WD 96/ 07615PCT/ AU95/ 00583 - 1 - WATER TREATMENT PROCESS The present

i nvention RlBest 0 water treatnment, in particular to a proeeImdmnossse
renoval of dissolved organic carbon fromwater. 5 The processes used in
water treatnent are largely a function of raw water quality. Potable water
suppl i es often contain unacceptably high Ielels of organic conpounds

di ssol ved, dispersed or suspended in raw water. These organi c conpounds are
referred to herein as dissol vedQVATER TR EATMENT PROCESOher terns used to
10 describe DOC include total organic carbon, organic colour, colour and
natural organic matter. DOC often includes conpounds such as hum c and

ful vic acids. 1 A J oSe et i t
it uree of orbaAreibsthith teRiteh Bafrlilarilent R MrAbaARLy A RSRUTS LY
15 The r enovalenfivaDEE dissoMedairganicscanboe fiomt water.or der t o provi de high
quality water suitable for distribution and consunption. A majority of the
conpounds %nd materials which constitute DOC are sol ubl e and not readil y

separable fr t r 5$E5 i t d haoal
treatment dif |CCE$?C\A§%$§ %%ggﬁs%%g e[ %Jrgol\%%l n%cgﬁggfg%gfdg%fgﬁév\lgyer
suppl y of t en Paablerveset S1qaliee ofteaicontdif inhoceppitsly higholestls ef begdniycompounds

acceptabl e. The renoval of suspended matter and coloQur is an inportan

aspect of t hidisspivesgy sisperserlar spsnesnsiedeld Bave Waseionl BESE ARG CRRO F&
of suspended [ I i L8S Qn

membrane 111 {Pare G erERL U discifed WRUETCAOGR STOC)T Bkl 16t aka 1D
applied t10 des@itd OCS itfdeded @stalrdir g fiic Jaebem)| organkocodloat, tdloyr andl pameal
and forma floc, which can then be physically renoved by nethods such a
floating, seOrgamg maten r BYQGroftan incledsasi mm@mmﬁ%@t@ﬁé &Ci8¥ich

as alum (al umni S hate), various iron . j: ar e
common y. s el RtRE bR ias 8ol Hiverdi 8 rE it SofiuBAS blClnubey ofifane
sour ces have chingouhay ebinéd bPRhic RepiiionVF slint fesdiesi n_ cause VO

96/ 07615PCT/ AU95/ 00583 - 2 -° of the colour, and the DOC reacts with the
coagul ant requiring a higher coagul ant dose than would be required for

| qf ded | one. The bulk of. the f|oc f ,
emoved B9 SdBEEerel BhDEIC AR S antesnd mtder ooyl Rignpaiy ke
remai nder of ghipgble! R &@&ﬂﬁﬁi&ﬂ‘%ﬁ&g&xﬁuﬂ;ﬂtfoﬂ! Wrmﬁjioﬁﬁ% of| el bopbuads ahd

However, even after such treatment the treated water y._contain as much as
30- 70% of t materialsi whichaonstitute tROGrand sehibi¢ iandr rat eadiy separable dromthe

is filtered throu a rane system However, where '

i gh |evels SPeEoctig DO Rrstms I Tov peares Hepont coeadoby) g BRfkE: B
reduci ng thee_g,éﬁgi@gross t he menbrane, reducing the life of the nenbranes
and increasing operating costs. Menbrane systens designed to handl e water
contai ni 2§ high I evels of DOC have nmuch higher capital and operating costs
t han convent {gnal nepbrape syste used for the.production o t gbl
wnter 1T or R RIRMRR pheisals ROIS SEie SRR GREA FeE o ReARESt Movdier £
for the reno e hyaRpasl “He fehfRaf ALY ft i ind doYord"1l an
ot her suspengtg%(eggra ICFQ%( hrola blY@dr’]l‘_'HeeXrIg angegfge]%ip% pacEjeag In columms or
the |ike. Pasmporannbaspet ef thist eeatnemugiwe gppreachesesecommonkyugsed for the
packed resin to becone cl ogged and 20 ineffective, .proble simlar, to

t hose faced FFFnﬁ‘ﬁﬁltﬁfa?\’éP?F‘?qqf R3AGA .anﬂfé’l?ﬂreséﬁf' Wg?ﬁ Wﬁgﬁ%tlﬂﬂ ﬁ'é@ the other
process far H@nﬁ%‘éﬁidﬁr el imnation of DOC from water using

i on- exchange resins I'ch can be conveniently separated fromthe water

prior to subsequent treatnent and its distribution and consunption. 25
Accordingly, we provide a process for the renpval of dissol ved.

carbon from JAtke progescinvg eapguatiq acopgalanpis| appligg tQ ! ﬂg?.regg’g‘l?q%élegn

06/ 0761500 AL0abH £HIbR o ThGF! Bef Lolhesce A cof 4 foc LR canlfhen be

the resin | opHgsically Feridvedbyrmetirid st as fieatdag, Betlihgofilatdtionvart @combhmtion
i on-exchange ' resin’is dispersed in the water so as to provide the nma Hgljllan

surface &@lea thereobsCoagelantsssnch analwocalpminiums suiphate), yarions dreth

resin may 5 ey by a nveni . ] S HhwRér be
di spersed by %@%Eﬁ P&’g?&%(é."fgﬁ‘gﬁn%@? Hggé 'ﬂ;?%%)@#}%éﬁé&%%g&mﬁg ng &
punps i mMer s eeanyraw frateH Durds ive Hgh ievelsdof DT présepdswhith lisitiid rrdin bawsegh
the water. Suffi'cient shear needs to be inparted on the water to achi eve

di spersal of the resin. 10 In sone small scale operations for the ion
exchange resin may be dispersed in a sem -fluidized bed provi ded punping
costs are not econom cally unfeasable. The use of a sem -fluidized bed is
not only a convenient neans for dispersal of the ion exchange resin but
provi des for the ready separation of the |oaded resin fromthe water once

. A= P~ gy =




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

conveni ent&%qbe separated fromtreated water by gravity settli n]g%v Based on
resin char XQ 47613 cs, very effective ( >99% sol i ds renmpval ) RfrTAYEASEHha

settling is achieved in high-rate WD 96/ 07615PCT/ AU95/00583 - 4 - settling
nodules with retention tinmes less than 20 mynutes. In a preferred process

for separating the ion-exchange resin fromthe water the bul k of resin
particles setg}ﬁl

0 Nt fi ter t he separati.ng basi,n | enqgt
i ch 5t deobih liolE e RAIG SR ¥ dhe (B5pRERCLRNITR & bty Cghlhn
renoval of redbdt @Dt welRSbd r@NiARCRA reffivial bR Qhsgenael trh 8Réeslone! The ibulk of
performed in the settler conpartnment filled w th nodul es which may be

ei ther, tiltetheflog toymad mayuhen beodmaved byrsediroentanionforn fletationtangr theswvater
designed for collectign of resin rti.cles in lindrigal,. canica .
oyr i dal - hopeat el e, A BERE of Bis 5 EReidl Bobe /iyt 2 Harticavione
front of the HbWeees evkR aFier Subl Fedfrhest HeOFEHedSRAIEr maky!cgﬂn% dsNRudietat Bed
resin in the hoppers may be required to keep it in a fluid condition and to
ensure uni f orfd%exfithedontd @&t i on of resin in the recycle system The

i on-exchange resins suitable for use in the process of the present
invention 15 have cationic functional groups. The cationic functional
groups provi dg gié bRBhSrate! 8frdiRin EP@C&‘;d%ﬁép&rh%? i?ffﬂtta%f:lDﬁ@ou d fnembrane
preferred that the ion-exchange resins have a dianeter |ess thnan 100pM
preferably i syste. r Hoyeevef, Where @pwates comtght high teveizef D{PGahprmemibesnesn

ion- 20 han [ €Si Lch ca readi |y djspersed_in the ter and one
wht o1 s i Ca 40 % Pl B B DR Fars ol e AU e er oo BeamsBiEg R
resins af f ecredidifg theairt o5t @k ﬁ@ﬁﬁfr&hésoanefin%ﬁ:gdoaéé}%ﬁﬁgfcﬁ%! VRSS2
separation. The optinal size range for a particula ppl1cation may be
readi |y det esysierns dbsigaedipd bandleewater nontaining hagh levelssof ID©Chawedmubh highes

i on- exchange resi.n i orous. _.This provides the resins with a

i,n i $ macro

subst anti al | §al?1§%-‘g%n§lﬂﬂcae B1C8IS A8 GiveRtipRal msmbranepsysitmy used fopdhe,
treatment prgeRARESN t venment of water by stirring, punping and
30 ot her ope?ati onsnvﬁ/l(%]t\éggenagte eteriously effect the ion-exchange resin.
It is préberred that the resin is manufactured fromtough polyners wth

pol ystyrene g¢rosslinkage. The resin may be selected to give the optinmm
bal ance bet w@liﬁex%“%/r W%QP@PNE@#@%S‘B?%C& BeammeRPrasesses forctheyremoval he

process of tgepes i | D L& | :iﬂ}ﬁ ry
to renove DOC ro%% terlﬂg?agéel‘[}g%%gﬁtﬁg]ﬁMggﬁgﬁn@é@% Q%Sgg élerﬁli(ﬂé l(} ngI?Ee

level 5 of DiXfough iomekohange sesih padkédin ssllifins top the like e Passing uheariduwatent

the DOC, the desired level of DOC in the treated water, salinity

t enper at ur e, 1EPREH 1A RAckEE Tesin ©pR| eaussr then Packed repini & Besomey sinagsdi and
and the pgt e ' hid i . ve DCC.
Typi cal | ?/9 ?ﬁgffgﬁﬁbtﬁb rgplél%sngg@c%ggg&el%éeg&%hulégﬁeﬁ@gfg%engﬁ\}éé from wat er
will be in the range fromO0.5 to 5mL of wet resin per 10 litre of raw

water, preferably 0.5 to 3nl. Hi gher resin concentratjons nmay al so be
useful in reFB%PReSepbInvention proyides acpriosesst fosthe redugtion prseleminationpfi RAC

times and i . . val .. Hi gh .doses of resi n dt
remove up trrg& g%%’%t??tﬂlﬁél%d%’l\%@eor%?@"%c 6%8‘3“% °@H§&P§§F#§ﬁ%i‘§ei S
non |inear amstert pAdy fb)tsubéu?fdmoﬁieﬁ&heﬂtn%ﬁ RQr @Rtrib@ieh t afdScdruafflion.
resin at_these high doses. Sufficient resin may be added to renove a

per cent age ofceardingly; v prayids g precess forsba remowal of-dissolvedcorganisscagbgn from
subsequent t f,used to ter,, qual i objectives is mnimnmsed.
For exanpl e,‘(’gvtvg}’ a é:hf%rl?ﬁﬁgt'ﬁgﬁl%ﬁﬁ?/g?u@mgiséé&'ved organi ¢ carbon reduces
the 20 anount of coagulant required to achi eve acceptabl e product water
quality. It may also significantly reduce the capital and operating costs
of menbrane &il t raddisg asrionexchangerrasineto watérorpnsrining disselved prganie carbon;
recycl abl e and regenerabl e. Recycl able resins can 25 be used nmultiple tines
wi t hout regeneration and continue to be effective in adsorbing DOC.
Regener af & .51 NgispERinARR0!rEsifl irf UREWIRE! (bOcd IR VRIBHNRIP Y MECaRssvauch
regenerated resins can then be re-introduced into the treatnment process. 30
We have found t haorgadipearbongpmo theaesinpand of resin being enployed in the
treatment process, the resin can be effectively recycled at |east 10 tines
prior to regeneration and in fact at |east 20 tinmes depending on water
quality. Thus, ina - 6 - continuous process only 10%or |ess of the

| oaded resin, even nerely 5% has to be taken for regeneration, the

remai nder can be recycled back into the treatnment process. 5 W have found
that the used (or spent) resin may be readily treated to renove the
adsorbed DOC. Accordingly, we provide a process which incorporates the




