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PCT/ AU95/ 0058 36/0761 WATER TREATMENT PROCESS

The present invention relates to water treatnent, in particular to a
process for the removal of dissolved oryanic carbon fromwater. 5
The processes used in water treatnment are largely a function of raw water
quality. - Pot abl e wat er sup MATERTREATMENT RROCESS pt abl y hi gh | evel s
of organi ¢ conpounds di ssol ved, dispersed or suspended in raw water.
These organi ¢ conpounds are ref erred to herein as dissolved organic

carbon (DOC). Wﬁeﬂtﬁﬁpﬂ&e}% wafrrédttheRtGnipaeticiflar tooh Procesgfoti the -

carbon, organic col our- and nat ural organic matter. DOC often

i ncl udes conpa'emdﬂabobdxsaﬂderganmchrbOn\fmmamtds Humi ¢ and ful vic
acids are nit di screte organi c conpounds but m xtures of organi C

conpounds fornmed by the degradation of plant residues. 15 " The renoval of

DOC from wat errieSpRRRE&ES 6d i watedtfedtment are mgélymuﬁum bﬁravamter quality.
suitable for di stlr)l bution and consunpt ion. aiq}yt ity of the conpounds and

material s whi cl?otablnmmu@pm eR high-leyels pf oEganieeAMPe

t he wat er . resent_in.r .

difficult and’ ﬁs@?@% %smwg&%éﬁﬁ?%’e%%n These W%W%r
supply often referéd o Hateinras dissolved! efganic carbonrrabec)t memermalusgd to

acceptabl e.. The renoval of suspended rratter and colqur |s an nggrtglnt

aspect of 101| Sleseribe RQC. inplysieapsabarganic sabone PREMIG colay, rolour H’é‘d

renoval of su e | faﬂ’?‘
ot her 25 mmr@g@ﬁ%% Pde%f&% &%*%d% \(@te%gﬁl n\g/%1 mﬁ% coagu a{a?igﬁ
a coagul ant i Haini¢ and filvicdeitdsaire not diserete orgimic co Eonmdstmnme@bbwgam
that they coal esce and forma f]oc, which can_then physical ly

renoved by neteespounds omedbuathcﬁlggrasi@npn of plant; resid#es-on or a combi nation
30 thereof. Coagul ants such as al um (al um ni um sul phate), various iron
salts and synt hetic polyners are conmmonly-used in processes for water

treat ment . 1§10VEefemoval of IO fichil witércis necessaiy<in order tbi rbvide higisqudlitip@ater

present, which is the nmain _cause :
suitable for distribution and consumption. A majority of the compounds and
materials which constitute DOC are soluble and not readily separable from the

water. The DOC present in raw water renders conventional treatment difficult and
expensive.

The provisioﬂ of a safe potable water supply often requires treatment of water to

make it aesthetically acceptable. The removal of suspended matter and colour is an

important aspect of this treatment. Two approaches are commonly used for the

removal of suspended matter and colour. One involves coagulation and the other
25 membrane filtration.

In the process involving coagulation, a coagulant is applied to destabilise suspended
matter and colour so that they coalesce and form a floc, which can then be
physically removed by methods such as floating, settling, filtration or a combination
30 thereof. Coagulants such as alum (aluminium sulphate), various iron salts and
synthetic polymers are commonly used in processes for water treatment. However,
many raw water sources have high levels of DOC present, which is the main cause
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the colour, and the DOC reacts with the coagul ant requiring a higher

coagul ant - - dose than would be required for renoval of suspended matter =
al one. The bul k of the floc forrred' fréy t hen be rermved by

sedi nentatio r at.i ontainn remai nder of

the floc pasc;sk 4’0 M&‘aﬁﬁg t&éﬁxe E?aﬁ“i treawEng a Fbmanteven

after such ldoss /i WobltPbé requirdh FHreaval of Aipehdedatldf idiie. e bulk of /0%
|

of the initial _ %ﬁ . I'n the nenbrane ation process the water is
filtered thﬁbﬁ&%‘é‘-’ %M en be remavedhbyisedimentatiom or Sotation\and:thecwateai ns

el ot nEOhBSTE I RARRD SR o€ A el B’y 39'@5%0# Hrl Sptificaiion.

menbr anes ar}l’owmrﬁ&%n@ﬁ&@tﬂh‘d&&néﬂ@ﬂﬁ tréted Wl may o g%e e Bl SsHoed o

handl e wat er__cont ai ni ng h | evel s of DOC have mnuch capi tal
and operati ﬂg%eéme m@mlla wenti onal nenbrane systens used for the
production of potable water. 15 1 on- exchange .resi ns have been used in
wat er treatnent processes for the renoval of DOC by passi ng wat er

treated to dmrtheemenibpané Tfﬂuﬂﬁdnqirbﬁsssmépﬁﬂﬁ?%ﬂﬂiérbmﬁ?ou%h : g:ﬂhlt
reat e er

i on- exhange resin packed in colums or the |ike. Pass

through a pitSkem- BoWrRverswhere the Watereantains high levels Q6 the membranesl 20

I nef f ectyigve h filtratio

The presllgnt ﬂﬁ?ﬁ???ﬁ’“%ﬁ gtiaesbabér ocesjﬁg&%ﬁmﬁ%%&h ?’?}Fﬁ’é’ﬁ on

of DOC rédlmng/vdieehfmofmlyemmbranbamd incrdasing/dperhting Rofts, QvRidRAR! | q |
separ at ed fromth wa]t er £r| or to subsequent. treatnent and its

di stri buti ofYS4ARS vatq&@sammgm)ghmb PQAE havermuchsbigher t he

the 1ol | ow ﬁ*fstL%?°WaMa S5 ¥8ncopal Bictibrals Gy 4T " e o

cont ai ni ng prosiuctior af pogable water, bon, 30 b. di spersing the resin in the
wat er t(l enabl e adsorption of the d| ssol ved _ organi c. carbon onto
the resim; and WO 96/ 07615

PCT/ AU95/ O0fjiBexchange resins have been used in water treatment processes for the removal
of DOC by passing water treated to remove turbldlty and other suspended particles
| through ion-exchange resin packed in columns or the like. Passmg untreated water
through a packed resin can cause the packed resin to become clogged and
20 ineffective, problems similar to those faced in membrane filtration.

The present invention provides a process for the reduction or elimination of DOC
from water using ion-exchange resins which can be conveniently separated from the
water prior to subsequent treatment and its distribution and consumption.

25 Accordingly, we provide aprocessfortheremovalofdlssolvedorgamccarbonﬁ'om
water, which process includes the following steps:

a. adding an ion?exchange resin to water containing dissolved organic carbon;

30 b dispersing the resin in the water to enable adsorpuon of the dissolved
orgamc carbon onto the resin; and



é o 96oaer ating the resin | oaded with the di ssol vepCTIAy9s00683
carbon fromthe water. The i on-exchange resin is dispersed in the
water so as to provide the maxi mum surface area of resin to adsorb the
DOC. Dispersal of the ion-exchange resin may? "5 be achi eved by any

conveni ent neans. Typically the resin may be dj spersed b chani cal
agitation such @&s stm@ﬁhefmqudﬁé,‘“mWl@sﬁmﬁ@ﬁ%‘é%‘@eﬂi | the water.
water or air agitation where a gas is bubbled through the water. Sufficient
shear needs to beTinparted on the water to achi eve di spersal of the
resin. 10 | nTheied-xehangs cesia ipispersednin ther watee sooas tx provide the siaxinram
be dispersed in a, £ senj-fluidized bed vided . I pg.costs are nqt
economi cal |y urfusiacs grea gﬁ-p@mto aésggbélpe Qﬂénﬁ'ﬂ’ﬂ’%@éﬁgm@% réjin may
conveni ent nganse bokied BY!sif cdivehidft nf¥hns. reSiti tha)'Be Bispeised
for the ready separation gf&?he Sg%ed resin ’Pﬁjci)m he watagr oncggDOC%i.ys
adsor bed onto tmechamical agitatige suels ias stifrérs and Seplikeytmixing pempe dinmersedibuithe

with DOC fromthe water, nay be agchi eved b 110 nc or seregn or, a
Corbi nat i on ( hcPUSY Or G SBHANAR Bhcte:d g RabHIed Khrough the mater. - Sqietbat shar
be achi eved by qiass 18beiated 6 e whil BCAKRAE dBPerlll oTTheGeas. i th

consideration for the size of resin particles to reno the water.
The 20 configuration of the screens nmay be such that clogging of the

e st L o AR L2 1% B
bottom of the ts%ﬁﬁﬂﬁﬂizéd%ﬁ?ﬂrb?ﬁleﬁaéigﬁ\%g%%m not ecortdthi¢ally @fifeasable. The

separation of the | oaded resi'n fromtl ter. Settling ms%ebpe 25 ]
facilitated by useofiasemifluidizedded isamot oalya conveniens m&ans for dispersa) of theniome

col | ected | QUS ans i ncldidi.ng vacuum col | ect | iJtration and
The Iike. 1t i Satniie £y BRERRvES fof i caslfy SePhesfion i b loaded tist b, B
not cause WCh%&ﬁbn&S@DOCisadﬂ@b@HdﬂWtb@%h&&lﬁhké&éﬂiﬂn of the resin.

30 When a continuous fully suspended systemis used, the resin may

conveni ent | }rs_be separated fromtreated water by gravity settling.
o avi t at 1 onal | SHRFRIE e iesf ool ith PQC froBt e Sateg 56 st gvd 67 Kthiing
PCT/ AU95/ 00583 or screening or a combination thereof. Screening of the loaded resin from the
water may be achieved by any convenient means. The screens may be selected with
consideration for the size of resin particles to be removed from the water. The
20 configuration of the screens may be such that clogging of the screens is reduced.

In a preferred embodiinent, the ion-exchange resin may be more dense than the
water and tend to settle to the bottom of the tank. This settling facilitates the
convenient separation of the loaded resin from the water. Settling may be

25 facilitated by the use of tube settlers and the like. The resin may then be collected
by various means including vacuum collection, filtration and the like. It is
préferable that the separation and collection means do not cause mechanical wear
which may lead to attrition of the resin. '

30 Whena cpntinuoué fully suspended system is used, the resin may conveniently be
separated from treated water by gravity settling. Based on resin characteristics, very
effective (>99% solids removal) gravitational settling is achieved in high-rate



-4- settling nodules with retention tines |ess than 20 m nutes. ¥
In a prefwoweoreps ocess for separating the ion-exchange resPCT/AUSSos3e wat er

t he bul k of resin particles settle out in the first quarter of the
separating basin length which 5 is devoid of settler nodul es
('free-flowing" settling). Further renova#-of resin particles

("enhanced" settling) fromtreated water is perfornmed in the settler
conpar t ment settling dnodules withretentioni tinesriass thare 20 minptesi | t ed pl ates or

t ubul ar nodul es.” The bottom of the settler is designed for coll ection
of resin particles~n -~ cylindrical, conical or pyramdal hoppers from

which the rqpidyfefdrrédbRicedfor Wa@nglﬁxe xaa%ﬁﬁlgefi&xﬁm tie whtee tHe BARSS.

In this preferred process sonme mxin settled resin in the

hoppers nay ofdesinparticlas sQ;tlﬁwpmﬂm arsaqutmgﬂo&mepmmmsm ength whighur e
uni form resi;n LOBGEPE gé’{deg 8{1 "fpeé-ﬂo\%vﬂ@" rs@&ﬁﬁé): i?(&{n%i“ removal of Hoéin

I on- exchange resins.s se In Proce presen

i nvention liparticles (Cexhanoed” wﬂﬁig)ormin Greatgts watére mqfermmnedfimme settler
- groups provide swtablﬁ sith, S|tes for t he adz&gptlon Qf

i s preferrefOMPAUR eith ﬁe@@‘i IMSS MaﬁﬁbmpM

Pone 20 oxiRhlEs FZ@?MM[??C%% B el 10 Boledion ARGLRMIRTN"]

which is  cylindti¢aldonidador pymﬁduﬂiﬁ ppeePiom which theresidiparticles are plimped ze
of the resins affects the kdnetlcs of -adsorption of DOC and the

ef fecti v%e?éc’éfms@Saﬁ'%ﬁ gﬁtherpgoqgg i 4| this preferred progess spme Eixag lofdh¢ar

appl i cation Vo Si '
is preferre tha he i o:ﬂ-Eeﬁxgc 2 ‘18'3 'R H%Ttee rltomoa(gﬁisd HiR g‘%rg{olw
the resi ns ensurevariform mshsbmdenaiahnnlofrxgansnrﬁxeﬁ'ecyﬂewsmmo whi ch t he DOC

can be adsorbed. Water treatment processes involve the novenment of
wat er by stirri ng, punpi ng and 30 other operations which can del eteriously
effect the i sditablé for use R B pfcdsd bR thd ?ﬁ?sbﬁhﬂrehﬁn
manuf act ure rom toug F?‘ym&*rs ‘W tﬁo eyst?ﬁeh cro Eage

resin mehp bhavelcetionid funcmnd groupso pﬂ'hmmtlbaiaadimetlmlvgonps provm sgitablé 15 -

PCTIAU9ST 00282 for the - adsorption of the DOC.

