WD 03/ 057739 PCT/ AUO3/ 00015 -1 COVPLEXI NG RESINS AND METHOD FOR
PREPARATI ON THERECF The present invention relates to conpl exing resins and
i n parti cwlbas/s17e9 pol yneri ¢ beads of conpl exi ng resin i neoTpaoRbINg
magnetic particles and processes for their preparation. The 5 invention
further relates to a nethod of separating transition netals from aqueous
solutions using the conplexing resin. lon exchange is widely used as a
techni que for renmoving both organic and-ilnorganic species fromwater. [on
exchange t echni ques conventionally involve passing water 10 through a
packed bed or columm of ion exchange resin. Target species are renoved by
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typical |y PERBIEFOBIPIGHREIESINt ation with |inme, caustic soda, sodium sulfide,
or simlar reagents. However, this process yields a vol um nous sl udge that
must be dewatered and disposed of in a secure landfill. lon exchange would
be pref er abireetahapgeds pidedy iused beeatesknigte fwutethovingobeth ergenit randsinpragpic 25
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utilisation due to their |low selectivity for transition netals over

ever - present innocuous background ions. _ o
Industrial wastewaters and mine drainage, etc, are often contaminated with dissolved

15 transition metal salts. Such metal contaminants must be removed before the water can be
released to the environment because of the toxic effect most transition metals have on
human beings and other living species. Increasingly, groundwater is becoming
contaminated with transition metal compounds and requires similar treatment to comply
with potable water guidelines. In such instances transition metal contaminants are

20 typically removed by precipitation with lime, caustic soda, sodium sulfide, or similar
reagents. However, this process yields a voluminous sludge that must be dewatered and

disposed of in a secure landfill.

Ton exchange would be preferable to precipitation because it could recover the transition
25 metal salts as an aqueous concentrate, which could potentially be recycled to a beneficial
use. However, effective use of commercial ion exchange resins in such applications is
currently not viable. In particular, most commercial resins are too slow to function
effectively at short contact times. Treating substantial flows of water or liquid at adequate
contact times requires very large columns and is therefore not economically feasible. Also,
30 commercial resins typically have a poor capacity utilisation due to their low selectivity for

transition metals over ever-present innocuous background ions.



WO 03/ 057739 PCT/ AU03/ 00015 -2 lon exchange resins incorporating dispersed
magnetic particles have been described as suitable for applications

i nvol vi ngwoaasTaous high flows. In the absence of shear, pcatAuoaoodion

bet ween the magnetic particles in the resin causes the resin beads to
flocculate and settle rapidly, enabling such resins to be readily
separ at ed under demandi ng process 5 conditions. For such resins to operate
effectively, the magnetic material shoul<2be incorporated in a nmanner that
prevents its | oss by erosion or dissolution during use. For this reason it
is highly desirable that the nmagnetic material should be di spersed evenly
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benefit of even particulate dispersion. 10 Processes for the nmanufacture
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resins by grinding or crushing a polymer having magnetite di spersed

t hr oughout throvghopbtheralymeria boad. Tmerqyed sresbanjcdl strepgth due furherneneéit iof evam
exchange reS|.nsl\ﬁlﬂe:d§%I)e(r)§slgIg in US. 2,642,514 and EP 0,522,856 require a

grindi ng sPae%’,cu increases the cost and conplexity of the process and

increages | osses due to the formation of polyner particles outside the
desired particle size range during the grinding step. Further, the ground
25 parti cl Beocgssss ifer tgumanufpgiuigrofp@aghilic 498 ioxghange Jeps haye bgenepsssibsdein
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por ous cr ossdhafe procesnsingne miyedrivh ekelmnge eespt. oOue efl theyioa excismge seshus is a
pol ymeri sation process. A m xture of, .. . .
magnetic resin. The magnetic resin is produced by polymerising a reagent mix until a
15 viscous syrup is obtained. Magnetite is added to the viscous syrup and the mixture is
agitated to mix in the magnetite. The mixture is cured to form a hard resin that is

subsequently ground to form irregular particles of magnetic resin.

European Patent Application No. 0,522,856 also discloses the manufacture of magnetic ion
20 exchange resins by grinding or crushing a polymer having magnetite dispersed throughout
the polymer matrix. The processes for producing magnetic 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. Further, the ground

25 particles are irregular in shape and easily abraded.

An alternative process for producing magnetic ion exchange resins is described in
Australian Patent Application No. 60530/80. In this process, magnetic porous crosslinked
copolymer particles are produced by a suspension polymerisation process. A mixture of
30 polymerisable vinyl compounds, magnetic powder, polymerisation initiator and dispersion

stabiliser is dispersed in water and polymerised.



30 pol ymeri sabl e vinyl conpounds, nmagnetic powder, polynerisation initiator
and di spersion stabiliser is dispersed in water and polynerised. WO

03/ 057739wB@B/0&B8/ 00015 -3 A simlar process for producipag/ATRgnatisc i on
exchange resins is described in Japanese Patent Application No. 62141071.
In this process an el ectron donor substance such as polyvinyl

pyri di ne-styrene copol yner, polyacryl am de-styrene copol yner or pol yvi nyl

i m dazol e copolyner is preferably added t+®-the mi xture in order to
stabilise the dispersion 5 of magnetic powder. According to the
specification, the dispersion treatnent is inportant for stabilising the
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a weak gri degideon exchange resin. Wile prOV|d|ng an effectlve process to
prepare magnetic ion exchange resins, the resins contenplated in
Austral ian patent No. 704376 are not particularly suitable for use in
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This patent describes an aqueous suspension polymerisation process which involves
15 polymerising a dispersed organic phase comprising monomer, magnetic powder and a
dispersing agent. During polymerisation the dispersing agent reacts with monomer to
become covalently bound within the resin. By this process, spherical polymeric beads
having an even distribution of magnetic powder throughout can be produced. The patent
indicates that resins suitable for separating transition metals can be prepared by hydrolysis

20 of poly(ethyl acrylate) beads, thereby providing a weak acid cation exchange resin.

While providing an effective process to prepare magnetic ion exchange resins, the resins
contemplated in Australian patent No.704376 are not particularly suitable for use in
separating transition metals from aqueous solutions as they would have poor capacity
25 utilisation due to their low selectivity for transition metals over innocuous background

ions.

Commercial weak base resins, usually used as anion exchangers, provide means for the
selective adsorption of transition metal salts over innocuous background ions, for example
30 alkali and alkaline earth metals such as Na', Ca®* or Mg, when used as complexing

resins, in their free base form. However, such resins are not suited to continuous high



sel ective adsorption of transition nmetal salts over innocuous background
ions, for exanple 30 alkali and al kaline earth nmetals such as Na+, Ca2+ or
Myt +, whewousedr7as conpl exing resins, in their free base frammuoBlovaser

such resins are not suited to continuous high WO 03/057739 PCT/ AU03/ 00015
-4 flows. In particular, the resins would be difficult to recover fromthe
treated water and their large size, typically 0.5-1.2mm provides a
relatively slow adsorption rate, especial4y at |low ion concentrations. 5
Accordingly, there is a need to devel op conplexing resins that are
particularly suited to selectively renoving transition netals from
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one or nore conpounds to provide am ne groups capable of conplexing a
transition netal cation. In a second aspect the present invention provides
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beads incorporating said magnetic parficles, wherein said polymeric beads include amine
15 groups capable of complexing a transition metal cation, or wherein said polymeric beads

are reacted with at least one or more compounds to provide amine groups capable of

complexing a transition metal cation.

