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di sposal problens for spent act’l va %dalgﬁ%éggl%%%&gn almtgggt Hé};?r eni shnent
of the r&wglegractostgnkping a ZBWERNT wbmerged metnbrane Diéryin Cdﬁ]ﬁCtiﬁ&Wﬂ]ilﬁ No.

6, 126, 68%i0cdufe @irnsyeetﬁ»‘él ko t thod akso

ZEWEED( 1) Crendr ane filter. o8y &?ﬁeg%ia&r? dﬁt&ﬂl‘%&l Shg& 5 b){lésggkggarr ﬁftbkjleél
parti cul Jihe flocculent is mtended to remover organics, color, bacterla cysts and other impurities. Use

of the flocculent taught by Benedek requires maintaining pH in a range from 5-9. This may
require addition of acids or bases to a raw water supply to maintain the necessary pH range.
While Benedek teaches a single tank using a flocculent in combination with a membrane filter,
25 use of the flocculent for organic removal requires subsequent disposal of the spent flocculent.
Thus, not only must suitable disposal for the spent flocculent be arranged, new coagulants must
be provided to the reactor tank to form the necessary flocculent. Benedek also discusses the
desirability of adding activated carbon to the reactor tank for the removal of dissolved
organics. However, as with the flocculent, this creates disposal problems for spent activated
30 carbon and requires replenishment of the reactor tank with new activated carbon.
Daly, U.S. Patent No. 6,120,688, is directed to a water purification method also
utilizing a ZEWEED® membrane filter. More particularly, Daly teaches initial particulate
removal using the ZEWEED?® filter followed by application of reverse osmosis to the filtered




rremovial using the ZEWEED(r) filter followed by application of reverse
osnosis to the filtered 1 6 MAY 2005 WD 02/ 38254 PCTI USO / 4366 MA¥ 2005
While Daly elimnates the disposal problens associated with the floccul ent
and activated carbon of the Benedek patent, the Daly patent requires a two
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within the process tank. A membrane filter is operatively associated with the process tank for
separating particulate matter from treated water removed from the process tank through the
membrane filter. The apparatus may also include a resin separator operatively associated with
25 the process tank for removing ion-exchange resin from an jon-exchange resin/raw water
mixture. In this embodiment the jon-exchange resin is preferably a magnetic ion-exchange
resin and the resin separator is preferably a high gradient magnetic filter. A resin regenerator
preferably receives the removed ion-exchange resin from the separator to regenerate the ion-
exchange resin through the use of a saline solution. A conveyer is then preferably provided for
30 conveying the regenerated jon-exchange resin to the ion-exchange resin supply. The resin
regenerator may be an external counter current column using a saline solution to regenerate the
ion-exchange resin. In a highly preferred embodiment, an aerator is provided in the process

tank for agitating an ion-exchange resin/raw water mixture in the process tank.




i,on-exchange resin. In a highly preferred enbodi nent; an aerator is
provided in the process tank for agitating an ion-exchange re8iMAYR2005t er
m xture in the process tank. 2 6 MAY 2005 WD 02/ 38254 PCT/ USQO /43657 The
apparatus and nethod for treatnent of drinking water of the present
invention wonbissees two separate treatment technol ogi es ipppRsiifghe tank
for renoving djissol ve cont am pants and Qart.i culates in a single treatnent
process. The atﬁ%?pgf“& Sﬁﬁ‘gmﬁ@%g’ﬂ trgRtment of drinkine water of the preseat ivepfiPR h can be
separ at ed chmbifesatwodepanas REdnRENt CXCERASESS ifi € SinPle Tnkifb :Bmoidg BisidMea r egener at ed
for reuse. Thisﬁtﬁgoc ss.bgth.ext.equ the useful |ife of the ion-exchange

resin an&‘_”?ﬁ’rﬂlin R Bty imingle BrAtAeR PERCesSo TAF 2Rnatbisand methad usesge

pl agued pilidnogxcidnige WRinevhicH daft Bt Epatated ioh P Bw vRltriibn-DEeRtPe Rl Mixtize 14dE