It is preferred that the mn-exchange resins have a diameter less than 100uM,
preferably in the range of from 25uM to 75pM. This size range provides an ion-
20 exchange resin which can be readily dispersed in the water and one which is
 suitable for subsequent separation from the water. The size of the resins affects the
 Kinetics of adsorption of DOC and the effectiveness of separation. The optimal size
range for a particular application may be readily determined by simple
_experimentation. | | '

It is preferred that the lon-exchange resin is macroporous. This provides the resins
with a substantially large surface area onto which the DOC can be adsorbed.

Water treatment processes involve the movement of water by sumng, pumpmg and
30 other operations which can deletenomly effect the ion-exchange resin. It is
preferred that the resm is manufactured from tough polymers with polystyrene
crosslinkage. The resin may be selected to give the optimum balance between



5°- tﬁqgjmqa% and capacity. In the process of tBe-ph; 3
I nvention the anount of ion-exchange resin necessary to renove

fromwater is dependent on a nunber of factors including the level 5 of
DOC initially present in the water to be trented, the nature of the DCC

t he desired level of DOCin the treated water, salinity, tenperature,
pH, the nunber m“%hngéf' Sk . the resin prior to regeneration and the
rate at which it Ts e?iyre to®  treat the water to renove DOC,

Typi cal ly, the anmount of ion-exchange resin used to renmove DOC from
water will be in_the xan rom0O.5.to &m of wet resin-per 10 litre of
raw vater, prelBHEPRERESE te Fpsent inytorion sBe ANENRE BhIHERbASES I, ey
useful in rem%Mnmw%@wt&ﬁsaeﬁ@mhwhlmﬁn@éﬂdm&wih G thaével
tinmes and nore effective DOC renoval . Hi gh doses of resin can be

used to rendveofPOE witially presentdinsthel water dohentreatest, the pawrp of thadDOC, the

rel ationship i i gt not _be ecqnani under or
conditions to gﬁ%}p&eg"ﬁfﬁ lﬁﬂéé‘g ‘H%?F%‘i&’?&'s ; rg%p?rgglpﬁ,%tﬁgn%
to remove a peofeptlagef tie réiin Priv? to\regenératioh andatheorate de whidtait ik [iesired to
of any subsequent treatnment used to neet water quality objectives is

nmi ni m sed. For treat the wajer o rgmoveJAOCe Fypicaly: the amaunt of iorrezchange resingisad

Cc

b d | ' ' |

product vater SofmpYe ROEfom Wwarel Sl et B HLEE froh? 0318 S of Wl bR nkr
operating qost lirefofrrawbwaree, preférably @5 to 3miPHighes fssin concentridtiohs hidychlso be

i on-exchange resins, are recycl abl e and regenerabl e.. Recycl abl e resins can
25 :be used nuMsefpl in remevingDQGLt Suchohighereoncentrations Alow shortgr gentact times

effective in dgﬁi&c@r%‘@%w rabl e resins are capabl e of treatnent
to renove adsorbe and~suc 6rie)aé'enerat ed resins can then be
re-introduced into the treatnent pr ocess. 30 W have found that,

dependi ng on the anmpunt of resin being enployed in the t reat ment .
process, the rElgh doses pE resin can;beopsed to yempve 2p 10:99% of the dissolved arganjc

regener ati g8 aggpof A lnelrethBiidnig s ot finéhPEA' it thad 'nd¥bE' ecttihidal - under
PCT/ AU95/ 00583 normal conditions to add resin at these high doses. Sufficient resin may be added
to remove a percentage of the dissolved organic carbon such that the cost of any

subsequent treatment used to meet water quality objectives is minimised. For

example, we have found that removal of dissolved organic carbon reduces the

20 amount of coagulant required to achieve acceptable product water quality. It may

also significantly reduce the capital and operating costs of ‘membrane filtration

processes.

-}

- Preferred ion-exchange resins are recyclable and regenerable. Recyclable resins can
25 be used multiple times without regeneratioh and continue to be effective in
adsorbing DOC. Regenerabl_e resins are capable of treatment to remove adsorbed
DOC and such regenerated resins can then be re-introduced into the treatment

process.

30 We have found that, depénding on the amount of reéin being employed in the
treatment process, the resin can be eifecuvely recycled at least 10 times prior to
regeneration and in fact at least 20 times depending on water quality. Thus, in a



-6 - conti nuous process only 10% or | ess of the |oaded resin, even

nerely 5%olvse7¢19 be taken for regeneration, the rerrar@ﬂgﬁgmgbe
recycl ed back into the treatnent process. 5 W have found that the
used (or spent) resin may be readily treated to renove the adsor bed

DOC. Accordingly, we provide a process whbch incorporates the foll owi ng
additional steps for regenerating spent ion-exchange resin:
addi ng t he seontinuous prodess dnly160% afless of the loaded;msnsleng:mmelgﬁb,thaseebe in

the brine for th desorption o he resin; and
c separ at ﬁahﬁn N éﬁ‘%e&‘ r@é‘?%‘?’oﬁ’ﬁ?@ ngeysied bfﬁlt‘ 54 "(ﬁPFP He
under st ood t heerm brine means any high concentration salt solution

capabl e of causing the desorption of DOC fromthe resin. Hi gh concentration
sodi um chl ori de sol ut ions are particularly useful as brine in the present

Th b d d
Convent ent Bl uve R gha the uggd Imfesggi: DR sy be ity thied Yo FetioNs B gas
bubbl e agltaédsafbédbbtm&draw 8, W providé @pf686se Which incorpoFiteftiRfolswag" be

achi eved by allow ng the regener resinto settle or y sinply 25

filtering thadsibonal stepsifooreganerating spent jom-cxchapge vesihave found that the
brine can be recycled and used to regenerate resin for a nunber of
times before it becones unsui table for use in the regeneration

process. Theaspendddihg aﬁm irksifiltb bithe; regener ated by passage through
a reverse osnosis nenbrane to separate the DOC fromthe brine. The DCC

t hus pro!;ﬁlced is a useful source of humc and fulvic 30 acids. '
3‘/{1} ernative gr OC €giSpdrSing'thié %Bgﬁta:‘esfﬁgmstﬁg ’imn%rfo} ?ﬁ‘@' %@sdrﬁﬂo%? iy Qfo(:‘i%xﬂ (

the resin; and

c.  separating the regenerated resin from the brine. |
15 - |
It will be understood that the term brine means any high concentration salt solution
capable of causing the desorption of DOC from the resin. High concentration
- sodium chloride solutions are particularly useful as brine in the present process.

~ 20 The spent resin may be dispersed in the brine by any convenient means. We have
| found agitation by mechanical stirring or gas bubble agltanon to be particularly
convement.

Separation can be achieved by allowing the regenerated resin to settle or by simply

25 filtering through a mesh of appropriate porosity. We have found that the brine can

be recycled and used to regenerate resin for a number of times before it becomes

unsuitable for use in the regeneration process. The spent brin¢ can itself be

regenerated by passage through a reverse osmosis membrane to separate the DOC

| from the brine. lheDOCthusprodueediSauseﬁﬂsourceofhumicandﬁﬂvic
30 acids. ' '

An alternative process for regenerating spent or loaded ion exchange resin which

o
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requires nuch less brine for the regeneratiQn process may be particularly
useful in a nunber of applications. W& fhave found that the spent ion

exchange resin ma acke |nto a colym and the passage of a
relatively srram*éxﬁmthles? the regengration pr@ceé%ﬁaaafhedaqr% y useful in
regenerate thegiony 5}6\%‘ bV eh | rRSH

for regenerati ng spent”'r exc angﬁgg{eg I 'ncl. u ?qufﬂﬁ{legva\n“ 5 Stﬁay
st eps: be pacKed lintoga cbimnspand the passaget of arelahuely snralll quantity df. brine
passi ng brine thr h. the cked colum for the des t|on of the
fromthe resinthr O&? e&? r ERECBer e ﬁéogpeé‘?‘ Enr%haéfﬁ@ mlh we
according tg t 5&%35 %{5&5‘93 oWin
enabl es parti CEIOTQ?‘II%/QR g rgotrgses%§§h£g%%oﬁg§lh§% g&?ﬁn rgtrtnh{ﬁgj g
~resin. W havestepsind that by using this process the recyclability of

the resin prior to subsequent regenerations is substantially | mproved.
Further, the humc and fulvic acids are present in significantly higher
concentratlonsazo | aaﬁggghyﬁﬁgkseﬁﬁqﬁh;Qqnﬁﬂ&ﬁq?mpnd thus are a nore
conveni ent and econgn1c source of hum c an ul vic acids. The
process of the present invention for renoval of DOC fron1mater i's

07" ot bt & M Br . "2Beibng e Eiouh e ke FPlinif o M. pitarbiibn e DO

applied to other aqfigfitheStdsRANS where DOC renoval is requi red eg:
i ndustrial use applications, hospital facilities, m ni ng applications
or food processing. The process nay al so be applied to the treat ment of

wast e wat er. rj .ar | c mater. als, ,.such astoxm or ot

cont am nant s, Amg ‘lt?ggﬁ%r%}ﬁgdgf%?n W&??e‘ O} £ehang, resin a’&'& LPH'E? Progess,

cl ass of ion-ega aCphéled SoRtvd ioFUd | ﬂéfﬁcﬂl

process of the prbesen |gvent ion. |on- eﬁgﬁegmr ggfbr}épl ncor pglgplﬁﬁh rates of
magneti c 15 desorption of the DOC from the resin. We have found that by using this process

the recyclability of the resin prior to subsequent regenerations 1s substantially
nnproved.

Further, the humic and fulvic acids are present in signiﬁcantly_ higher concentrations
20 in the elutants from the column and thus are a more convenient and economic
source of humic and fulvic acids.

The process of the present invention for removal of DOC from water is particularly
useful in water ‘reatment applications for the production of potable water.

25 However, the process could also successfully be apphed to other aqueous streams
where DOC removal is required, eg: industrial use applications, hospital facilities,
mining apphcatmns or food processing, The process may also be applied to the
treatment of waste water. A variety of organic materials, such as toxins or other
contaminants, may be removed from waste water. |

We have found that a class of ion-exchange resins is particularly suited to use in the
process of the present invention. Ion-exchange resins incorporating magnetic
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particles, known as magne't i ¢ 1on-exchange resins aggl onerate, sonetines ]
referred to as "rragneticflocculatiqgr']_, due to the magnetic attractive °
forces between them This property réhders them particularly suited

for this application as the . aggl onerated.particles are nore readil
renovabl e frmq’l@m.”{!&w&%fﬂ&‘eaﬁgeﬁ%‘ _ _%elg%rsemﬁ*‘d'f?%@/ .
removal of dig %@%&i&mm@@é (P iHie Bagetic'irabrive fordiPBaNchthénceS
the foll ow ng stepsy: a. adding a magnetic |on-exchange resin to
wat er cont ai MThisgepiopeny veehdersyshem particularly suitedbfor, this application as the

di spersing the .resin i,n t wat er. t o enabl e ads Li on of the di ssal.v

o gan ¢ car bRBBEREHPATHEIRS BFE Tsh IERRRLTROVARLY Hod e walt?. ‘ASERungh,
aggl oner atg ”%tﬁiévmgﬂﬁ‘obéss'fef‘ﬂ@%m?of diSsolv c\tafton! fiémabvfes wiich 15
organi ¢ carbon; and d. - separating the agglonerated magnetic

i on- exhange peodess inclutles the following steps: di ssol ved organi c carbon from
t he water. 20 The magnetic ion-exchange resin may be dispersed in the

wat er by any of the neans descri bed above. Sufficient shear needs to be

i nparted on ghe WaHging!PmagRéti®ivh-exchah teri:em@ﬁﬁn%vﬂiﬁaveauﬁm@e |
magneti ¢ i on-exhange resin to aggl onerate. Aggl oner ati on of nagnetic
i on- exchange resi gartbe®ied with DOC i s achi eved by 25 renoving the shear

whi ch cagaes the resin to disperse. In an unstirred'tank, the magneti c .
particles in the resin cause the resin to agglonerate. The aggl oneration

may be facil b} at edispersinle thé esih inutiee watér & enablé adsopptiom vfsthendissolved
t hose skilled in the art. 30 Typically the wet magnetic ion-exchange
resin i s nore denSEganikfarbea apte dhe magnetic ionsexchange resi®y at i on has
commenced the resin tends to settle quickly to the bottom =~  of the tank.
This settling facilitates the convenient separation of the |oaded resin

- c agglomerating the magnetic ion-exchange resin loaded with the dissolved
15 | organic carbon; and ' | |

d. separating the agglomerated magnetic ion-exchange resin loaded with the
dissolved organic carbon from the water. '

20 The magnetic ion-eichange resin may be dispersed in the water byany of the means
described above. Sufficient shear needs to be imparted on the water to overcome
the magnetic forces which cause the magnetic ion-exchange. resin to agglomerate.

