. ;e3erTrp>6TTo_i ~s |~~J 1 5 METHOD FOR REDUCI NG SCALI NG I N

* ELECTRODELONI ZATI ON SYSTEMS BACKGROUND OF THE | NVENTI ON 10 (i) Eiglprgfﬂmge
-Invention ~'" AlAQAI VI The present invention relates to a nethod and =~
apparatus for inhibiting scaling in an el ectrodeionization systemor in a
conbi ned reverse osnosi s/ el ectrodei oni zati on system for water treatnent

and, nore particularly, for increasing tolerance to hardnessummmmmmwwumm
water to an el ectrodeionization unit to inhibit precipitatio

cations 15 contained in the feed water. and for increasing efficieasay of the
el ectrodei oni zation system (ii) Descr=tion of the Related Art The
purification of liquid has becone of great interest in many industries. In
20 particular, pure water is used for _many industrial purposes such as, in
processes f OMEPIUHERR REPYENOSEALIG Nb‘@ﬁﬂ%@?EIpﬁ”%@?’ SSF %, in the petro
chem cal industry and for many ot her purposes. |on exchange resins, reverse
osnosis filtration and el ect EEH( i I een used to reduce
the concentration of ions i r?a ﬁ%@gﬁ%@%ﬂg?ﬁ? el oﬁl)lgati on appar at us
have recently been used with nore frequency to reduce the concentratio i of
ions in a liquid. The term "el ectrodei oni zati on* generally refers to an
apparatus and a process for purifying |liquids which conbine ion exchange

redlns, ion efithanBicldmfithednrentiond el ectricity to purify the liquids. An
i ~u~~u~~M 1" ;) ~." 2~~J3, 2 electrodeionization nodul e conprises

al ternating arrangghepiesen®inveionGdlafes toeabihed aRdRpaness fonmhhiiiscaRRgRADI e
menbr anes defining conpartnents therebetween. In alternating conpartnents,

there is provj I ON.: £x0h S| e . ; Wwn as
iUt ng compy Eirck O GHEERBRAGaE ARt 1 Btibindd AR 6 ABRAMYURR a0 RAY
i on exchange resin_.are known as the concentrating conpartnents. |ons
mgrate from PEETT lﬁqtq{drce@}paémc&gwggp%rﬁflgg rgRcIsat R IplE2E 40 S2mHEss on
per meabl e nenbranes into the concentrating conpartnents by the introduction
of current. Tingh¢ fagdivehtdritoan plgctrdvemmipatiomanit triobibitrmacdipitation o sretaheationsi s

di scarded or partially recycled and the purified liquid flow ng through the
di ligting conpantdiRet & ihe feel OMRF @dd 6 thored€ing RTondnc? & the gleteodvi®ission
Scal i ng of el ectrodeioni zation equi pnent is of particular concern as it
reduces nenbrgpg.£fficiencies and fouls el ectrode surfaces. Scaling has
been found to~occur in

(ii) Description of the Related Art

The purification of liquid has become of great interest in many industries. In

20 particular, pure water is used for many industrial purposes such as, in processes for
producing semiconductor chips, in power plants, in the petro chemical industry and for
many other purposes.

Ion exchange resins, reverse osmosis filtration and electrodialysis techniques have
been used to reduce the concentration of ions in a liquid.

25 Electrodeionization apparatus have recently been used with more frequency to
reduce the concentratio 1 of ions in a liquid. The term “electrodeionization” generally
refers to an apparatus and a process for purifying liquids which combine ion exchange
resins, ion exchange membranes and electricity to purify the liquids. An

L
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| ocal i zed regions of el ectrodeioni zati on equi pnent, and particularly those
where high pHis typically present. Such regions include those on thé:? 2003
surface of the concentrate 15 chanber side of anion exchange nenbranes, due
to the flux of hydroxyl ions resulting fromthe regenerative water
splitting process in the diluting chanbers. Localized regions of high pH
are also typically present on the cathode surface due to the evol ution of
hydr ogen gas and conconitant production of hydr oxyl ion according to the
cathodi c el ectrode reaction: 20 2e- + 2HzO = Hz (gas) + 20H These | ocali zed
regions of KIGHOPHORZIAGBOAWS FomRsises alieraptingnireanzemantes of (kation nermeapls t he
performance of the el ectrodeioni zation device can form GCenerally, these
scal es f or mmaemtrhiees pné arioa peoheabid membeants defirdng catpacnensubdrelsweal. -Ih,

My2~, Sr'+, Baz', Fe", Al3 ~!t, i-;5 43, ,. . 3 and the like which can

preci pi t at e JuBgRfing Qoipalth@htsPHh&eNHl blvidedasonh ¥HA%E D @8sin Behdhat €Rosc
phosphat es, oxi des and carbonates, when carbonate, bicarbonate or carbon

di oxi de are present and.as nm xed oxi des suc spi nel.s, m xed carbgnates
and f | vor | aSSmBRRBIT RE AT uE of Sl el Tt @t iraf i GRS
products of these conpounds, 5 even trace anpunts of these netal cations
antl count er daMObFRNLIA iQrexchaREcdAtin ATeknaWTeaiiRe (RTCENIREING GPRIPRIBARISt PiEause
undesirabl e precipitation. A nethod for reducing sealing in an

el ect r odei omigatd foom drei dilutisg corapdrasets through iapeaharfdztbeads dadhdn patreable No.
0839762, wherein a recirculating concentrate streamis treated by

el ectrol ysi $ndnbrafGrig@Sthe 36 @hirdti®f cofarkRIEEh} IRtiftr&ducRaMopBetrddie TRRY
reduce 10 scaling in the el ectrodelonization unit. Each of Japanese

Publ i cati on,No., £2168508 apanese PRublicatjon No.. 57171485 . and U S,
patent No.  JOgH 48 Breie TRAABEE TR R BB R piseidea s Pl FesabBH y i
units involving direct injection or addition of an antiscalant agent. In
reverse osngB{ dhe purified Hguidlawing: thrawghrhe KilutagispRpEtHenty éhres9 verpe as
pressure 15 difference between concentrate and perneate streans, the
cldhcent r at e dsthimesatizbdbquig prqpluogr essi vel y nore concentrated and the
solubility limt of salts of the dissolved ions can be exceeded, |leading to

precipitation of seaEIra86cRIdBRNIAAbA §uipfefCiad bE parfibilsr dREEARL Fife@icescal €
formation is fundamentally different fromthat in el ectrodeionization where

t he ani on Jr [ Lde ' [ i.ned at
b gh 20 pERHLROESORILRS T (M EROENERLE S E AT Bubd BB il 7
the diluting chanbers. Antiscalants are used to prevent growth of suych

scal es. Thels regjons qtiewﬁtéqd%zﬁm%e%swgfﬁ%f}t Wdﬁaﬁw'ﬁay those p W%ﬂ&mﬁé t he
nucl eati on of scale particles, usually with a sub-stoichionetric anount of
ant i scal ant iscyppaleprasenth Seckl eegiams nnelgdé those ob)thé whifdsiet afnige chacegtraigt h of
scale particles, usually with a sub-stoichionmetric anount of antiscal ant 25

conpar ed W tlandtedkide bPhiibA BxdHaRSs membedes tdue o ﬁx@rmk@f:hg&oﬁéi/l ibRerck@ngg of the
scal e, thereby lowering the thernodynam c tendency (G bbs energy change)

for scale t US| - 0.6 bt 0 I : L.scal ant
(chel ati ng JompS el E o fpitEhi proleS lre SRR il AR Blaipla AR 0 )
hi gh concentration of ions in typical reverse osnosis.feed water, effects
a) and b) apEhigh e @5e é)ﬁ)ﬂ%?‘&llyﬂsj)e%eﬂbov e eRiRRde; Hags dusotoathe icxelatiah Pt t o t he
reverse osnosis feed. Lowering of the reverse osnosis feed pHis also r -~
~ ~ n Z~i. Bydrogonporind qomearnitanghrodustionef bydfoapl ion aceaydipartaithe egskedie i on of
reverse osnosis systens at

electrode reaction:

=

20 2e- + 2H,0 = H, (gas) + 20H-
These localized regions of high pH provide conditions under which scales harmful
to the performance of the electrodeionization device can form. Generally, these scales

form in the presence of polyvalent metal cations such as Ca®", Mg?", Sr**, Ba*', Fe?', A1*