DRAW NGS ]1% Fig. | |§jﬁa schenmatic of the drinki nﬁg wat er” treatnment system
accortli ng "M FHENSHES BRTeUST n{AlnPess bath gutensls the ugefyl g of theden-sxchasatasia of an
enbodi MentndhiniRedk B&S5therb LR dRPoMNGESIERS thﬁﬁgﬁgﬁfagﬁdd%io?%rt phgrresinis
acconpl i shed by a countercurrent colum. Fig. 3 is a sinplified schematic
of an enb8& Y8$Mt he present invention wherein 15 regeneration of the
resin is acconplished in the process tank. Fig. 4 is a schematic showng a
basic water treatnent Brocess. Fig. 5 is a schematic show ng the

menbr ane/ PEEERDESGRIEIIONOF RHE DRAWINGS nyention. Fig. 6A is a graph show ng
the ff fect of ©EantisalsticRatis BONCHMAG WterBRSHT AERlih Bed
Vol unes Treated at Regenerati on, é(g%tyier{g a rrgt emaﬁ cal' grod%?ﬁte%egfhe
proposed MWeM9Rocess as depicted in Fig. 1. Fig. 6B is a graph show ng the
Effect of Contrigld ik BGinkdheefQMEAS U akibiblb i oRESI bR he resin
contact Tine at_QRe enerﬁgt,ieon, aPpI ing the rratoﬁgﬁggélggg%wﬁ%ﬁe }&ge'% he
proposed Fseeneeaian gEthe ssinds womnlqb%bmgoumegc.urre@cpbmm.gr aph show ng the

Ef fect of Contpigldik ReinfRBLsREANE o7 af Bmb A dm 1 at
Regener at i on, a_%pl}/i ngﬁ?ﬁhe SFnat hemat i ch %gﬁ to F%gé%%%%%%r%ess as
depi’é_t ed Tegeneragon of thereri)is soompEshed Prthapionrs sl PREFERRED EMBODI MENT The
drinking wat erpig.mes@sg&lefnaﬁtréiagma%si&%tep&%&ﬁé}hgm&%ﬂt' on_cormbi nes two

separate 30 technologies to renmove natural organic material and

particul ates -2 187 prjFwatiq hawingiite perdrensdresin Srohesaf the presént investiopr ocess are
shown in Figs.p Q- 6445 a %ﬁgh ghov&)MgI e BRES ro?egrﬁmtllﬂlgﬁhéJCoﬂtact&%si\ﬁ%o?nr:entration

on the Bed Volumes Treated at Regeneration, applying a mathematical model to the proposed

2 58 a ase

20 process as depicted in Fig. 1.
Fig. 6B is a graph showing the Effect of Controlling the Contactor Hydraulic Residence
Time on the resin contact Time at Regeneration, applying the mathematical model to the
proposed process as depicted in Fig. 1.
Fig. 6C is a graph showing the Effect of Controlling Resin Recycle on the Bed
25 Volumes Treated at Regenerat@on, applying the mathematical model to the proposed process as
depicted in Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The drinking water treatment process of the present invention combines two separate
30 technologies to remove natural organic material and particulates in a single treatment process.
Schematics of this process are shown in Figs. 1, 2, and 3. With reference to Fig. 1, raw water
from raw water tank 6 is introduced to a process tank 14 under force of gravity or a pump 7.