In a second aspect the present invention provides polymeric beads of complexing resin
20 comprising a polymer matrix having magnetic particles dispersed substantially uniformly
therein, wherein the polymer matrix incorporates amine groups capable of complexing a

transition metal cation.

The process of the present invention advantageously provides the ability to form spherical
25 polymeric beads of complexing resin that have magnetic particles which are substantially
evenly distributed throughout the polymeric beads. In addition, the present invention
provides for the preparation of polymeric beads comprising complexing amine groups
which are suitable as complexing resins and demonstrate an ability to selectively remove
transition metals from aqueous solutions in the presence of innocuous background ions

30 under continuous high flow conditions.



transition netals from aqueous solutions in the presence of innocuous
background ions 30 under continuous high flow conditions. WO 03/057739
PCT/ AUO3/ woQBms773% | n accordance with the process of the mpoasamB/obosention
the organic phase is the dispersed phase. The organi c phase includes one
or nore pol ynerisable nononers that polynmerise to formthe polynmer matrix
of the polyneric beads. It is preferred that the polyner matrix is a
copol yner based on two (or nore) nononers5-Cenerally the polyneric beads
will be 5 prepared fromtwo types of polynerisable nononmers: (a)
crosslinking nononers which are able to provide crosslink points; and (b)
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am ne groups to meric s to act conpl exing resin
The funci i qreparedbfiomews typey of polynetesgbidd yiwsomersbeads with sites that can be
| ater reacted with one or nore conpounds to provide the necessary am ne
groups that will enable the polyneric beads to act as a conpl exing resin.
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ot her nononers y be i1ncluded in the organic phase to copolynerise with
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backbone nonomers nay be included. The cross-1inking nononmers nay be
selected froma w de range of nononers, including divinyl nonomers such as
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di net hacryl ate or nethyl ene bisacryl am de, ethyl eneglycol 25 divinylether
and pol yvi mydnogereand hmpbenad snanaviersy $ete o10NABELS, sebig(drdiglanmgueplkages

trinmethylol propane trjacrylate or trinethacryvlate, ,This list is t ..
exhaust 1 ve. o R o b it s inyink anosil el Whetiona
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nmet hacryl ate, vinyl benzyl chloride, )
monomers that provide the necessary amine groups to enable the polymeric beads to act as
15 a complexing resin. The functional monomers may provide polymeric beads with sites
that can be later reacted with one or more compounds to provide the necessary amine
groups that will enable the polymeric beads to act as a complexing resin. The polymer
matrix of the beads may be a copolymer matrix. Accordingly, other monomers may be

included in the organic phase to copolymerise with the crosslinking monomers and the

20 functional monomers, for example backbone monomers may be included.

The cross-linking monomers may be selected from a wide range of monomers, including
divinyl monomers such as divinyl benzene, ethyleneglycol dimethacrylate or
poly(ethyleneglycol) dimethacrylate or methylene bisacrylamide, ethyleneglycol
25 divinylether and polyvinyl ester compounds having two or more double bonds, such as

trimethylolpropane triacrylate or trimethacrylate. This list is not exhaustive.

A wide range of functional monomers may also be used in the process of the present
invention. Suitable monomers include glycidyl methacrylate, vinyl benzyl chloride,
30 methyl acrylate, N-vinyl formamide, dimethylaminoethyl methacrylate, aminopropyl

acrylamide and methacrylamide, N,N-dimethylaminopropyl acrylamide and



30 nethyl acrylate, N-vinyl formam de, dinethylam noethyl nethacryl ate,

am nopropyl acrylam de and net hacryl am de, N, N-di net hyl am nopr opyl

acryl am dwoas@ds¥e 03/ 057739 PCT/ AU03/ 00015 -6 net hacryl amcdesuosiomas
pyri di ne and organic-soluble diallylamne or vinylimdazole salts. This
list is not exhaustive. The backbone nononers include any nononer

pol yneri sable by free radicals such as 5 styrene, vinyl toluene, nethyl

met hacryl ate and other acrylates and nettfacrylates. This list is not
exhaustive. In order to increase the efficiency of renoval of transition
metals fromwater being treated by the conplexing resin, it is preferred
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surface area of each bead avail able for contact. To produce nacroporous

pol yneri ¢ bEagBstacoaredhmgtive t he present invention, the dispersed phase
shoul d i ncl ude one or nore porogens. The porogen becones dispersed

t hroughout the droplets that formthe dispersed phase, but the porogen
does not take RRkbodeNmbhSmeRahYBE afRinhdHdnice polyintdtisalie A ded gadicalabbel ag he
pol ynmeri sation reaction is conpleted, the 15 porogen can be renoved from

t he pol ynerstyeriseaty] tdluenee xeatiyl aneshacrilatsi ang @hersacsylates and imghasgylates Jidtiuce
nacroporosHI%.in t he golyneric beads. Suitable porogens for use in the
process of ‘f @rBP Ht"Y®hvention incl ude aromatic conmpounds such as

t ol uene and benzene, al cohols such as butanol, iso-octanol, 20

cycl ohexanol , dodecanol, isoanyl alcohol, tert-anyl alcohol and methyl
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polymerisation reaction. ~Accordingly, after the polymerisation reaction is completed, the
15 porogen can be removed from the polymeric beads, for example by washing or steam

stripping, to produce macroporosity in the polymeric beads. .

Suitable porogens for use in the process of the present invention include aromatic
compounds such as toluene and benzene, alcohols such as butanol, iso-octanol,
20 cyclohexanol, dodecanol, isoamyl alcohol, tert-amyl 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. Mixtures of cyclohexanol with other porogens such as
25 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 other

combinations of porogens.