Agglomeration of magnetic ion-exchange resin loaded with DOC is achieved by

25 removing the shear which causes the resin to disperse. In an unstirred tank, the

| magnetic partiéles in the resin cause the resin to 'agglomerate. The agglomeration

may be facilitated by the use of tube settlers and other means known to those
skilled in the art. | B o

30 Typically the wet magnetic ion-exchange resin is more dense than the water and
once agglomeration has commenced the resin tends to settle quickly to the bottom
of the tank. This settling facilitates the convenient separation of the loaded resin
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~ the water. The resin may then be collected by various neans including
vacuum col l ection, filtration, magnetic traﬂs‘port ‘such as belts, pipes,

di sks and drums punps and the |ike. W have found vacuum col | ectjon
particul arly fromctre ®akemt Thetresin mayr theabbe collgetedhy yepaasamamameludmg

coll ection neans do n aus 5.nechani cal e
attrition of tYREW e ?m?%' WAEREHG m&#@g Pon- ﬂeskgﬁ%ésggmrkgsﬁnns
have a di arreteardnﬁssp&hw ahaom\é like. PWef Ravad fyund vabeumaogiection! particifariy

to 75pM The size pf the magnetic ion- exchange resin affects the

kinetics of abessweniesh Uyris preferahle that thesepanationand cofleqtion means dpnot cayse
and settlin plication may
be readily geté?%%géﬁbr@éag% e%rl rrermnbf:weafesﬂ’?he magneti c

i on-exchange resin can have a discrete magnetic core or have nagnetlc
particles dispersed throughout the resin. In resins which contain f@pﬁed
15 magnetic phrisiprefesred gwem'mapmmn%mgﬁeflmﬁsnm@@

evenly dispers I

magnetic ion- eﬁ%ﬁeraa{j ﬂ%%%a‘i@?@o%&“nq he copen& ,Eé”of d!é( Iﬁ)é\ﬁlfs‘?ﬁgn ﬁ.
appl i cati on nugsthangd\Pésiv affevts ithe kﬁl&ﬁ:@f%i’ommhmfamcﬁlaﬂdshgnﬁeemeiﬁss of |
states including the United States_of Anerica and epntrtled "Pol

bead
and meif ocagglemeration and asﬁﬂmaeﬂ@smmvéﬁﬂa@nz%&na&wsﬂﬁﬁ %raﬂaﬁ?&g)bf

Commonweal t h (Bd’sg,ﬁ] Eﬁﬁﬁ'ﬂé gani sation and | Cl
Australia S%?%onsé%?mkﬁ b?’s e spent magnetic ion-exchange

resin may be treated to renove the adsorbed DOC. Accordingly, we
provi de a procgss for regenera spent m t|c change resin
el Udi ng ¢ e ThE AR upeichange YES. catr R ) diffEets, BEnRRE ARy or Bave

i on-exchange rgs dls;ég thrcEx ﬁfgﬂﬂﬁgpﬁsed

I on- exchange resFﬁe é;pﬁﬁlhﬁg rs]pdr ghouﬂh%ﬂ‘@ixﬁ. ngléés‘g?g??% of the

from the nmd§nemagneticipanticlesrigds peeferred that the magnetic particles are evenly dlspersed
throughout the resin.

A particularly preferred magnetic ion-exchange resin is described in the copending
provisional application number PMB8070 now filed as a PCT application designated

20 all states including the United States of America and entitled "Polymer beads and
method for preparation thereof* which application is in the names of
Commonwealth Scientific and Industrial Research Organisation and ICI Australia
Operations Pty Ltd.

25 The spén_t magnetic ion-exchange resin may be treated to remove the adsorbed
DOC. Accordingly, we provide a process for regenerating spent magnetic ion-
exchange resin including the following steps:

a adding the spent magnetic ion-exchange resin '_lto brine;

b.  dispersing the spent magnetic jon-exchange resin in the brine for the
desorption of the DOC from the magnetic ion-exchange resin;
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aggl onerating 't he regenerated nagnetic ion-exchange resin; and d.

An alternative process for regeneratl ng
i on- exchange resin uires mmuch | ess:brine for Ihe ggeneratlon

wWh
‘process my Pe paf8leme mc&e piad magneYq igpchn

nt. or | oaded nagnetic

have found that the -spent nagnetic ion-- exchange reS| n rray be packed
into a colum and‘tRe passage of a small quantity: of brine through it
can effectively gsapanating thet tegenergtast magnetic innctxchgege resimfroathecbrineli ngl y,
we provide a process for regenerating spent magnetic ion exchange re5|n
i ncluding the foll ow ng steps:

4 a5 ARaRernitive/procd’sfor re g@mﬁ t 6£loaded nfagtietic ibh-edehangenesiai Ng
brine through the packed colum Tor the desorption of the DOC

from t he reswhich requiresrmuchelgss brine ifen the regenerasion pmgwemay beoparticulaslyge

ragnet ¢ 1 oot idt R BF Bpplicsorty (W8 OuBR ABE E haEF afbenPBE finooc

from the nmagaghi Mma%&p&&eﬂqnmawbm&md&he@ass tofi s5srAAl quastityne
recyclability of the magnetic re5| lr;'iei)“ or to subsequent regenerations
i s substant i@f bynerﬁbmgdu can effeqtivelyregenerate |theimagnetics ion, exchange) sesin.c

>

separating the regenerated nmagnetic ion- eﬁhange resin fromthe brine. 5°*
S .

O abl) ChBBeiE, el phARE b R0 ot Bt kot Miale I0h bl 10

ful vic aci dsresin including thePfollofissg steps:t he renoval of DOC from water is ‘
useful in water treatnent applications for the production of potable
water. The treated water is generally

a. packing the spent resin into a column; and

15 b. passing brine through the packéd column for the desorption of the DOC
from the resin.

The regeneration of the spent magnetic ion exchange resin according to this process
employing a packéd column of spent rhagnetic resin enables particularly high rates

20 of desorption of the DOC ffom the magnetic resin. We have found that by using
this process the recyclabﬂlty of the magnetxc resin prior to subsequent regeneratnons
is substantlally nmproved. '

Further, the humic and fulvic acids are present in signiﬁcantly higher concentrations
25 in the elutants from the column and thus are a more convenient and economic

source of humic and fulvic aclds

The process for the removal of DOC from water is useful in water treatment
applications for the production of potable water. The treated water is generally
30 disinfected pﬁor to distribution. The levels of DOC can be as much as 70% of the
initial DOC after treatment with conventional processes. This DOC may react with
any applied disinfectant to produce by-products. Chlorine is often the preferred
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70% of the initial DOC after treatnment with conventional proceS. This
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et vt o any BintaineEbAhARBEA o st IR shlmtoShiile & SiRbARARn et
di si nfection. ﬁaywm&odmemafwrth it ﬁislnﬂ:étibn ChlorE@hbWefr@f fiiay reactentiof
by- products, the ndst well known belrea“trl hal onet hanes (THMs) . THWS

have been i denPQC &a famm soxangs (of by-profuets.che mest well known bﬁl%‘ﬂhﬁlome anes

ﬁ 22{ rrg(r)ItSSI 3! e(m1 I nes Pﬁ‘?ﬁéﬂ’o%ﬁ{‘ﬁggmﬂﬁg?@% can ormrﬁ

E ucg by- Sr g?uco&ebmomble hymnd}icﬁfanegidenhf'bﬁeﬂﬁ@cheﬂm riskain Qvateiﬂttthatment
i odegr adabl e or i cs, particul ar t he use ozone, as

di si nf ect ant, 8%{‘]’6%@1‘5‘? lgoéPEEWcﬁmHBEQQ&[@ Sueh bYTH!?"‘F@%BP‘E
in the regro“ﬁe‘&m@ﬁfdﬂhﬁe'ﬂb@h ﬁhﬁﬁﬂ@&ﬁi&d%ﬁhﬁbl@&%ﬂﬁ ? Ficuk t

Accordingly, we provide a process for water treat
fol | owi ng thecyse: of ozme a5 a dmﬂﬁhctayxt,aprumics eaxr.dadygfeod seircetfor bacteria and

cont ai ni ng,fi ssal ved .or car bon ersin d.resin in

t he wat er ?@ gy r sﬂ’éb}'gﬁ} @mgrail%mrgmpqs& or%:su%uno%

onto the resin; : separating the resin | oaded with the dissol ved
or gani ¢ car bon from t he wat er; and d. di si nfecting the
wat er . 25  TAccardingly, sve prosiides px@oeqs&oswa@rmﬂmepﬁm&hchmclﬂdes the following
| on- exchange rsgm n may be acconpl i shed by the nethods descri bed above.
The water may ®PHi si nf ect ed: by any convenient neans. It is
particularly preferred that chlorine or chloramnes are '

15 a. adding an ion-exchange resin to water containing dissolved organic carbon;

b dispersing said resin in the water for the adsorption of the dissolved organic
carbon onto the resin;

20 c separating the resin loaded with the dissolved organic carbon from the
water; and |

d. d:smfecung the water.

25 The steps of adding, dispersing and separating the ion-exchange resin may be

~accomplished by the methods described above. The water may be disinfected by

any convenient means. It is particularly preferfed that chlorine or chloramines are
used to disinfect the water prior to its storage and/or distribution.

30 The magnetic ion-exchange resins may preferably be used in this process.
Accordingly, we provide a process for water treatment, which includes the following
steps: | | | |
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addi ng a magnetic i oh-exchange resin_to water containin |ssolvea organlc
. carbon; a. p, addmgswagpﬁgc 1of-erchaBERFesin [ Waler CRAtARIng dissplved organic
water for the ads n 5 of the dissolved organic carbon onto
t he magneti ¢ ion-exehange resin; C. aggl onerating the magnetic
| on- exchange resien Ioaded with the di ssol ved organi c carbon;

10 d. separat i t he aggl.oner ated nmagnetic iqn-exchange resjn Ioaded
with'ine "B Wspersng e dnwgﬁ.lenmrhmefr%mﬁbe for fhgjadsorption

4 e. di si dikSo Egglﬁ arboi: tn?é% aﬁ-@k&ﬁngg J’SI ng,
agqgl orreratsl ng and%gg%éar atll%g&t n% netlcsoéggﬁhé fgﬁange resfn may’ be

acconpl i shed by the net hods descrlbed above The process of the
present invention is readllg i ncorporated into eX|st|n

ter
facilities. For ef&ﬁ‘ﬂ%‘"a‘il W&Qﬁd@ r?&?‘?‘o‘ﬁ H"‘FPthfrgﬁégi
filtration to i npy ﬁn& m&fectlveness of the nenbranes, increase-the flux

acr oss: rrerrbran reduce operating costs. For new installations it
may either replace marrbraneflltratlon or if msrrbranefiltration S
still red, signifj.ca reduce SJze and hence

operat i ng o?‘[ ]sggar Eéﬁ]\égglpme,rgt[eficma ange rsin %@a 3‘?? on
in capital and Opﬁisaélbéﬂloﬁgﬁﬁéc%bneﬁ‘%'me%&,dﬁfdat'0“ to be ‘

e.  disinfecting the water.

15 The steps of adding, dispersing, agglomerating and separating the magnetic ion
exchange resin may be accomplished by the methods described above.

- The process of the present invention is feadily incorporated into existing water

- treatment facilities. For example, it may be used in conjunction with membrane

20 filtration to improve the effectiveness of the membranes, increase the flux across

membranes and reduce operating costs. For new installations it inay either replace

membrane filtration, or if membrane filtration is still required, significantly reduce

the size and hence éapital and operating costs of a membrane filtration plant. In

fact, the reduction in capxtal and operating costs may enable consideration to be

25 ngen to the mstallatlon of membrane filtration rather than

coagulation/ sedimentation  plants thereby substantxally reducing the size of the plant

and enabhng the producnon of potable water thhout the addition of chemicals
other than for disinfection purposes.