An adsorbent jon-exchange resin from a resin storage container 10 is added via 2 pumping




fromraw water tank 6 is introduced to a process tank 14 under force of
gravity or a punp 7. An adsorbent ion-exchange resin froma r 6MMAYs2005ge
container 10 is added via a punping 3 6 MAY 2005 WO 02/ 38254
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whi ch couifé 28850 be part of the systemshown in Fig. 1) which separates
the resin fromthe water and other particles in the tank. Referring to Fig.
2, in a furt hé?aBW&Wﬂﬁ@hﬁdlm@g@nMWMgofesxnhea megienc iB-axcleapPlesiahed by a
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Referring to Fig. 2, in a further embodiment, regeneration of the resin is accomplished

by a counter-current column 24 where a salt solution is pumped up through the column to
25 remove organic material from the resin. The regenerated resin is reroved from the bottom of
the column and can be placed back into the process tank via line 30. Salt waste is disposed
through tine 32.
Referring to Fig. 3, in yet another embodiment, the membrane filter cell is isolated, salt
is added, and mixed with air from air mixing system 13 for regeneration. At this point the
30 solution in the tank is removed and passed through the HGMF 23 to a resin storage tank 34,

In all cases, regenerated resin is returned to the membrane tank influent and the waste

salt water is disposed of appropriately.




30 solution in the tank is renoved and passed through the HGW 23 to a
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separator undertlow, SU, is the amount of water Ieaving the separator, and is the outflow from

the tank times the resin concentration, less the amount taking into account resin loss, given a
30% concentration of resin (v/v), or SU=(OF*RC-OF*RC*RL)/0.3. The resin sent to

25 regeneration, RG, is the amount of outflow times the resin concentration times the amount
percent underflow to regeneration, less the amount for resin loss, or RG = OF*RC*U -
OF*RC*U*RL. Recycled resin, RR, goes from the separator back to the contact tank and is
the outflow times the resin concentration less the amount for resin loss, less the amount sent to
regeneration, or RR = OF*RC - OF*RC*RL-RG. The amount of regenerated resin that goes

30 back into the resin feed is equal to the amount of recycled resin. Fresh resin fed into the tank is
a combination of virgin resin and regenerated resin. Fresh resin, FR, corresponds to the

amount of resin that must be added to compensate for the amount of resin in stages other than
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i.nvent or y Bed Vohnes draatedat Regereration, BV-iROR R Rintact fRes atreRekmridn timesthee, RT,

is the re 10
Lhe out 11 oo ST Pl dAabd)S ORLATAychRn Haloal bl by PREEY b
Tabl e | . - Regin BetsntipneHme R Exis thie resin ipugitay pr the emsact nk/diaiieb bg tHgeodyoedfi on

Val ugy Copf-animby, Remi1bs % Time CT 30 mnutes
% Underflow to Re?energﬁﬁg%gsw&gg/é é@?ﬂp{‘ﬁ%ﬁg?g@g lgﬁat RL 0. 10% Process
Fl ow OF, Reble TvwWilues pseid dnmgddl bObesic pdeogss. Tabl e 2. - - I\/bdel of basi ¢ process.
15 Flow Stream E| ow Resin Daily Resin@ Concentration 100% L/day % V/v

L/day 1 Raw Water 3, 785¥#@@Ble) 0 2 Resilwesigasidn?2, 291 10®'a131p,291 3 Cont act

Tank Qutfl ow 3,CiBiacDBefin 6Onceayatibd 4 Sepacat or ldnf 4 30 22,687
5 Treated Wat erConfaé8En@00 0. 0006 23 CT 30 mmutes
% Underflow to Regeneration u 10%
Resin Loss at Separator RL 0.10%
Process Flow OF,RW, TW 1 million gailons/ day

Table 2.--Model of basic process.