‘hi gher recovery than ot herw se possible. Athough it is known to add
antiscalants to reverse osnosis, it is not conventional practice to aéd
antiscaiants to el ectrodeionization cells for reducing scale formation. A 5
paper entitled Studies on Polarity Reversal with Continuous Deionization by
Yoram Oren et al. published in Desalination, 86 (1992) 155 - 172 by

El sevier Science Publishers B.V., Ansterdam states that scale formation in
conti nuous dei oni zation, i.e., electrodei%nization, can be mnimzed by
reduci ng the concentration of cal ci um and-nmagnesi um (softeni ng) or

acidification which, Hin sensit stlon .
antiscal ants ?‘\E,g] b‘&‘bq%e pWFWth@JEE?%qaLE‘}%‘r p @‘H@é‘l‘% ¥ B’Pd?%

del ay preci pi %ﬁﬁﬁ@é‘s Mg, ’ox?]&es'aﬁdfc%t)&ﬁés SHRh@drtoRatk, BbArbSHAD of Ghithhons
add undesi rable mp S to the water and require equi pment to introduce

t he chem cal Sdloﬁdﬁﬁiﬂ‘préseﬂfanﬁh@nilmlhmld@Iuclfaslsplnellssnbaedaﬁbamﬁﬁnd flubeidet hod
of the invention for inhibiting formation of scale in

el ect rodei oni When Brerificiiens ase PeessinPHF Hythade e FOIHWWOQW%%%ﬁe&SW&P{‘% nt
at gne end of i %ab’(? ft.'h? 096t GRS R Q%)uxﬁér a%xgbfixn gf&%%bh&g‘ﬁ% Bbahbe

unit, and a pff ur I'ng conpartnents
concentrati ngwgpmffﬁaemtta cmluhdmeﬂletiﬁédiﬁmohhe sai d anode and cat hode
conpartnents conpri ses paSSI ng feed water to be dejionized 20 through the

di | uti ng conpart meftmethpd der reduiiag sealing iaranae]acindsionization (‘}ﬁlthS)IdIS&&Q?@fﬂ)tﬂilng

f he_feed
Lt ough the drBRESR AR P RBH AN AR 26, Selel 4 (eSS TRAL O RE R e s age
bet ween the sadatbdasioslectitghid ans8ase a@ﬂit?@@ﬁx%f&yﬂé&ﬁtd smﬁmldﬂdtm@efﬁye%auw@t er

mgrate to the water or aqueous solution in ~ ~ ~ 3 s the

cohent r at i ngcelingoiar thesactrodeiomikasom; yt. alﬁ@honfslgmegﬁ ngla?qt]e@ll}@ $8188508n

Sol ut i on {1 orAPRESE SACEAPAT oy L haie chdrsS, Lateh? N odloe Pl REFIRS ate

through the GROGRRbA AdthElsGR %%&d’fﬁ?&@ ufRinb BV RIgire 83064 6r ANFtiGRbIAMe
conpartments; and injecting an 5 anfiscalant to the concentrate stream

recycling thrantxgctalzixﬂheg%ncent rating corrpart rrent s and through the anode and

cat hode conpartnents in an anount effectl |nh it scale formation in
the concentrati ngr}EB‘fﬁ’égFPﬁ’Eﬂi‘%' aéW&tquasts‘FFé ?&fﬁ%‘fﬂ?@ﬁtby essure
effsective am?ﬁ'f'i'éreﬁ’é @é}{tra{erhn nﬁ&ﬁ‘& tt‘ﬁe %Bﬁ&ﬁ&%t’e%trb&n%@@orﬁ@s”ge
of 1 to 400 ppm an ected fromthe group consisting of sulphuric

acid, hydroc Iplmg’ressn&ty xdorelzﬁnth'ymd and the scﬂnindity liteit b¥saits vEthe dissqledd/ians geni C

aci ds co-pol ynmeri zed with, sul fonates onat e-t e antiscal ants, sodi um
hcxanet aphos ﬁa%eecgéﬂaea&m taamcwﬁiw rfga%em% ehis0B9% 88 FAFC 1B

chel ating ag Pl i Serbyedd

bi sul phat e, %h%g%gionat ?5?7’#3“%? r%@r}eﬁ%@%& e reI)r{tr eogﬂ %gtplgglte o‘?d lrl(??lzauon

i nvention, tkéersthtiaoh orentburiet yirfeges(odnateiranside)uye activebtradinfanredianhight i ng

formation of scale in a revers snosis | n an el ectrodeionjzation unit in
Fyfio arpbgss

séli es in whiPEHlugde dhe migrgionaf hydroxyl igngifremvaier salitting 4a the dilypag g

reverse OSMDSIS  Apsiscalants are used to prevent growth of such scales. These act by a number
of mechanisms, including: a) inhibiting the nucleation of scale particles, usually with a
sub-stoichiometric amount of antiscalant compared with scale forming ions; b) inhibiting

the growth of scale particles, usually with a sub-stoichiometric amount of antiscalant

25 compared with scale forming ions; c) solution complexing of the ions of the scale,
thereby lowering the thermodynamic tendency (Gibbs energy change) for scale to form,

and usually using a stoichiometric amount of antiscalant (chelating agent) compared with

scale forming ions. Due to the relatively high concentration of ions in typical reverse

osmosis feed water, effects a) and b) are usually effected by the introduction of

30 antiscalant to the reverse osmosis feed. Lowering of the reverse osmosis feed pH is also



unit to produce a perneate streamand a retentate discharge stream and'in
whi ch the el ectrodeioni zation unit has an anode conpartnent at onel_end-. .
the unit, a cathode conpartnment at the opposite end of the unit, andpé*ﬁ 2083
plurality of diluting conpartnents 20 alternating with concentrating
conpartments positioned between the said anode and cat hode conpartnents,
conpri ses passing feed water to be purified and deioni zed through the
reverse osnosis unit; passing perneate f4 om t he reverse osnmosis unit

through the diluting conpartnetns of the deionization unit; passing water

or an aqueoGemBWniytAregiised. Thenet pffect isto ppmmit opegatipn pf ErersH PSRRI YREME@bm t he
feed water through the concentrating conpartnents, and through the anode
and cat hodehighap@eoveentisn ctipgpivise pgssisie.el ectri cal vol t age bet ween the said
anode and the said cathode whereby ions in the feed water mgrate to the

water or aqueous Amb‘ségﬂ P KnBwh REafORGSAIATLS RIeSOIRAGSITR Mt cGReh@sal N9 and
di schar gi ng aqueous solution fromthe anode and cathode conpartnents;

recycling water ar ueous _solution fromithe concentratin rtnmgnts as
= concent r apctse b aleRRER RS 19 e AthetoR o T e SRl P e TR by g € he
anode and cat hode conpartnents; injecting an antiscalant. to the concentrate
sPr eam r ecyBMchgntitied Stigiiesiond olagitrRenersat Wity Censinyavs Heipnigation by tYoram Qken he
anode and cat hode conpartnents effective to inhibit scale formation in the
10 concent r eital.pgblishep ar Deswiitatioangb (1892)H6S5 e AT hipdeélsevdendaichaehtblisiEreBA .ng a
portion of the concentrate stream containing antiscal ant; and conbi ni ng and

passing sai AnRRrlahn Shtel Nehdl adaleONBARIIAT SinC WdhahiRY Ribn@FBEAL Af ,
antiscalant with the feed water through the reverse osnobsis unit, adjusting

h f i scal. ' he . h ] i
or ovi de. an r BRI GERLAR s Pt Plelipafel o DRI EITE! Pl ekl 1 15

the reverse osnosis unit, and passing the perneate streamthrough the

di | ute conp@RERsIL(spitenipg) of acidificatian Whickh FiducesphbingssaHt Viaress. eraddiion
subjected to reverse osnosis in a plurality of passes, each pass conprising
dfAe or nor eofStmgesantsihe feimn cpmplered with thercatiumeasmagmsaivaf idiheorsvalglsy or one
of the passes is conbined with the concentrate stream for passage through

the 20 concgatipAiddiy FRRIEL FRR! fird@Bdsthd hd il ARhaRAARNAREd GAHESHBIe
conpartnments to add el ectrolyte thereto, thereby increasing electrical

conductivity.. The retentate fromat |.east one qf t £ , excepting from
the first r%l\?glr“té]azs tggbr%‘s’vla"saer f%%cjsrseﬂug%ﬁq%%m%%ﬁ%fnﬁrggucvﬁ tF ﬁcg%nggéégncent rate stream
for passage through the concentrating conpartnents. The "'~ E~ ~ 203
antiscal ant can be sul phuric acid in the range of about SO0 to 0.5 ppm

hydrochloric acid in the range of about 365 to about 0.4 ppm or sodium

hexanet aphcSyphniaey ofiThe Imvemtion i n t he range of about 5 to about 200 ppm
preferably about 25 to about 100 ppm