30 Accordingly, in a further aspect the invention provndes a procss for the treatment
of water which includes the followmg steps:



25 given <veoshgs i nstallation of nenbrane filtration rpetrUesoésssn
coagul ation/ sedi nentation plants thereby substantially reducing the size of

t he pl ant and enabl ing the production otsl potabl e water without the
addi tion of chem cals other than for di r”nf ection purposes. 30

Accordingly, in a further aspect the |nvent|on provi,des ocess for t he
treat ment 35‘&% FFP tqu;egm&mglpgﬁgsso
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addi ng an ion-exchange resin to water containing dissolved organic carbon
b. di sper si by saldbpemngl said résin \intthe wateetabénabiel adsqutption of the dissolved
di ssol ved gﬁ{‘ganl c_car bg@Font o the ion-exchange resin; 5

c. separating theqr f@%’?g%mp ¥ F'Smgﬁn 830§ he di ssol ved organic

car bon 5 fromthe water; and d. subj ecting the water to
menbrane filtration. 10 - In an alternative process, steps .c. & d. above
may be comnbi ne@ so tsnmranng the lon'mhlangemesullaadedm&pﬂtadsmlvcd orgamcearbon
whi | e sinmul taneousl eﬁle“n ‘the water. =~ . - Many water treatnent
facilities useacoiﬁlﬁ‘ 'edPftent ati on step in their water 15
purification process. For exanple, in South Australia a six stage process,
which is a typical conventional water treatnent process, is used to
treat the sour@e wasubjecting the watgrgormembrane. filttasion; x st ages are as

fol | ows: 0 Coagul ati on/ Fl occul ati on; 20 Sedi nent ati on;
Filtration; D sinfection; Storage and Distribution;

and Il wwemeﬁd&s@%ﬁ-épwd -above may be combined so that the
" | membrane effects separation of the resin while simultaneously filtering the water.

Many water treatment facilities use a coagulation/sedimentation step in their water

15 purification process. For example, in South Australia a six stage process, which is
a typical conventional water treatment process, is used to treat the source water for
distribution. The six stages are as follows:

_ Coagulation/Flocculation;
20 Sedxmentatlon,
* Filtration;
Disinfection;
Storage and Distribution; and
Sludge Dewatering and Disposal.

The process of the present ihvention may be incorporated into this water treatment
process most effectively prior to coagulant addmon. Typlcally coagulants such as
alum (aluminium sulphate), iron salts and synthetic polymers are used. The removal
of DOC by the present process results in a substantial reduction in the quantity of -
30 eoagulant required. In addition the removal of DOC reduws the reqmrement for
subsequent chemical additions and xmproves the efficiency and/or rate of
coagulation, sedimentation and disinfection. This has a beneficial impact on the



25 The process of the present invention may be incorporated into this
wat er tr ewbveHréLs process nost effectively prior to coapol/auds/esss ti on.

~ Typically, coagul ants such as al um (al um ni um sul phate), iron salts
and synthetic polyners are used. The rermif of DOC by the present
process results in a substantial reductiof*in the quantity of 30 coagul ant

required. In additign the_ renoval of DOC reduc the require
subsequent cWatsrcanality predused ang; thesize of m a@thqeg,rggweg rrﬁ’d? ‘Lﬁt‘@‘%‘f
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wat er qualit roduced and t e S|ze o st facil |t| i red th|n the
wat er | é@a? dﬁ@rﬁafﬂi &‘PHEF&'N
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of the present 1nvention as t ena ss to
conveni ent | ymvennomtpravldds\m pi'mms ﬁnrbﬂtear&ma&alodfaahmlveﬂ obganic: carbenafronsi ze

of the water trea | ant,. ?@ cor.di in a further aspect the
i nvention prYotE ;ﬁ'gE%? %‘g St6PS:di ssol ved organi ¢ car bon

from wat er, mhlch process includes the follow ng steps: a.
addi ng an i on- exchange resin to water containing dissolved organic carbon;.
10 b. adi spaddinggntibn-exclsangeiresinito water containing tissolved organiccarbon; he

dissolveﬂo organi ¢ carbon onto the resin; C. Separating
the resin”l oaded with the dissolved organic carbon fromthe 15

water, and p, gersm;uaieeeésxﬂq:;tihe W' td enABIRUAISBIESH DE thedisaived. q

Ut|||3|ng t he proce the present invention to renpve a high proportio
of the 20 di ssol oxganis carhon onto bagresingduces t he coagul ant dose required
and may all ow t he - | ower vol unes of floc produced to be renoved from
the water directly by filtration, W t hout the need for prior

sedimentatiog.  separating the resin loaded with the dissolved organic carbon from the
15 water; and |

d. subjecting the water to eoagulationlsedimentation.

Utilising the process of the present invention to remove a high proportion of the

20 dissolved organic carbon, reduces the coagulant dose required and may allow the
lower volumes of floc produced to be removed from the water directly by filtration,
without the need for prior sedimentation.

Some water treatment processes employ activated carbon as a final polishing
25 treatmentto alleviate problems with taste and/or odour, to remove disinfection by-

products or to remove any other pollutants The life of the acuvated carbon is

substantially reduced by the presence of DOC in the treated water. Aeoordmgly,

a further advantage ofourproeess is that the useful hfe of activated carbonmaybe

significantly increased. Aecordmgly, another useful aspect of the present invention
30 includes the further step of subjectmg the treated water to activated carbon.

On greenfield sites the use of the process of the present invention will allow



Some wat er WepedoTelst processes enpl oy activated carbon as a facigdusg@ebdsshi ng
25 treatnent to alleviate problens with taste and/or odour, to renove

di si nfection by- : products or to renove _any other pollutants. The life
of the activated carbon is substantial‘l1§ ‘reduced by the presence of
DOC in the treated water. Accordingly, a further_ advantage of_ our

process is thaSignificantlys smajler Jfoofpriit; watel freatmest plapte to be designed and

significantly i : ﬂétﬁfﬂ linﬁﬁ%}i f rﬁa?&
i nvention 30 ir??:%gesggh'erﬁggrg{l er sl%éep 0 ‘Q’ﬁ%fjggi?#é’“? e -rteegtugg{ge/\tg? rto
activat ed car bofi the prégent iivegtiormhaybel effetted ihlwrelatively smhlt volume basinf Thie

resent invention ™M ~al|ow . VWD 96/ 07415 .
IF;CT/ AU95/ 00583 is due to the *ast reaction settﬁng rates of the process; 5 This enables the

- significantl I f&g?ﬂ | ' %%d@ rtestS s ijecﬁﬁgd
construct ed.y-%‘ﬁdﬁg uct o%gﬁaﬁ%ﬁ%ﬂﬁ rec?)l?rétt?%ﬁeawater Egﬁil%t e
process ofwhithecgnsequently redacesi the sizeyofithe sédimeneationfacilities and et size and |
vol ume basin. This s due to the fast reagtigQn and settling rates of
the process. Tﬁ?%‘oéﬁgf)%erttﬁ%m@m Tli‘?lfﬁw% %gmﬁg%sao%mengbranesystems
coagul at i on/ se g FREMBFAMRFRFAIGH gﬁ.&d A be ¥edGEE whichVih Ghirt MARI HMbrine

reduces the size of the sedinentation facilities and the size and cost
of the water tfilzatiemt systems |mbre\ seconbmicdllye adableoswhen nmeompared with

syst ens | n_nenhrane, fi.ltrati.on plants may be reduced which in turn nmake
menbr ane 10 f FP#@?%W“Q%‘?"Z%“ Pfﬁ'“és economcally viable when

conpared wth 10 coagul ati on/sedi nentation pl ants. Thr oughout this
specification and the clains which follow, unless the context requires -

ot herwi se, the Thspughousthis specificationa and the nclaims: which ‘followsr npless the context
" t i ppl.y_the inclusi. f tated int

o o oun 18 " o feairddC oltietRisE) 966 Wehd pninrde?, of Vaialiofls Ruck 4% Sipbiprig OF'
group of i nt egegdimprising”, will Be uderRtd wﬂd:%mwﬂmxsiw bﬂﬁ:stdi&fﬁ{téég‘s?er‘éﬁrﬁagg g

reference to the foll ow ng non- limti exanmpl es. Al'l' percen
herei n are 19y aéintegensbusnot she:excliusion of anyrotheriintager drgroupiofi dntegers.
nmet hods were used unl ess otherw se stated. 20 1. The turbidity was

determ ned (in nepheonetric turbidity units) by direct

meas g]r )e.rrent usThe iaveRivie will'aber bd hatherrfdstebdd wWiihoiefeiente Melfonom non-
limiting examples. All percentages used herein are by weight unless otherwise
stated. The following test methods were used unless otherwise stated.
1.  The turbidity was determined (in nephelometric turbidity units) by direct
measurement using a nephelometer (Hach Ratio Turbidimeter [Model
18900]).

25 2 The pH was determined by glass electrodes in combination with a reference
potential provided by a silver/silver chloride or saturated calomel electrode.

3. The colour was calculated by comparison of the absorbance of the sample
| at 456 nm with a calibration curve of Pt-Co standard solutions at the same
30 wévelength. The colour was recorded in Hazen units (HU) whereby 1 HU-
equals 1 ppm of platinum. |



25 2. The pH was determ ned by gl ass el ectrodes in conbination with

ar ef er enc WO 96/07615 potential provided by a silver/silvePCEHNUSFPIES or
saturated cal onel el ectrode. 3. The col our was cal cul ated by
- conparison of the absorbance of the sanpl gg - at 456 nmwth a

calibration curve of Pt-Co standard sol utions at the same 30

- wavel ength. Zhe Cﬁ@mf%ﬁf’%& S spetirbphétoieniballydt 254 nif-bising

equal s 1 ppmof platinum 7615

PCT/ AU95/ 00583  distilled water as a reference. - 16- 4. The
UVAbsor bance was deternm ned spectrophotonetrically at 254 nm using '
distilled water as a“~reference. . 5. A Skal ar SK12 organi c carbon

anal yser wassused A QkaRASK1I2 &1ganicesbén andlyser was uset® MRASUEDOC RiveB.
peristaltic punp to continually aspirate sanples.and m x t hem

with reagénts.  The analyser useta penistaltic pumpftp|continually aspirgte samplesandpix |

filter paper overlain w.th : 0.45 pm nenbrane. The sanpl e was then
acidified with su r%ﬁ?ﬂgﬁnﬁnd 10 sparged with nitrogen. This

| i berat ed and di spersed any inorganic or volatile . organic

car bon. The sanpl e solution was then m xed with a

per sul phat e/ t et r afhesample aps filterad through Whatman:Nor 4 filtes papes gveriain with
12 t [ l.phat e di . wed | |t . . sed. h
2 OV Gl gost i on’ cobs v imempiE, Tk deale pabitie poifiedl witslichESRGd aip

The 15 10 COsargbd With ritrbgén. eThik liberfted whd dispeised anglinorgagic anolatile
spargi nk and then 'm Xed , W th h]ydro en (H2) andqéassed ovetbna Ni
catal yst at 400" Corgamie faboped The sample (sqintigry Was nthem nmixedy Wi i%h‘

L TEasur €0 4l RARAC Rogene 04 sl 8o, Qe 4
pl asma spect r onet 12g potassium persulphate dissolved in 1 litre of water) and passed through
. a UV digestion coil. This process oxidised the organic carbon to CO,. The
15 CO, was expelled from solution by acidifying and sparging, and then mixed
with hydrogen (H,) and passed over a Ni catalyst at 400°C. This reduced
the CO, to methane (CH,) which was measured with a flame ionisation
detector. '

20 6. Total Aluminium and Total Iron were determined by inductively wupled
“plasma spectrometry.

7. Standard Jar Tests:

25 The raw water and resin treated water were subjected to jar tests which
enable the evaluation of various coagulants and coagulant aids used in water
treatment by simulating a conventional water treatment process, consisting
of coagulation, flocculation, sedimentation and filtration. Equal volumes of
water (1500 ml) were entered into jars.

The multiple stirrer operated at the "flash mix" speed, approximately 200
rpm. The test solutions of coagulant were added as quickly as possible and



7. St andagg odidfe1d €St S: 25 The raw water and resi pci/agadgdsiat er

were subjected to jar tests which enabl e the eval uati on of
various ‘coagul ants and coagul ant ai ds used 1M wat er treat ment by
simul ati ng a conventional water treatnent process; consisting _ of
coagul ation, floccuhadi RikedS8f amiHwéel on and filtration. Equal vol unes of
water (1500 ml) were entered into jars. 30 . The multiple stirrer
operated at the "flash m x" speed, approximately 200 rpm The
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PCT/ AU95/ 00583 £ the floc uniformly suspended. Slow mixing was continukd for a further 14

flash m xed_for a mnute. The speed of the m xer s reduced
to the m nidum requinimdes.o Tewandsi the end of the flogeulation times size was
suspended. Sl ow mﬁw continued for a further 14 5 m nut es.
Towar ds the end of cculation tinme, the floc size was

recor ded. ' After the slow m xi ng period, the paddl es were

qui ckly wi t hdrawn and t he . settling of the floc, particles
observed. 10 After thg slow mixing peried, thei paddies wera g ‘withdrawn; and they

60 m of each sol ut} ] : fromthe sanpling tap (the
first 20 M was di sggg@igg(ﬂf_tgﬁgqcr%%aewow%é&gettIed water tur-bidity and
pH determ p@d on the remaining vol une. 15 ' The renai ni ng

supernatant was then carefully gravity filtered through a )
Wiat man No. 1 filt ef\ften 38 minpites qw%@emmgfammp@g@y\&ﬂ%@mwuﬂme

ecorded, o0 5. Wi ihiialin AL Suipnged (Fp i ZRFYA U aOtey B T

settled water turbidity and pH determined on the remaining volume.