{5
Flow Stream Flow Resin Daily Resin@
Concentration 100%
L/day % viv L/day
1 Raw Water 3,785,000 0 0
.2 Resin Feed 2,291 100 2,291
3 Contact Tank Qutflow 3,785,000 0.60 22,710
4 Separator Underflow 75,624 30 22,687
5 Treated Water 3,785,000 0.0006 23
6 Resin to Regen 2,269 100 2,269
7 Recycle Resin 20,419 100 20,419
8 Regenerated Resin 20,419 100 20,419
9 Virgin Resin 23 100 23
The model using the values in Table 3 was applied to the process of the present invention using
a membrane and magnetic ion-exchange resin (hereinafter membrane/resin process). The
20 model values are shown in Table 4, and a schematic is shown Fig. 5. Briefly, schematic 5A

illustrates a membrane process tank 62 including a membrane filter 63. Raw water enters the

membrane process tank through conduit 64 where it is mixed with resin from resin feed 66.

Water drawn through the membrane filter 63 exits as treated water at conduit 68. An ion-

6




6 Resin to Regen 2,269 100 2,269 7 Recycle Resin 20,419 100 20,419 8
Regener at ed Resin 20,419 100 20,419 9 Virgin Resin 23 100 23 GRAAMROAS5
using the values in Table 3 was applied to the process of the present

i nvention using a mnmenbrane and magnetic ion-exchange resin (hereinafter
nmenbr ane/ r ewiozpsBeess). The 20 nodel val ues are shown i -1"-)%’961?436%7 and a
schematic i§ shown Fig. 5. Briefl schemati c 5A |IIustrates a

process t &4K2pge "PW&’F%Y"?F& THXHHER S from themegnprang procssttank thiopgh %Onﬂ?ié

menbrane poeSRSH séfaRkort! GEh VAR Mteinobd AMB&I8It ik fdr%un'EHbl%E‘cﬁ pdsfiNTReSi n from
resin feed 66. ter drawn through the nenbrane filter 63 exits as treated

wat er at EHRERdreRyis copveyerhthrpugh ganduid @6t theyseererate 78 forreganemitipyn. 43657

exchange ResdnRfaked\eRls @bnvaled dMfoligh So ﬁ{uaw o thoftkih R&d tank
t hr o$h con%éw tal 70 to rne‘g’n se gr atnor t V\astle mﬁﬁe@%% ﬁﬁéd

condul t 78r fupplemgntedith vigis sest Omﬁ@éﬂrg@ép%mmbf&zem n is conveyed through
conduit 76 to Tﬂfl@m&@e@%’h%eﬁtoﬁrat%%eﬁ%tef ﬁ&?;ﬁggi‘igﬁl lion gﬁﬁﬁ@ﬁér%%ﬁgreres' nis

conveyed t hrough conduit 80 to the resin m xed 5 or
suppl enenBd85.(PQ K dey. rngenteats ﬂvmr&ﬂm thi progess ¢Ank to s iresinssepaityr. Foncditietenndel

i s based Qefndd RAUELNBRLBE tr%hf&"‘va@%%es Ithe’%oluhﬂgst%&%%ﬁ {ﬂgx'h{) y or

3,785,000 L/day. Concentrate fromthe process e resin
separ at or recorns MRret € = TW *dé'fl\iﬂhbdiaaewﬁhemammmk isBF85.0exlddy plas the ti nes

Lhe AIOUNLnbATbeLEQHIN & fis ,g?%egag[g errfﬁ@&&\agnmte“ﬁ: jfemoted

Raw water into the tan us the aount hesgncentrate
C that i sal?deléWIamu"t’lbrfwtmldst(f@nﬂéﬂcmmératﬂ@ TC=1EREIBE. Sﬂmtbﬂllﬂd&}ﬂSWem and

i s the anpupt wﬁ%r SRt R:th 5 V\%t errt e a(fﬁmﬁl[ﬂ 80 8'he cgncengtggnét’o the

Separator underflow Ts ViR € resin separa epar at or
under f | owresiy separatérdinges tlsamsin mmemehpn,ttajmtmeto acggintihe apmt:fmesm losgand he

o t d
i ven o B0RubTesumERehRS ool fl AR RERkist ABUTRMCRL REM B8 "
RL) 150. 3. sephratot 8ndseffrar iisplit infn dee part;whc sesipd kdgenandtions BYG, malrthesresmmyclasl nto
regener at oQfe pflass K KB CRETSE oG ‘ale%gn?e;.eats R REERP kB alipe KO |

the resin in the concCentrate, acc derfl ow
sent to rwssrflovasechidn regenerationFG, arRS?RC*RC*(l RI)*U. RRsciedlresih RR$$the RR i s t he