30 Incorporation of magnetic particles into the polymeric beads results in the beads becoming

magnetic. Magnetic separation techniques may be used to conveniently separate the beads



30 Incorporation of magnetic particles into the polyneric beads results in
t he beads becom ng nagnetic. Magnetic separation techniques may be used to
conveni enwby3®gepay at e t he beads WO 03/ 057739 PCT/ AU03/ 000PET/AUN3N0MM a
solution or liquid being treated. The nmagnetic particles used in this
enbodi mrent of the present invention may be any solid material that is
magneti c. Exanples include y-iron oxide (y-Fe203, also known as

maghem te), magnetite (Fe304), chrom umdi oxide, other netal oxides and
nore exotic magnetic materials, such as those based on neodym umor 5
samarium and other rare earth materials, for exanple samariumcobalt or
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present invention Fncludes sing agent for dispersing the nmagnetic
particles in the dispersed phase. The di spersing agent acts to disperse the
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The process of the present invention includes a dispersing agent for dispersing the
magnetic particles in the dispersed phase. The dispersing agent acts to disperse the
magnetic particles in the droplets of the dispersed phase to thereby form a stable dispersion
(or suspension) of the magnetic particles in the dispersed phase. The dispersing ageﬁt also
20 acts to promote a substantially even distribution of magnetic particles throughout the
resultant polymeric beads. In this regard, the problem of erosion of the magnetic particles
from the polymeric beads in service, as may happen if the magnetic particles were located
only on the outer surface of the beads is avoided, or at least alleviated. Suitable dispersing
agents will generally have a good binding affinity toward the surface of the magnetic
25 particles and preferably should be able to chemically bond to the surface of the particles.
The dispersing agent will also generally be soluble in the one or more polymerisable
monomers. Preferably, the dispersing agent reacts with one or more of the monomers to
become covalently bound within the polymer matrix. Use of a dispersing agent of this
type not only results in a substantially even distribution of magnetic particles throughout
30 the polymeric bead, but the particles also advantageously become more effectively bound

within the bead through the dispersing agent being covalently bound to the polymer



nononers. Preferably, the dispersing agent reacts with one or nore of the
nononers to becone covalently bound within the polynmer matrix. Use of a

di spersi ngoagest73of this type not only results in a substamA@Blogieven

di stribution of nmagnetic particles throughout 30 the polyneric bead, but
the particles al so advant ageously becone nore effectively bound wthin the
bead through the dispersing agent being covalently bound to the polynmer WO
03/ 057739 PCT/ AUO3/00015 -8 matrix. Int&his case, the problemof |eaching
of the magnetic particles fromthe polyneric beads can be avoi ded, or at

| east alleviated. Selection of the dispersing agent will typically depend
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skilled in the art should be able to readily select a suitable dispersing

agent havi hgadssparbed avaideher ablegpatlefiatedr Satetianofshe tispersimgl agggdvill Tipically
pol ynmeri satjon reactjon that takes.place in the process of th resen
Povent i on [epend G8 i B e Mser I SRARTA PO TORF RBPEaER CEIARS o
those skil leehd 4 SIS able to Oy Qeletns si¥Rible &%pewﬁ@a & AV FBgard to the
pol ynerisation reactions apply to the present 10 invention. In order to

mai nt ai @ t beecificractvadyphmsmployadne form of a suspension of droplets in
t he conti nuous phase whil st avoiding aggregation of the droplets, a
stabilising agent is preferably used. Suitable stabilising agents nay

i ncl ude polnyyipdkimedisadiPleactist it Bikes pRYE i@ hedSrdCess A1 thé pRentMBidhtion is a
cel lul ose or sodium polyacrylate. It is to be understood that the

i nvention eysperrien pelygsvisatioanseagiicabind Gichejqueseknowrnn thess skidled un tthjagt Por

596 by e gHR T, PR ARER e Bo° Bul o RRERE heat BB Lo Bl uR Pt of
the whabe mvshtidre. Inldrdeitd manitsia the digpdreddopaye mahe Sl §f 4 suspadidofl dibpleat or

toinitiate the polynerisation reaction. The inpitiator to be used depends
upon t he nihbewestipons ghese whils aveldimeraesreeation of begiopletspa sibilising agsniol
initiator ung, . uj i, | i lded
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of mongger gtﬁgiiising agent is typically present in an amount of 0.01 to 5% by weight, and preferably
0.05 to 2% 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 imixture and
20 the choice of initiator and the amount required will be readily apparent to the skilled
addressee. By way of example only, suitable initiators include azoisobutyronitrile, benzoyl
peroxide, lauroyl peroxide and t-butyl hydroperoxide. The amount of initiator used is
generally in the range of 0.01 to 5 wt %, more preferably 0.10 to 1%, calculated on the
total weight of monomer(s).
25
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 (same basis). The
crosslinking monomers may be present in an amount of from 1 to 90% by weight, based on
30 the weight of total monomers, more preferably 10 to 50% by weight (same basis).

Additional monomers may be present in an amount of 0 to 60% by weight, more



25 In a preferred enbodi nrent of the present invention, the nonomer m xture
may include a functional nononer present in an anmount of from 10 to 99% by
wei ght, bweadospen the weight of total nononmers, nore preicaraBpo@Ed to 90%
by wei ght (same basis). The crosslinking nonomers nay be present in an
anount of froml to 90% by wei ght, based on 30 the wei ght of total

nononers, nore preferably 10 to 50% by wei ght (sanme basis). Additiona
nmononers may be present in an amount of 09to 60% by wei ght, nmore WO

03/ 057739 PCT/ AU03/00015 -9 preferably 0 to 30% by wei ght, based on the

wei ght of total nononers. The total nonomers may constitute froml to 50%
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based on the wei ght of magnetic particles. 10 The di spersion of the

di spersed phase (which includes the nononer(s)) in the continuous phase is
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the pol ymerrefesdhigkto %0 by ayaight, b %%mm of BxgRetigrartcléft rol 1 ed to have
a particle size in the range of 10-5000m Once a stable dispersion of

di spersed phase in continuous phase is established, the polynerisation
reacti org i SThetdispeedobyf thealispesed prasdi (shéthsinclndésotht meorderi(sPdn tikacarntomou 0
tenperature. The dis erskion y be held at the desired reaction . te er@;t ure
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pol ymeric beaggﬁ%gy ﬁ%clude gnl e groupsl§%a€ vﬁ%ﬁ eeng%Ie tﬁg pol ymeric
beads to acdhe dphets of the dispersed phase. As the droplets of dispersed phase are polymerised to
produce the polymeric beads, the shear applied to the dispersion largely controls the
15 particle size of the polymeric beads. Generally, the polymeric beads are controlled to have

a particle size in the range of 10-5000pm.

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
20 temperature. The dispersion may be held at the desired reaction temperature until the

polymerisation reaction is substantially complete.

Depending upon the monomers used, once the polymerisation is complete, the resulting
polymeric beads may include amine groups that will enable the polymeric beads to act as a

25 complexing resin, the amine groups being provided by the polymerised residues of one or
more of the functional monomers. Functional monomers capable of introducing amine
functionality to the beads include, but are not limited to, dimethylaminoethyl methacrylate,
aminopropyl acrylamide and methacrylamide, N,N-dimethylaminopropyl acrylamide and
methacrylamide, vinyl pyridine, organic-soluble diallylamine or vinylimidazole salts.