15 The remaining supefnatant was then carefully gravity filtered through a
Whatman No. 1 filter paper. The first 50 ml of filtrate was discarded. The
turbidity, colour and aluminium residuals of the filtered solution was then
recorded. ' '

20 8. Jar Testing Under Direct Filtration Conditions.

* Jar testing was performed under the following direct filtration conditions:

room temperature (approx. 20°C).
~ alum and water were flash mixed for 1 minute.
25 . the stirring reduced to 25rpm for 4 minutes (flocculation time) for
o floc formation. -

1o settling of floc in contrast to Standard Jar Test.
water clarified by filtration with Whatman No. 1 papers prior to
analysis. '

9.  Method for the Determination of Chlorine Demand



Jar testing was perfornmed under the following direct filtration conditions:
room t enpwo360765 (approx 20[err] C). al um and walPCHAURYNO583 ash

m xed for 1 mnute. 25 the stirring reduced to 25rpmfor 4
mnutes (flocculation tinme) for floc formation.

no settling of floc in contrast to St anda}sd Jar Test.

water clarified by il on SePLi

anal ysis. 30 etilo%bfp (ﬂfw [qfeglélpmlﬁaq?%ﬁg%fﬁcﬁlvg{tf%gaﬂgl nly

WD 96/ 07615 andard addition of chlorine and direct measurement using DPD/FAS
PCT/ AU95/ 00583  Saoare 36CH A A
met hod for. det ergntitriatignt he chl ori ne denand of a water sanple, by

standard addition of .chlorine and direct neasurenment using DPD/ FAS

titration. 5 Reagent s: - Chl orine demand free water
Phosphat esBuf f er Relpéatgn (pH 6.5) NN- Di et hyl - 1--4- phenyl ene

di am ne sul phate (DPD) Indicator Solution 10 - Standard Ferrous
Ammoni um Sul phate (FAS) Titrant . Standard Chl orine Sol ution

A chl ori ne sol uti ) of measured concentration is
prepared from st o%‘lé{g%loﬂ%ﬁ%&poc I‘?)?‘/F e solution (approx 10% avail abl e
chlorine after fi Phesphate Euﬂmmbhﬁmﬁ@ﬁ §3)or ane) . 15 ' “Two 100

niL volunmetric flasks are filled with sanple er urat .

dosed with standaMeNtRiethyll d‘@@ﬂﬂ%@%@é“ﬁéﬁj@p&a% pEoR o 5,
10, 150 20 ng/ L of theflasks W th
the two ses ad] §W§%ﬁﬂgsser n°h§“§§amﬁg(ﬂs) e sarrpl es are then
left to stand i n Shadded Chivrimd$elutibg f or the required : - cont act (

time after which the concentration of residual chlgrine is neasured,
by the DPDI FAS ti & shlosine salptign (approx. 1000 mg/L) o measured concentration is

prepared from stock sodium hypochlonte solution (approx. 10% available
chlorine after filtering through 0.45um membrane).

15 . .
Two 100 mL volumetric flasks are filled with sample water and accurately
dosed with standard hypochlonte solution to produoe doses equivalent to 5,
10, 15 or 20 mgIL. A different dose is employed for each of the flasks, with
the two doses adjacent in the series.

The samples are then left to stand in the dark at 20°C for the required

contact time after which the_éoncgnl_:ration of residual chlorine is measured
by the DPD/FAS titration method.

25 | The chiorine demand is calculated as being the difference between the
| amount of chlorine in the original dose and residual chlorine concentration.
The results from the titrations are ayeraged to obtain the demand.

NOTE: If 50.0cm® sample used Residual = 2 x Titre

Calculation and Expression of Results



25 , 'm?%k&ri ne demand is cal cul ated as being the di fdcay isRosss3
bet ween the - anmount of chlorine in the original dose and residual

chl ori ne concentration. The results fromthe titrations are
averaged to obtain the demand. -MAE: If 50.0cnferr] sanple
used Residual = 2 x Titre 30 Cal cul ation and Expression of
Resul ts WO 96/ 07B¢dm the titration, amount of chlorine is read directly from the titre
PCT/ AU95/ 00583 - ' - 19 -

Fromthe titration, EAScifran: tmleFA% = 100 ugflasiEetly fromthe titre

FAS titrant: 1 nL FASK= QFH] _ dA3 PAS drifit’ = 10600 Me/L
sanple 1.00 nL st ané‘i?ﬁf‘&‘%% #’?tlﬁi)nt?ﬁ:s . 6 1n%0/1PL stan j\Savai | abl e Eﬂg
resi dual chlorine. &vailable residuab chlosinet e quoted to one deci mal place.

Exanple Resin 1 netic polynmer beads re prepared in accordance
with the proeess of °&5§Fﬂli¥ﬂgnﬁm%\,\ﬁﬁf’f"i n‘ the name of CSIRO and
ICl using the followng raw - nmaterials: 1. Water. this is the
continuous medi umin which the organic phase is di spersed and
then reacted. 1Exarfiple R&imdnhol [err] GH 17: this is a high nolecular

wei ght polyneric surfactant, a pol yvi nyl al cohol, that disperses
the organic phase in the water as droplets. 3. Teric [err] N9:

this is a low i r?dl‘ﬁ?' beady GRré Prbpdratini secdpddite! with Whehsrocess of the
reduce the parmﬁeg? e g‘?heﬁtﬁir sper ?gdpor gani ¢ phase. 20 hp,z L.

Cyl ohexanol 10hi eopendirnge applicationoiro then naine of CSIBRE) andt IGIousing dherdalowing, raw
but a non-sol ventat or. the polymer, and it pronotes the formation of voids

m énals
1. Water: this is the continuous medium in which the organic phase is
dispersed‘and then _reacted. _
15 2. ‘Gosenhol ® GH 17: this is a high molecular weight polymeric surfactant, a |
polyvinyl alcohol, that disperses the organic phase in the water as droplets.

3. Teric®NO: this is a low molecular weight surfactant that is added to further
" reduce the particle size of the dispersed organic phase.

4. 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. '

25 S. Dodecanok this is the minor porogen.

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

30 7 Pferrox ® 2228HC y-Fe,0y gamma - iron oxide (maghemite). This is the
magnetic oxide that makes the resin beads magnetic.



and internal porosity in the resin beads. 25 5. Dodecanol : this is the -
m nor por GYRP6/07615 6. Sol sperse [err] 24000 it is a PaTAU9skesss

di spersing agent and is a block - copol yner of ‘
pol y(hydroxystearic acid) and poly(ethyl erﬁjam ne) . 30 7. Pferrox [err] -
2228HC rFe[err](Jerr] gamma --iron oxide ( ghemte) ThIS s the

magneti c oxd%t hatDWﬁf(&l%%yf sin eeaﬁjus monomer that gﬁ 376&15

PCT/ AU95/ 005

DVB-50 (divinyl benzene): this is the nmononer that crosslinks the beads
9. GVA (glalci dylﬁt hacrylate) this is the nononmer that is first

pol yneri sed @Wﬂﬂdﬂﬁﬁ@ﬂaﬂ@t@h thisiscthe traomemes that lis:first polymerised

?lﬁat elrjnl zed Eo plt g&ﬂ)to ‘?ai(é#gtg 3 gds tﬁgﬁrqpku(inuageougﬁ mt%&}e@%eadson
er eby crealng SI
quat er ni za§ i on [ammbmum grodps inid the Ve, thdr&;fcﬂe%txh@@h&ﬁ@éﬂxhnﬁé‘@ftes

initiates polynerisation when the m xture I's heat ed above
50[err]C
,f polymenzauon /L—ﬁ' quatemxuuon ‘Lﬁ
10 - AIBN heat N HC!
_ HO_ Cl' ‘
° o | NE

15 10. AIBN: 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.
20 '
12.. Hydrochloric acid: this is used to neutralise the hxgh pH due to the
trimethylamine.

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

Water (6.3L) was charged to a 20L reactor and the stirrer and nitrogen purge
started. Next Gosenhol ® GH-17 (30g) and Teric ® N9 (15g) were added, and the

30 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



11. Tri metgiybgedse: this is the amine that reacts with thepeEhQudkgssaup

of the gl ycidyl nethacrylate to form quaternary amoni umion
exchange sites. 20 12.  Hydrochloric aci d thisis used to neutralise
the high pH due to the o trlmathylamne Et hanol : this

was char ged 0 HCoBEeraarTe At PReBERE 108, and VI ﬂw%wg@f&lé)%

started. Next Gigedhqh hen.] Gmid 7mia0e) warl stieréd 4l rdoniéatéd Stor \wnee hour.
added, and the 30 watér phase heated to %err]c to dissqlve the

surfactants. W/hreisetusymnitzle (8g) was a the, mimmEs 398 stipredsioga fyther five

cner ged 12, UMbt AT SHREREA ier ppsS! - TiSiphil g ion wes

96/ 07615 5 held at 80°C (£5°C) for two hours, during which time polymensaﬂon occurs and the
PCT/ AU95/ 00583

V- Fe208 (936q) solidwesinbsads (:17kg) worg formed. W&m@%;ﬁ%@p@m the

hour. nzoitsiibiahive A theistbcBiolf g oif SRR o MlInAR B8 Bl PTfese

for a further fuwoana:enalmaimﬁfertw‘manaddl wnhl eﬁa&henmuecthmwha,&ﬁ.
The resul ting q@o I’SIO was 5 held at 80[e !C (5[err]C for two, hours,
((ler Ilgg \)Nhl ch t:c °§ amaéﬁocswmasnahm t tween@d 'The reagtionixture
g 9oP Rréd a
trimet hyl\glrenﬂﬁe ‘gn'gsﬁh E och oric acl o'g;fse 2@@‘3‘5 0 am’snggégtt ele‘rietsol rr]oom
Tﬂese : ) :T) WO teniperatate; and(rjthelhdads zé]mratedfmmaﬂe(meds 'gFez'(E, byampt;mediupleso
t he:exot her ] I n ch a as to i nt t he. pH befween, 6
and 8. The rea&(}‘@?hmgxf% ing;and decantia ss&%ewﬂtpasmnb e frge oxide
The m xture is d tered
separ at ed fromﬁtaﬁg e cess yéﬁn'[ﬂéﬁﬂ.?]ae”e;n@ rebeat cycﬁtnes Qﬁé’l, ﬁ})efnfil
washi ng, settl iang washedewnhtaddmdndiethmmlsdmntademnmdndfdchbmﬂlhm aimhsiréane.c
oxi de rt'cles The.re beads a hen fil e redl ersed in,
ethanol . thbh Btaeamicrographs 5 e poiimaer, bewdsupcocesh By bis SFAE e iow in
acetone, and drg S h%ﬁ@l t thV I
beads produced b |£Ae§:gﬂngge a%g@]oam&%er?g’ |§IL¥r)es ??ﬁﬁ{f Ilge As’ cga

be seen, especuphdtgmim'ognaphgofecradcemmlads',sﬂxe solid ppartichdsc are revenlyo idispersed

cracked beads, fhe sol| articles gre evenly dispersed - throughout the
p0| yner beads. tilrougiouk &é)pﬂtymer%eass. . y P 9 ) _

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

Exaxnple Resin 2
25 Magnetic polymer beads were prepared in accordance with the process of the
copending application in the name of CSIRO and ICI using the following raw

materials:

1. Water: this is the continuous medium m which the organic phase is
30 dispersed and then reacted.

2. Gosenhol ® GH 20: this is a high molecular weight polymeric surfactant, a



20 The maghemte was wel |l dispersed throughout the resin beads produced in -
this WO607615 Exanpl e Resin 2 25 Magnetic pol yPET/AUSS200S83 21 e
prepared in accordance with the process of the copendi ng application
in the nane of CSIRO and ICl using the fghl.owing raw mat eri al s:

1. Water: this is the continuous nediumin which the organic phase is 30

di spersed and th . : ' ' ; IS 1S, a
hi gh nol ecul ar W?ia’l t “po y#g},itga%%x?%ré?saﬁé’s&'ggﬁk ﬂh%% %%%iépd%ﬂgs'
PCT/ AU95/ 00583 ~-- -22 -

pol yvi nyl al,cohol ¢ § hat di.spgrses the, organic phase in the water as
droplets. = fCSSHi' . _|‘ﬁ'ﬁé§< 2jQr parogen:t ifds gplient forghemonamers, o

sol vent for the ' ' ;mgr - P ,
and it pronotes Lﬁﬁgﬁ;ﬁmly%x}qt fg{ﬂ\l/%ml Sgn&maaﬁﬁgw%ggﬁ#;ﬁnp@%y in
the resi ® beads. and internal porosity irethe: resimi bedds. t he :ni.nor por ogen. 5.
Sol sperse [err] 24000 it is a solid phase dispersing agent and is a bl ock
10 ' copol yner of poly(hydrorystearic acid) and pol y(ethyl enei m ne).