(R | < LGRS AR h e B bR AR SR SR G T B o)
to regeneRegengnted R@n seirtds tesmefsadns the dar@@asi raditotrbgentratidn, RG. Freshrbsimnfetli on of
aroet o Mieane B SRk B fa ey S A aRRl ot AP RGN of resin i
corresponds to the amount of resin that must be added to compensate for the amount of resin in
stages other than the process tank, or FR = C*RC - RR. The amount of virgin resin in, VR,
corresponds to the total amount of resin in stages of the process other than the process tank less
the amount regenerated resin, or VR = FR- RG. Resin Contact Time at Regeneration, CTg, is
25 the resin inventory in the contact tank divided by concentrate times resin concentration, taking
into account the resin loss and the underflow sent to regeneration or RCr=RI/[C*RC*(1-
RL)*U]. Resin Inventory in Contact Tank, RI, is amount of raw water in the contact tank
times the contact time, CT, times the resin retention time, or RI= RW*CT*RT. Bed Volumes
Treated at Regeneration, BY, is the resin contact time at regeneration times the amount of
30 treated water divided by the resin inventory in the contact tank, or BV=CTg*TW/RI, Resin
Retention Time, RT, is the resin inventory in the contact tank divided by the treated
concentrate, or RT=R¥/TC.




stages other than the process tank, or FR = C*RC - RR The anount of virgin
resinin, VR corresponds to the total anmount of resin in stagdA¥f20005e
process other than the process tank | ess the anobunt regenerated resin, or
VR = FR- RG Resin Contact Tinme at Regeneration, CIR, is 25 the resin
inventory i ntact tank divided by concentrate ti I
concentr;tig(gﬁ?%ﬁk?ng into account the resin | oss and F%gT{Eﬁ@é‘aﬁ’ow sent
to regenerabiedn-lueRerdrin nembr@s/tesin prpcess] . Resin I nventory in Contact
Tank, RI, is ampunt of raw water in the contact tank tinmes the contact
time, CT, times_the resiVareld¢ ention ti nBesignati®t = RW CWVaRE. Bed Vol unes
Treated at Regeherat Tamk R&MW, Congerithadon €si n RONt act ti nm2sail/rLegenerati on
ti mes the anpunComdct30né r eat ed water dividerl by the resiminl nventory in the
contact tank, o% BdefldRtd eBicraticesin Retention Tinme, RB%is the resin
inventory in thResiphésact tank divided by thle treated o¢Qogentrate, or
RT=RI/TC. 7 6 M{¢émBRASProd€ds B2t’erb4 PCTI URR/ 43657 Tablgsel. - - Val ues used in
menbr ane/ r esi n Premed WatYFowabl e Desi gnati awVal ug mﬁﬁ&ﬁ@ﬂansﬁﬁ@k Resi n
Concentrati on RC25mJ Contact Tine CIT 12 mn % underflowto
regeneration U 40% Resin Loss RL 0.10% Menbrane Process Recovery MR 95%
Treat ed WERRIE 4riMpflelofmemprinedpsigpiorsshis/ day Tabl e 4. -- Mbdel of nenbrane
resirm process. .5 Flow Stream Flow (l/day) Resin Daily Resin @
Concentration 10088(3tsas) (% L/ vFlow @4iywat er Besiva, 250D@8h(Resin @esi n Feed
1,895 100 1,895 3 Concentrate 189, 250 2.5 4 Cpagentrati®@epat@ofl/dnder f | ow
15, 755 3Q4.727 5 Treated Water 3.785.000 0 0(%/Resin to Regen 1,891 100
0