30



25 conpl exing resin, the am ne groups being provided by the pol ynerised

resi dues of one or nore of the functional nononers. Functional nononers
capabl e oWwoimtosduci ng amine functionality to the beads ipealalde/odiat are
not limted to, dinethylam noethyl nethacrylate, am nopropyl acrylam de
and net hacryl am de, N, N-di net hyl am nopropyl acrylam de and nethacryl am de,
vi nyl pyridine, organic-soluble diallylamne or vinylimdazole salts. 30 WD
03/ 057739 PCT/ AUO3/ 00015 -10 Alternativell~ once the polynerisation is
conplete, the resulting polyneric beads may require subsequent treatnent
to provide the amne groups that will enable the polyneric beads to act as
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dependent on the conposition of the polymeric beads to be tfeated.
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I ntroduced to the polyneric beads by way of an am de functional 15 nononer.

Exenpl ary d®¥Rdfe functional nononmers include, but are not linited to,
N-vinyl formam de or N-nethyl-Nvinyl acetanm de. Am de groups can be
readily converted to am ne groups by hydrolysis, Hof mann degradation or
bor ohydr( dednrtheluehintent phocdssolviisiesfunstioral graipe ronethettabs argueonveaed ex amie,
am de groups in N-vinylformm de ofr N- thfﬁl -N- vinyl acet am de nononer
units can BEOWSNMFIPEY OBbINAtqRS g‘?oéb‘éarg&/ eitosply Sraupsoangd repgiants r @ay nsht
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am ne groups, rious conbl nations of sul tab(r uncti onal groups ‘a
reacti ng compahedsnctional groups on the beads are amide groups and more preferable that the
amide groups are introduced to the polymeric beads by way of an amide functional
15 monomer. Exemplary amide functional monomers include, but are not limited to, N-vinyl
formamide or N-methyl-N-vinyl acetamide. Amide groups can be readily converted to
amine groups by hydrolysis, Hofmann degradation or borohydride reduction, hydrolysis is
a preferred technique. For example, amide groups in N-vinylformamide or N-methyl-N-
vinylacetamide monomer units can be converted to amine groups by hydrolysis.
20
In the treatment process where functional groups on the beads are reacted to introduce
amine groups, various combinations of suitable functional groups and reacting compounds
may be employed, the nature of which would be known to those skilled in the art.
Preferred functional groups on the beads include, but are not limited to, halogens,
25 epoxides, esters and amides. It is preferable that such functional groups are introduced to
the polymeric beads by way of appropriate functional monomers. Exemplary functional
monomers in this regard include, but are not limited to, vinyl benzyl chloride, glycidyl
methacrylate, acrylate or methacrylate esters or amides. Such functional groups can be
reacted with compounds that introduce amine groups. Suitable compounds include, but are
30 not limited to, amines, diamines, and polyamine compounds and their respective salts.

Preferred compounds for introducing amine groups include, but are not limited to,



may be enpl oyed, the nature of which would be known to those skilled in the
art. Preferred functional groups on the beads include, but are not limted
t o, hal ogwosz/2F3epoxi des, esters and ami des. It is preferatiamhaiissuch
functional groups are introduced to the polyneric beads by way of
appropriate functional nononers. Exenplary functional nononers in this
regard include, but are not limted to, vinyl benzyl chloride, glycidyl

net hacryl ate, acrylate or nethacrylate ebters or anmides. Such functiona
groups can be reacted with conpounds that introduce am ne groups. Suitable
conmpounds include, but are 30 not linted to, am nes, diamnes, and
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i ntroduci ng am ne groups include, but are not limted to, WO 03/057739
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diethylen(rarh'efréﬁpe%V‘a’yS yethylenelnlne and their respective salts. 5 The
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the nature_ of the am ne groups present. therein. Such am ne %hg ps shoul d
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stripping tll1 tlvﬁy may %e affected by factors such as steric crowding of the nitrogen atoms,

15 electron density on the nitrogen atoms and the availability of multiple nitrogen atoms to

form chelate complexes.

The beads may require cleaning prior to a subsequent treatment or prior to being used.
This may be achieved by a sequence washing steps or by steam stripping the beads.
20
One method for cleaning the polymeric beads includes the following steps:
(a) add reaction product to a large excess of water, stir and allow to settle;
(b) separate beads from the supernatant;
(©) add separated beads to a large excess of water, stir and allow to settle before
25 separating beads from the supernatant;
(d) repeat step (c) several times;
(e) disperse water washed beads in alcohol (ethanol);

) separate beads from alcohol and dry.

30 An alternative clean-up procedure is to steam strip the porogens and then wash the

polymeric beads to remove any free solid particulate material.



One nethod for cleaning the polyneric beads includes the follow ng steps:
(a) add reaction product to a |l arge excess of water, stir and allow to
settle; Wo)oswspasate beads fromthe supernatant; (c) addpsapsaroaneddsbeads
to a large excess of water, stir and allow to settle before 25 separating
beads fromthe supernatant; (d) repeat step (c) several tines; (e) disperse
wat er washed beads in al cohol (ethanol); (f) separate beads from al cohol
and dry. 30 An alternative clean-up procddure is to steamstrip the
porogens and then wash the polyneric beads to renove any free solid
particulate material. WO 03/057739 PCT/ AUO3/ 00015 - 12 In an especially
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react ed w tghoupnofathengdyddyipmethdcrylatd) wlsile the vinyl groups from the methacrylate react
with polymerising radicals to become covalently bound to the polymer matrix. All of the
15 components of the organic phase are preferably pre-mixed in a separate tank and dispersed
in water in the reaction tank. Once the polymerisation reaction is substantially complete,
the resultant polymeric beads are subsequently reacted with an amine compound such as
piperidine or N,N-diethylethylenediamine or their respective salts to produce a complexing
resin. Reéaction with the amine compound may be promoted or accelerated by heating.
20
In another aspect, the present invention provides a process which produces polymeric
beads of complexing resin incorporating magnetic particles which further incorporate a
toughening agent. The toughening agents are selected to increase the impact resistance of
the resin. General techniques for increasing toughness of polymer materials may be
25 readily employed in the process of the present invention to afford polymeric beads with
increased durability. For example, rubber toughening agents may be used to improve the
strength and durability of glycidyl methacrylate-based polymeric beads. The use of these
rubber toughening agents is believed to result in improved durability and an increased
service life of the polymeric beads. The rubber toughening agents include low molecular

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



pi peridine or N, N-diethylethylenediam ne or their respective salts to
produce a conplexing resin. Reaction with the am ne conpound may be

pronot ed Wwo taoswBer at ed by heating. 20 I n another aspect, PCAApseeEnt

i nvention provides a process which produces polyneric beads of conpl exing
resin incorporating nmagnetic particles which further incorporate a

t ougheni ng agent. The tougheni ng agents are selected to increase the inpact
resi stance of the resin. General technrd&es for increasing toughness of
polymer materials nmay be 25 readily enployed in the process of the present
invention to afford polyneric beads with increased durability. For
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durability of glycidyl methacryl ate-based polyneric beads. The use of these
rubber t oughbenghptheyeemmereially pyailable rubber daughening agensy apdw used-abi | ity and
an increased service life of the polyneric beads. The rubber toughening
agents include | ow nol ecul ar 30 wei ght rubbers which may be incorporated
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solution. Atk iMidevicbey can be separated on a wet high intensity
magneti c separator or nagnetic drum separator or simlar device. 10 As

menti oil@éd above the polynmeric beads of conplexing resin of the present
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range of 30um to 1000um. The particles of solid material may have a particle size in the
range of sub-micron (e.g. 0.1um) to 500pm and more preferably from 0.1um to 10um.
15 .
The dispersing agent is a chemical compound or species that can react with at least one of
the monomers used to produce the polymer matrix such that the dispersing agent is
covalently bound within the polymer matrix. Further, the dispersing agent should have a
good affinity for the surface of the magnetic particles and preferably should be able to

20 chemically bond to the surface of the magnetic particles. The use of such an agent allows

the magnetic particles to be dispersed throughout the polymer matrix.