15 In its broad aspect, the method of the invention for inhibiting formation of scale
in an electrodeionization unit for deionizing water having an anode compartment at one
end of the unit, a cathode compartment at the opposite end of the unit, and a plurality of
diluting compartments alternating with concentrating compartments positioned between
the said anode and cathode compartments comprises passing feed water to be deionized

20 through the diluting compartments; passing water or an aqueous solution for accepting
ions from the feed water through the concentrating compartments, and through the anode
and cathode compartments; applying an electrical voltage between the said anode and the

said cathode whereby ions in the feed water migrate to the water or aqueous solution in



. The,antiscalant in the water to the reverse osnosis unit preferably is ad]
usted to 5 an amount in the range of 1 to 75 ppmeffective to inhibit
scaling therein. In a further enbodi nent of the invention, a portrbﬁ ot 5t B
perneate is added to 10 the concentrate stream passing through the
concentrating conpartments and through the anode and cat hode conpartnents
to provide electrolyte thereto, whereby electrical conductivity is
i ncreased. Brief Description of The Drawi ngs_ The nethod and apparatus of
the invention will now be described with reference 15 to the acconpanyi ng
dr awi ngs, ithe edriceniratiiggompanmestscodlcttmgeand dischagisegueays selufipn Sometiigodi ment
of the present invention; Figure 2 is a schematic drawing of an
el ect r odei Ghbd@tand@ncativde @mpaieneplseseytcling)weitdri o agueoas wolgoh heorgnihedi nent
shown in Figure 1; Figure 3 is a schematic flowsheet of a second enbodi nent

of the pre i tl I npunct.i Lt h | t . Fi gure
1, 20 Fi gur%gﬂéledltﬂsaﬁggséc r{a%?}eggf %g\r}htﬁg@%n@%&aﬁﬁﬁaﬁ Zﬁpéﬁ%{o f?necr?t§l Q%?%tuhg
present invention in con'qg&éign W t h E?e gqﬁpdinent shown .i.n. Figure |;
Figure 5 i $OPPEEMSREIIY HBg@nede and GRIEQYT SRTRRAIMARHY 2Bf 1RMERE 88ent
invention in conjunction with the enbodinent shown in Figure 1; and Figure
6 i s a schantiscalantodbeinseentaic trefmfredyckhmgphibaiugbibe amcertiatipg eempartmentant i on
j, £ ~T71~1~ (.1J..,.1 g in conjunction with the enbodi nent shown in
Figure 1. [2aéeairb@ih thoafde ah®cdicicebmnpatdmrogiaanioultfeptivcesalbit 8talé he
present invention will be described with reference to the 5 acconpanyi ng

dr awi ngs. lﬁm&ﬁ r.al i ti i e L i on
processes ! e ﬁgfgtg%Fgﬁggﬂﬁﬁg(%gﬁﬁgﬁgﬁg2%%2??%%%#@%&?%?&%%“%%{t?g% W th
an el ectrod 'onizationfuni.ta nd reverse osnosis. uynit in serie Referring

first to FCHErEe AP SBSARAERINCHONEIRals KNS IR HIFdpRECHN 1itP ﬁGQPP’Qt ed

conprises a process for purifying water including an el ectrodei oni zation
unit 10, aapdmayche salecied Ham| thogrop deasisting eiusniphiuicfagid, hpdrpelleripfcid,
concentrate solution, a concentrate bleed Iine 13 to drain 15, and an

i0nj ection IpbhacdficfRid,i ddr@efiveddofapdlysedicaniias acipdnidrioad iwiiieshlferatdsni t 17
into the concentrate conpartnents 18 and the anode and cat hode conpartnents

20 d 22 i vel\. j t ' h el zat i
i €101 nPAORRPRUEIK AL Dol el T R R "

il ri h n r e .
detail, co c mpl%)%sngtaggntsa, a?rggo gucc):c nﬁ: z}cﬁﬁﬂltcla%(r)lg agent, non-oxidizing biocidal agents

typified by sodium bisulphite, and combinations thereof.
In a preferred aspect of the invention, the method for purifying and deionizing
15 water for inhibiting formation of scale in a reverse osmosis in an electrodeionization unit
in series in which water to be purified and deionized passes through the reverse osmosis
unit to produce a permeate stream and a retentate discharge stream, and in which the
electrodeionization unit has an anode compartment at one end of the unit, a cathode
compartment at the opposite end of the unit, and a plurality of diluting compartments
20 alternating with concentrating compartments positioned between the said anode and
cathode compartments, comprises passing feed water to be purificd and deionized
through the reverse osmosis unit; passing permeate from the reverse osmosis unit through

the diluting compartmetns of the deionization unit; passing water or an aqueous solution



provided with an anode 24 and the cathode conpartnent 22 provided with a
cat hode 26. A plurality of cation exchange nenbranes 28 and ani onue)\gc_ihaagﬁn
men~ranes 30 are alternately arranged between the anode conpart nment 20" dnfd
t he cathode conmpartnent 22 to formdiluting conpartnents 32 each defined by
ani on exchange nenbrane 30 on 20 the anode side and by a cation exchange
menbrane 28 on the cathode side and concentrating conpartnents 18 each
defined by a cation exchange nenbrane 28 on the anode side and by an anion
exchange nmenbrane 30 on the cathode side. Electrolyte solution is supplied
t o anode cofigraacceming id30s oo the feat wade tironghatht nendenftting eompartments, and aL~3
9 flowstreans 3G and 38 respectively. lon exchange material such as ion
exchange re%au%mg&daem&ﬁﬁ&e BpRBA & apfiYil iR ARy AMaBe BEQ¥LLRE 1N
diluting conpartnments 32. These may conprise either anion of cation
exchange resi.ns or a mxture thereof  mxed be | ayers,

cont § naous: 510 2nite Fadhe i Subef reonisht indBe e eSigralt fogbeararss ober
Application No. Serial No. PCT/CA97/00018, incorporated herein by
reference. SNCRUTARPNAR igrOBCONERIENE QOUINAfINERIS;] coHeding radrdisehauging wawasd i ons
by ion exchange. Further, such nedia facilitate mgration of ions towards
mSnbr anes 28olatish {8én tieransddaeipadde panpaahénts) rdcheingtvwaterug hgquenss wolutiobh e
descri bed hereinbelow. 10 Water to be treated is introduced into the

di | uting conpayth&BsHcentAdin E&Eg&ﬁﬁ&lté’assi Eoheihidhee stémmhguthe%heéma&ri%nan g

aqueous solution 1s introduced into the concentrating conpartnents

into the anode and cat hode compartpents 20, 22 from a .supply stream 44. A
br edet or m nEA B RS Ao RouF B andk aa o BEvpRERM D Ples o SRRl <
whereby anions in diluting conpartnments 32 perneate through ani on exchange
| 5 nmenbr ane® thocensantiate Yreavreerslinathronghdbnenneeniating corgpapimangs andithiongh i n
streans in diluting conpartnents 32 perneate through cation exchange

menbr anes 2thecamtbdeniral cathedncompamgertorgfizctiveent snhibit sthle fobawtordesahé bed

m gration of anions and cations is further facilitated by the ion exchange
mat eri al 40cqicempithg b@m?érltrﬂédt@%&ﬁrﬂ?@éattmtc%n%grtmkﬂ' blRE@ink 8PRAKIN ofdhd VEN by
the applied voltage, cations in diluting conpartmenfs 32 migrate ;O through
cation exchange resins using.ion .exchan nechani s and_event ual pass
Chr ough ot Reutzs aitE e RS AR (TR P AR Bl SRR e
cation exchange resins. Simlarly, anions in diluting conpartnents 32
mgrate thr gﬁow&;ﬁte&’m&n@&am amppet efanfisealagh withthafrge watenthrughghe and
eventual | y pass through anion ~~ ~~ ~ ~ zoe~, J 10 exchange nenbranes 30
whi ch ar e irevdise esmosiomhacidjudting thdemanntost amxisdademgjén theswatsr to the reverse

osmosis unit to provide an effective amount of antiscalant to inhibit scale formation in
15 the reverse osmosis unit, and passing the permeate stream through the dilute
compartments of the deionization unit.