5 provide a process for regenerating spent ion exchange resin including the
followi ng steps: a.packing the spent resin into a colum; and 10 b. passing
brine throughgobfgrgigcked colum for the desorption of the DOC peemuskaosss
resin. The regeneration of the spent ion exchange resin according to this
process enpl oying a packed col umm of spent resin enables particularly high
rates of 15 desorption cf the DOC fromthe re3i'n. W have found that by
using this process the recyclability of the resin prior to subsequent
regenerations iG substpanating the resprloaded withRbe dissolvetllveganinicartomdréml the svater.
acids are present in significantly higher concentrations 20 in the elutants
fromthe colum and thus are a nore conveni ent and econom ¢ source of humc
and ful vic aci hg; [ ' e OF, :
fromueter s porf ioneRAPEREeRly s EisPEREATh HERRCY YD LPlo PRFRUS DS m kum
production of patfabéareabéresi o lddserbethe DO pPospessal afithe iah-exchange resin may
successful ly be appl.ied, to other aqueous stre .wWhere DOC renmoval [1s
Cequired, e Bedadieyed E’Ms@)’aﬁb‘ﬁe@é‘iqtoﬁ%ﬂ%o ﬁPfc\gﬂYf‘EEiqeﬁ‘ﬁ may bg fispgrsed by
appl i cations or . D I | ga@_% e :
treat ment of m%%‘%%%é%ﬁ%ﬁ%“&gﬁégﬁgﬁgﬁﬂméa g??%‘%@, uchgas t&%}ﬁén g}c
ot her cont am naiter, ormair dgitatisowherd agas\isdubblrt tirougdd thé@ater. Sufficient shear
96/ 07615PCT/ AU95/ 00583 - 8 - articles, known as magnetic ion-exchange
resins aggl onePEEES 1 bEEMPAstEd an dhe aptentagachigyy dispersa phdberetiton” | due
to the magnetic attractive forces between them This property renders them
particularly suited for this application as the agglonerated particles are
nore readi |19 r bireumel sméll goaleheperatiohs fACERY Hmaxdhanbe Wesiprmuy @e dispereeddis a
for the renoval of _dissolved organic carbon fromwater, which process

i ncl udes the f¥#miiipized bpd pravigedinwmpingwgsistare nasecoremicaily yrfepsable The

wat er cont ai ni i . .G o.car Y i .Sl ’ | O 1), .
the vt er to camufsd Sy ERizEANed i HonRl f oahvesfba fsihb oy ARphRa! 8 e ion
magneti c i on- eexhange resinibiit provitieg fenttictdddy separdtiginet il Ioaded rediarfoem the
resin | oaded with the dissolved 15organic carbon; and d. separating the
aggl oner at ed nEatestance; BRGE ik pdsarbed it the iere exchiangetmgsingi ssol ved or gani ¢
carbon fromxthe water. 20 The magnetic ion-exchange resin nay be di spersed
in the water by any of the neans descri bed above. Sufficient shear needs to
be inparted orSépieatifg ehe r&siRISACRithBOTRHOA] tie WafcrSfiaybe Gehieved Dylsettling
magneti c ion-exchange resin to aggl onmerate. Aggl oneration of magnetic

i on- exchange r@ssqreeniagear Wi combib@tion thertafy elcriegnity of b loagechresim fzom the

whi ch causes the resin to dis se. In an.unstirred.tank, the negi .

particles in t‘ﬁgtef g'yi‘yn gfglg\'%ﬁéy ABY LAY USROS gpé‘? scfﬁ@a‘&@%?&f&&nmm
may be facili teinSiliePdtibh Fob $Ke Uzel SFeshE pahidles &) BeXcitdvedEROMm HOWALO The
those skilled in the art. 30 Typically the wet magnetic ion-exchange resin

i s nore de#fde comfiguratiomef ¢he sergens meayle sucte tiraticlogging of shereereens ishredugein
tends to settle quickly to the bottomof the tank. This settling
facilitates the convenient separation of the |loaded resin WO

96/ 07615PCT/ AURS4 gJQél%%c‘d em gh% Rfie 1BhRkch felnl &JW? e déhse than the
col |l ected by vari ous neans I ncludi ng vacuum collection, “filtration,

magneti c transpatet andcters tdsetts tpitipe botwins of thedadkunFhis metghingHfadilitates the
i ke. We have found, vacuum col | ection cul ar conveni ent .

art] t isS
pref erabl e t h&POVRRICDE SGPAT 3O é?fd%llgé‘& SESIRe g enﬂf‘t‘?faus&t%‘ng may be
mechani cal 24rveg m#@ I I {elpd iRe. i fsin! drab ShéH BE ebl16&ed
that the ion-e&c an%g eanl%%ﬁoeaff/tgbgtsé{dac&r&e?g(rmﬁ%gggtm 1 1&‘?‘!@}’ pr e?éer abee
in the range dy varou®Smebhs dncluding Vaeuwnz eoliéctidne filurativin andothe dikeharlgeis
resin affects the kjnetics of absorptiaon DOC and the effectiveness qf 10
aggl oner ati on Hfﬁgeré‘é{ét thag ghe W&HPBr?éld @%@“PBH@%“FO‘?O BohLGRusedns cal wear
application n%ﬁg Iﬁ?giég&/tdjg&ﬁg-%rﬁd&y esinP! € experinmentation. The
magneti c i on-exchange resin can have a drl screte magnetic core or have
magneti c particles dispersed throughout the resin. In resins which contain

di spersed 15 magnetic particles it is preferred that the magnetic ar.titcil%se
are evenl yli SYBeBccontimuRolitly: sisperdad,sysiem ds used,| the rgsip may cppyeniently

magnetic ion- (W | A i J ;

appl i cat i on nOSBAAtER ST thbasy HRRE Uy st R Rl Wep e ASics, pery
states incl udieffective (99%A sStias ?&mﬁvaﬂﬁgfavﬁaﬁ_aﬂdl gettiihg € acHidvedein hegtsate
and nethod for preparation thereof' which application is in the names of
Commonweal th Scientific and Industrial Research Organisation and |Cl
Australia Operations Pty Ltd. 25 The spent nagnetic ion-exchange resin nmay
be treated to renove the adsorbed DOC. Accordingly, we provide a process
for regenerating spent magnetic ion-exchange resin including the follow ng




- 10 - c. agglonerating the regenerated nmagnetic ion-exchange resin; and d.
separati ng nerated magneti c i on-exchange resin fromth rine. 5 An
alternati ve‘bg%@ﬁ(’gg for regenerating spent or | oaded magneti CPEE%UQ%‘?%ng
resin which requires nmuch I ess brine for the regeneration process nay be
particularly useful in a nunber of applicatigns. W have found that the
spent magnetic ion-exchange resin nay be packed into a colum and the
passage of a s | quantjty of brine through it c effectively regenerate
t he magnetic |%ﬁh'é¥§ﬁgaﬁksrvé®? ﬁ‘?tefﬁoﬂc‘%f’%?eﬁ@lt{’/?n%@%m?%e a process for
regenerating spent magnetic ion exchange resin including the follow ng

steps: a.packing the spent resin into a colum; and 15 b. passing brine
t hrough t he palskeprefetradiprécess fdresepesaing thenowkxtiwngb@esihrfommithe watei the biile

regeneration of. the spent magpetic. i on exchange resin accotdi tothis, .
br 9cess. enpl oyl iG>5 RADRIS SERIG S 5t D8 IA Thiigriept B sparatE iR fedgth Which
particul arly hi glevbat 85 séfif m%wspﬂﬁ%-mwihgg sgﬁégng)' OPyritfer RGNl ©f resin

resin. W have found that by using this proce ecyclability of the
magneti c resi papti¢cles ({'enhanssdtsentingke deomr aeawds wasers i peaiormed! 1n ithersevtder
Further, the hum c and fulvic acids,.,are present in significantly higher
concentrati on?oﬁ@afW‘?q'FeHL‘Fﬁt sm?ﬁj‘g]ﬁf t“E’ECE@BW%ﬁHHFhu@t%P@Iéeﬁdg gtubular
conveni ent  anth@ROAMIfie WY ofth Phifer A0 deliphtd foR EbSriobNSF REAEFATICIin
the renoval of DOC fromwater is userul in water treatment applications for
t he product i ofylofdrizai,aonécalar pyraniiiel hoppdre rom diich chegresian prtigles@re pumped

di si nf ect qﬂ pf)i r to distribution. The | evels of DOC can be as much as 70%
of the i nilPi APAGK® Zhe dFORY @b thBrocsth laothie Prefsmead prasess seme myping ofxthe

may react wt |+ I Si.0f t - 1S L Or | IS
often the pr e%bé??%ééﬂ%hé@of%iy@?gﬁe& }1 g%?#ﬁ%&%gqgﬁgﬁe?’é%%g@ uceonl s&gg'g‘?,tb
ease of use aemsuréi@nifactn tesat concehbitioneof @gindimathecpstytie sypient.ai ned

t hroughout the distribution systemto inactivate any contam nation that may
be introduced after the primary disinfection. Chlorine, however, may react

with DOC to f?ﬁ@i@n%g@fﬁs?}éﬁp{ﬂgﬁgé for b2 i BRE pfBldss RMB HELAR invention

tri hal omet hanes 5 ( have been | d as possi bl e carci nogens
and toget h®r hdvehcativmio fimecticias grobss. bTheraisais fiafctiondE ptddpsesrositieasdiemiié h
risk in water ,tre%at ment gui delines throughout the world. Not only can the
DOC f or m suc 6y I8F Hifuadsorptipniafthg @4 on of the DOC into snaller nore
bi odegr adabl e organi cs, particularly by the use of ozone as a disinfectant,
provi des a ready food source for bacteria and 10 nay result in the regrowh

of bacteria iln isvgirefertéd tAGE shedliokHestHanpet fedlhsSN e ABdiafitetef Jés30ihin YEOM,
provide a process for water treatnent, which includes the follow ng steps:

15 a. addi ng dreiesablydprhggange ¢f fram 25 toctiniMi nThig sirestasgs arovidgaandon-
B, . f R SES _ . . _
i soorvecSr SEEMRIral WAER' Shd Be ARG BlodiStq PRI 208 e WASCh i

w th the di ssaituble for gattsequenr dtionTrohehid ster. The sietbfthafredind Sffiedtd the

water. 25 The, steps of adding, dispersing and separating the ion-exchange
resin may be?‘é‘&‘!ﬁﬁﬂfiagmtw Qf@Qémw eféentiveness afiseparatipie Theraptimalsizee

di si nf ect ed Ye conveni ent, neans,. It is_particul ar. referr t hat
chlorine or (?ﬁ'?gér] AP néds Wgcﬁ@ﬁdaPBI'ﬁqty%f@gy fie rﬁﬁ?@l ‘g‘%‘ﬁ imed™; by simple
storage and/ ekpétimlehtdtidd.on. 30 The magnetic ion-exchange resins nmay
preferable?;/:’t be used in this process. Accordingly, we provide a process for
water tr ment, which includes the following steps: - 12 - a. adding a

magneti c i onsexchapge sin to water containing dissolved, organic carbon;
b. _di sper si ndt BAMALGTERsh At dne om EXTHANE SeFiBas ATACFORNO WL Pigpidendhc resins
adsor ption 5fitH Q%u&t%ﬁﬁhll?%&%ﬂa%e%‘é?%uﬁ%ﬁcﬁ bt PROOCntd Qdsdrvedange
resin; c. agglonerating the gnetic ion-exchange resin |loaded with the

di ssol ved organic carbon; 10 d.separating the aggl onerated magnetic

i on- exchangeyesin | oaded wth the di ssol ved organi.c carbon.fromthe. water;
and e di si nf LR ERBERLPEICeSSes Fylve fhe moyemeds o 3vatey By SirTingypumping and
aggl oner 30 ngtiid opeRiicis' MhidhaPdleterfous effEEN MG Goh Sk Rafy réfin. 1t is
acconpl i shed by the nethods described above.” The process of the present

i nventi on i sprefetiedythatcthepresint ésl martufactured fronveugh polypiens withf polystyrénss .
For exanple, it = be ed ipn conjunctjon with nenprane, 20 fjltration to
i mprove the gfcfsél%%ne eo’l"es%rqﬂénﬂ}eﬁﬁrsg >d e ¥ ?t"rpémF‘I“be%léP% tween
menbranes and reduce operating costs. For new installations it may either
repl ace nenbrane filtration, or if nmenbrane filtration is still required,
significantly reduce the size and hence capital and operating costs of a

menbrane filtration plant. In fact, the reduction in capital and operating
costs may enable consideration to be 25 given to the installation of

o, . . o, " I



WO 96/ 07615PCT/ AU95/ 00583 - 13 - a. adding an ion-exchange resin to water
cont ai ni ng_di ssal ved organi c carbon; b. dispersing said resin in the water
to enabl e XPBM3¢0on of the dissol ved organic carbon onto t h®CTI9%8KR8IFEnge
resin; c. separating the ion-exchange resin |oaded with the dissolved
organi c carbon fromthe water; and d. subj ggtj ng the water to nenbrane
filtration. In an alternative process, steps c. & d. above nay be conbi ned
so that the nenbrane effects separation of the resin while sinmultaneously
filtering thetQhahoess %‘513?3%&1% treatment facilities use a

coagul ati on/ sedi mentation step in their water 15 purification process. For
exanple, in South Australia a six stage process, which is a typical
conventional Wmties pioces ofethe pres@gSavertfort@RbarhOubt Gibntdieh 8B fSin\aeRksdro
di stribution. The six_stages are as follows: Coagul ation/Fl occul ati on;
20Sedi nent at | ¥hrempye PRAG fipm plasemis dependent Sinox agmbgndf ficsensiibeluding; the devel

Sl udge Dewat er D) 5 .Th f 1 t | i
be- i neor por at e RE AR e ik Ballr RS ela R RER ol B TIORD Y
coagul ant addddsired. leV¥POLBIOC in AR L AL WatelC RaBsity | tbiipeatufé, PHMhe number

sul phate), iron salts and synthetic polyners are used. The renoval of DOC
by the preserf! Prlsealsthecrasin prion ta regpaerationAnd: dheutate @it wiich He igdesited o

f 30 | j i | of d he.
oot gt Rtac SUWAER 1o HmBUE DOR] 4Bl B i Sl 20 ioh SR HSin esy
and/or rate ab reaspel BOO fron GeHtEERIIRbedR BB adbs e OLS &N SmlbfSwétaesi per

y

benefi ci ai%i nmpact on the WO 96/ 07615PCT/ A1J95/00583 - 14 - water quali
produced Hhd litreof raw wrterpreferally|0.3 te8mledigherrasin homceniteatioss enay also be

treatnent pl pncl udin edapdl.ing facilities. These inpacts are
particul ar Fyqfé%%gﬁirgﬁiovﬁ}gsb ?rg T éﬁcﬁﬂplglgqq'nﬁm&}:n{rﬁéo% Gﬁ%g:sgghré?ﬁ@n%cégg}ﬁs
i nvention as andevofd afe&ivdDPCaE/IYvaPr oCcess to be conveniently

i ncorporated w thout substantial change in 5 the overall size of the water
treatment plant. Accordingly, in a further aspect the invention provides a
process for r val. of. di ssol ved ,organi ¢ car bon o] ter, which |
process i ncl E_Qgg cfcﬁgs 5 TESiR FAF Decied to ren&c_weaaaitﬁgmﬁ;% S%XF%%@H%W@Q qrgang
to water 150ntcaibinButlithé eMRIGnhPAR! £ ﬁ"’lfrﬁ‘ir‘?anélo' B i ideri N
the water to enable adsorption o the di Ssof ve grgggi%&gg?ﬁggngﬁ?%ﬂlﬁ#e ’
resin; c hosmpheonditigns he addgiesinl atatitese highhdases. Sliffisiznv eesinnmaybe adaetion
fromthe 15water; and d. subjecting.the water t

coagul ati on/ %5“‘??‘8?{?aﬁp?fr‘ffm@gququ&ﬁgé‘fS%’éveﬂr%@ég@ ?ﬁrgf’ﬂé“ﬁl? daat the epst of jamy
to remove a BiiHiqRERP ¥dakRRnp! 20l letib@d RO MinkRiuae Fokhe
coagul ant dose rgqui red an nﬁggé@f‘t&%e?h?@%@ﬂa@%%%e&ugg ?foc pr ogg'cz:(?}to
be rermpved f example; wethave douadt that rgnfoivhl pétdissolvedi biganic thrboreeethices the
prior sedjmentation wat er .treat nent processes enpl oy activated_carbon

S
as a findl" p8MmoyRt 95090 ARGEEGUREC; 19 anhicyg) agcePtsblPraduchMater quality.o Komay
dour, t - gl ss i | .
The i fe of - Ehgcsighiicindy rb e U BabiTHC dpSrd P KE B EhfHraRl rtfafBh

of DOC in thpracessesed water. Accordingly, a further advantage of our

process is that the useful life of activated carbon nmay be significantly
i ncreased. Accordingly, another useful aspect of the present invention 30

i ncl udes the I i i t r Y
carbon. - wo DesbeRiofleRty RlesThang 6 figd1dfle dniFebtnalBbf. Hob@oble A can
wat er tr @&t nbatuseidantdtiple kimete sithoad regénerationr usd asbntiide to be effective in

reduction/eli 'nﬁtion of DOC fromthe water using the process of the
present inve gl Qfe Begenerable resips ase sapokleyof Sreatmens ke rempwe pdsorpad s

the 5 ampunt ESrCcang SREH rolbohteRebins i fish eC e iafo i R3E il e Be o
reduced whi cprsessequently reduces the size of the sedinentation facilities

and the size and cost of the water treatnent plant. Likew se the size and
cost of nenbrane systens in nmenbrane filtration plants may be reduced which

in turn ke pltration stens.nmore econpni cal.ly viabl.e en

conpar _edggvi th ?% %ggéh"{‘gttli%ﬁ/i%%ﬁ ;i B ?WQHPE?PWB gemployed in the

speci fi cati otreatifleatrovesd, the \sifilcanObe @fectivilP 8yl 8OERX 10 times prior to
regeneration and in fact at least 20 times depending on water quality. Thus, in a




requires otherwi se, the word "conprise", or variations such as "conprises”
or "conprising", wll be understood to inply the inclusion of a stated

i nteger or wo®ep7éts of integers but not the exclusion of any ®CRAUISMeBger
or group of integers. The invention will now be further described with
reference to the following non Iimting exanples. Al percentages used
herein are by wei ght unless otherw se statedbé-The foll owi ng test nethods
were used unl ess otherwi se stated. 20 1. The turbidity was determned (in
nephel omet ri c toutrubiusproodss DnlpYO%i orcless ofetheUpadexhtesinsievgn anerephi¥ohes &y be
(Hach Ratio Turbidimeter [ Model 18900]).,@?5 2.ng H a determ ned b

gl ass el ect r odeakenfog JigBEAKALON, Whe FemaiRded, e M éra%r%\w gtg.%//atgxent
silver/silver émcggg de or saturated cal onel electrode. 3.The col our was

cal cul ated by Tonpari son of the absorbance of the sanple at 456 nm
with a calibration curve of Pt-Co standard solutions at the sane

30wavel ength. The col our was recorded in Hazen units (HU) wherehy 1 HU

equal s 1 ppPn oWVephawe found that the useqd (orispenyy regn mMaybe & theated 1o femove the
t hot trical 54 i isti]led .
SRalar B3 o dsRrRd Bty Adortihals IPpridd s pSelebRI IR RepEAEE BB IoRind

Skal ar SK12 or
anal yser used fidi@ohatsiépd forRegendratiagRpeAtidn-oxchapge aéensanpl es and m x
them wi th reagents. The sanple was filtered through Whatrnan No. 1
filter paper overlain with 0.45 pm nenbrane. The sanple was then acidified
Wi th sul phuric, acid sparged with nitrogen. This |iberated and

di spersed any ﬁ'norg%‘%lﬂgggge gﬁ?@trieflé’ t@r%%%’c carbon. The sanple sol ution was
then m xediov th a persul phate/ tetraborate reagent (34g sodiumtetraborate
decahydrate and 12g potassium persul phate dissolved in 1 litre of water

and passed t hitough dispevsisiggbetspont rasin in e bripe fercthe dssonpden of tee BlQarfrem
carbon to CQ2. The ‘ﬁf“S COZWaa expell ed fromsolution by acidifying and
spargi ng, and then L&Y PP hydrogen (H2) and passed over a N catal yst
at 400 C. This reduced the CO2 to nethane (CH4) which was neasured with a
flanme ionisation detector. 20 6. Total Al um nium and Total Iron were

det er mi ned by ¢i ndustparatingcthepiegeingriasechresip from s bripe. 7. St andar d Jar

Test s: 25'é'lge raw wat er .and resin treated water were subjected to jar tests
whi ch enable the eval uati on of various coagul ants and coagul ant ai ds used

in water treafflf bOundeRHb (M tife GRHYVERAS ﬁf&hs‘éﬁ?ﬁigﬁécﬁ@bﬁ&ﬁﬁoﬁ&ﬂl@@@ﬁuion
consi sting of coagulation, flocculation, sedinentation and filtration.