As the magnetic particles are dispersed throughout the polymeric beads of the present
invention, the magnetic particles are not easily removed from the beads and this allows the
25 beads to be subjected to a number of handling operations, such as conveying, pumping and

mixing, without substantial erosion of solid particles therefrom.

The invention will be further described with reference to the following non-limiting

Examples.



The di spersing agent is a chem cal conmpound or species that can react with
at | east one of the nononers used to produce the polynmer matrix such that
t he di spewsims@szgent is covalently bound within the polymrer/AmBOIMS
Further, the dispersing agent should have a good affinity for the surface
of the magnetic particles and preferably should be able to 20 chem cally
bond to the surface of the magnetic particles. The use of such an agent
allows the magnetic particles to be di sgdrsed throughout the pol yner
matri x. As the magnetic particles are dispersed throughout the polyneric
beads of the present invention, the nmagnetic particles are not easily
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15 5. Toluene: this is the m nor porogen.

strength and durability of the resin.

4. Cyclohexanol: 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.

15 5. Toluene: this is the minor porogen.

6. Solsperse ® 24000 (available from Avecia Pigments & Additives): it is a solid
phase dispersing agent and is a block copolymer of poly(hydroxystearic acid) and
poly(ethyleneimine).

7. Pferrox ® 2228HC 1v-Fe;0; (available from Pfizer): gamma-iron oxide

20 (maghemite). This is the magnetic oxide that makes the resin beads magnetic.
8. DVB-50 (divinyl benzene): this is the monomer that crosslinks the beads.
9. GMA (glycidyl methacrylate): this monomer is polymerised to form part of the

polymer matrix. The polymerised residue of the monomer provides epoxy groups
within the matrix that can be subsequently reacted to produce a complexing resin as

25 follows:



6. Sol sperse (r) 24000 (available from Avecia Pignents & Additives): it is
a solid phase dispersing agent and is a bl ock copol yner of

pol y( hydrewysioewse c aci d) and poly(ethyleneimne). 7. Pf@cmrosuogndo12228HC
y- Fe203 (avail able from Pfizer): ganma-iron oxide 20 (maghemte). This is
t he magnetic oxide that nakes the resin beads magnetic. 8. DVB-50 (divinyl
benzene): this is the nononer that crosslinks the beads. 9. GVA (gl ycidyl
met hacryl ate): this nononer is polynerisdd-to formpart of the polyner
matri x. The polynerised residue of the nonomer provides epoxy groups
within the matrix that can be subsequently reacted to produce a conpl exi ng
resin as 25 fojlows: WO 03/ 057739 AU03/ 00015
pol ymeri sat4 0 g nation V at O HO
ymeri sati

. VAZO (r) 67
nor whi ch
above‘"‘%‘@ 5 11. Prperidine: this is
the am ne that r@act s—wi—t—h»t he epox group ip_provr ded by the polynerised
resi due of glycid matsRaer yl ate to rm conp] exi ng gro 12. Ethanol:
this is used as rinse and as a meégfng a __&E?i Tol uene (1.4kg),
cycl ohexanol (595Rg) and Sol sperse 000 (2|5kg) wer e ar a mx
tank. The solution was then stirref slowy With a Cow es=tNpe spersi ng
bl ade while Pferrox 2228 HC y-Fe203 (13kg) was added. The S d was

increased and held for a tine sufficient to break up the | arge aggregates.
This m x was then passed through a cl osed

10. VAZO ® 67 (available from Dupont): this is the polymerisation initiator, which

activates when the mixture is heated above 75°C.
5 11 Piperidine: this is the amine that reacts with the epoxy group provided by the
polymerised residue of glycidyl methacrylate to form complexing groups.

12.  Ethanol: this is used as a rinse and as a wetting agent.

10 Method
Toluene (1.4kg), cyclohexanol (5.5kg) and Solsperse 24000 (2.5kg) were charged to a mix
tank. The solution was then stirred slowly with a Cowles-type dispersing blade while
Pferrox 2228 HC y-Fe;0; (13kg) was added. The speed was increased and held for a time
sufficient to break up the large aggregates. This mix was then passed through a closed-

15 head bead mill with sufficient residence time to ensure that the majority of the particles
were smaller than 5 um in size. In a separate mix tank, toluene (2.6kg), cyclohexanol
(1.6kg) and Kraton D1102 (1kg) were added and stirred until the rubber had dissolved.
The solution of rubber was then added to the pigment dispersion and mixed until it was
homogeneous.

20
Water (110L) was charged to a 250L reactor and the stirrer and nitrogen purge started.
Next Gohsenol ® GH-20 (400g) was added, and the water phase heated to 80°C to dissolve
the surfactant. While the water was heating the prepared pigment and rubber solution was
charged to a separate stirred mix tank and the stirrer turned on. Glycidyl methacrylate

25 (21kg), divinylbenzene (5.2kg) and cyclohexanol (14kg) were added in turn. A solution of
Vazo 67(100g) in toluene (100g) was then added, and the mixture was stirred for a further



15 head bead m Il with sufficient residence tine to ensure that the
majority of the particles were snmaller than 5 min size. In a separate m Xx
t ank, tolwems/n§23vkg), cycl ohexanol (1.6kg) and Kraton DptIOogmodeg) were
added and stirred until the rubber had dissolved. The solution of rubber
was then added to the pignent dispersion and m xed until it was
honogeneous. 20 Water (11 OL) was charged fL)o a 250L reactor and the stirrer
and nitrogen purge started. Next Gohseﬁd “(r) GH20 (400g) was added, and
the water phase heated to 80C to dissolve the surfactant. Wile the water
was heating the prepared pignment and rubber solution was charged to a
separ at e stfivermsthutdsybefoae Rddingi lttth ¢heshdatadevatenphasel Bie reshijiog dispersmmnhway ydldt e