The feed water can be subjected to reverse osmosis in a plurality of passes, each
pass comprising one or more stages, wherein permeate from at least one of the stages or
one of the passes is combined with the concentrate stream for passage through the

20 concentrating compartments and through the anode and cathode compartments to add
electrolyte thereto, thereby increasing electrical conductivity. The retentate from at least
one of tie stages, excepting from the first reverse osmosis pass, can be combined with

the concentrate stream for passage through the concentrating compartments. The



. Aqueous sol ution or water introduced into concentrating conpartnents 18
from'stream 44, and anion and cation species which subsequently mgrate
into these conmpartnents, are collected and removed as a concentratef Fgp 2003
solution fromdi scharge stream 48, while a 5 purified water streamis ~

di scharged ftomdiluting conpartnents 32 as di scharge stream 50. By virtue
of the current flow ng between the cathode 26 in the cathode conpartnent 22
and the anode 24 in the anode conpartmert 20, water is ionized into
hydrogen and hydroxyl ions. Hydroxyl ions mgrate through the anion
exchange 10anhegatansean Bouinhurip ead irethe gk lof abooh&®hio (0 ppan,drydtdeblogigmtilce 52

of the concentrate conpartment side of the anion exchange nenbrane 30. This

creates a |ig¢id raB@bNaBIPIES S athiu® 0. 4P eRdodium BextttetpaOsphateQh ah BfoaRt on
exchange menbrane 30, thereby pronoting the formation of scale. Localized

regi ons of .pi 0 S5éhQf . the 15
el ectrodei Sﬁit%aﬁgéngfrjagllo? {.§F0néq%ﬁ?goﬁﬁﬁ’:bgﬁ%%p€ a%‘r?%?uc{of%ﬁmo Ovegfnér to form
hydr ogen gas, with the oncoHitant production of hydroxyl ion, is

t her nodynani cal | {rerairareabindghe wates tq (g geverse ogmasis pajhprefaably enadivsiidi8de
surface 54 also are conducive to the formation of scale. To prevent the
fBrmat i on o asvaineinghe tange ofil taZe ppB2tisttivete iembioscabing tergge 20 nenbr ane 30
and at the cathode surface 54, an antiscalant supply 1Gis provided for

i nj ecting anti sqalagfathérdntbddifert @f @RI Thvétionsd p@asR bftht Pefndatd i§ dildedtd f or
feed to concentrate conpartnent 18 and to anode conpartnent 20 and to

cat hode co L J L i chloric
acids to lg&géﬁ%ﬁg&gﬁ%%gﬁﬂ%gﬁﬁgiIC%ﬁﬂﬁﬁén@%ﬁ@ﬂ%ﬁx@ﬁ%&?&ﬁk%fﬁ@ﬂo@&ﬂ% 1

aci ds, derivatives o olﬁacr lic acids.ée . gﬁ- oh ners with sul fonate
funct ) onal PULASs cAaBS sHSREtBeR 6 rS Har ity 8 hdam gthercty Slécuica
hexanmet aphosphat e; conpl exi ng agents such as EDTA, CDTA, am do succinic
aci d and t lvendudkigity isaheteised- agent s; and bi oci dal agents, preferably

non- oxi di zi ng, such as sodi um bi sul phite, and conbi nations thereof. In this
Porespect, antiscalant supply i6 infuses an effective anmount of antiscal ant
into concentrate conpartnent supply stream 44 and cat hode el ectrol yte

supply stream 38 to provi degg.gpR {0l dfFhe DraWifesSt F €28 i n the range of
1 to 500 parts per mllion Tppm. esirablre p r‘%nge for the concentrate

streamto inhibit scaling. n the electrodei onjzation unjts i.s apout 2 to
about 5, provi dé[g’eﬁﬁf%}féi a%a?%oégﬁﬁ‘tve‘aﬂq? Vﬁhﬁo’fv&e d§fﬂ”ﬂ?ﬁ§|”‘f‘§’ rﬁtgfeﬂ‘c%md by
10 about 365 to about 0.37 ppmfor hydrochloric acid. A preferred
concent r at itotherageayepanyngsbiawvuigs.Hie xdight aphosphat e is about 5 to about 200
ppm nost preferably in the range of 25 to 100 ppm As a result,

anti scal antFigiredul at ésa §dhemadh fibekliceconcnit srab@linonpaticmadeat ih8ermtival; cat hode
conpartment 22, inhibiting formati on of scale, and is thereafter discharged

jirough st ieaiR 248 and, Glheh ARPEGWINELY an iR uGRAGHRMHAN i bf BRMHE&NNT

invention embodying the embodiment shown in Figure 1;
Figure 3 is a schematic flowsheet of a second embodiment of the present invention

in conjunction with the embodiment shown in Figure 1;

Figure 4 is a schematic flowsheet of a third embodiment of the present invention
20 in conjunction with the embodiment shown in Figure 1;
Figure 5 is a schematic flowsheet of a fourth embodiment of the present invention

in conjunction with the embodiment shown in Figure 1; and

Figure 6 is a schematic flowsheet of a fifth embodiment of the present invention



15 recycled with bleed stream 61 fed to a reverse osnobsis unit, to be
descri bed, or passed to waste. To recover and recycle antiscalant fromthe
concentrate conpartnents 18, discharge stream48 is recirculated'fﬁrmug%ZG&%
line 12 with nmake-up solution containing antiscalant frominjection unit 17
through feed line 16 for continuous supply of 20 antiscalant to concentrate
conpartnents 18 and to anode conpartnent 20 and to cat hode conpartnent 22.
Antiscal ant thus is used nore efficientl§ in the process of the present
invention by recovery and recycle of nost of the unused antiseal ant from
the di scharge of the dnh&eniubefanowitly heicabodimant spwn inFigyre 12 |1 n t he

enbodi nent of the present invention illustrated in Figure 3,

el ectrodei oni zation unit 10 is operated in series with reverse osnosis unit
62 for the purification of water. Water to be treated is supplied into the

reverse OSMyRlssriHibh of theWrefdRPd ¥ mbod§iabad4. wherein the supplied water is
separated info perneate stream an retentate stream 68 by nenbrane 70,
wel |l known in the.art, and discharged to.drain 72. The te sfream 66

i s connected to d‘ﬁpqrgcqﬁf‘?ﬁeoglr’fﬁﬁﬁmf%& IQVL?P?WEWIF Peeg?sﬁBE?d F/ﬁfl{g%grence {8

el ectrodei oni zation_unit 10, whereas retentate stream 68 either is . -
didschar ged @scmpanyingxdrgwings. I8 genergy thetipwantipy ispapplicable tocWatgs parificagieni ng
towers. Scal e deposition is also a phenonenon which adversely effects

oper ati on ofprddeeset Owhihe nee casigdsow using 2 electrodedvezaionosmb Sirs withahh f or
exanple is separated from an aqueous salt solution by forcing water to fl ow
through a mepRraMGoniMtfoniuritinkrbRescWRhfkis RAR $Lsepi¥s. aPpl yi ng a pressure
greater than the normal osnotic pressure, thereby overcom ng the natural
tendency of water, t.o .fl inthe opposite.direction. .a result, th

sal i ne sol ution @%@3%&%9%$6&F8%§?8€5§°ﬁ%?%“%8wééh?P%?%ﬁ?“FH“?hF@“%@?fene,
the 15 solubility Iimt of the dissolved salts are exceeded, |leading to
preci pit at i 6AMBFSASAOPICaFidion PHEFY iR Wakes inpduding, ar eleqtrodeionizatianivaih 1 &cal e
formation is fundanentally different fromthat in el ectrodeionization

witer ei n t herevircaatiorelobp 42 daving pompdddor woyuteof chatentrated)utimnea amicemedty

mai ntai ned at a high pH due to the mgration of hydroxyl ions from water
splitting i BieelgindiiBubidiinq528HASSnjebMbSlidd L foP 1) R4iAE Whii R81aAG kil Fron? 0
Advant ageously, a portion of antiscalant in circulatrng discharge stream 12

fromthe congentrate artnments 18 can be utilic.zed, j,n the reyerse. osnosis
unit 62 by Mg i E7 ARB R Sandeafete S RmIR I G R e A5 EyBBady
antiscalant fromthe el ectrodeionization unit 10 accordingly is reduced
whi | e scal eCoBpPHiaeEn2Y and Rbrospegsively. .. ~ ¢; ., ~—~  ~7r: . c~) 13

Referring now to Figure 2, the electrodeionization unit 10 in accordance with the

15 present invention, described in more detail, comprises the anode compartment 20
provided with an anode 24 and the cathode compartment 22 provided with a cathode 26.