Equal vol unes capatietafr cqussy the desmpeioanofe PICi fiom ther sesimo High concentration
96/ 07615PCT/ A5/ 00583 - 17 - .flash mxed,for a.mnute. . The. s f
Che i xer v SPOTE GBiOF e SGsions Atkpratuia Biepe A hiiae o b egBE Brodss.
uni formy suspended. Slow m xing was continued for a further 14 5m nutes.

Towards the end of the flocculation time, the floc size was recorded. After
the sl ow @20xi Thespentdesin neaydbel dispersedria theibrineybyanhcorvenientdneans. sWethaveg

of the floc particles qgbserved. 10 After, 15 m nuie ui escent settlin

appr oxi mat el y?‘B‘B“ atign by @GF’&%‘PS@ HYZIOg; ?%Eﬁtfﬂg?&oﬁg’fﬁépns é?r&ei ) ly
(the first 20 Agendi scarded) and the settled water turbidity and pH

det erm ned on the reénaining volune. 15The renai ni ng supernatant was then

carefully gravity filtered through a Whatman No. 1 filter paper. The first
col our

50 M of filtrat as di d. bidity, d al uni,ni )

o o oo SRb S S el et B b g bt 5 PR By sty

Under Direat ﬁlﬂc}{t@tth%@oﬁlﬁiéshgﬂsipgr Briate§orbéley. "We 1PVl 8RR dhat e brinéecan
[tratio It S 0

foll owi ng direct n con ns: room terperature (approx. 20C).
al um and wat ebewecycléd and wedad regenédrae resimfor2d numberioftimegs befaue dubecpmes

25rpmfor 4 mnutes (flocculation tine) for floc forgation. Bo. sett| l@ﬁfﬁie
floc in contr38suitable: for daseq iy the TEEENCIRYOB, PIOCESS: f i i SPERG PPPG: Faih!

Whatman No. 1,panehs:AtyhaskSge through a reverse osmosis membrane to separate the DOC
from the brine. The DOC thus produced is a useful source of humic and fulvic
30 acids.

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




anal ysis. 30 9. Method for the Determ nation of Chlorine Demand - 18 - A
nmet hod for determning the chlorine demand of a water sanple, by standard
addi ti on of WOHI6®76%5e and direct neasurenent using DPD /FAS ti tP,(é{/@%_/OOS&
5Reagents: Chlorine demand free water Phosphate Buffer Solution (pH 6.5)

N, N- Di et hyl - 1- 4- phenyl ene di am ne sul phate (BPD) | ndi cator Sol ution

10St andard Ferrous Ammoni um Sul phate (FAS) Titrant Standard Chl orine
Solution A chl ot i &.ﬁm : B paatudary addfahin
is prepared frggr% s% o?&bgg%é}'gm ypggﬁf‘ga‘? e égg{lﬁ% %Cég%x. p10% avayifl abl e
chlorine after afidrhibér 6fapplicitipns0. We Ipawenferindatha) thd SpaivoionOgxkchange resin may
volunetric flasks are filled wth sanmpl e water afnd a&gurﬁ%el éﬂdosa%gi W grl]) .
standard hypocREdracked dBiqgi eiums apd dhe PasesgsOlet JEIRUVER SgH JUapgity OF bjne
20 ng/ L. A dif dose | | : - WAl ddotdigglly Wave
doses adj acent %ﬁ%égs%?’i é@g&? %lyorﬁgg%rg&n%fcggﬁ%rlgﬁt%%ﬁaﬁ%?? 5?3 st andlt(?ngl?’h_e
dark at 20Csf oprdvide ﬁ@ﬂb&ds@@oﬁfﬁge@@fatiﬂg[‘;?)e@i i@ exdhiange résin doclodingrthe folowing
residual chlorine is measured by the DPD/FAS titration nethod. 25The

chl ori ne denantt€p® cal cul ated as being the difference between the anount of
chlorine in the original dose and residual chlorine concentration. The
results fromthe titrations are averaged to obtain the denmand. NOTE: |If

50. OcnB sanpl ea.usedpiigdhgliié spert vesili ité a3€olGaln; wnalt i on and Expression of

Results - 19 - Fromthe titration, amount of chlorine is read directly
fromthe titre FAS titrant: 1 nL FAS = 100 ug O as Cl12 Therefore for 100

m. sanple 1,0Q nL standard .FAS titrant = 1.0 FH“I [ hd&@lhe DOC
chl ori ne. eglfll ts B‘?sél%gflgﬁ o%eﬂbeeg#kchpﬁ ace. %?n‘%?%%ﬁ’? 1 ©
Magneti c pol yner begdm v gegpiepared in accordance with the process of the

10 copendi ng application in the name of CSIRO and I Cl using the follow ng
raw materials: 1.Water this is the continuous nediumin which the organic

hase is dispersed and th ted. 15.2 Gosenhol GH 17. Lhis iks @:dhi
ol scul ar vier e JERONRIARORS F e, Shert IO RO T RoASTOrCy T S fbis pfcess
the organic pf@ﬁﬁl&gir};ga?fg&aé&f cBiurfih OB 8pént Besid érdblé® patlitflatly Kighomites of

nol ecul ar wei ght™ s nt that i1s added to further reduce the particle
si ze of thiS didgserptiazh of GenDOEHzem, theOresin. CY¥e bhe found thatdy using ghigprepess

porogen: it is,a solvent. for. the nononers. but a non-sol . for. t :
ol yer . and e EGHABLICY B ST FARER iy to st el Ebitiond is ststantially
the resin beadgnrdved- Dodecanol @ this is the minor porogen. 6. Sol sperse

r
2400Q it is a S(ﬁld phase di spersing agent and is a bl ock copol ynmer of
pol y(hydroxystearic acid) and poly(ethyleneimne). - 20 - 8. DVB-50

divinyl b . this is.th t hat | i:nks. Lh
(gl yel dyl et HREysraihs s aid SRR dekls ASnereseRy  SEricpdy BRRFEcoterfions

i ncor por atgy i tiyi feOe] ‘fﬁtﬂ'ﬁ ke uhfn' hid GHa aréiaZ ffbrk Cdiivefifeng aide¢duioynic
5amoni umfgbroulgsﬁlten%‘é‘t?ﬁg ead[sl?, hf&ﬂere y creating the ion exchange sites:
15 10. Al BN: t soar¢esof hamiataadfaivi¢ heaidsi ni ti at es pol yneri sati on when the

m xture is heated above 50C.

The process of the present invention for removal of DOC from water is particularly
useful in water treatment applications for the production of potable water.
25 However, the process could also successfully be applied to other aqueous streams
where DOC removal is required, eg: industrial use applications, hospital facilities,
mining applications or food processing. The process may also be applied to the
treatment of waste water. A varisty 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. lon-exchange resins incorporating magnetic



11. Trinmethylamne this is the amne that reacts with the epoxy group of
the glycidyl nmethacrylate to form quaternary amoni umion exchange sites.
12. HydroclWwem®éereasi d: this is used to neutralise the high pHPELAUPHMSEE
trinmethyl amne. 13. Ethanol: 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 GHIP{30g) and Teric *N9 (15g) were
added, and the 30 water phase heated to 80C to di ssolve the surfactants.

Wi | e the wat drartiglesenawmgs W@H@X%‘GKCR@%SWW@W&F%S‘?‘BC%ﬁ'éf‘%{eéi

stirred mx tank and t i r. turpned. o C . $dew

24000 (639), gpeq’sr gxgagzmggg%]cicrc&%tl_oil_ﬁﬂ& Pe%@g@%g)agﬁ}ﬁéﬁgﬁﬁ %)%eﬁzenegﬁﬁg%?ﬂ
and gl yci dyl nn_iiban reA84rk0 khemr Hasdelgarly Nsuitédn forl hitis napplivacionass the
stirred and sonicated for one hour. Azoisobutyronitrile (8g) was added,_and

the m xture wagginmerater perticles are more reedilyrémevable &fom ahe WAteh ACCOWIREY

heat ed wat Rhase. .The resul ti di.spersi S o}

nour o dur Fhg RPEITS ey fre TR LR b o 2R Brnd frob? yerofpict
(4.17kg) wer e preée8dncllifgs e fARRAnPYEgR: | S then stopped and the _
trimethyl am ne and the hydrochloric acid are added to am nate the resin.
These two materials can either be pre-m xed (wth great caution due to the
exotherm), or added jn such a way as to maintain the pH bet.wee -
The react | on i xt urdeig # SradheliEef e b BB tes B FLME HsSnithrianic,
t hen cool ed to roomgatwymerature, and the beads separated fromthe excess

y- Fe203 by repeated cycl’es of washing, settling and decanting (the beads
settle nudR faster than the free oxide particles). The resin beads are then

filtered, redispersgd in ethanol, then filtered and washed .w t dit|
et hanol , thenbacet gl'fﬁ@::rsd% Fi’&ﬁ?%‘? h"gﬁnW i S FRANP o oﬁa%?%rﬁr}c?}gegrdg%ﬁ@g%f
the polyner beads prgdiic@dridh dRoStRXAAPA&IAIh-SRtA¥Agd Resim;gur es 1A and 1B.