25 (21 kg), V. en f% . | ohexanol 14k re,added i.n
Corne A ooiaiEPin i T ind i GiR o TRg 7 s i e qehd ey

the m xtur q)eg\@Ss(@[ég)r\p@glf(;,ﬁ{eda further WO 03/ 057739 PCT/ AU03/00015 -16 five
m nutes before adding it to the heated water phase. The resulting

di spersion was held at 80C (SC) for two hours, during which tine

I 44k f
Fesul tart DORdE A, er i FERE e G N W R
di amet er Fzé@@m t%}ﬁaﬁdaﬁi ARGR{H DG A p eﬁloﬁ%@tm re@up\%stél%eﬁfofttﬁy S

resin was cl ean excess 7-Fe203 and organlc sol vent by repeated
cycl es of wersis mg?ez@emtd orggniandl veidgnteperged cymlesiafl bNE(Sﬂlﬁlg) savtling lang dB&BItlIﬂg\IVaS
then slurried in 100 of water and heated to 85 C, Piperidine (

mol ) was a8del @f® %@W%twgs ety dhrrigd 185108 rahd%fr Water aBg disated to 1&? ?‘gur
10U, T g5, KOS aR0E BT R ML MERHA R R,

and melgh ed successi ve oride

sol uti qp agh@iHouRd The Bestd ere WAdrEWasHed 2nllaPRhipRS 1HED Bhder Yabud® atibd O and
water; 0.1 M sodium hydroxi de solution; water; neutral 1 M sodium chloride

sol ution: waighed. Wezrelmrpwaegsat@dmﬂccssmeé' with Ut Mosediunh ehlogide selutien acidgfied
displaced tas were tiftr ted Wi t | ver n at. i el di ng
2 15 tot a thedc Pegrrole Bt poBduh o sBb Grten Dudvifiler bty sl s
The weak bagfr; fRBart MW sodumhl@i{dereltiodlwaRA/0R M potassium nitrate solution. The
chloride ions displaced by potassium nitrate were titrated with silver nitrate, yielding a

15 total capacity of 2.11 meq/g and a strong base capacity of 0.10 meq/g. The weak base
capacity is therefore 2.01 meq/g.

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

20 Example 2: Preparation of N.N-diethylethylene diamine functionalised magnetic

macroporous complexing resin.

Magnetic macroporous complexing resins were prepared in a similar fashion to Example 1,
except the solid resin beads (16g) were aminated with N, N-diethylethylene diamine
25 (DEDA, 9.3g, and 80 mmol) instead of piperidine.

Example 3: Evaluation of copper uptake as a function of pH by complexing resin prepared

in Example |

30 The complexing performance of resin prepared in Example 1 was assessed by measuring

copper uptake as a function of pH. The resin sample was treated with 1 M sodium



The maghemte was wel | dispersed throughout the resin beads produced in
this Exanple. 20 Exanple 2: Preparation of N, N-diethylethyl ene diam ne
functi onawioss@stragneti ¢ nmacropor ous conpl exi ng resin. NMa@QaAW30BIE 0pOr OUS
conplexing resins were prepared in a simlar fashion to Exanple 1, except
the solid resin beads (16g) were amnated with N, N-diethyl ethyl ene di am ne
25 (DEDA, 9.3g, and 80 mml) instead of piperidine. Exanple 3: Evaluation
of copper uptake as a function of pH by daaneX|ng resin prepared in
Exanple 1 30 The conpl exi ng performance of resin prepared in Exanple 1 was
assessed by neasuring copper uptake as a function of pH The resin sanple
was treat edhydrdtidelsdvhttio s MOtk ARAK B3 dreps M3/ 101 Eee basd Tortty diedinted
solution to’ensure that weak base groups were in the free base form_then

rinsed witwitlhawaer. SSamples Wrse ecaudlibratedr witBdcempen (Eldppefate( |s1>1)1tl§nﬁ fipitiglly

sol utions ini LaII cont al

capacity ar‘fan TWOE)E m)d)% %e% o"fg?éak%iéé %Ja)pg?&ﬁ{aadgj?r %B%er varl e?l ?rbm
0.17 mol mfelﬁﬁﬂd@dffc Hpﬁewaned friom @ 17 enrflol4ser gramh bfradin atpHBito 8st3ghmeotig ian
Table 1. (At higher KdrOXIde preC| itated), Table 1 pH Copper
Upt ake (mH5gs showg nﬁabls 10(48 ighergpHsgoppsr hy SXlﬂBPB@%IeéM Eval uation of
copper uptake by conplexing resin prepared in Exanple 2 in the presence or
absence OF MB504 The conpl exi ng perfornmance and chel ate selectivity of the
resin prepgmbid i n Exanple 2 was assessed by neasuring copper uptake as a
function of copper concentration, in 15 solutions with and w t hout

magnesi um sul fate. The resin was treated wwth 1 M NaOH and rinsed. Sanpl es

were t hen sfqm‘h’br‘a‘i;ﬁj‘—at_p‘ﬁ'w h Elph&t UptakE fmdifg) & goncentrations
2 0.17
3 0.18
4 0.34
5 0.43

10 Example 4: Evaluation of copper uptake by complexing resin prepared in Example 2 in

the presence or absence of MgSO4

The complexing performance and chelate selectivity of the resin prepared in Example 2
was assessed by measuring copper uptake as a function of copper concentration, in
15  solutions with and without magnesium sulfate. The resin was treated with 1 M NaOH and
rinsed. Samples were then equilibrated at pH with CuSO,4 having initial concentrations
ranging from 1 to 40 mM. The experiment was repeated with a second series of CuSO4
solutions, which also contained magnesium sulfate at a concentration of 27 mM. The
uptakes of copper in the two experiments were very similar, reaching approximately 0.22
20 mmol/g at equilibrium CuSO4 concentrations above 13 mM (Table 2). More than 90% of
the adsorbed copper was desorbed in about 15 bed volumes of 0.1 M hydrochloric acid.
The required volume of acid decreases with increasing acid concentration, with slight

losses of iron oxide from the beads at high concentration.

25



ranging from|
sol uti ons,

of CuSO%4

concent r awpea/08f7327 mM  The

very simlar,
concentrations above 13 mM (Table 2).
was desorbed in about 15 bed vol unmes of

upt akes of coppe

18

More than 90% of
1 M hydrochloric acid.

to 40 "M The experinment was repeated with a second series
whi ch al so contai ned nagnesi um sul fate at a

r in the twoPeTpdnBoenss were

reachi ng approximately 0.22 20 nmol /g at equilibrium CuSO4
t he adsorbed copper