A plurality of cation exchange membranes 28 and anion exchange membranes 30 are

alternately arranged between the anode compartment 20 and the cathode compartment

22 to form diluting compartments 32 each defined by anion exchange membrane 30 on

20 the anode side and by a cation exchange membrane 28 on the cathode side and
concentrating compartments 18 each defined by a cation exchange membrane 28 on the

anode side and by an anion exchange membrane 30 on the cathode side. Electrolyte

solution is supplied to anode compartment 20 and to cathode compartment 22 via



., 0sSnosis unit 62 is inhibited. In a further enbodi nment, antiscalant from

concentrate conpartment discharge in line 65 may be topped up before
.injection into reverse osnosis unit 36. Referring to Figure 3, a ~sécohil 2003

antiscalant injection unit 67 may be provided upstreamof the inlet of 5
reverse osnosis unit 36 for addition of an effective amount of antiscal ant
to suppl enent the antiscal ant fromconcentrate conpartnent di scharge stream
34, or to add a conplementary agent. Further variations to the enbodi ments
illustrated in Figure 3 are contenplated and not limted to those shown.
For exanplflowspeame3f ands3§ wapacaeelpmy be further purified by 10 passage
t hrough an additional reverse osnbsis unit, to be described, or could be

subj ected to olfeéxchempas mitenil spémﬁeﬁeschaﬁgl@hsias)ed@g&siigh&te@b'y Afime@! Ot her
chem cal treatnents, or conbi nati ons thereof, prior to feed to the

| ectrod t Lty th
o1 cct 1 odor Sraete Battivdg! i BE AR M%ﬁ‘%?%éi@@%@ﬁ?ﬂﬁ%?ﬁ‘“e et

reduced vol tage to reduce ower consungtlon anot h 32@33 nt of the
present i AVEAt |°6n°?5’r°6‘weé Br i e PT méf“b‘Srtt b3 ’ofm’ﬁg e'QfPeam 66 of
the reverse osnosis unit 62 to the el ectrodeionization unit |U such that
Spart of t hentjpepwidiscontingaus ph@es,jand thedikecsuehhes disstnsedim B e Applgation Ment s 18.
Pernmeate stream 66 and retentate di scharge stream 68 contain el ectrol ytes,
such as dSssallNePEHCAN7W0918,Gacurperhiedhetein BY tdfeen@f SuthIsedid értanse 66 or 68
coul d provide nmake-up of electrolyte and 20 water in the concentrate

conpar t meqkycs aRkY tﬁ)tnr %m R n%&faﬂ{eﬂm)%s by Rh&RLihEe dFé;ﬁmrﬁx%h Hidagam 68 I's

not connected in t nner ess such retentate-disc arge stream 68 is

relatlvel f.ree of onva ent c i ons | ar wei ght organic
conpounds i tsa’eeeﬁoa L BB i st e BCe B8 B 2at 1 on
unit 10. Therefore, if the - ~~, N ~~~1~ U 14 water supply stream 64
cont ai ns ﬂxstmhrionglumswﬂébe db&cnéects@erembﬂpwe perneate stream 66, but not from
the retentate stream 68, may be connected to supply stream 44 for

10el ectrol yt e nmakéatéio boirtdel i6 diedatddahe thOdPAIng ¥eRpartthent9B2 fog supply
el ectrodei oni zation unit. In a further enbodi nent of the present invention

11 USt Tt gigkobefy - SIgd, wddioriRhiedts BUGibh B3 LRCSYRIPEL Bbndehigardpvent | on

consists of a nultl-stage reverse 0osnosi s systen170 In series wt

Compr | sescTUBREPYELY At iereioat ahd LR BAGERNBRAS PEVET B0P SBRP Z?ages

72 and 74 respectively. Water to be purified is supplied to the first
reverse offragst 44.udi predefemyined,pisetyicalt vodtags pewppliesylatvesn R o £lagipdeson of the
concentrate |l oop solution in line 12 by 10 way of line 77 and is separated
into a fiwhéreperamaiseirsdiledun £8mpmdments S32 peinsateatirowghr emon 8é&kchyngegenbr ane
processes occurring therein. Retentate stream 80 is discharged into the

155econd 1 eNeR$EarRS B0Snd HIY SonbéniAfitly B mPHRNESE 99 W BABhANE s BREBS S
t herein, causing separation of first retentate stream 80 into second

per meat e élliﬁt?nagngo%lzpa?'tmen%eﬁopenneate through cation exchange membranes 28 and into

concentrating compartments 18. The above-described migration of anions and cations
is further facilitated by the ion exchange material 40 present in diluting compartments 32.
In this respect, driven by the applied voltage, cations in diluting compartments 32 migrate
0 through cation exchange resins using ion exchange mechanisms, and eventually pass
through cation exchange membranes 28 which are in direct contact with the cation
exchange resins. Similarly, anions in diluting compartments 32 migrate through anion

exchange resins using ion exchange mechanisms, and eventually pass through anion



retentate stream 84. The second perneate stream 82 joins the first perneate
stream 78 15 and is connected to supply stream 42 to the

el ectrodei oni zation unit 10 for further treatnment. The second reténtaf&5 2063
stream 84 either is discharged to drain 88, or used for other purposes such
as in cooling towers. To provide electrolyte make-up in the feed to the
concentrate conpartnent 18 of the el ectrodeionization unit 10, a bleed from
second perneate stream 82 by line 83, orl0from supply stream 42 for a

conbi nati on of permeate 20 streans 78, 82 through line 85 can be added to
recycl e str exghangetmernbranesolt whichare lmdmmucomtemvsltm&e anion/guchargi msins.f r om
the concentrate conpartnent discharge in line 77 can be topped up by a

second ant i seqleais solutjoB®k watkr ittodude.into concehtrating conphftments_18L&orhtstréhh| be
understood that the nunber of reverse osnbsis stages in the reverse osnosis

systemis “Qfgééddﬁng&?m}cf’cah\%ﬁ F%e%ﬂe@,yﬁﬂ&ﬂ &w&é&@kﬁgﬁmﬁgﬁe Rl ik Eé’mSJnn?én?sges

herei nafter not g a reverse osnosi's unit,
so as to effect econonjc purjfication and recovery of water. In this
respect thé‘“’r%’t“@?f?‘é@g TEFONEHRS & JOPREMT Luyoa fhop disghargeritrgam 48y while 2

successi vely discharged into the follomnng downstream reverse 0osSnosi s
stages 2 t hipotfied wafeostreanr it dschargedhfromdilutifheomparerdants B astdishangt stparst age n
is discharged to drain or used for other purposes requiring water of a

| esser puritgyg, Each of the perneate streans fromthe n-stages woul d conbi ne
into one header connecting to supply stream 42 for further purification in

the el ectodel onigatidl bnie ot BLERE FRYedOucC fttk?o;ﬁ@t d 9T Wl t Nese

per neat e streans Conhecti 6n F0 Su pPy stream4 e CoRCEnt At e
conpartments for |ncreashq8 eleﬁtrlca$ conducti vi t
116

el ect r odei oSPPRETUGARYAH 40 i iRdhe %‘FPSSGP’HEWT“%T‘ th}yatﬁf sdemeed Hfent i on
is illustrated in Figure 5, wherein a reverse osnpbsis system 88 conprises a
mul ti pl e- padgdmegen and rydenxyk igsnolydrogyls toamntigrate tigpeghi thg ofiormepthangt i ty of
reverse osnosis units in series, the nunber of passes corresponding to the

nnber of s uEmbraee3® endBéRSieSiobillyt Soncefdied &V BleSRrfasd 3 bs thénddnceitff€t i ng
further purification of the perneate streamfromthe reverse osnpsis unit

preceding i omg&r%&%s@gsﬁme%n% eaeﬂdaig@ﬂ{%%;mh AR GHLA o BEREGhEH | 1

Figure 5, t er of such passes , consisting o everse
osnosi s unit 100 ries. hi s enhodi er to be

a1 11 ed 't obLuiRRPLieprin shitace e ol theamig et rfhogine héEifga SFRPSRRE | 0op
solution in line 12 by way of line 103 is provided in supply strearr~ 92 to
reverse osniwifermation fecaleand is separated into a first perneate stream 94

and first retentate stream 96 by nmenbrane processes occurring therein. The
first permeate Lbcalized refions, of high pH are also found at the cathode surface 54 of the

15 electrodeionization unit. In this environment, reduction of water to form hydrogen gas,
with the concomitant production of hydroxyl ion, is thermodynamically favourable. As
a result, conditions near the cathode surface 54 also are conducive to the formation of
scale.
To prevent the formation of scale on the surfaces 52 of the anion exchange
20 membrane 30 and at the cathode surface 54, an antiscalant supply 16 is provided for
injecting antiscalant into the concentrate stream in loop circuit 12 for feed to concentrate
compart?nent 18 and to anode compartment 20 and to cathode compartment 22.