As can be seen, especially fromFigure IB which is a photom crograph of
cracked beads, the solid particles are evenly dispersed throughout the

ol ymer beads. 20 The nmaghemte was wel|. di spersed t hrqughout .the resi
Beaés producet in PE@Q‘TB%QW ne mmaghate \Q@é‘?’%ﬁﬁn%rm‘bﬁ‘ég€%&jm{}\/ﬁﬁ 35&@62“
were prepaked in ag%?iﬂ%‘@%o‘fﬂt&& he process of the copendi ng application

an |

in the nane of CSI Using the following raw materials: 1.Water
this is the continuous nmediumin which the organic phase is 30di spersed and

then reacted. , WO 96/ 07615PCT/ AU95/ 00583 - 22 - pol yvi nyl al cohol, .th
di sperses t heBor gaffRaraHag dhe r?g%"%% %F‘Sd&é’é‘?h%}./gedﬁé}rb%gﬁﬁo %}E‘ﬁpg
is the major por Ogﬁgsolivédio?ﬁ%ﬂﬁ(@ F'IO% i &ap@nomers, but a non-sol vent

for the polyner, and it profioies the formation of voids 5and internal
porosity in the resin beads. 4. Toluene: this is the m nor porogen. 5.

Sol sperse_ * 24000 it iss.a sol.id phase dispersin ent and i.s a bl.ock
10copol ymé? ﬁs&rwaﬂ%&w*@a}aeeeﬁemy HiSBERAs g Wrtar Yy of dhie means
Pferrox (r) 2g<@Hbed- 3'SuPAHER: she i (,'ﬂﬁah@m' Bihe Water toSovel&
magneti c oxide t :igfﬁnag‘égg tShe res? %hébaga se%rrég%gti .15 Cti7 I C?RATO\I D1102 tnﬁ?s
is a | ow nol ethel magnetigfdrcesivhich causeathpanagmetid ioneexchange pesi ¢o @ggomerate.

t oughen the pol ynmer beads. 8.DVB-50 (divinyl benzene): this is the nononer
that crosslinks the beads. 20 9. GVA (gl ycidyl nethacrylate): this is the

nmononmer that kS, Ral i .01 r lddadlkR s ; it
i s quatenali ze‘éiglgh%%gigggqgua gkﬁggﬁgg%gﬁﬁ%gg%%pyﬁdh?oﬁ(%? gg%g?cyﬁgf&eg
creating 2he repioviiigthe3hest which ddliseyABOreéin totdisperss. tThearcahstiryed tamigtthe
initiates polynerisation when the 25m xture is heated above C 11. .
Tri met hyl ani nBagRewc partigles imtheresinagause she sesin o) 2gElOmEras8 335 ¢riqgon
gl yci dyl et 1. I a r i i haRs f0e8 3
9 Vet hod v cinay PELETifhed Y BHELEY Sl BRI Hrd°Bufch TAGREE KELEESL, tiosé
ni trogen pur gékiBédih ehle aNext, Gosenhol OH20 (10g) was added, and the water
phase heated to 5 80C. Wiile the water was heating Tol uene (130g), DVB-50
(130g) and a first portion of Cycl ohexanol (130g) were charged to a

separate ghXx tank and the stirrer turn n . e

and the P?Qr rt)x'p'f%g% V—tlﬁﬁ&&ﬁ%mg 5%%;%&? %&gué%,&efég%%&gﬁ ?négg%lp e
was stirred aGHcéQﬁ%lS%?&ié@ha@@oﬂh‘féﬂc%& the rédif tonttnloysetilé RRickdy tdthe bottom
magneti c oxide. Kraton D1102 was then added and the 10 m xture stirred for
a further houef the tinkscThis setbing fagilicates ghergemnenictisepanation afy they loaskd,rgsis|
(390g) and the VAZO 67 (2.65g) were then added and the m xture was stirred
for a further five mnutes before adding it to the heated water phase. The
resul ting dispersion was then stirred and held at 80C for two hours. The
nitrogen purge was stopped and a m xture of trinmethylamne (687g; 25% w w)
and




15 hydrochloric' acid (294 g; 36% w w) added, then the m xture was then
stirred and held at 80C for a further three hours. The m xture was then
cool ed and WP9600@61§| t i ng pol ymer beads cl eaned as in Exanpl e FCT/AU3S/00583
Phot om cr ographs of the beads are shown in Figures 3A and 3B. Again, the
solid nmagnetic oxide is well dispersed throughout the beads, and the beads
are qualitatively tougher than those of 20 Exanple 1. Further, the size

di stribution of th r Reads.. el anpl JRad¥n
wat er was obt aéﬂ%ﬁ?éjggr#ﬁe ‘@!/epg‘%sda gggrhg%i%? %ggﬁa/ﬂna%?g.‘ﬁ %nesz}rhaw &
vater was punpgguufii QoBe&idd, 'feravions ehagiedicnwaansimgedunh tds belss, npipes, disks and
manuf actured according to Exanple Resin 1 at a rate of 2.6nl of wet resin
per litre of rémmsateYmpRard thedikmt eWedtaves foundyarpum cPUGFL Raghicularly
system for an ave

rage, ti of . 1 ' f | . rﬂ%bngidap%ﬁsﬁ'
a plate settle‘f’qnv?ﬂ%%?tgg %gfsegg%@u%ﬂggﬁﬁ gerepoagéﬁox?%%ﬁpﬁo gtg ‘é{lés)%tt er and t d(‘élgc
clarified vat aheshigii¢dioned wigichaahy ddd anattfifientenermresince of the water
during this process was in the range of from14 to 16C. - 24 - In the

continuous process resin was recycled maintaining the 2.6 nil of wet resin
per litre of raw water d rate. 90%.o0f the resin was.r i, 1.ho

regenerat i on. THE Hrgﬁﬁr?ﬁ)ﬁgatlg% \}%e?é}ﬁ"gf‘z&ewggéﬁ& At ?13?1’% %g%agg“é%‘tﬁ“%l e B; o
5 The raw wat ref_érr‘gtlnl’ygiﬁ' thel FARECSE HRNERSRL Qos‘l-ﬂjlhﬂ?tﬁetsﬁkesbﬁlﬂl&l@mh tic ion-

F
Tests. Anal yses including DOC” UV absorption and iron were al so undertaken,
The resul ts ofexthangearesireaffectsthe keneticsi of absomption wh P Caand the effaetiveness af

in Table and jar tests on rawwater are set out herein in Table.2. .. -
L T ek Prmsranen e seRlingt T ShymEisied Hingipbe Baricul & pfiyfeation iy,
0 VD .--4 0 Opkreadily @etermined by simple experimentation.

The magnetic ion-exchange resin can have a discrete magnetic core or have
magnetic particles dispersed throughout the resin. In resins which contain dispersed

15 magnetic particles it is preferred that the magnetic particles are evenly dispersed
throughout the resin.

A particularly preferred magnetic ion-exchange resin is described in the copending
provisional application number PM8070 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 spent 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 to brine;

b. dispersing the spent magnetic ion-exchange resin in the brine for the
desorption of the DOC from the magnetic ion-exchange resin;
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c. agglomerating the regenerated magnetic ion-exchange resin; and
d. separating the regenerated magnetic ion-exchange resin from the brine.

An alternative process for regenerating spent or loaded magnetic ion-exchange resin
which requires much less brine for the regeneration process may be particularly
useful in a number of applications. We have found that the spent magnetic ion-
exchange resin may be packed into a column and the passage of a small quantity
of brine through it can effectively regenerate the magnetic ion exchange resin.
Accordingly, we provide a process for regenerating spent magnetic jon exchange

resin including the following steps:
a. packing the spent resin into a column; and

b. passing brine through the packed 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 packed column of spent magnetic resin enables particularly high rates
of desorption of the DOC from the magnetic resin. We have found that by using
this process the recyclability of the magnetic resin prior to subsequent regenerations

is substantially improved.

Further, the humic and fulvic acids are present in significantly higher concentrations

in the elutants from the column and thus are a more convenient and economic

source of humic and fulvic acids.

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
disinfected prior 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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disinfectant due its cost, ease of use and the fact that a chlorine residual can be
maintained throughout the distribution system to inactivate any contamination that
may be introduced after the primary disinfection. Chlorine, however, may react with
DOC to form a range of by-products, the most well known being trihalomethanes
(THMs). THMs have been identified as possible carcinogens and together with the
other possible by-products are identified as a health risk in water treatment
guidelines throughout the world. Not only can the DOC form such by-products but
the oxidation of the DOC into smaller more biodegradable organics, particularly by
the use of ozone as a disinfectant, provides a ready food source for bacteria and

may result in the regrowth of bacteria in water storages or distribution systems.

Accordingly, we provide a process for water treatment, which includes the following

steps:

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;

C. separating the resin loaded with the dissolved organic carbon from the

water; and
d. disinfecting the water.

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 preferred that chlorine or chloramines are

used to disinfect the water prior 1o its storage and/or distribution.

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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a. adding a magnetic ion-exchange resin to water containing dissolved organic
carbon;
b. dispersing said magnetic ion-exchange resin in the water for the adsorption

of the dissolved organic carbon onto the magnetic jon-exchange resin;

c. agglomerating the magnetic ion-exchange resin loaded with the dissolved

organic carbon;

d. separating the agglomerated magnetic ion-exchange resin loaded with the

dissolved organic carbon from the water; and
e. disinfecting the water.

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 readily incorporated into existing water
treatment facilities. For example, it may be used in conjunction with membrane
filtration to improve the effectiveness of the membranes, increase the flux across
membranes and reduce operating costs. For new installations it may either replace
membrane filtration, or if membrane filtration is still required, sigrificantly reduce
the size and hence capital and operating costs of a membrane filtration plant. In
fact, the reduction in capital and operating costs may enable consideration to be
given to the installation of membrane filtration rather than
coagulation/sedimentation plants thereby substantially reducing the size of the plant
and enabling the production of potable water without the addition of chemicals

other than for disinfection purposes.

Accordingly, in a further aspect the invention provides a process for the treatment

of water which includes the following steps:
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a. adding an ion-exchange resin to water containing dissolved organic carbon;
b. dispersing said resin in the water to enable adsorption of the dissolved

organic carbon onto the ion-exchange resin;

c. separating the ion-exchange resin loaded with the dissolved organic carbon

from the water; and
d. subjecting the water to membrane filtration.

In an alternative process, steps c¢. & d. 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
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;
Sedimentation;

Filtration;

Disinfection;

Storage and Distribution; and
Sludge Dewatering and Disposal.

The process of the present invention may be incorporated into this water treatment
process most effectively prior to coagulant addition. Typically, 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
coagulant required. In addition the removal of DOC reduces the requirement for
subsequent chemical additions and improves the efficiency and/or rate of
coagulation, sedimentation and disinfection. This has a beneficial impact on the
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water quality produced and the size of most facilities required within the water
treatment plant including sludge handling facilities. These impacts are particularly
convenient in the retrofitting of the process of the present invention as they enable
the present process to be conveniently incorporated without substantial change in
the overall size of the water treatment plant. Accordingly, in a further aspect the
invention provides a process for the removal of dissolved organic carbon from

water, which process includes the following steps:

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

b. dispersing the resin in the water to enable adsorption of the dissolved

organic carbon onto the resin;

C. separating the resin loaded with the dissolved organic carbon from the

water; and
d. subjecting the water to coagulation/sedimentation.