1,891 7 RekyclRawR¥aien 2, 836 100 R9BEBO 0
2 Resin Feed 1,895 100 1,895
3 Concentrate 189,250 2.5 4,731
4 Separator Underflow 15,755 30 4,727
5 Treated Water 3,785,000 0 0
6 Resin to Regen _ 1,891 100 1,891
7 Recycle Resin 2,836 100 2,836
8 Regenerated Resin 1,891 100 1,891
9 Virgin Resin 5 100 5
10  Treated Concentrate 5 100 5

A comparison of the results of the two processes in Table 5 indicates the improvements

of the process of the present invention.

to Table 5.--Comparison of results from basic and membrane/resin process.
Variable Designation Basic Process Membrane/Resin

Process

Resin Contact Time at Regeneration CTr 5 10.5

(hrs) '

Bed Volumes Treated at Regeneration BV 1,668 2,002

Resin Inventory in Contact Tank (L) RI 473 828

Resin Retention Time (days) RT 21 175

Fresh Resin Dose (mL/L) FR 0.61 0.50

Virgin Resin Dose (mL/L) VR (0.0060 0.0012

The resin contact time at Regeneration is increased from 5 hrs to 10.5 hrs. The number
of bed volumes treated at the regeneration step is also increased from 1,668 to 2,002. The resin
15 inventory in contact tank is greatly increased from 473 L to 828 L. Because the design of the '

system allows the resin to be recycled multiple times, the contact time for the resin will be




8 Regenerated Resin 1,891 100 1,891 9 Virgin Resin 5 100 5 10 Treated
Concentrate 5 100 5 A conparison of the results of the two pro€d3A¥2008
Table 5 indicates the inprovenents of the process of the present
invention. to Table 5.--Conparison of results from basic and nenbrane/resin

process. Vaybahbgsdesi gnation Basic Process Menbrane/ Respp E(ﬁﬂ?ﬁ?s Resin
Contact Tine at Regeneration CTR 5 10.5 hrs) Bed Vol unes Weate at

Regener at FERfigtptly heghgr banis hydradjctesidapentime. R Trtiomonst of firadhitiyater 473 828
Resin Ret g&hg @batdd QB désGR MR reiheRilsydtéd. RESIS 3hledBof tithe ROS& drbdtfyliderERed- 61 0. 50
Virgin Resin Dose (nL/Q VR 0.0060°0.0012 The resin contact tinme at

Regener at 18R 31daynierlda sen- ¢yt Sinssnn tigethe 200wt pf Gesh esin dagerivatecroased Fen

yol umes_t bERLAJL & o SHMLICARNHe bl of L FBn rekirPlodPis a6 LEASRH FiRBobe§ 68 {0
2,002. The resin 15 inventory in contact tank 1s greatly 1ncreased from
473 15 to BRE-100.842amisE- t he design of the systemallows the resin to be
recycl ed mul tiple8dd fEFhd NG 5 plol resi 6 MAY
2005 V\002/_382.54_HF§;CTI USQI 7 436 _‘g%i{éﬁ‘for"%%éﬁrﬁ’tqﬁy&ﬁ?%g‘ﬁé%‘If}ﬁ\glf'fj‘étdhgrgﬁlf raulic

r esi dencedepigied infHigs. ¢ hSBapwlibft. Big. GA slwwstizet effsett of conttydlingghé¢ contacwd rasimsi des i n
t he treat ' t I i | r.eat increas from
21 days.t S RRyE Ot BEE b & RAlch kiRl Ak BRTRLOIE B38| ¢
decr easedofqopirelligg Gie cotaqtort HRD o the mesin qonkoitinhdas regroerationo fFig/ i6€gs mgmplsi N dose
is ajgso d %“-r%sr - e, out puts of the
rrenbrozne/ rﬁfgm g?g%%g?%ggﬁgg %ﬁg'ﬁé%yﬁ%ﬁfl g’eg)r%é%@# iét(ﬁ?awa&raéreglﬁg%atma'epi cted in
Fi gs. 6A, 613, AmngeBits fHing sofk os hibwkthe hdvaetaf@os pridcipdesdfite grésent itveation