Antiscalants may include sulphuric and hydrochloric acids to lower the pH; polyacrylic



-16 stream 94 is discharged into the second reverse osnosis unit 100 for
further purification, while retentate stream 96 is discharged to grpi,n,r, In..
the second reverse osnobsis unit 100, the first perneate stream 94ui% "t 2003
separated into second perneate stream 102 and retentate stream 104 by

menbr ane processes occurnng therein. The second perneate stream 102 5 is
connected to the el ectrodeionization unjt 10 as supply stream 42 for

further purification. Retentate stream 04 is either recycl ed back to
supply stream 92, . di.scharged to drain or can be used as electrol yte.

Suppl enent aw%ﬁ%qrsveaveaﬁ? pRGRFHE aﬁﬂé%%pwmsrsg\@@wﬁﬂ‘om ﬁ@e%qrahgropwﬁ)ect i on
unit 93 To provide electrolyte nake-up to the concentrate conpartnents 18
of the 10 eplesphondeitppr aviscabantsysodiuththexaméthptedpltfe; fcomplexingaments fsudh asst
perneate stream 94, or a bleed 99 from second perneate stream 102, may be

connect ed tEDFUPRIDT A lanfadsdeidiO4cid Bed HRMke Chélatfy el 2dd®otigal hents,
Retentate stream 104 fromthe second reverse osnosis unit 100 may al so be

used through Li 05 f.or.electrol yte ke- U ca tre 1 S

i ready beaneletutyRatiflind FihiS i BT PRI FaibPEANSN AR,
90, and is 15 therefaore relatively free of undesirable particles, organics
ahd bact er i SPeply pRtisealantsppply, 16 infuges go ﬁ?%%lé? yppwt phantisealant intg cPRERHAE
retentate stream |04 wherein saline concentration is highest and,

t her ef or e, comrpartimenebypplyostiaaor 4bael cinde eldctrolyie supphyl sietmofeiogowide ron uni t
0. It will be understood that the nunber of reverse osnpbsis passes in the

reverse 20 Qab@¥raBorbiIbEsedBs irSthe fingé biM HSB0partd 2 miiad (Sih). A Hererhbide any
plurality of passes, each containing a reverse osnbsis unit and each havi ng

one or 10" & yPLABE R Vbl SROB o IS, BEFIPALE, SLIEARLLOT L asses

are each di‘sc ged into a correspondi eamreverse osnosi's unit
for further treatnent. The perneate stream fromthe fr - i /" 17 | ast
pass is di SOREFgEuakaNE & RRvided BY apIH B i skaut B npm for sulphEkC pgid apd by
purification. Each of the retentate streans fromthe passes, with the
tkcepti on cbout3é5fté atxut f.33 ppmifer leidrdebloric @acidc |Aeptefearedt comcentratiamasge ot r eam of
the reverse osnosis unit of the first pass or is discharged to drain. A

bl eed may hgdiuaKeRahE@phoaphatdis absif SREABBRALED Sk, SR preRiratly Stha Mhed 0®f t he
retentate streans with the exception of the retentate streamfromthe

reverse Os%ﬁ% ?%q&girﬁ. R atdigy %%125% lgR?cErr%ula{cQ{hr %8&téoﬂﬂenh§lte%ﬂ&@£€(rﬁ§rh§]gam 44

of the concentr corrpartrré I'nCreaslt ng conductl vit

el ectrodei oni zati o nit 10. In further enbodi nent qf the.invention,
shown in Fi1§u setﬂf)%eC?raP@HflatteZa%trr@Ewgf Poamaton Al srale.nan s dhssealisy pe

di scharged into a second stage reverse osnosis unit for 10 further

puri fi cati eischyiged dhnoggla streamhshd8 apdreeatspedivelyarthe copashinate stisamebpandi ng
perneate streamfromthe sane pass for further purification in a downstream
I®everse osiegickdRAESbleEd stitaln 6l RH @l FERE 0Bhaas wdf) té!Bé HestBbedl lak paséed 1 ant

conbi nes aspects of each of the
to waste.

To recover and recycle antiscalant from the concentrate compartments 18,
discharge stream 48 is recirculated through line 12 with make-up solution containing
antiscalant from injection unit 17 through feed line 16 for continuous supply of

20 antiscalant to concentrate compartments 18 and to anode compartment 20 and to cathode
compartment 22. Antiscalant thus is used more efficiently in the process of the present

invention by recovery and recycle of most of the unused antiscalant from the discharge

of the electrodeionization unit 10,



processes illustrated in Figures 4 and 5 and conprises two passes

consi sting of two stages each, each stage having one reverse osnosis, ynit.
Therefore, the first pass conprises of 15 first reverse osnosis stage 110 2003
and second reverse osnosis stage 120, and the second pass conprises of
third reverse osnosis stage 130 and fourth reverse osnosis stage 140. Water
to be purified together with a portion i% the concentrate | oop recycle
solution in line 12 by way of Line 115 d suppl enental anti scal ant
injection unit 113 is supplied to the first reverse osnosis unit 110 by
supply stream 11 tpgemgodipiat Lledhs mresent r@Ye‘Q@“péV‘Fﬁé@Eeé & rleigpse1 P4 and
first retentate stream 116 by nenbrane processes occurring therein.

Ret ent at e stleetenteiiohization dingclfais @pedratadtio seties with aaderseeasmnases wEnNes fx the age
120, and subjected to nenbrane processes therein, causing separation of

first ret en{nﬁif?&aﬁ&r{ SRl GWhitt @ beekaRd mPs% iftothé RABAsd snesfuiEEPR¢
retentate stream 124. The second | ~~~~ errreate stream 122 joins the

first perneate . tre t h ass

for further>tP Qsétégﬁ%ﬁlnw}} Len@ﬁ' gﬁlreg\%a?ésrés g%n Si smuo e[r&f%tﬁgtr E‘gggg%‘gnd
retentate stream 124 is di scharged to drain. Supply stream 132 enters the
tRird reverSENBG s q8Ht membrane 40, veelklgoxmindhe i‘rﬁtf’édldkﬁchﬁg%‘ior?é%}flg st ream
134 and third retentate 5 stream 136 by nenbrane processes occurring

t her ei n. ReTknpateaststeam 6636 cosnatieslah anpeyl siredm 42 Her fupthet tieatmemrisghosnosi s

stage 140, and subjected to nenbrane processes therein, causing separation

of third redeffoationZhtictAihitid0 whbfels felintdid sRAMESEithep i B Rareed t@8@id ur t h
retentate stream 144. The fourth perneate stream 142 joins the third

perneate st L 42 for further purification
in the 10 e reeig §§| Ic))tﬁfrg gﬁgﬁhﬁiﬁ@% )f‘lrfzé h retentate stream 144
either is connected back to feed stream 112 to the fi rts reverse Qsnosi s
unit 110 by |i neSCRleFeppsitpR ismsopaphengmaney whiclrgdyarsedy effeqteencratiopiad thiake- up
in the concentrate conpartnents 18 of the el ectrodeionization unit 10, a
HDeed fr om rev¢rbe osmbsif ungt62pennesitree ssmesasn shik4or sxoapie izpeemmdefremra&am 122,
third perneate stream 134, fourth perneate stream 142 or fourth 15

retentate SigLeRINsdH dolutiin BOBRIMENAENS floRetheRish s MembenCRRNplrEtkdlWatsUPP! Y
stream 44 by line 123 for feed to the concentrate corrpartrrents 18. It is

nost prefe 0, e roug e 123
where sali r@%%:eor? }ﬁﬁg o%lbf)egl %aq ﬁ’ t%% h%?ﬁj? %,2 tr&IS&}E Iﬁleﬂ%bg/

i ncrease conductivity i | e trod | on| z ion uynit J S underst ood t hat
t he nunber QYFrCP%@%%%‘F?g@ engy 9k wates fytipw an r%’@?“(ﬁ’rf isgHOL /8% & BB DS S
stages therein are each not limted to two, and could include any plurality
of passes, tho samet slatinns becvvsnEmogressivelyf moat comceatrated.e dovbisyextremaather