Utilising the process of the present invention to remove a high proportion of the
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
treatment to alleviate problems with taste and/or odour, to remove disinfection by-
products or to remove any other pollutants. The life of the activated carbon is
substantially reduced by the presence of DOC in the treated water. Accordingly,
a further advantage of our process is that the useful life of activated carbon may be
significantly increased. Accordingly, another useful aspect of the present invention

includes the further step of subjecting the treated water to activated carbon.

On greenfield sites the use of the process of the present invention will allow
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which consequently reduces the size of the sedimentation facilities and the size and
cost of the water treatment plant. Likewise the size and cost of membrane systems
in membrane filtration plants may be reduced which in turn make membrane
filtration systems more economically viable when compared with

10  coagulation/sedimentation plants.

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

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

The invention will now be further described with reference to the following non-
limiting examples. All percentages used herein are by weight unless otherwise
stated. The following test methods were used unless otherwise stated.
20
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 wavelength. The colour was recorded in Hazen units (HU) whereby 1 HU
equals 1 ppm of platinum.



The results of Jar Testing under Direct Filtration Conditions are shown in

Table 3. Table 3
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A Skalar SK12 organic carbon analyser was used to measure DOC levels.
The analyser used a peristaltic pump to continually aspirate samples and mix

them with reagents.

The sample was filtered through Whatman No. 1 filter paper overlain with
0.45 ym membrane. The sample was then acidified with sulphuric acid and
sparged with nitrogen. This liberated and dispefsed any inorganic or volatile
organic carbon. The sample solution was then mixed with a
persulphate/tetraborate reagent (34g sodium tetraborate decahydrate and
12g potassium persulphate dissolved in 1 litre of water) and passed through
a UV digestion coil. This process oxidised the organic carbon (o CO,. The
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.

Total Aluminium and Total Iron were determined by inductively coupled

plasma spectrometry.

Standard Jar Tests:

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
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C, CDO1 ,--i CD M kpee EMiHePBlerGhas reBdvE® 16 ube Iminirppul requiged to majntain
(rort) the floc uniformly suspended. Slow mixing was continued for a further 14
) minutes. Towards the end of the flocculation time, the floc size was

recorded.

After the slow mixing period, the paddles were quickly withdrawn and the
settling of the floc particles observed.
10

After 15 minutes quiescent settling, approximately 60 ml of each solution
was withdrawn from the sampling tap (the first 20 ml was discarded) and the

settled water turbidity and pH determined on the remaining volume.

15 The remaining supernatant 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

floc formation.
no 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
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A method for determining the chlorine demand of a water sample, by

standard addition of chlorine and direct measurement using DPD/FAS

titration.
5 Reagents:

Chlorine demand free water
Phosphate Buffer Solution (pH 6.5)
N,N-Diethyl-1-4-phenylene diamine sulphate (DPD) Indicator Solution
10 Standard Ferrous Ammonium Sulphate (FAS) Titrant
Standard Chlorine Solution
A chlorine solution (approx. 1000 mg/L) of measured concentration is
prepared from stock sodium hypochlorite 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 hypochlorite solution to produce doses equivalent to 5,
10, 15 or 20 mg/L. A different dose is employed for each of the flasks, with
the two doses adjacent in the series.

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

contact time after which the concentration of residual chlorine is measured

by the DPD/FAS titration method.

25 The chlorine 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 averaged to obtain the demand.

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

Calculation and Expression of Results
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Example Resin 1

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

materials:

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 ® N9: this is a low molecular weight surfactant that is added to further
reduce the particle size of the dispersed organic phase.
20
4, Cyclohexanol this is the major porogen: it is a solvent for the monomers,
but a non-solvent for the polymer, and it promotes the formation of voids

and internal porosity in the resin beads.
25 5. 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,0; gamma - iron oxide (maghemite). This is the
magnetic oxide that makes the resin beads magnetic.
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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

5 ammonium groups into the beads, thereby creating the ion exchange sites:

O
pOlymcnzauon A[/_ﬁ quatcmmuon L_ﬁr
0
10 AIBN, heat N HC!
é HO c:'
o Nﬁ

=~

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 high pH due to the
trimethylamine.
13.  Ethanol this is used as a rinse and as a wetting agent;
25

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
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added in turn. This mixture was stired and sonicated for one hour.
Azoisobutyronitrile (8g) was added and the mixture was stirred for a further five
minutes before adding it to the heated water phase. The resulting dispersion was
held at 80°C (+5°C) for two hours, during which time polymerisation occurs and the
solid resin beads (4.17kg) were formed. The nitrogen purge is then stopped and the
trimethylamine and the hydrochloric acid are added to aminate the resin. These
two materials can either be pre-mixed (with great caution due to the exotherm), or
added in such a way as to maintain the pH between 6 and 8. The reaction mixture
is then held at 80°C for three hours. The mixture is then cooled to room
temperature, and the beads separated from the excess y-Fe,O; by repeated cycles
of washing, settling and decanting (the beads settle much faster than the free oxide
particles). The resin beads are then filtered, redispersed in ethanol, then filtered
and washed with additional ethanol, then acetone, and dried with an air stream.
Photomicrographs of the polymer beads produced by this example are shown in
Figures 1A and 1B. As can be seen, especially from Figure 1B which is a
photomicrograph of cracked beads, the solid particles are evenly dispersed
throughout the polymer beads.

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

Example Resin 2

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:

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

dispersed and then reacted.

Gosenhol ® GH 20: this is a high molecular weight polymeric surfactant, a
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polyvinyl alcohol, that disperses the organic phase in the water as droplets.

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

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

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

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.
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Method

Water (2333g) was charged to a 5 L reactor and the stirrer and nitrogen purge
started. Next, Gosenhol GH20 (10g) was added, and the water phase heated to

5 80°C. While the water was heating Toluene (130g), DVB-50 (130g) and a first
portion of Cyclohexanol (130g) were charged to a separate mix tank and the stirrer
turned on. The Solsperse 24000 (21.84g) and the Pferrox 2228 HC y-Fe,0; (325g)
were added in turn, then the mixture was stirred and sonicated for 20 minutes to
thoroughly disperse the magnetic oxide. Kraton D1102 was then added and the

10 mixture stirred for a further hour to dissolve the toughening agent. The remaining
Cyclohexanol (390g) and the VAZO 67 (2.65g) were then added and the mixture

was stirred for a further five minutes before adding it to the heated water phase.

The resulting dispersion was then stirred and held at 80°C for two hours. The
nitrogen purge was stopped and a mixture of trimethylamine (687g; 25% w/w) and

15 hydrochloric acid (294 g; 36% w/w) added, then the mixture was then stirred and
held at 80°C for a further three hours. The mixture was then cooled and the
resulting polymer beads cleaned as in Example 1. 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 settler 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.
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In the continuous process resin was recycled maintaining the 2.6 ml of wet resin per
litre of raw water dose rate. 90% of the resin was recycled without regeneration.

The remaining 10% was sent for regeneration (see Example 2).
5 The raw water and resin treated water were subjected to Standard Jar Tests.
Analyses including DOC, UV absorption and iron were also undertaken. The

results of the jar tests on the resin treated water are set out herein in Table 1 and

jar tests on raw-water are set out herein in Table 2.
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Example 2

The resin taken for regeneration from the process described in Example 1 was
regenerated under laboratory conditions. A sample of 10 ml of loaded resin was
added to 400 ml 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 Figﬁre 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 30um screen prior to Jar Testing. Under Direct Filtration Conditions.



COM CC 0 LONN cf) Oill OLOOO ir) rir-1NNM If) csi
[fICTITI IT cucrT (DI HCr)Oh - 34 - Exanple 6 Water sanpled at Lexton
Reservoi r, wbokofé1& was treated with varying resin concentratponauvssmaass t he
followi ng | aboratory conditions: S5Water tenperature during the run was 19C.
Resin used was manufactured according to in Exanple Resin 2. Contacted
resin and water by stirring at 100rpm for I8 nutes. Resin renoved by
settling for about 20 minutes and decanting the clarified water prior to
Jar Testing undbe resulescof Far TestingouwndsnBineco FrdtrationThendiziony ése shgvniaelable
Direct Filtration Conditions was performed. However, the flocculation tinme
was 9 mnutes at 40rpm The results of the Jar Testing under Direct
Filtration Conditions are shown in Tabl e 6paple 335 -

5 Dose ml resin/L water
Colour Turbidity

mg/l 1ml 2ml 3ml 1ml 2ml 3ml

0 75 31 25 12 11 12

5 12 12 12

10 10 21 12 12 10
15 23 5 13 10 0.88

20 32 8 3 11 2.1 0.24

Example 4
15 '
Water was sampled from the Millbrook Reservoir, South Australia and was weated
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 approximately 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 resuits of Jar Testing Under Direct Filtration Conditions are shown in Table

4.
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Water sampled at North Pine Dam, Brisbane, Queensland was treated with
varying 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 Filoration Conditions are shown in Table 5.
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37 - Exanple 7 Water sanple at of Wanneroo Ground Water, Western Australia
was treated with varying resin concentrations, under the foll ow ng

| aboratory conditions: 5Water tenperature du?‘} ng the run was 19C. Resin
used was manufactured according to in Exanple Resin 2. Contacted resin and
wat er by stirr EX3mRle @00r pm for 10 minutes. Resin renoved by settling for
about 20 m nutes and decanting the clarified water prior to Jar Testing
under Direct Filtration Conditions. 10 The Jar Testing under Direct
Filtration ConWitepRampdsd RELERDAEResdriovRY Victofihavds| Peset atitioRatyinerevas 9
m nutes at 40rpm The results of the Jar Testing under Direct Filtration
Condi ti ons ar eceneenfrationy apder vhe follgging labprasoryatondit@nsai cal Properties Fe
(mg/L) til CD, -V, VYD U MP eV EV 01 10 r-db~CD 0% ri 0sl 011 OD eV
eV ed CD eV 1-1 r4 EH‘EE)YEPP?BQ% Gupe dle g1in 335 I°Cx 00 b U 014 Cq 04 eV

el eV eVel rq..--1ReBGRedRvEs Hanbifsdtuted) addording to in Example Resin2. | Ul Q)
r- cncv TP0O0O COel U U COevCDCmCDCDCDTr4 ri CD ChODCD CAO00
VD VDOD CQ 01 rel \fontacted 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 6.
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Water sample at of Wanneroo Ground Water, Western Australia was treated
with varying 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 7.
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Exanpl e 8 Water sanpled at Happy Valley Resepyoir, South Australia was
treated with varying resin concentrations under the follow ng | aboratory
condi tions: 5V\£ er tenperature during the run was 18C. Resin used was

manuf actured a lﬁ?)to Exanple Resin 7. Contacted resin and water by
stirring at 100rpmfor 10 mnutes. Resin renoved by settling for

approxi mately 20 m nutes and decanting clarified water prior to Standard
Jar Testing. 1Wites satpiediad HappyT¥aliey Reservojre SbothmAdiseratia peast tieated hveith

coagul ant used was ferric chloride at vazra%i ng dosage%. The results of the
Standard Jar TE8EYRgTEHRB COREHMTAGPISAHIder ghe follgwing laborgipry copajHons:

5 - 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.
10
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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Example 9

Water sampled at Myponga Reservoir, South Australia was treated with resin
and the loaded resin contained approximately 6 milligrams DOC per ml of wet
5 resin. The loaded resin was then subjected to a number of regeneration

methods employing brine 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

10 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

15 (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
20 DOC. The results are shown in Table 9 and 10 and the higher organic content
of the regenerant solution demonstrates the particular effectiveness of employing

a packed column to regenerate the resin.
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Optimising Regeneration With Columns

Table 9
Regeneration Ultraviolet Absorbance
Method Sodium Chloride Sodium Chloride
1.0 Molar 1.5 Molar
Stirred 24 hours 15.40 19.80
Column 15.60 23.80
(mixed by aeration)
Column 24.10 29.80
(no mixing)
]
Table 10
Method® UV Absorbance DOC
mg
Column 214 50 |
(mixed by aeration)
299 65

Column
oo o

*Employed 1.5 Molar Sodium Chloride
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Example 10

Water sampled from the Myponga Reservoir, South Australia was treated with
varying resin concentrations under the following laboratory conditions:
5 - Water temperature during 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 settling 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.