6. Pferroyg, [er %lu’éﬁ@'ﬂﬁs)&s'ﬁ‘é%ﬁb%&d' n. gamma - iron oxide (maghenite).
5

This is the magnet i ¢ OXI at makes the resin beads nagnetic.
5. Solsperse ® 24000 it is a solid phase dispersing agent and is a block
10 copolymer of poly(hydroxystearic acid) and poly(ethyleneimine).

‘6. Pferrox ®2228HC y-Fe,05 gamma - iron oxide (maghemite). This is the
magnetic oxide that makes the resin beads magnetic.

15 7. KRATON®DI1102 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.
20 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. VASO ® 67: this is the catalyst that initiates polymerisation when the
25  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. -

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



15 7. KRAVGD6Hm1s ] D1102 this is a | ow nol ecul ar wei ght r ukBRkuosoosss

i ncorporated into t he organi c phase to toughen the polyner
beads. 8. DyB- 50 (di vi nyI benzene) this is the nononer that
croul i nks the beads. 20 9. GVA (glyci 33 nethacrylate this is the
mononer that is first pol yrrerlsed to incorporate it into the
beads, then it Methpdat erni zed to place quaternary anmoni um
groups into the beads, thereby creating the ion exchange sites. 10.
VASO [err] . this is the catal yst that initiates polynerisation when the

t2 ﬁl sist hema)r;tvn{a hg&g?act S W d’?ﬁagtrasrpid%faﬁtro 5u361d0¢13e:[ ﬁg-‘[&' HR& w&gégtpsurge
gl yci dyl met hacstated.e Nmfﬁmmhmﬂar(lognmadd&d,%demmmﬁ phia$¢ heated 38
éLrZI met Ezld;?nc | C§d°& 3@@,@/@1%8 et uselcxieénongn%‘u Je%lel(%gOé r,]eD\h’lBg.‘PO I%O%I)Jeangioatﬁ?set
T8 O oo ppme e e e il et
and nitrogen pungred on emmm(mwmmmeamgmmm (328g)
(1300), DVB- ?S‘*{#@%ﬁ%ﬁ ey W il s s SErc e o1t M i
charged to a seherctighlydi¥pérae Khé&i’a@@ﬁcsdxidé eKrato Fegﬁ?%%@egmﬂed and the

Sol sperse 24000 (21.84g) and the Pferrox 2228 H Y-
added in tutth, mixtrestizredifor arfurthaehewn tor dissodwedthedoighening hgentZ(Tlm mnaim::go

horouahl ¥ < <Rl TAR b it e 61 0080 Yot i i e s

remai ni ng was Gtivredxfor fdrﬁﬁ.@@ﬂveaﬂﬁxdrteﬁbwpa@al it 45 he e%gﬁa&a

and the m xture was stirred for a further five nut es géi
it to the heat ddhenrgsult umdlspersmnwasrmensmdmglhelﬂparmfomm heuars. The

stirred and he%@éenS&Lr%euag’ {Ppetind O Histure of trimethylamine (687g; 25% w/w) and
' 15 hydrochloric acid (294 & 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 polymeér beads cleaned as in Example 1. Photomicrographs of the beads
- are shown in Figures 3A and 3B. Again, the solid magnetic oxide is well dispersed
throughout the beads, and the beads are qualitatively tougher than those of
20 Example 1. Further, the size distribution of the polymer beads was relatively
narrow.

Example 1

25 Raw water was obtained from the Myponga Reservoir, South Australia. The raw
water was pumped into a stirred vessel and was dosed with resin manufactured
according to Example Resin 1 at a rate of 2.6ml of wet resin per litre of raw water.
Resin and water were stirred in a flow through system for an average time of 10
minutes before settling for 10 minutes in a plate settler. The water passed up

30 through the plate settier and the clarified water overflowed for collection. The
temperature of the water during this process was in the range of from 14 to 16°C.



nitrogen purge was stopped and a mxture of trimethylam ne (687g; 25% w w)
and 15 hwaresméssric acid (294 g, 36% w w) added, then thePET/AUASBOSBAHS t hen

stirred and held at 80C for a further three hours. The nm xture was
t hen cool ed and the resul ting polyrreé beads cleaned as in Exanple 1.
Phot om cr ographs of the beads are shéfrn in Fi gures 3A and 3B. Again,

the solid magnetic oxide is well dIS erse . L hr.ough t.he beads nd
t he beads ar&&%@@%ﬂ%%ﬁ? ﬁgmtﬁu%gg}f}(ghﬁ]e& X ﬁ%}:
the size di SE%}eb Ldifse Rate! 7Q§F’lﬂ§ r&ﬁﬁvﬁé' rekyl&d Without réjRhefation.
Exanmple 1 %}WV\B}&{ECI? &V\lgg 0 tgﬂlé’d fromthe - on a Reservoir, South
Australi a. Tl'mzerpmammgvm%rwamnpforpmgenemuoa(sne lec2ks el and was dosed
with resin manufactured . -according to Exanple Re5|n 1 at a rate of 2.6n
of wet resin per I|tre of raw water. - Resin and water were stirred in a
f1ow t hr ough itelii e el subject8d 1 'Seandued Jhe Tesis! | | ng
for 10 m %t g?é?}r? ap gtaéﬁs%}tit&{& The wat er passed up 30 through the
plate settler and the clarified water overflowed for collection. The

Lemperature of the vatier dUp0 () SoBGReRSmF foh Wl alsf WisehlarbhO™rAd 1©

16 C

PCT/ AU9S/ 005 $esults of t.he Jar tests on the resin treated water are set out hereirfin Table 1 and t he
continuous process resin was recycled maintaining the 2.6 mM of wet resin
per i t r jarotestszon raw-wrateroare setout herein i Tahle 2.csin was recycl ed wi t hout
regeneration. The remai ning 10% was sent for regeneration (see Exanple
2) . 5 The raw water and resin treated water were subjected to Standard
Jar Tests. Anal yses including DOC, W absorption and iron were als
undert aken. The results of the jar tests on the resin treated water are
set out herein in Table 1 and jar tests on rawwater are set out herein
in Table 2. : ' '
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. Example 2

The resimtaken for regeneration from the process described in Example 1 was
regexferated'under laboratory conditions. A sample of 10 ml of loaded resin was
added to 400 m! 1M sodium chloride and mixed at flash mix speed (200 rpm) over
30 minutes at room temperature (20 °C). |

The extent of the resin regeneration was measured by monitoring the increase in

. the ultraviolet absorbance of the regeneration solution. Ultraviolet absorbance was

measured at 254 nm and the results are shown at Figure 1.

- Example 3

River Murray water sampled at Mannum, South Australia was treated with varying
resin concentrations under the following laboratory conditions:
Water temperature during the run was 21 °C.
Resin used was manufactured according to Example Resin 1. ‘
Contacted resin and water by stirring at 100rpm for 10 minutes.
Resin removed by settling for 10 minutes and passing clarified water through
a 30ym screen prior to Jar Testing. Under Direct Filtration Conditions.



WO 96/ 07615 | -
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Exanpl e 2 The resin taken for regeneration fromthe process
described in Exanple 1 was regener at ggl .under | aboratory conditions. A

sanpl e of 10 m of loaded resin was 5 added to 400 m 1M sodium chloride

and m xed at 3%%\:]@ & f&ef%ntﬁ%%d'eprﬂ &iﬁn tration éBnfldddk Pa§? %OW ‘?ﬁn‘l'able

tenmperature ( ent” o | 1 regeneration

neasured by gpnitori-ng the increase in the ul traviol et absor bance of

t he regeneration SthUthﬂ U traviol et absorbance was 10 neasured at 254 nm
-and 'the results ;are Shown at F| gure 1. Table3 Exarrpl e 3 River Mirray

wat er sanpl e gms Pk AR S biobrdect - . Syt it |
concentrati ofgs Mr he foI | ow ng I abom Buﬂ@mé'nk :

t enper at use Hurpgée t e run was 21 [err]le resmlLWate e5| n used was

manuf act uredjaccor di P ' . e

wat er by sti

~ bysettling f TES andjpassing Erart11e | a
30pm screen Pri ]t Jarlmbst fng2mUndey DBméct |Fi 1dmht | i tli |
WD 96/ 07615 | - ' . / 00p83
-28 - The r9sul tfs of75Jar Tes‘?ll ng und@l5 Di rlect l%i | t

are shown inj 3. : | ' 12
10 10 21 12

| 15 23 5 13 . |

20 - 3 11 |

Example 4
15 )

Water was sampled from the Millbrook Reservoir, South Australia and was treated
with varying resin concentrations under the following laboratory conditions:
Water temperature during the run was 14.5°C.
_ Resin used was manufactured according to Example Resin 2
20 - Contacted resin and water by stirring at 100rpm for 10 minutes.
Resin removed by settling for appro:nmately 20 minutes and clarified water
decanted. :

Jar Testing Under Direct Filtration Conditions was performed. The flocculation
25 time however, was 9 minutes at 40rpm.

The results of Jar Testing Under Direct Filtration Conditions are shown in Table

4,
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m resin/L 9Colour
Turbidity mg/ | 1m om29 = 3n 1m om
3m 0 75 : 31 25 _ 12 11
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0. 24 Exarrple 4 15 | 2@ Batlem mas—saped Il | br ook Reservoir,
South Australia and was -t-pea-t-érd T doncentrations under
the follow ng | aborf tory condilftydy oo wn @ fer ature during the
run was 14.5C. | 3 Regg n ugeg;g/\gsg@mgi odlr di ng to Exanple
Resin 2 20 C taq‘% rnesi A and -waters | at 100pm for 10
m nut es. fed n|re ved"‘ﬂ%%’t?lqﬁgq ter 20 ni nut es
and clarified wat erf decatT: Jar—Festting Under Direct
Filtration Conditi( sgwas per flormed. The fl ogcul atlon ti me however, was
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Example §

Water Saqxpled at North Pine Dam, anbane, Queensland was treated with
varymg resin concentrations under the following laboratory conditions:
5 - Water temperature during the run was 19°C.
Resin used was manufactured according to in Example Resin 2.
Contacted resin and water by stirring at 100rpm for 10 minutes.
Resin removed by settling for about 20 minutes and decanting the
clarified water prior to Jar Testing under Direct Filtration Conditions.
10
The Jar Testing under Direct Filtration Conditions was performed. However,
the flocculation time was 9 minutes at 40rpm. The results of the Jar Testing
under Direct Filtration Conditions are shown in Table 5.
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Example 6
Wateg saﬂpled at I.mon Reservou, Vlctona was treated with varymg resin
concentrations- under the. followmg laboratory conditions:
5 - Water temperatnre during the run was 19°C.: -
Resin used was manufactured accordmg to in Example Resin 2.
Contacted rwm and water by stirring at 100rpm for 10 minutes.
Resin removed by setthng for about 20 mmutes and decanting the
clarified water prior to Jar Testing under Direct Filtration Conditions.
10 | |
The Jar Testing under Direct Filtration Conditions was performed. However, ‘
the flocculation time was 9 minutes at 40rpm. The results of the Jar Testmg
under Direct Filtration Condluons are shown in Table 6.
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Exampl e 6 Wat er sanpl ed3gt-Lexton Reservoir, Victoria was treated

with varying resin concentrations under the follow ng | aboratory

conditions: 5 _ Vﬂter tenperature durlng the run was 19[err]C
Resi n used wag R , etz g e Resin 2.

18 fim nut es.
mnting t he

Resin renoved by sg
ation Conditions. 10

clarified water pygor t

The Jar Testingeunger @g§perforned However,

t he floccul ation tfne Jts of the Jar

Testing under in Tabl e 6. WO -
96/07615 PCT/ AU95/ 00583

- 35 - ommOOO

. Physical & Chemical Propertie

UVabs
(/cm,
254nm)

Colour
(HU)

(NTU)

Turbid—
ity

Filtered

pH

Unfil-
tered
Turbid-
ity
(NTU)

(mL/L)

Chemical
Additives

Table 6 Cont...
ghlum Resin

5
10
15
20
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Example 7

Water éali{ple at of Wanneroo Ground Water, Western Australia was treated
with 1‘varying' resin concentrations under the following laboratory conditions:
S - - Water temperaturé during the run was 19°C,
Resin used was manufactured according to in Example Resin 2.
Contacted resin and water by stirring at 100rpm for 10 minutes.
Resin removed by settling for about 20 minutes and decénting the
clarified water prior to Jar Testing under Direct Filtration Conditions.
10 -
‘The Jar Testing under Direct Filtration Conditions was performed. However,
the flocculation time was 9 minutes at 40rpm. The results of the Jar Testing
under Direct Filtration Conditions are shown in Table 7.
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Example 8
Watqr-;a;}pled at Happy Valley Reservoir, South Australia was treated with
varying resin concentrations under the following laboratory conditions:
Water temperature during the run was 18°C/
Resin used was manufactured according to Example Resin 7.
Contacted resin and water by stirring at 100rpm for 10 minutes.
Resin removed by settling for approximately 20 minutes and decanting
clarified water prior to Standard Jar Testing,

The Standard Jar Testing was performed except that the coagulant used was
ferric chloride at varying dosages. The results of the Standard Jar Testing are
shown in Table 8. . .
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Exanpl e 8 Wat er sanpl ed at Happy4®all ey Reservoir, South Australia
was treated with: varying resin concentrations under the follow ng

| aboratory conditions: 5 _ Water tenperature during the run was
18[err]C . Resin used wa ipufactured according to Exanpl e Resin
7. Cont adt e : df v hg at 100rpm for 10

m nut es. : [ I approximately 20 m nutes
and decanti ng . Qb Standard Jar Testing. 10

The Standard Jare T4
ferric chloride at fvar
are shown in Tgbl e
PCT/ AU95/ 00583 i

ht t he coagul ant used was
pf the Standard Jar Testing

rotal’

'mg/L | Alumi-

DOC

THMFP
ug/L

Filtered

ance .
(254nm)

violet
Resin Treated Water (SmL/h)

Uitra—
Absorb-

Colour

1 Dy
il
3T
B o

E

Unfiltered

Floc
Size

Table 8 Cont...
Ferric
i Chloride
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Example 9

-— .

