffromSOto%%bywelghtbaseduponthe
total monomers, said crosslmkmg monomers may be present in an amount of from
IOwSO%bywexght based upon the total monomers and additional monomers may

bepresentmanamountofupto30%bywelghtbasedupon the total
monomers.

26. Aprocwsaceordmgto any one of Claims 4 to 25 wherein total monomers
arepresentmanamountoffromlOtoSO%bnghtofthcsuspensmn
polymerization mixture.

27. ApromaecordingtoanjyoneofClaimsho%whereinmtalmonomers
are present in an amount of from 5.0 to 30% by weight of the suspension
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. A process according to any one of Claims 1 to 29 wherein said solid phase
dtspasmgagent:spresentmanamountoffromﬂlﬂtoso.o%bywexghtofthe
solid particulate material.
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31. Aproc&ssaccordingtoanyoneofClaimsl to 30 wherein said solid phase
dlspersmg\agentlspresentmanamountoffromlmo100%bywe1ghtofthesohd
paméulatematenal.

40

-25 -

32. * A process according to any one of Claims 4 to 31 wherein the polymer beads
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.

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

35. AprowssaccordingtoanyoneofClaimslto%whereinallthe
mmponentsofthed:spersalphasearepremnedandsubsequenﬂydlspemedmthe

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
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
range of from 30um to 1000pm.

- 40. Polymerbeadsaecordingmeimerqaimssor39whminmesond
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particulate material is a magnetic material.
41. Polymer beads comprising a polymeric matrix having solid particulate
material dispersed therein, wherein the polymeric matrix mcorporates a solid phase
dispcrsing agent which is chemically reacted into the polymenc matrix and wherein
the 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.

'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
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
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