CDh,-1 A5tx. 4 C..) i n0 WO 96/ 07615PCT/ AU95/ 00583 - 43 - Exanpl e
9 Water sa | ed at Myponga Reservoir, South Australia was tre i

resin OPH87618aded resin contai ned approxinmately 6 mlli g{:@%\{)\%%er
nil of vvet 5 resin. The | oaded resin was then subjected to a nunber of
regeneration methods enpl oying brine solutio havi ng varyi ng
concentrations of sodiumchloride. The resinused was manufactured
according to in Exanple Resin 1. In the first nmethod the | oaded resin
(50nl) was dispersed in a sodiumchloride 10 solution at varying nol ar
concentrations (100nml). In the second nethod a 200nml col um was packed wth
| oaded resin (50nl) and the sodi um chl ori d@abd®llti ons (100m) were placed
on top of the packed resin and the resin and sodi um chl ori de sol ution were
m xed thorogghly by sparging nitrogen through the col um. In t he th| rd

met hod a 200l et R e T oo e O T e S T L AR AL VARG
chloride sol ut§onsRek3oml) vveejlgapioa@[ed

sodi um chl ori de solpddeons NeAgs@{,Iaﬁwd to pass thr
The resul tant podi hl or |t i ong we asufed /LUV alpsor qze an(
20 DOC. The r e+ /(L E)W“—':ﬂi Fabt-eto G?:-%/g ot Lnf:q)gm gllm O 93%1(,
content of th regengr ant 50| UDI3R0 denpnstr 8tles t he pardilcul ar 397

ef fectivenggs pf enpl oyingl a pgglged colum &g regeperate.ghe resin. 2000
96/ 07615PCT/ A5/ 00583 - 4@ - gRbkzni s ng Rggener a i on W7th Collumsi3@bl e
Regeneration Nethod , Utr 2 4 banc Sodi m Ch le de . 0 I\/pi;ar
Sodi um Chl ori die VoV IE=Y 40 10 20 ol
aeration) 15.60 23. 80

15
Table 12
Resin Ultraviolet DOC Chlorine THMFP
Dose Absorbance Demand
20 mL/L 254nm mg/L mg/L ug/L
0 0.103 4.4 3.0 212
1 0.057 3.1 2.0 135
2 0.041 2.7 1.5 102
3 0.028 23 1.5 80




Col um (no m xing) 24.10 29.80 15 Table 10 Methods UV Absorbance DOC ng
Col um (m xed obg7@sr ation) 21.4 50 Colum (no m xi ng) 29.9 65pctxusspbssged
1.5 Molar Sodium Chloride - 45 - Exanple 10 Water sanpled fromthe M/ponga
Reservoir, South Australia was treated with varying resin concentrations
under the follow ng | aboratory conditions: S¥ater tenperature during run
was about 20C. Resin used was manufactured according to Exanple Resin 1.
Cont act ed resi Jwaper by stirring at 100rpm for 10 m nutes. Resin
removed by settling for approximately 20 m nutes and decanting clarified
water. The clarified water was neasured for UV absorbance and 10DCC.

Chl ori ne demang, test,s .and THVFP te we subs quentl ducted on

olari 11ed var ofrestat etigpt bom B HaRAOT Sergacs &qamﬁﬁﬁh%?ﬁﬁﬂaﬁge%%wm
Mirray water sa&gg,; [ arying
resin concentrati orr%d und;w;ﬁtﬁ %“"%?B%m{aﬁg\ %lggirl%‘t%o yﬁggn &bﬁ%ﬁg;&@@
terrperatureSdurl ng Wﬁemﬂem@bmmrédmng{mrwassmbmmnamlytﬁﬂf& ured accordl ng

to in Exanple Resin Con acted resin and water stir 100r pm f or
10 ninutes. 20 Resi ﬁlers ‘1“?‘1‘\’@?‘?6?00513%3 %ggs Futes and

decanting clarifi edO&ﬁEdi‘!ted T&%%ﬁ%ﬁtb?%g‘&gﬁﬁh%"ﬁqmﬁ%ﬁ‘iofrﬁfnd%

absorbance and DOC. Chlorine denand test HVFP t'ests were subsequently
conducted on the cl Resini reanewedeby sefting forudpprozineatelyd2thminutEaland détanting

96/ 07615PCT/ AU95/ OOEiarlﬁedA%?aterTabl e 11 Resin Dose ?nlL/L Utraviolet

10
The clarified water was then measured for UV absorbance and DOC. The

results are shown in Table 13.

Table 13
15

Ultraviolet DOC
Absorbance
254nm mg/L

0.164
0.131
0.109
0.092

20

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.



Absor bance 254run DOC ng/L Chlorine Demand ng/L THVFP.ug/L 0 1 2 3 0.320
0.181 0.125 0.084 8.1 5.1 3.93.04.12.61.7 1.0 397 207 156 117 s 15
Table 12 REQPH0T41fr avi ol et DOC Chl ori ne THVFP Dose Absor bancBCT/BEAHMSS3

ml/L 254nmng/L ng/L ug/L 0 0.103 4.4 3.0 212 1 0.057 3.1

10

15

20

- 48 -
Resin used was manufactured according to Example 4.

Contacted 4 mL/L of wet resin and water by stirring at 100rpm for 10

minutes.

Resin removed by settling for about 20 minutes and decanting clarified

water.

The results of measurements of pH, turbidity, colour, UV absorption and DOC
are shown in Table 14. It can be seen that the combination of resin treatment
prior to membrane filtration results in acceptable water quality without the need

for additional chemicals such as coagulating agents and the like.

Table 14
Raw Water Resin Treated
Before After Before After
Membrane Membrane Membrane Membrane

pH 7.8 8.2 7.8 8
Turbidity (NTU) 5.20 0.37 5.20 0.32
Colour (HU) 60 32 12 5
UVabs 0.276 0.197 0.067 0.048
DOC (mg/L)

Example 14

Some waters are prechlorinated prior to the water treatment pfocess. 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 laboratory conditions:

Water temperature during the run was about 20°C.




2.0 135 2 0.041 2.7 1.5 102 3 0.028 2.3 1.5 80 - 47 - Exanple 12 Treated
effluent fromthe Handorf Sewage Treatnent Wrks was treated with varying
resin concentrations under the follow ng | aboratory conditions: Water
tenperature during run was approxi mately 20C. Resin used was nmanufactured
according to Exanple Resin 2. Contacted resin and water by stirring at
100rpm for 10 m nutes. Resin renoved by settling for approximately 20

m nut es and decanting clarified water. T?@ clarified water was then
measured for UV absorbance and DOC. The re3ults are shown in Table 13.

Tabl e 13 -, Resin Utraviolet DOC Dose Absorbance nL/L 254m ng/L O
0.164 1 0.131 2 0.109 3 0.092

CLAIMS:

1. A process for the production of potable water suitable for distribution and

consumption from a raw water source containing humic and fulvic acids, which process

5 includes the following steps:
a. adding a non-magnetic ion-exchange resin to water containing humic and
fulvic acids;
10 b. dispersing the resin in the water to enable adsorption of the humic and
fulvic acids onto the resin; and
c. separating the resin loaded with the humic and fulvic acids 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.
20

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.

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

25 collection.

6. A process according to either Claim 4 or Claim 5 wherein the settling is facilitated

by tilted plates or tubular modules.

30 7. A process according to any one of Claims I to 6 wherein the ion-exchange resin

has cationic functional groups.



25 Exanple 13 Water sanpled at Happy Valley, South Australia was subjected
to menbrane filtration in conbination with resin treatnment. 30 The nenbrane
filtration unit was operated at 100lcpa at a flowrate of 5 litres per

hour. The tenperature of the water was about 20C. The effectiveness of the
menbrane filtration was nmeasured on raw water and on water treated with
resin under the follow ng | aboratory conditions: 35Water tenperature during
run was about 20C. WD 96/ 07615PCT/ AU95/ Q0583 - 48 - Resin used was

manuf act ured according to Exanpl e 4. Confacted 4 nL/L of wet resin and
water by stirring at 100rpm for 10 m nutes. Resin renoved by
settling for about 20 m nutes and decanting clarified S5water. The results
of neasurenents of pH, turbidity, coI our, WV absorption and DOC are shown
in Table 14. It Eﬁfn‘g L& or
to menbr ane fil t‘f C%E' aggogg %Q@E accep iﬂ%a} \ilg?‘g?&(g{}llg %:tfb;} W t Y%E%SI elgneed
10 for addptitimnkke mhietma patisles iave AdiameagldsatliandOdgent s and the |ike. Table
14 Analysis Raw Water Resin Treated Before Menbrane After Menbrane Before
Menbrane After Menmbrane pH Turbidity (NTU) Col our (HU) Uvabs DOC (ng/L) 7.8

5.20 6050.376 8-[@pr>0€’5§ aggorgi'néqg Claifh Pohlreithf i(glagxcﬁal%e:%gsix?s M& have a

diameter in the range of from 25 pm to 75 pm.

10. A process according to any one of Claims 1 to 9 wherein the 1on-exchange resin is
MAacroporous.

10
11. A process according to any one of Claims 1 to 10 wherein the ion-exchange resin is

manufactured from cross-linked polystyrene based polymers.