Bl eeds from any perneate or retentate stream from associ ated reverse

@SMOSi S UNidoRubility lithit ITeheEdiSs0 Pl BAltsQle éxRBede] IBaiRt © prédisiafibn bNCADO, zfﬂdr st
pass, may be connected to the el ectrodeionization unit -~~~ =2~ D~

other solids as scale. This mechanism of scale formation is fundamentally different from
that in electrodeionization wherein the anion membranes’ surfaces (concentrate side) are
actively maintained at a high pH due to the migration of hydroxyl ions from water
splitting in the diluting chambers; this high pH producing scaling.

20 Advantageously, a portion of antiscalant in circulating discharge stream 12 from
the concentrate compartments 18 can be utilized in the reverse osmosis unit 62 by way
of line 65 connected to supply water stream 64. Loss of antiscalant from the

electrodeionization unit 10 accordingly is reduced while scale formation in the reverse



19 10 for increasing conductivity thereof. Further variations to the
enbodi nents illustrated in Figures 4, 5 and 6 are contenpl ated and not
limted to those shown in the Figures. For exanple, prior to connqc&hqpq%
the supply stream 42 to the diluting conpartnments 32 of the 5 SRR
el ectrodei oni zation unit 10, perneate streans fromthe reverse osnosis
units) may be subjected to further purifhcation by separation processes,
such as degasification. Additionally, unused antiscalant fromthe
circulating | oop 12 %%.LQ@ concentrate conpartnents 18 in the

el ect r odei oRTBAYT BH! enist! 15“?5£eferably are connected to the supply streans
for the reverse osnosis unit for inhibiting the formation of scale in that
reverse 10 osnosimsa fimther ensbrdiaent, antisealand framstonesntraigrsiompartinantadischatge an

manner as the enbodi nent depicted in Figure 3. The present invention

provi des a nHeBSmHBI bd %desd @5 befofb/infdca0L Snto ThRrs2Nsingsialubil 36aFeiféreing Be | udi ng
pH control agents, antitouling scal e suppressing agents, chel ating agents

and the [i km,gsf%ﬁﬁ%{ﬁ&g&%@nﬁk@&f SRS 85'}'65@1511.09?36&' Pf)gtrem drighglet ban 15

normal Iy co y via entrations ‘because of  contal nnent of the
agents within the systembpy.tecycle within.the el ectraodeionization unit and
b ooyl 6 THeSRaSBI BN oy P A e e Aot SRR o BREE | ng
of a relatively small flow of fluid fromthe el ectrodeionization unit into
the | arger thef antisaalat] fam gondeatratevenmpurigeamb siischange tstneargud4,sor 0 addud t abl y
| ow concentration of antiscalant for econom cal reverse osnpsis operation.
20 The sel egdmpemusterydfgeiever se osnosi s perneate as make-up to the recycle
| oop to the concentration conpartnents utilizes salinity of the perneate to
enhance electricghgﬁpag%gb'y%gy AN aeEd i SinBaEYedah F LEL LS bkl eased
current flow at reduce vo#tagé%, tﬁgéé%%lﬁeg%?ing e ectr%@%%m%%ﬁe%%{
requirenents w t.hqut .t he need and COﬁt of separ at

HYN]

I r-, .= >
T oot dieg ' doge $15%Pn £OE s, PPRMSHY FreaiB O M DS bR PUAT se.
that nodifications can be made in the enbodi ments of the invention
d@scri bed heasediga tiwpughoutaddidipnal r¢versefosmnsis hait, selgdeserihgd pucouldhe sbjedirsl
i nvention as defined by the appended cl ai ns. vre ~\f\ f. J~. t 21 W

claim 1. Aonghé&io@dpiration plocédstd, BcH 4 dvahiiQtatidh, SICRh& dhBmival treatments, or
el ectrodeioni zation unit ( 10) for deionizing water having an anode

compar t nent odudhoRHOWAEY. Hibllo3MeAROHELAucRRiANS, BhE! Lhe Unit ( 10)

a cat hode conpartnen provi a ca at the 5 opposite
end of the unit (10), and a.plurglity of diluti conpar t.ent 32
provided with iof® E‘%&f&ﬁi‘fﬁ tflfgL‘a’é’%E‘iftﬁ‘Yéﬂ' F‘SFLF&??%S"W{‘ wih g, ‘&Fﬁeﬁj
conpartnents ( 18) positioned between the said anode (20) and cat hode
conpar t mentigcrease) currene flgMw withnigdeendpenltage e Jeduee )poaves conwmiionaangther
conpartments (18) being defined by alternating arrangenents of cation
@gfchange nesnscalivaant o2k pessehtdmientior pohileg for brtingrreort{cd®f petmarer sushmg:

66 of the reverse osmosis unit 62 to the electrodeionization unit 10 such that part of the
permeate stream 69 is fed to the concentrate compartments 18. Permeate stream 66 and
retentate discharge stream 68 contain electrolytes, such as dissolved salt ions.
Connection to either of these streams 66 or 68 could provide make-up of electrolyte and
20 water in the concentrate compartment supply stream 44. Preferably, retentate discharge
stream 68 is not connected in this manner unless such retentate discharge stream 68 is
relatively free of polyvalent cations, high molecular weight organic compounds and

bacteria, which could otherwise foul the electrodeionization unit 10. Therefore, if the
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to drain or can be used as electrolyte. Supplemental antiscalant can be provided by a
second antiscalant injection unit 93
To provide electrolyte make-up to the concentrate compartments 18 of the
10 electrodeionization unit 10, a bleed 95 from either of first permeate stream 94, or a bleed
99 from second permeate stream 102, may be connected to supply stream 44 for the
concentrate compartments 18. Retentate stream 104 from the second reverse osmosis
unit 100 may also be used through line 105 for electrolyte make-up because stream 104
has already been subjected to purification in the first reverse osmosis unit 90, and is
15 therefore relatively free of undesirable particles, organics and bacteria. Further, it is
usually preferable to bleed from second retentate stream 104 wherein saline concentration
is highest and, therefore, more likely to increase conductivity in electrodeionization unit
10.
It will be understood that the number of reverse osmosis passes in the reverse
20 osmosis system 88 is not limited to two, and could include any plurality of passes, each
containing a reverse osmosis unit and each having one or more stages. In this respect,

the permeate streams from the passes are each discharged into a corresponding

downstream reverse osmosis unit for further treatment. The permeate stream from the
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In a further embodiment of the invention, shown in Figure 6, the retentate streams

from each of the passes may be discharged into a second stage reverse osmosis unit for

10 further purification, yielding a further permeate stream to join a corresponding permeate
stream from the same pass for further purification in a downstream reverse osmosis pass

or in the electrodeionization unit 10. This variant combines aspects of each of the

processes illustrated in Figures 4 and 5 and comprises two passes consisting of two stages

each, each stage having one reverse osmosis unit. Therefore, the first pass comprises of

15 first reverse osmosis stage 110 and second reverse osmosis stage 120, and the second
pass comprises of third reverse osmosis stage 130 and fourth reverse osmosis stage 140.