Water saﬂipled at Myponga Reservoir, South Australia was treated with resin
and the Joaded resin contained approxlmately 6 milligrams DOC per ml of wet
resin. The loaded resin was then subjected to a number of regeneration
methods employing bnne solutions having varying concentrations of sodium
chloride. The resin used was manufactured according to in Example Resin 1.

In the first method the loaded resin (50ml) was dispersed in a sodium chloride

solution at varying molar concentrations (100ml). In the second method a 200ml
column was packed with loaded resin (50ml) and the sodium chloride solutions
(100ml) were placed on top of the packed resin and the resin and sodium
chloride solution were mixed thoroughly by sparging nitrogen through the
column. In the third method a 200ml column was packed with loaded resin
(50ml) and the sodium chloride solutions (100ml) were placed on top of the
packed resin. The sodium chloride solutions were allowed to pass through the
packed resin.

The resultant sodium chloride solutions were measured for UV absorbance and

- DOC. The results are shown in Table 9 and 10 and the higher organic content

of the regenerant solution demonstrates the parucular effectiveness of employing
a packed column to regenerate the resin,
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Optimising Regeneration With Columns

L 3 \\ - . )
f . | Table 9
Regeneration |  Ultraviolét Absorbance
- Method . ey N g .
Sodium Chloride Sodium Chloride
1.0 Molar ' 1.5 Molar
Stirred 24 hours 15.40 | 19.80
10 § Column , ' 15.60 o 23.80
| (mixed by aeration)
| Column . 24.10
(no mixing) '
15
Table10
Method"® UV Absorbance
20 J Column 214

(mixed by aeration)
Column 29.9
(no mixing)

25 *Employed 1.5 Molar Sodium Chloride
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Exanpl e 9 Wat er sarrpl ed at Myponga Reservoir, South Australia was

treated with resin -45 - '
Example 10

P

Water sahpled from the Myponga Reservoir, South Australia was treated with
varymg resin concentrations under the following laboratory conditions:
5 + ° Water temperature durmg run was about 20°C.
Resin used was manufactured according to Example Resin 1.
Contacted resin and water by stirring at 100rpm for 10 minutes.
Resin removed by setﬂing for approximately 20 minutes and decanting
| clarified water. The clarified water was measured for UV absorbance and
10 DOC. Chlorine demand tests and THMFP tests were subsequently
conducted on the clarified water. The results are shown in Table 11.

Example 11

15 River Murray water sampled at Mamnun, South Australia was treated with
varying resin concentrations under the following laboratory conditions: |

Water temperature during run was about 20°C. |
Resin used was manufactured according to in Example Resin 1.
Contacted resin and water by stirring at 100rpm for 10 minutes.

20 - Resin removed by settling for approximately 20 minutes and decanting
clarified water. The clarified water was measured for UV absorbance and
DOC. Chlorine demand tests and THMFP tests were subsequently
conducted on the clarified water. The results are shown in Table 12.



and the | oaded resin contained approximately 6 mlligrans DOC per m of wet °
5 resi nwoldsm7émaded resin was then subj ected to a nunber POT/AU95/04583 at i on
nmet hods enpl oyi ng brine solutions having varying concentrations of sodium
chloride. The resin used was manufactured according to in Exanple Resin 1.
In the first method the | oaded resin (5040) was dispersed in a sodium
chloride 10 solutioh at varying nolar concentrations (100m ). In the second
nmet hod a 200m colum was packed with | oaded resin (50m ) and the

sodi um chl ori de sol uti ons (100m) were placed on top of the packed
resin and the resi® and sodi um chl Tabkkdlsol uti on were m xed t horoughly
by sparging niteogen through the colum. In the third nethod a 200ni

col um was packed vvlth Ioaded resin 15 (50nm) " and the sodi um chI ori de

sol utions ( Jpedssad ; , Sm—

chl ori de solfuti q{@;ﬂ\ere a'Ul@MﬁiblétO )assD(DCough
The resul taft soghsd ons were ne
20 DOC Thq '
cont ent
effecti venes of errpl oy| ng o320a pa
WO 96/ 07fpl5
- 44- ‘
Table 9 5 0
Met hod - T e s
1.0 Mol ar : Stirred 24 hours : '
19.80. 10 Col um - 15. 60 23. 80 '
(m xed b5 aeration) Col um 24.10
29.80 - (no m xng) : Table 12
Ultraviolet
. Absorbance
20 254nm

- 0.103
0.057
0.041
0.028




15 WO 96/07615 Table 10 Met hod PCT/AU95/00583
W Absor bance - DOC :

ng 20 Colum . 21. 4 50 (m xed
by aeration) Col um -47- 29.9 65
(no mxing) 25 *Enpl oyed 1.5 Mol ar Sodi um Chloride

WO 96/ 07615  Example 12 | |

PCT/ AU95/ 00583 - ' - 45 - Exanpl e
10 Wat er sarrpl ed~from t he I\/yponga Reservoir, South Australia was

treated with \“gé‘ym*fh %lﬁtew
| aboratory conditi ?fﬂo@nﬁ%‘@r tenp zuip%r%ém uring r%ﬁ%s?‘t%db&

20[err]C. varymgliesnmonsmtraumsrmﬁci'aha folioiviag dabalatyy iconditioms! e Resin

1. gont act reS| n and wat er, by stirri at 100r for 10 m nutes.
: Resi n r&moved b R&Mﬂﬁ and decanting

clarified water. TheReglﬂrdsga%svﬁm d‘r‘g&ﬁ*laﬁg lgtlsgiﬁ)gnce and 10
DOC. Chlorine demand tests and THVFP tests were Subsequentl

conducted on the cl aﬁonﬁmmmtmd&tsmnsmlﬂﬂmfonlémm@l

Exampl e 11 15, Riv I a ter | ed at | Sout h Au al i a was
treated with var rF@QX'ﬁ&V?X M‘H m%%npm @Pﬁ ecanting.

| abor at ory conditior‘@anﬁedwater Water tenperature during run was about
20[err] C : Resi n used was manufactured accordrng to .in Exanple
Resin 1. 10, Contacted resin and water by stirring at 100rpm for 10

m nutes. 20 . si.n renmoved settlin or. - gpr oxi, mat e es and
decanti ng The E]eangﬁg rED mgﬁ%‘k meagre gléfq? \ﬁég?[gggqs Jll%ﬁ f or

UV absor bance aigshlts are shown in Table 13.

Table 13
15

Ultraviolet
Absorbance
254nm

- 0.164
20 | | 0131
- 0.109

0.092

25 Example 13

. Water sampled at Happy Valley, South Australia was subjected to membrane
filtration in combination with resin treatment.

30 The membrane filtration unit was operated at 100kpa at a flow rate of 5 litres
per hour. The temperature of the water was about 20°C.

The effectiveness of the membrane filtration was measured on raw water and on
water treated with resin under the following laboratory conditions:
35 Water temperature during run was about 20°C.



DOC Chl orine demand tests and THVFP tests were subsequent |y
conduct eGy@wgbtsgs cl arified water. The results are shown i reCiakbas/ohsss3

WO 96/ 07615 PCT/ AU95/ 00583
-46 - _ : ' Table 11 5 Resin

U traviol et DoC Chl ori ne '43r'HNFP Dose

Absor bance Denmand 254nm

mg/ L e ny/ LResm used waggngnufacmred acqg)rdmg to Exampjeglgo 8.1

30% 397 éontacted 4 3111,2‘501: wet resn? §}1§ jwater by stu'ru% A/t 100rpm for 10% 52

3 0. 08'4mmutes 3.0 ' ' 117 15

Tabl e 12 Resi n U travi ol et DOC anﬂ

THVFP *  DoBesin remoxgd byissttling for about 20 minutes and degantip, 82% ed /L
254nm nmg/ mg/ L ug/L - 0 0. 103
4.4 5 3. 0\lvater. 212 1 ' - 0.057 3.1
2.0 135 2 0. 041 2.7 1.5

-102 3 0.028 1.5
WO 96/ 07615 The resuits of measurements of pH, turb2id1%y, colour, UV a%)sgrption and DO(? 025

PCT/ AU95/ 00554 shown i m Table 14. It can be seen that the combination of #€sin treatment
prior to membrane filtration results in acceptable water quality without the need
10 for additional chemicals such as coagulating agents and the like.

Table 14
15 sis w W Resin Treated

Before After
Membrane Membrane

pH | 1 18 8
Turbidity (NTU) 520 032

Colour (HU) 12 5
UVabs 0. 0.067 0.048

20 | DOC (mg/L)

Example 14

25 Some waters are prechlorinated prior to the water treatment pmc&ss Water
sampled at Myponga Reservoir, South Australia was prechlorinated with varying
doses of chlorine under the following laboratory conditions:

Water treatment during the run was about 20°C
The prechlorination occurred over 16 hours in the dark.

The prechlorinated water was treated with 1 millilitre of wet resin per 2 litres of
prechlorinated water under the following l_aboratory conditions:
Water temperature during the run was about 20°C.



Exanpl e 12 woosw7diseat ed ef fluent fromthe Handorf Sewage Tr eett/sussiodyss ks

was treated with varying resin concentrations under the follow ng

| aboratory conditions: 5 : Wat er tenperature during run was
approoxmately 20[err] C : Resi n useq9was nanufactured according to
Exampl e Resin 2. : Contacted resin and water by stirring at 100r pm
for 10 m nutes.. Rmmé@wwmmﬁaya@emxhgwmmmmm mately 20
m nutes and decantin clarified water. The clarified

wat er was t hen "neas aqted resin apdovaten by samnmx;lmm for 3Qbmimutes.ar e shown

in Tabl. e 13. . Umr%qlgw{ed by settling for 3gaut 20 minutes &4l &éaiu]lg&ag'éﬁed

Resi n

Absor bance ' water. mL/ L 254nm

ng/ L 0 0.164 20 - 1
0.131 5 0.109

3
0.092 25 Exaffe fied water\%%seherﬁgx‘f@h%r dbiodePeY &&'ﬁﬁ%‘&n{ Eﬁﬂ@o@ﬁﬁd fid @

was Subj ected to ma rane l-on. 1 n- condbr na _ resin
treat ment. 3desultscareshbwnrin Table 15; i These resulsashownthat thes procedsdislalso at a

flowrate of 5 |jtres hour., The t rature of the water was about
20[err]C. ?ﬁ'é"%quéﬁpf chloginated D 8OlutiPRy at i on was neasur ed
on raw water and on water treated with resin under the follow ng _
| abor at ory l(i)ondltlons 35 ~ Water tenperature during run was about
2
Oferr]C. Table 15

15

20 J Omg/L + resin
3 ] Il.
6 ] "
9 " "

It will be appreciated that the invention described herein is susceptible to
variations and 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. For example, the present process may be
30 employed for the removal of contaminants other than DOC from water. It may

be necessary to select an ion-exchange resin with anionic :functional groups. |



WD 96/ 07615 PCT/ AU95/ 00583
-48 - W0 96/07615Resi n used-was nmanuf actured accordi ng to PCIKRUOSN005S3
Contacted 4 nmL/L of wet resin and water by stirring at 100rpm for 10

* m nut es. : Resin renmoved by settling for ] n
decanting clarified 5 wat er . - S0Fhe results of neasurenents of

pH, turbidity, colour, UV absorption and DOC ﬂHIHH l mlllﬂmt 14. It
can be seen tCBAIMS: conbination of resin treatmert@sill e Menbr ane

filtration results im-acceptable water quality wthout the need 10 for
addi tional chem calg such as coagul ating agents and the I|iKke.

roble 1419, ¢ Yo the removg pf g Wi curon oy, i

Tr eat ed _ ore

After process includes the folloWinghstepsz  Menbrane  Menmbrane  Menbrane
‘pH ' 7.8 82 - 7.8 8
Turbidity QI\FI'U) 520 037 5. 20 : 032 Col our
(HLJ) 60 .. . ' . e o . abs
0.276 2 1 ding an iorg Hhgnee resin to g ‘.%64;800211 (5’”“"'|§ocd"?°lnrg§‘"/dLS”ga“H

Exanple 14 25 ankomaters are prechlorinated prior to the water
treatnent process. Water sanpl ed at Myponga Reservoir, South Australia
was prechlorinated with varying doses of chlorine under the follow ng

| aboratory ceydit 'diffiersing the resin ﬁﬁuf&whfe?%mled&uﬂ%iémsf thedidgsivad out
20[err] C : The pFechl ormation occurred over 16 hours in the dark.
30 ThE) pr echl @rganic edrboax entovthe resighandl with 1 nmillilitre of wet resin
per 2 litres of prechl ori nated water under the follow ng | aboratory ‘

condi ti ons:
- c. separating the resin loaded with the dissolved organic carbon from the

water.