12. A process according to any one of Claims 1 to 10 wherein the ion-exchange resin is
15 manufactured from divinyl benzene cross-linked polymers.

®.
13 A process according to any one of Claims 1 to 12 wherein the ion-exchange resin is

present in the water in the range of from 0.5 to 5 ml of wet resin per litre of water.

20 14, A process according to any one of Claims 1 to 13 wherein the resin is recycled and
regenerated.
15. A process according to any one of Claims 1 to 14 wherein the process includes the

resin regeneration steps:

25 ’
a. packing the spent resin into a column;
b. passing brine through the packed column for desorption of the dissolved
organic carbon from the resin.
30

16. A process according to any one of Claims 1 to 15 which comprises a process for



Exanpl e 14 25 Sone waters are prechlorinated prior to the water treatnent
process. Water sanpled at Myponga Reservoir, South Australia was
prechlorinated with varying doses of chlorine under the foll ow ng

| aboratory conditions: Water treatnent during the run was about 20C. The
prechl orination occurred over 16 hours in the dark. 30 The prechlorinated
water was treated with 1 mllilitre of wet resin per 2 litres of
prechlorinated water under the follow ngshaboratory conditions: Water
tenperature during the run was about 20C. - 50 - CLAIMS: 1.A process for
the production of potable water suitable for distribution and

consunption froma raw water squrce containi.ng hum c and ful vi ¢, acids,

whi ch procé%f‘sfemﬁ]c? (R pRaty §'Pmo%w}%@ns:%p@a %g.laaar%n%e 1R hagRrEtgddn

i on- exchan ' L §irng: i.c and ful vic acids;
10b.disperg%wg%?ﬁgﬁﬁgg¥%h§ﬁ§%ﬁﬁykag?QQQFQHg%able adsorption of the hum c and
fulvic acids onto the resin; and c.separating the resin | oaded with the
hum ¢ and fuylvic, acids fromthe r. 15 2. A process accordi to Jdaim1l
wher ei n ¢ hd’r esihbIoSe1hEF SHHOH) OhBEHLFRLARAIEFHE0R BRD F%H HY RS

i mrer sed | rﬁl@ms\e@gﬁqlo@qng@t@sagi tation. 3. A process according to either
Claiml or aim2 wherein the |oaded resin is separated fromthe water by
settling, screening or a conbination thereof. 20 4. A process according to
Claim3 wherein_the Ig@ded resig IS separated fromthe mater.q¥ %FttILng
and wherein the® on ERTREAJRAGHERT P17 TR LoV iRR s PiRing disiglved erganic
process according to chibadham iwperlRubiifers Shdak 8 tHe8SAtEr th Hispersk Bfelredn By
vacuum 25col l ection. 6. A procCess according to either Claim4 or Claim5
wherein the settlingtheawhtgsithdretat erabhng adsorpsignplf dreakssolved graghigrcarhpduntes. 30
7. A progess accordin%K}o %ﬁﬁ one_ o ghgigs_l to 6 wherein the ion-exchange
resin has cationic fuhctio Fl%ﬂ%)ff gnec Ig3R process according to any one of
Claims 1 to 7 wherein the ion-exchange resins is particulate and the
particles have a dianeter |less than 100 gm 5 9. A process according to

Cl ai m 8 wher ei nbt he ReHOBREAAJR Pagiatis ipuprshangssresigleadgd dihi dpsolvedt he
range of from 25 gm 10. A process according to any one of Clains 1
to 9 wherein the ion%)g%%%a%g}eonr’esi n is macroporous. 10 11. A process
according to any one of Clainms 1 to 10 wherein the ion-exchange resin is
manuf actured from cross-1jnked pol ystyrene based po] yners. 12. A
process’accor di fig toS%{?Watﬁﬁéh%?g%“&?rﬁédfnﬁg@eﬁ@‘%Fé?@%eF‘I‘?én joadrdeith Hisge
resin is 15 manuf act TRV ross-1linked polynmers. 13. A
process accordi ng toHgﬁav%%gﬁ%gkg?%%héﬁﬁﬁﬁgqﬁggﬂherein t he i on-exchange
resin is present in the water in the range of from0.5 to 5 nl of wet resin

per litre of water. 20 14. A process accqrding to any. one qf C ai lto 13
wherei n the resfin i sTGeSESRIRM2 BYHOR 85 &H ﬁ&%le%.e_r o R, Wit rseew?%ﬁ#gl&o
any one of Claims 1 tQuhdd WeELhDtRByRIBSARScnREhdARR i bPHE Water; and

regeneration steps: a. packing the spént resin into a colum; b. passing

bri ne 8frough the packed colum for desorption of the dissolved organic

carbon fromthe_ resin, . :
e. returning regenerated agglomerated resin to step a).

18. A process according to Claim 17 wherein the magnetic ion-exchange resin is
dispersed in the water by mechanical agitation, mixing pumps immersed in the water or air

25 agitation.

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.

30 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.



t he renoval of contami nants from sol ution wherein the ion-exchange resin is
di spersed in the raw water, containing humc and fulvic acids. 17.A process
for the renoval of dissolved organic carbon fromwater, which process 5
includes the follow ng steps: a. adding a nagnetic ion-exchange resin to
wat er contai ni ng di ssol ved organi c carbon, and inparting sufficient shear
on the water to disperse the resin in the water, thereby
enabl i ng adsorption of the dissolved organic carbon into 10t he magnetic

i on-exchange resin; b. agglonerating the fagnetic ion-exchange resin | oaded
wi th the dissolved organic carbon; 15c.separating the aggl onerated nmagnetic
i on-exchange resin | oaded with the dissol ved organic carbon fromthe water;
d.regenerating a portion of said agglonerated resin, with the remnai nder

bei d th | owi n. i . f th
be1 10 1 Unged. LonaLe Rnyblot el DS BOTMRUEHGRTRL ShAT°

A process aclbmtidhng to Claim 17 wherein the magnetic ion-exchange resinis
di spersed in the water by nmechanical agitation, mXxing punps inmersed in
the water or air 25agitation. 19. A process according to either Claim17
or Clai ;m 18, whenel Aas| D i ated, fromt he ter. by
settlingj g%reeﬁﬁﬂg“%ggg&gﬁﬂgg%éﬁﬁ%E”@ﬁ%?gﬁﬁéhﬁﬁgbﬁ%%f5¥@88% 1rgé%ording to
Cl ai m 19 wherlsatnd bhealtbdathed or esbutariodiggar ated from the water by settling
and wherein the ion-exchange resin is nore dense than the water. - 53 -
21. A process according to Caim20 wherein the settled resin is collected
by vacuum g9l | egty . i Lk i or. .Claim
21 wherei n@?he %e}{rtel&isﬁlgcci%gd lﬁggf @ﬁf%}%e %g'%/)l&gl lptqgggﬁﬁ{ §EJ£{}1§%1?E)E8&% g$e Y¥odul es.
23. A procekas catowr dinvgioha @oypsone of Clains 17 to 22 wherein the
ion-eXﬁﬂange resin has cationic functional groups. 10 24. A process
accordihg to any one of Clains 17 to 23 wherein the ion-exchange resin is
parti cul at 24 andathecdhddofdifS ' EorR oFicITREsAR b 85 HreRANhE Oh- M Range resin2o- A
process according to any one of ains 17 to 24 wherein the 1on-exchange
resin 15 pampeitelase ¢raltbe padickydbpes a dntehe lesatige 106 pfor om 25 umto 75 um
26. A process according to any one of Clains 17 to 25 wherein the
i on-exchange resin is nmacroporous. 20 27. A process according to any one of
Aainms 17 10 26AWedee] accbiting a9 B @870 8 WieRH A6 taH-8EnhERMesin
cross-1|inked polystyrene based polyners. 28. A process according to any one
of O altrs Peti¢les Daye\fbametar inHbe range ok bhandfenas7huins manuf act ured from
di vi nyl benzene cross-linked polynmers. 25 29. A process according to any
one of Clains 17 to 28 wherein the ion-exchange resin is present in the
water in tdge rangeocks 40comith © dn§ ode BF CHim¥RY t6 25 vielRBT tht id &cRingtat-gf -
30. A process according to any one of clainms 17 to 29 wherein the dissol ved
organi ¢ 30° E¥FB®RTIYcl udes humic and fulvic acids. - 54 - 31. A process
according to any one of Clainms 17 to 30 wherein the process includes the
resin regeneration steps: a,packing the spent resin into a colum; 5
b. passithg 25t i neA phrcessgltcdldingnacke dne of Ghams 07 toBEah@einhe Pn-édBarde 5604 ved
organi c carbon ron1t£e resin, 32. A process according to any one of
dains 1 tHPEFURHYFE m?&FE§EWBE§E@YﬂM@WG@@?dﬂﬁbmfwiadditional step of
di sinfecting the water. 33. A process according to Claim 32 wherein
the water is disinfected with chlorine.

A process according to any one of Claims 17 to 26 wherein the ion-exchange resin

is manufactured from divinyl benzene cross-linked polymers.
25
29. A process according to any one of Claims 17 to 28 wherein the ion-exchange resin

is present in the water in the range of from 0.5 to 5 ml of wet resin per litre of water.

30. A process according to any one of claims 17 to 29 wherein the dissolved organic

30 carbon includes humic and fulvic acids.



34. A process according to any one of Clains 1 to 33 wherein said process
Is a pre-15 treatnent prior to subjecting the pretreated water to nenbrane
filtration. 35. A process according to any one of Clainms 1 to 33 wherein
said process is a pretreatnent prior to subjecting the pretreated water to
a coagul ation/ sedi mentati on process. 20 36. A process according to any one
of Clains 1 to 35 wherein the process includes the additional step of
treating the water with activated carbonégfter treatment with the

a

i on-exchange resin. 25 37. A process subsfantially as hereinbefore described

with reference to any one of the foregoing Exanpl es.
31. A process according to any one of Claims 17 to 30 wherein the process includes the

resin regeneration steps:
a. packing the spent resin into a column;

b. passing brine through the packed column for desorption of the dissolved

organic carbon from the resin.

32. A process according to any one of Claims 1 to 31 wherein said process includes the

10  additional step of disinfecting the water.

33. A process according to Claim 32 wherein the water is disinfected with chlorine.

34, A process according to any one of Claims 1 to 33 wherein said process is a pre-

15 treatment prior to subjecting the pretreated water to membrane filtration.

35. A process according to any one of Claims 1 to 33 wherein said process is a

pretreatment prior to subjecting the pretreated water to a coagulation/sedimentation

process.

20
36. A process according to any one of Claims 1 to 35 wherein the process includes the
additional step of treating the water with activated carbon after treatment with the ion-
exchange resin.

25 37. A process substantially as hereinbefore described with reference to any one of the

foregoing Examples.