The

required vol une of acid decreases with i'n€reasing acid concentration, with
slight |osses of iron oxide fromthe beads at high concentration. 25 WO
03/057739 PCT/ AU03/ 00015 - 18 Table 2 Copper Concentration Copper Uptake
no Copper Upbdk®E with (mmol/L) MSHA (nnnl/g) NgSO4 (nmoUg) 0.01 - 0.03
0.06 0.08 +—0-07- 011 012 0-05--0-18 0-—20—-—0-135—0. 31 0.125
- 2.74 0. 19€opper £encergratipn | 1 Goppentiptakegos | " Caprs Unsaks it Exanpl e 5:
Exampes 1| and 2UBmEE) GO 2LE" “&*Bgéki'" ol B 2t ure By O el e P T
Exanpl es 1/and 2 we0g eval uaf ed. 0.03
0.06 0.08 -
0.07 - 0.11
0.12 0.05 -
0.18 - 0.08
0.20 - 0.135
0.31 0.125 -
2.74 0.195 -
3.42 - 0.19
11.0 0.23 -
13.4 - 0.225
28.6 0.26 -
Example 5: Evaluation of zinc and cadmium uptake by complexing resins prepared in
Examples 1 and 2
5
The uptake of zinc and cadmium by resins prepared in Examples 1 and 2 were evaluated.
The resins from Examples 1 and 2, after treatment with 1 M NaOH solution, were
equilibrated with zinc sulfate and cadmium sulfate solutions having initial concentrations
ranging from 1 to 40 mM. At pH 6 and equilibrium ZnSO, concentrations about 6 mM the
10  piperidine resin adsorbed 0.22 and the DEDA resin 0.3 mmol Zn/g. Maximum cadmium

uptakes were 0.29 and 0.35 mmol/g. Both resins were more than 90% regenerated with

12-18 bed volumes of 0.1 M HCI.

15



The resins from Exanples 1 and 2, after treatnent with I M NaCOH sol uti on,
were equilibrated with zinc sulfate and cadm um sul fate sol uti ons having
initial cwowafsr’aeions ranging froml1l to 40 mM At pH 6 &ad/AAmadaibri um
ZnSO4 concentrations about 6 mMMthe 10 piperidine resin adsorbed 0.22 and
the DEDA resin 0.3 mmol Zn/g. Maxi num cadm um uptakes were 0.29 and 0. 35
nmmol /g. Both resins were nore than 90% regenerated with 12-18 bed vol unes
of 0.1 MHC. 15 WD 03/057739 PCT/ AU03/008t5 - 19 Exanple 6: Conparison of
the uptake rate of conplexin resins prepared in Exanples 1 and 2 with a
commerci al conp] exing- re5| n The uptake rates of resins prepared in

a comer Ci a po yam ne conp eX| ng resin PEI - CS-07). Resins from
and . i} 311CE XEWIEBAt with 1 M NaOH sol ution, were
suspended in 50nL of wat er W|th continuous stirring and CuS®™ or CdSO (0.5
nol per nol of weak base group) added. The di sappearance of netal ions was
noni t or ed gheauptdkenGids T refing Rf@areEQh Exafipidsi Band 2heere avahiated pdnalke@mpared

experinments were repeated with the 10 commerci al pal yam ne resin F%g

PEI - CS- 07. wnhequuqﬁe@htan%um& atqogHBeriebgovaming sampiedag rendigy PREGIHRd
copper d 4as t I

i nut es. ( TASPDS 00 gt and X (ABORET deR ofafticnt B! | pyNGGH Sohitf Were
seconds anguspeAdedaint Mmla b watef vith CmttxﬂaoﬁsTabhﬂg 4hd QuSOaloe @ISQzaPfemobpett he

DEDA- f unct i onal ised resin at pH 5.4 reached 50%jn | ess than 30_ seconds
and essent Ml 1of W&oRase Sy a@ﬁ% dhe Wpﬁ%a"(c?a&fl rgetg) iong W%o‘ﬁf’?‘é%rf:g

o FER A RO SNyttt
Remai nilog cdmnerdiatipo)yaffifijesin@uyid) EIBCS-071 The pigeridine-functionalised resin removed
50% of the added copper in 30 seconds at pH 5 and essentially all of it in less than 50
minutes (Table 3). Uptake of cadmium at pH 6 reached 50% in about 15 seconds and 95%
after about 45 minutes (Table 4). Uptake of copper on the DEDA-functionalised resin at
pH 5.4 reached 50% in less than 30 seconds and essentially 100% in less than an hour
15 (Table 5). In contrast, the commercial resin adsorbed only 35% of the copper in one hour

and had not reached equilibrium after 72 hours (Table 6).

Table 3
Fraction of Copper Remaining
Time (min) ([Cu]/[Cule)

0 1

1 0.212

5 0.176

10 0.061

15 0.049

30 0.017
45 0.00

20



5 0.176 10 0.061 15 0.049 30 0.017 45 0.00 20 WO 03/057739
PCT/ AU03/ 00015 -20- Table 4 Fraction of Cadmum Tinme (mn) Renaining
([ Cd] /[ Cdve)o3/087739 5 0.101 10 0.088 30 0.060 45 0.055 pPea/AuBAd1sTable 5

Fraction of Copper

Time (min) Remaining ([Cu]/[Cu]lo) 01 1 0.19 5 0.10

10 0.077 15 0.039 30 0.019 45 0.015 60 0.007 120 0.010

-20 -

Table 4
Fraction of Cadmium
Time (min) Remaining ([Cd}/[Cd]y)

0 1

5 0.101

10 0.088

30 0.060

45 0.055

60 0.041

Table 5 -
Fraction of Copper
Time (min) Remaining ([Cu]/[Cu]g)

0 1

1 0.19

5 0.10

10 0.077

15 0.039

30 0.019

45 0.015

60 0.007

120 0.010
300 0.007
430 0.002

10



300 0.007 430 0.002 5 10 WO 03/057739 PCT/ AU03/00015 -21 Table 6
Fraction of Copper Tinme (mn) Remaining ([Cu)/[Cu[o) 01 5 0.92 10 0.82
15 0.87 WO mWH03#H3945 0.68 60 0.64 120 0.56 210 0.53 1200/A00880d15 Wi | |
be appreciated that the invention described herein is susceptible to
variations and 5 nodifications other than those specifically described. It
is to be understood that the invention chonpasses all such variations and
nodi fications that fall within the spirit'and scope. Throughout this
specification and the clainms which follow, unless the context requires 10
ot herwi se, the word "conprise", and variations such as "conprises" and
"conprisingabled || be understood to inply the inclusion of a stated

i nteger or —step orgropp—of integers—or—steps but not the exclusion of any
other integer or step JFrﬂﬁwﬂﬁﬁéﬁﬂﬂﬁFegers or steps. WD 03/057739
PCT/ AUO3/ 0D03§ e (i) | Remaining ([Cu)/[Culo)
0 1
5 0.92
10 0.82
15 0.87
30 0.74
45 0.68
60 0.64
120 0.56
210 0.53
1200 0.59

It will be appreciated that the invention described herein is susceptible to variations and
5 modifications other than those specifically described. It is to be understood that the

invention encompasses all such variations and modifications that fall within the spirit and

scope.

Throughout this specification and the claims which follow, unless the context requires
10  otherwise, the word "comprise", and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.