cont act or i . i . he Y reated at regeneration.
g, on | Lo bptEPRARE B REfs. Phe VR, B BB LBELF e o
t he resi namgldraratypical and ibustratbgendmat fode regardyd aSlimiting thegeepeof tie istratibmg t he
ef f ect Ofoﬁﬁﬂﬁnélﬁhknih%i{ﬁﬁﬂeﬂrg&%gie on the bed volunes treated at
regenerati on. rrangenemnt s ‘using sone or all of the advantageous
principles of the present invention nmay be applied in a wide variety of
specific systens. The water treatnment systens of Fig. 1, 2,




and 3 are typical and illustrative, and not to be regarded as limting the
scope of the invention or nmanner in which it may be practi cedé MAY 2005
2005 0 0 10 dains 1. A nmethod for treating drinking water conprising:
a) providing raw water to a process tank; b) adding an ion-exchange resin
to the Process tank to forma raw waterhon-exchange resin m xture; c)
renoving treated water fromthe procesgotankothrough a nenbrane filter,
wherein said process tank contains sait nenbrane filter, and d) within the
process tank, regenerating the ion-exchange resin in the process tank. 2.
The net hodjghscl @aim 1 further conprising agitating the raw water/ion-
exchange resin mxture sufficiently to maintain the ion-exchange resin in
suspension. 3., The nethod. af claing 1-2 wherein the ion-exchange resin is a
magnetic i on-gxchag‘é@?ﬁ%@%ﬁm&m € MG pmpriging) 1- 3 wherein step (d)
conpri ses addifg a P@ B waigplo g pregessdankhe process tank. 5. The net hod
of claim4 furbher a8 H-evhanget iresin rtegtheepmicest taak- toe feangeawesi n
from t he Wdlg¥ioarexchangsiresin mixtufe; The nethod of claim 4 wherein the

i on-exchange r@sin iemoyimgpigeuid Wated HOmeke Prites: thsisifoughREmBBRbRAL ik t her
conpri si ngheeipanid process t@ki@ﬁm@aﬁqg@nbﬁggmteﬁraﬁgn t he regener angi S8l ution
usi ng high a ghadi egithinefiaehs I {ahgr :hod. of aim?5s erein
fol | ow nq,r&%gn{ﬁ,kj ng the regé.%ggrsa{a}e]%’ r?%ﬁ?rgxc atﬁ(gg&?g}é@qun% S HR the
regenerant solution, the regenerated ion-exchange resin is added to the

process tank iy st ( .pcrhe haod of clajnms 4-7 erein the
regencrang . aal"il:gt i oiﬂte%mggé‘%f%mgﬁffﬂﬁ%@%ﬂsﬂﬁ aghphing thegapovater/isat i ng
dri nki ng ‘A&t er- o Gutiicienily fo saainta-he jof-exchangoresiy in sueponsian: ©  an

I on- exchange r3esi nﬁluppl% operatively associated with the process tank to

. ¢ method of claims 1-2’ wherein the ion-exchange resin is a magnetic
. ion-exchange resin. ‘

_ 4, 7 The method of claim 1-3 wherein step (d) comprises adding a regenerant
. solution to the process tank. -

5. The method of claim 4 further comprising separating regenerated ion-
exchange resin from the regenerant solution.

. 6. Th.e method of claim 4 wherein the ion-exchange resin is a magnetic
lon-exchange resin, the method further comprising separating the ion-exchange resin
from the regenerant solution using high a gradient magnetic filter.