15 2. A process according to Claim 1 wherein the resin is dispersed by
mechanical agitation, mixing pumps immersed in the water or air agitation.

3. A process according to either Claim 1 or Claim 2 wherein the loaded
resin is separated from the water by settling, screening or a combination thereof.

4. A process according to Claim 3 wherein the loaded resin is separated
from the water by settling and wherein the ion exchange resin is more dense
than the water. '

25 5. A process according to Claim 4 wherein the settled resin is collected by

vacuum collection.

6. A process according to either Claim 4 or Claim S wherein the settling is
facilitated by tilted plates or tubular modules.

7. A process according to any one of Claims 1 to 6 wherein the ion-exchange
resin has cationic functional groups.



Wat er tenperwd ing the run was WO 96/ 076 1BCT/AU95/00583

PCT/ AU95/ 00583 U||l||l muu“luu Hm © - 49 -
Resin used was nmanuf act Exanpl e Resin 1.

Contacted resin and watef by stirri ng at 100gpm for 30 m nutes.
Resin renoved by settling for about 20 m nutes and decanting clarified

water. 5 TBe cl A pfocess W%'Wmqum%%é%M&nFe

and DOC and t he results are shown in Table 15. These results show tha

the process is: mmmcﬂstqmthmpm\havg a diameterless) timocl 001,

solution. 10 Y Tabl e 15

Prechl orination *  Col our Uvabs DOC Dose

35 L /L9, A process acddkting to Clalms 8 wherem the 1on-exchangc73 resﬂ/plameles
ng

39 S have gmameter in the range of trom 25pmab 75um. 32

0. 246 8.0 9" _ - 29

0.229 : 7.8 20 0 ng/L + resin- 27 0. 158

g. 8 3" 10, A prc:x:t:ss13 according 18 any one ciflglaxms' 1001B@herein th% ion-exchaggg

17 resin is)macroporous. 4.8 25 It will be app'reci at ed

that the invention described herein is susceptible to vari ations and

modi fi cati ons other than those specifically described. It is to be
under st ood flBat 11.he Anprovessosccerdingie wmgone dufGlaﬁxhs\lablmwhéﬁemlﬂEb lon-

nodi fi cati ons that fall within the Spirt and scope For exa
present processﬂﬂsan%re%nmwhﬁ%ﬂffm%me@omm wbmm
than DOC fromwater. It may . be necessary to sel ect an ion-exchange

resin with anionic functional groups.
12. A process according to any one of Claims 1 to 11 wherein the ion-

exchangemmlspresentmthewatermtherange of from 0.5 to Sml of wet
15 resin per litre of water.

13. A process according to any one of Claims 1 toltheremt.heresmxs
recycled and regenerated.

20 14. A process according to any one of Claims 1 to 13 wherein the process
~ includes the resin regeneration steps:

a. "  packing the spent resin into a column; - -

25 b.  passing brine through the packed column for desorption of the
' dissolved organic carbon from the resin.

15. A process according to any one of Claims 1 to 14 which comprises a
- process for the removal of contaminants from solution wherein the ion-exchange

30 resin is dispersed in the contaminated water.

16. A process according to any one of Claims 1 to 15 wherein the ion-
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1. A process for the renoval of dissolved organi c carbon fromwater, which
process includes the followng steps: 5.5. a. addimg an 1 on- exchange '
(rjesi n to water containing dissolved organic H” Mzmui“uuum
|sperS| ng t -&0R rpti lm ed 10
organi c car b%%‘:ﬁ%me%@ %tehgxln‘r%@ﬁ&icfo% Qﬁ% r?"gﬁfs)epar at+ ng the Y esi n*l oaded
wi th the dissolved organic carbon fromthe wat er . 15 2. A

process accordi ng Claim1l wherein S s dispers .
nechani cal a tat |‘§%’°?ﬁs§<? a}rﬂgﬁgsé@ f"ﬂofﬁﬁén?lxﬁ 3% |Wat§fjim on.
3. A proce ‘P],g BlbWa; QE?ettl | or Claim2 wherein the | oaded

resin is sepdr at ed romt e wat er ng, screening or a conbi nation
t hereof. 2 : A process accord| ng to C aim3 wherein the | oaded

resinis separate fromthe,water, by settling and erein. the fon
exchange resifn |sm€|é‘m@° CIO?WaPéE vgat gontaiming ss

according to dai %ﬁaﬂi’@% the settled resi n S coI | ected by vacuum
col |l ecti on. process according to either Caim4 or Caim5
Wnereinthe settlingis . facilitated by tilted plates or tubul ar

wherein the Pon- o fispertal the fesin B i Halg sbitsdPle PBRctionf Wi dippfed

10 organic carbon onto the magnetic ion-exchange resin;

|

c. agglomerating the magnetic ion-exchange resin loaded Wlth the dissolved
organic carbon; and

15 d separating the agglomerated magnetic ion-exchange resin loaded with the
dissolved organic carbon from the water. '

18. A process according to Claim 17 wherem the magnetic ion-exchange resin
is dispersed in the water with sufficient shear to maintain the magnetic ion-
20 exchange resin in a dispersed state.

19. A process according to either Claim 17 or Claim 18 wherein the loaded
resin is separated from the water by settling, screening or a combination thereof.

25 20, A process according to Claim 19 wherein the loaded resin is separated
from the water'by settling and wherein the ion exchange resin is more dense

than the water.

2. A process according to Claim 20 wherein the settled resin is collected by

30 | vacuum collection.

22 Aprocssacoordingto'eitherClaimZOorClailewhereinthesettlingis
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A process according to any one of Clains 1 to 7 wherein the ion-exchange
resins is particulate and the particles havwes®-dianeter |ess than 100pm

9. A process according to Caims 8 wherein the |on1)u|1 H'Ig |“|
particles 5 haf&ﬂitatédafsetxhéd iphatésror ibder mbdhlesm 25

A process according to _any one of Jains 1 to 9 wherein the ion- exchange
resinis rracroporous 10 11. A process according to any one of Clains 1

to 10 wherein t f%&tmﬁg [ C"ﬁiﬁg I
cross-1linked po ysfyr% B ased po F}oer%g?baed? o .Wk&g?%ésrgmaccorgl ng to

any one of C ai exchangeresin has cationic fendtional groupsexchange resin i s present
in the vvatersln the range of fromO0.5 to 5m of wet 15 resin per litre of
wat er . A process according to any one of fClains 1 to 12 wherein
the resinis I ey, ‘ﬁg% Qims! W L di ng
to any one of CI ai s o 13 rel E@Eﬁgrﬂgc?gsd; f?rt]%?." es Eﬁxsth?gig’lﬂn
regener ati on stexsbange resin is paruculate anqh sl partidi¢schaweca diamsten léss ttham 100um.

col umm, 25 b. passi ng brine through the packed colum for
desorption of the di ssol ved organi c carbon fromthe
resin. - 25, A process according to any one of Claims 17 to 24 wherein the ion-

10 exchange resin particles have a diameter in the range of from 25um to 75um. .

26. A process according to any oné_ of Claims 17 to 25 wherein the ion-
exchange resin is macroporous. |

15 27. A process according to any one of Claims 17 to 26 wherein the ion-
exchange resin is manufactured from cross-linked polystyrene based polymers.

28. A process ac_:co_rding to any one of Claims 17 to 27 wherein the ion-

mhangeresini_spr&centinthewaterintherangeoffromo.StOSmlofwet
20 resin per litre of water. | |

29. A process according to any.one of Claims 17 to 28 wherein the resin is
recycled and regenerated.

25 30. A process according to any one of Claims 17 to 29 wherein the process
includes the resin regeneration steps: | |

a. packing the spent resin into a column;

30 b. passing brine through the packed column for desorption of the
dissolved organic carbon from the resin.
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15. A process aCCOLdJ_QQA_o_aane—ef—G ains 1 to 14 which conprises a

process fyad 9é/b7818 em) ts from sol uti on whersgTAt9500583

i on- exchange 30 reS| Emjmﬂ the contam nated water. 16. A
process. according to 1 to 15 wherein the ion- WO
96/ 07615 PCT/ AU95/ 00583
- 52 - exchange resin is a rragnetlc | on- exchange resin 17. A
process for3t.he Acprocass adcortling 60 \any mengrﬁmiﬁm%ommmpnsemch

| ud | |
Ton: exchangebiaRest0F dhe SEBvaD At SPRminants Rt sojution wateld SR IS oxthange o,

b. dlspersresﬂrismwmmé&mmiﬁteawblé adsorption of the
di ssol ved 10 organi ¢ carbon onto the magnetic ion-exchange resin;

C. aggl onerating the magnetic ion-exchange resin |oaded with the

di ssol ved | ; . : |

aggl oner a?edg%‘ag né P@%M&S@%&&ﬁg qfoéggﬂgémt?@m&gﬂ Qﬂdtﬂ;‘&ess

di ssol ved or jelides thé Rdditianalstepeofdisiafecting the whfer. A process according to
Claim 17 wherei-n the magnetic io0n-exchange resin i's dispersed in the

water with sufficient shear to maintain the magnetic ion- 20 excha_nge resin
Olaim 18 whersi o frBroess aesording ¢4 CASF 32 Hilsel dl aeklisfubiiflencd G 17
settling, sce¢deriheg or a conbination thereof. _
10 | -
34. A process according to any one of Claims 1 to 33 wherein said process is
a pre-treatment prior to subjecting the pretreated water to membrane filtration.

35. A process aceordmg to any one of Claims 1 to 33 wherein said process is
15 a pretreatment prior to subjecting the pretreated water to a
| coagulation/sedimentation process. |

36. A process accordmgto anyoneofCla:ms 1 toBSwheremtheprocess
includes the additional step of treating the water with acnvated carbon after

20 treatment with the ion-exchange resin.

3. A process substantially as hereinbefore described with reference to any
one of the foregoing Examples '



25 20. A proeessomesording to Caim 19 wherein the | oaded regdyidosoosss
separ at ed fromthe water by settling and wherein the ion exchange resin
i § nore dense than the water. 21. A process according to Caim
20 wherein the settled resin is colldefled by 30 vacuum col | ection.

22. A process according to either daim20 or Caim2l1 wherein the settling
is WD 96/ 07615

PCT/ AU95/ 00583 _facilitated by tilted plates or tubular nodul es.

23. A process according to any one of Clains 17 to 22 wherein the.ion-
exchange resin has cafhonic functional groups. 5 24. A process
according to any ofle of -Cl'aims 17 to 23 wherein the ion- exchange resin
is particulate and the particles have a dianeter |ess than 100pm 25.

A process according to any one of Clains 17 to 24 wherein the ion- 10
exchange resin particles have a dianmeter in the range of from25pmto 75pm
26. A process according to any one of Clains 17 to 25 wherein the ion-

exchange resin i s nmacroporous. 15 27. A process according to any one of
Clains 17 to 26 wherein the ion- exchapggureshn i s manufactured from
cross-1inked polystyreneaﬁised pol ymers. 28. A process according to
any one of Clainms 17 to 27 erein the ion- exchange resin is present
in the water in the range of fromO0.5 to 5n of wet '
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. ‘/‘
g J/
C
3
S 03
3
c
©
£
2
L
d 02+
K
S
8
5
0.1 =~
0.0 -y | T \
0 10 20 30

Reaction Time (minutes)



30 resin per litre of water. _ 29. A process according to K

Cains 17 to 2P@rein thewmmﬁ'ﬂugﬁfmh.i’afmx ,

30. A process according to.any one 0 17 .t0 2%%«; (h\E
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36. A process according to any one of Clains 1 to 35 wherein the process
i ncludes the additional step of treating the water with activated carbon
after 20 treatnment with the ion-exchange resin. . 37. A process
substantially as herei nbefore.described with reference to any one of
t he foregoi ng Exanples. 25 '
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