THE CLAIMS: 1. A process for preparing polyneric beads of conplexing resin
i ncorporating magnetic particles, which process conprises: producing a

di sper si owohmwsTige a conti nuous 5 aqueous phase and a di speTsdad3O0@ani c
phase, said organi c phase conprising one or nore pol ynerisabl e nononers,
magnetic particles and a dispersing agent for dispersing said nmagnetic
particles in the organi c phase; polynerising said one or nore pol ynerisabl e
nononers to form pol ymeric beads incorpordting said magnetic particles,
wherein said polyneric beads include am ne groups capabl e of conplexing a
transition netal cation, or 10 wherein said polyneric beads are reacted

W th one orTHBIE ARAapounds to provide am ne groups capable of conplexing a
transition nmetal cation. 2. The process according to claim1l wherein the
organi ¢ phase conprises two or nore nononers. 15 3. The process according

to any one pof clai tp 2 ' 1.d 0 r y ' -
nonomnmer s arg sel‘gclir”%)(czjejsfS r%rlh P r\(l"\g%{ngr ggl}ﬂenlﬁi ﬁgad?m%%%né@glemgc E&gdr thgybrﬁcgattl%g
provi de cr afigdriefik phdicles Swhizhroc2fs ¢dmprisesCroduvang adispamion hivingha esrgtinablie t o
provi de functlonaF groups.. 4. The pr.ocess according . to claim3 wherein said

functi oral aqBeRWTEhaYs a0 diSPHFSd QI SARF PhRSS, &3l AFABICRNAgH FYNRHSIRg OB or more
transition . i 5 CRSS ol L My L
sai d  unct (PSR sans Hohossets mad el ARRSCARER AilRthe echt TorirtpltiRE Rald
di met hy| aminmapgttiy Ipanietdsaar the atrgani@phasep polypieriamgydaidriode oandore polymerisable
met hacryl am de, N, N inetgwlanigpggoryl acnﬁlanide and. nethcrylanLde“
vinyl  pyr iRRTOEES Ky EHMe PRISMEHF deadsalncgiparating said MRgRALcRATUGEy evhergip saidzg
6. The pr Off)%gﬁn&ﬁ%wg MOk afid FodpsBipaBE raf%&hslemgcatﬂreﬁ@ﬁlonrmagxr@a&ion, or
i ncl udes a unctional group capable of reaction wi th one or nore conpounds
t o provilde vderain aaiil pel yWOric3/edds 218 FedeGTH Wit 3h€ 00mSre cat@paynds) psproajslab hmingf
conpl exi ng a transi ifino netal cation. 7. The process according to claim®6
b Qﬁ]comp a n.

wher ei n saiffPYPaERE e 2 Pyprainghgpl cat

2. The process according to claim 1 wherein the organic phase comprises two or more
monomers.

15
3. The process according to any one of claims 1 to 2 wherein said one or more

polymerisable monomers are selected from:

(a) crosslinking monomers which are able to provide crosslink points; and

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

4, The process according to claim 3 wherein said functional monomer provides amine

groups capable of complexing a transition metal cation.

25 5. The process according to claim 4 wherein said functional monomer provides amine
groups selected from dimethylaminoethyl methacrylate, aminopropyl acrylamide and
methacrylamide, N,N-dimethylaminopropyl acrylamide and methacrylamide, vinyl

pyridine, organic-soluble diallylamine or vinylimidazole salts.

30 6. The process according to claim 3 wherein said functional monomer includes a

functional group capable of reaction with one or more compounds to provide said amine



provi di ng am ne groups includes an am de group. 5 8. The process according
to claim7 wherein said functional nononer including an amde group is
sel ect ed wWoasiob#789 nyl fornmam de and N-net hyl - N-vi nyl acet &qardaio3®oo13he
process according to claim®6 wherein said functional nononmer capable of 10
provi di ng am ne groups includes an epoxy group. 10. The processing
according to claim9 wherein said functiqnal nononmer including an epoxy
group is glycidyl nmethacrylate. 15 11. Tﬁé'process according to claim®6
wherein said functional nononer capable of providing amne groups is a
vinyl ester. 12. The process according to claim 11 wherein said vinyl ester
i s sel ect edyrbiipdroapatly bAt@mplexingetiaasitigh ateal esti@r s. 20 13. The processing
according to claim 12 wherein the acrylate ester is nmethyl acrylate. 14.
The process according to any one of clains | to 13 wherein said one or nore
pol ymeri sabj e I pe r 25
5. "The process HECBearsocraaing RELARET AREH R nQRnl] HRAGIEE 2aBIIS of
di spersed @r@dding anfihag@upintindes amoarprde gesupa por ogen. 16. The process of
any one of clainms 1 to 15 wherein the nagnetic particles are 30 selected
fromy-iXon oxide, magnetite and chromi um di oxi de. WD 03/ 057739
PCT/ AUDS/ 0GOS T arddess TODrBL 66 huiCT Whdied sdi fAkioRMemBhorfb:AintRuding! & 16
wherein the dispersion 1s stabilised using a stabilising agent. 18. The
process acamidk grgup @5 siegtedfeonoN-vinpl flosmamide and Nrmsthyd-N-vingl afietapudei ng agent
5 reacts with at | east one nononmer to beconme coval ently bound within the
pol yneric beads. 19. Polyneric beads of conplexing resin conprising a
pol ymer mapri X MayigicesSBOEWEing Badhint bewhetemP&Iis ehcsiohalt mphoratd Yapablef of my
therein, wherein the polynmer matrix

10 providing amine groups includes an epoxy group.

10.  The processing according to claim 9 wherein said functional monomer including an

epoxy group is glycidyl methacrylate.

15 11.  The process according to claim 6 wherein said functional monomer capable of

providing amine groups is a vinyl ester.

12.  The process according to claim 11 wherein said vinyl ester is selected from acrylate

or methacrylate esters.

20
13.  The processing according to claim 12 wherein the acrylate ester is methyl acrylate.
14. The process according to any one of claims 1 to 13 wherein said one or more
polymerisable monomers further includes one or more back bone monomers.

25

15. The process according to any one of claims 1 to 14 wherein said dispersed organic

phase further comprises a porogen.

16.  The process of any one of claims 1 to 15 wherein the magnetic particles are

30 selected from y-iron oxide, magnetite and chromium dioxide.



I ncor porates am ne groups capable of conplexing a transition nmetal cation.
10 20. The polyneric beads of claim 19, wherein the polyneric matrix

I ncor por awex3as77d¢ sper si ng agent coval ently bound w t hi n tPlag/A1mBpemEsi C
matrix. 21. A conplexing resin prepared by the process of any one of clains

1to 18. 15

-24-
17.  The process according to any one of claims 1 to 16 wherein the dispersion is
stabilised using a stabilising agent.
18.  The process according to any one of claims 1 to 17 wherein the dispersing agent

5 reacts with at least one monomer to become covalently bound within the polymeric beads.

19. Polymeric beads of complexing resin comprising a polymer matrix having
magnetic particles dispersed substantially uniformly therein, wherein the polymer matrix

incorporates amine groups capable of complexing a transition metal cation.

10
20.  The polymeric beads of claim 19, wherein the polymeric matrix incorporates a

dispersing agent covalently bound within the polymeric matrix.

21. A complexing resin prepared by the process of any one of claims 1 to 18.

15