Water to be purified together with a portion of the concentrate loop recycle solution in

line 12 by way of line 115 and supplemental antiscalant injection unit 113 is supplied to

the first reverse osmosis unit 110 by supply stream 112, and is separated into first

20 permeate stream 114 and first retentate stream 116 by membrane processes occurring
therein. Retentate stream 116 is discharged into the second reverse osmosis stage 120,

and subjected to membrane processes therein, causing separation of first retentate stream

116 into second permeate stream 122 and second retentate stream 124. The second
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permeate stream 122 joins the first permeate stream 114 to become supply stream 132 to
the second pass for further treatment in the third reverse osmosis unit 130. The second
retentate stream 124 is discharged to drain. Supply stream 132 enters the third reverse
osmosis unit 130 and is separated into third permeate stream 134 and third retentate
stream 136 by membrane processes occurring therein. Retentate stream 136 is discharged
into the fourth reverse osmosis stage 140, and subjected to membrane processes therein,
causing separation of third retentate stream 136 into fourth permeate stream 142 and
fourth retentate stream 144. The fourth permeate stream 142 joins the third permeate
stream 134 to connect to supply stream 42 for further purification in the
electrodeionization unit 10.  The fourth retentate stream 144 either is connected back
to feed stream 112 to the first reverse osmosis unit 110 by line 145 or discharged to drain.

To effect electrolyte make-up in the concentrate compartments 18 of the
electrodeionization unit 10, a bleed from either of first permeate stream 114, second
permeate stream 122, third permeate stream 134, fourth permeate stream 142 or fourth
retentate stream 144, or combinations thereof, may be connected to supply stream 44 by
line 123 for feed to the concentrate compartments 18. It is most preferable to bileed from
second permeate stream 122 through line 123 where saline concentration is highest and,
therefore, more likely to increase conductivity in electrodeionization unit 10.

It is understood that the number of reverse osmosis passes and the number of
reverse osmosis stages therein are each not limited to two, and could include any plurality
of passes, so as to cause economic purification and recovery of water. Bleeds from any
permeat; or retentate stream from associated reverse osmosis units, with the exception

of the retentate streams in the first pass, may be connected to the electrodeionization unit
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Further variations to the embodiments illustrated in Figures 4, 5§ and 6 are
contemplated and not limited to those shown in the Figures. For example, prior to
connection to the supply stream 42 to the diluting compartments 32 of the
electrodeionization unit 10, permeate streams from the reverse osmosis unit(s) may be
subjected to further purification by separation processes, such as degasification.
Additionally, unused antiscalant from the circulating loop 12 of the concentrate
compartments 18 in the electrodeionization unit 10 preferably are connected to the supply
streams for the reverse osmosis unit for inhibiting the formation of scale in that reverse
osmosis unit, and any other downstream units, in a similar manner as the embodiment
depicted in Figure 3.

The present invention provides a number of important advantages. The
antiscaling agents including pH control agents, antifouling scale suppressing agents,
chelating agents and the like can be used in the electrodeionization unit in higher than
normally commercially viable concentrations because of containment of the agents within
the system by recycle within the electrodeionization unit and by recycle to one or more
reverse osmosis units in series. This recycling of a relatively small flow of fluid from the
electrodeionization unit into the larger influent flow to the reverse osmosis unit results
in a suitably low concentration of antiscalant for economical reverse osmosis operation.
The selective use of reverse osmosis permeate as make-up to the recycle loop to the
concentration compartments utilizes salinity of the permeate to enhance electrical
conductivity and efficiency of the cells with increased current flow at reduced voltages,

thereby reducing electrical power requirements without the need and cost of separately
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104] purview of the invention as defined by the appended claims.
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109 () - OOOOTB&%@X hln% 52191 a.n%&?l@ﬁhcf éath(;ﬁe compartments (22), the diluting compartments
(32) and concentrating compartments (18) being defined by alternating arrangements of

cation exchange membranes (28) and anion exchange membranes (30), comprising:

10 passing feed water to be deionized through the diluting compartments (32);
passing water or an aqueous solution for accepting ions from the feed water
through the concentrating compartments (18), and through the anode
compartments (20) and cathode compartments (22);
applying an electrical voltage between the said anode (24) and the said cathode

15 (26) whereby ions in the feed water migrate to the water or aqueous solution in
the concentrating compartments (18);
collecting and discharging aqueous solution from the anode compartments (20)
and cathode compartments (22);
recycling water or aqueous solution from the concentrating compartments (18)

20 as a concentrate stream (12) through the concentrating compartments (18) and
through the anode compartments (20) and cathode compartments (22); and
injecting an antiscalant to the concentrate stream (12) recycling through the
concentrating compartments (18) and through the anode compartments (20) and
cathode compartments (22) in an amount effective to inhibit scale formation in

25 the concentrating compartments (18) and in the cathode compartment (22).

2. A method as claimed in claim 1 in which the effective amount of antiscalant in
the concentrate stream is in the range of 1 to 400 ppm.

3. A method as claimed in claim 2 in which the antiscalant is selected from the
group consisting of sulphuric acid, hydrochloric acid, polyacrylic acid, derivatives of

30 polyacrylic acids co-polymered with sulfonates, phosphonate-type antiscalants and
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unit (10) in series in which water to be purified and deionized passes through the reverse
osmosis unit (62) to produce a permeate stream (66) and a retentate discharge stream
(68), and in which the electrodeionization unit (10) has an anode compartment (20)
provided witih anode (24) at one end of the unit (10), a cathode compartment (22)
10 provided with a cathode (26) at the opposite end of the unit (10), and a plurality of
diluting compartments (32) provided with ion exchange beads (40) alternating with
concentrating compartments (18) positioned between the said anode compartments (20)
and cathode compartments (22), the diluting compartments (32) and concentrating
compartments (18) being defined by alternating arrangements of cation exchange
15 membranes (28) and anion exchange membranes (30), comprising:
passing feed water to be purified and deionized through the reverse osmosis unit
(62);
passing a permeate stream (66) from the reverse osmosis unit (62) through the
diluting compartments (32) of the electrodeionization unit (10);
20 passing water or an aqueous solution for accepting ions from the feed water
through the concentrating compartments (18), and through the anode
compartments (20) and cathode compartments (22);
applying an electrical voltage between the said anode (24) and the said cathode
(26) whereby ions in the feed water migrate to the water or aqueous solution in
25 the concentrating compartments (18);
collecting and discharging aqueous solution from the anode compartments (20)
and cathode compartments (22);
recycling water or aqueous solution from the concentrating compartments (18)
as a concentrate stream (12) through the concentrating compartments (18) and

30 through the anode compartments (20) and cathode compartments (22);
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concentrating compartments (18) and through the anode compartments (20) and
cathode compartments (22) effective to inhibit scale formation in the
concentrating compartments (18) and in the cathode compartments (22);
5 bleeding a portion (65) of the concentrate stream (12) containing antiscalant;

combining and passing said portion of the bled concentrate (65) containing an
amount of antiscalant with the feed water through the reverse osmosis unit (62),
adjusting the amount of antiscalant in the water to the reverse osmosis unit (62)
to provide an effective amount of antiscalant to inhibit scale formation in the

10 reverse osmosis unit (62), and passing the permeate stream (66) through the

diluting compartments (32) of the e‘lectrodeionization unit (10).
5. A method as claimed in claim 4, adjusting the antiscalant in the water to the
reverse osmosis unit (62) to an amount in the range of 1 to 75 ppm effective to inhibit
scaling.

15 6. A method as claimed in claim 5 in which at least a portion of the permeate stream
(66) of one or more stages is added to the concentrate stream (12) passing through the
concentrating compartments (18) and through the anode compartments (20) and cathode
compartments (22) to add electrolyte thereto, thereby increasing electrical conductivity.
7. A method as claimed in claim 4, subjecting said feed water (92) to the reverse

20 osmosis units to a plurality of passes, each pass comprising one or more stages, wherein
permeate (102) from at least one of the stages or one of the passes is combined with the
concentrate stream (12) for passage through the concentrating compartments (18) and
through the anode compartments (20) and cathode compartments (22) to add electrolyte
thereto, thereby increasing electrical conductivity.

25 8. A method as claimed in claim 7 in which retentate (104) from at least one of the
stages, excepting from the first reverse osmosis pass, is combined with the concentrate
stream (12) for passage through the concentrating compartments (18) and through the
anode compartments (20) and cathode compartments (22) to add electrolyte thereto,

thereby increasing electrical conductivity.
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range of 500 to 0.5 ppm or hydrochloric acid in the range of 365 to 0.4 ppm.
11. A method as claimed in claim 1, in which the antiscalant is sodium
10 hexametaphosphate in an amount in the range of 5 to 200 ppm.
12. A method as claimed in claim 1, in which the antiscalant is sodium

hexametaphosphate in an amount in the range of 25 to 100 ppm.