) 7. T}fe method of claim 5 wherein following separating the regenerated
- ion-exchange resin from the regenerant solution, the regenerated ion-exchange resin is
added to the process tank in step (b).

; _ 8. The method of claims 4-7 wherein the regenerant solution is a saline
. solution.

9. An apparatus for treating drinking water comprising;
a process tank for receiving raw water;
an ion-exchange resin supply operatively associated with the process tank to
provide jon-exchange resin to raw water within the process tank;
. a membrane filter operatively associated with the process tank and contained
within the process tank for separating particulate matter from treated water removed
_from the process tank through the membrane filter; and
a regenerant solution supply operatively associated with the process tank, the
| regenerant solution supply providing regenerant for regeneration within the process
tank of the ion-exchange resin in the process tank.




provi de ion-exchange resin to raw water within the process tank; a menbrane
filter operatively associated with the process tank-and cont ai 688AY 008 n
the process tank for separating particulate matter fromtreated water
removed .fromthe process tank through the nmenbrane filter; and a
regenerant solution supply operatively associated wth the process tank,
the regenerant solution supply provi d'u:ggegenerant for regeneration
within the process tank of the ion-exthange resin in the process tank. 6
MAY 2005 | 1 0 O 10. The apparatus of claim9 further conprising a resin
separator 'in . ggl ectyve Liguid copnunigcation wth the process tank for
s P AR o o
resin/ reg&nﬁrantl sol.utron, nfxt 5 1114 Progess Eﬁbafplé_rwvmn&w@ma@d iéh-wher ei n
the i on-exchaRgdeTR fiom auion-exchangerpsin/regeneranteoinfioneixtureand t he resin
separator is a high gradient magnetic filter. 12. The apparatus of clains
10- 11 fii rthe_lrl;co & Sppayains avis clatns BhY eyhienginr hgeidarathige ORa@x hgnge
resin frdpagoetic iasexchangraresinand th&xekihesej)aiﬁltoﬁmgﬂﬁrardf‘e%it &agﬁ&ﬂ)‘ﬁ}’eﬁr %3' The
apparatus of clainms 9-12 wherein the regenerant solution IS a sallne

sol ution. 14. 1. metNedagparatiy GP&lhRE th&ﬂ%gﬁsﬁ T}Réjgpglggr?% ¥

provi di ngegenetat@l edn-&:handy fGHS n 2 '_%ange
resin tosk yprocesns tankg{o fo%r?]tng%eavrvgs}nmt @ r‘rﬁgﬂe 1960?"8%91’@?5%5?%% resin

m xture; c) renoving treated water fromthe process tank through a nenbrane
filter, wherghn sa [Ocess nk contajns, said nmenbrane filter; and d)
separ at i Q&uﬁ&g B'mag ?é‘}%i ag)p igrgﬁ"s&{ié’f?é'ﬁ‘@ g"ﬁe@'hﬁ'e?nr %W%S?@%WM@HB esghingd i C

i on- exchange r'esin mxture using a high gradient nagnetic filter. 15. The
met hod of claim 14 fiather conprising regenerating within the process
tank, the magﬁgli cﬁ@ﬁ@ﬂéﬁ%‘ﬁ%ﬂgéﬁhﬁmwﬂmmm tank by adding a
saline solut ﬁ%n t Providingrrewesafer tarakprocess tank;

adding a magnetic ion-exchange resin to the
& process tank to form
water/magnetic ion-exchange resin mixture; L

©) removing treated water from the process tank through a memb
9 rane fil
. Wherein said process tank contains said membrane filter; and e e
d) separating the magnetic ion-exchange resin from the raw water/magnetic

- ion-exchange resin mixture using a high gradient magnetic fiiter.

15.  The method of claim 14 further comprising regenerating'within the

~ process tank, the magnetic ion-exchange resin in the process tank : ,
~ solution to the process tank. P by adding a saline




