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POST TREATMENT OF DESALI NATED AND SOFT WATER FOR
BALANCED WATER COWPCSI TI ON SUPPLY FI ELD OF THE
WORMBNFIIDN The present invention relates to desafrimmsahi2et
and soft waters. Mdire particularly, the present
invention relates to post treatnent of desalinated
wat er and soft water for sup]ply of bal anced wat er
conmposi tion. BACKGROUND COF THE | NVENTI ON Desal i nati on
POSIcTREATMENTDOEDESALINATED ANDSOF T WAEERIFOR
attention worldwide. It is expected that the
per cont BALANGED WAEERSGMROSIFHON SUBPLY uat o1
supply in nmany countries will increase significantly
in the near future. There are two types of industrial
desal i nati on processes: reverse osnosis (RO
technol ogy and el ectro-di alysis technol ogi es. Both
processes result iFBuD &F THREINVENAON | ow i n
di ssol ved solids. Naturally occurring soft waters are
al so encountered in many places. In order to inprove
ti ﬁl‘é@bhi Mv@ﬁtuf)r'i‘?él%t {PesflinafePand 'SBRAIWERs. 'l\%oga particularly,
needed (i n des |nate water, the water is treat
the presendinventiongelated tcapestste@atrrwnt ohdesalinatediwiatenangssoft water for

I in di I
suprhCFanERT bald MR out more § mpor tantly, it

tends to be corrosive to water distribution pipes,
whi ch are typically nmade of netal. Corrosion of netal
pi pes results in both shortened infrastructure life

ons and col | oPAGKERPURPIOE HEFRRYENIRGC: &7 S

therefore to the consuner's tap. In order to be able

to use the water as drinking water, soft waters and
&199aljeaiion of reguaier AR brdc 'ﬁanwateﬁag regeiying inckeased gttention

workgh.ag' b %e mé{%té@ttﬁét thed érgleﬁ{h@e' ¥f Iﬂét?éd Qva”i‘éleaut of the total

I S expec 0 “sup aln mne
water Bapplame mgemdrﬁhesﬁ will Imur&asermgmfld:antby ig.th€a2ar ﬁutdre There are

icultural irrigation s
two g5, of Beiss Bl Seflindin Bioiesses verpa cdprers GeqL ermology and
eIectHlﬁlélyji&@'teBm&Bg@% Bothh ro‘H@B@és rbs@t ||I\ hﬁat%PnPan is very low in
may also be limted due to econom¢
dlssqlmmd@e tu»fadiyedcwneg $aft iwatars ane yalsegencamteredoén many
nat i on, Pl ant

toc? , FHEP PP B 75 YOS 81 s Bt s oo

(in dégamiasted water, the water is treated following the membrane separation step
and is thus termed "post treatment"). Water low in dissolve substances tastes insipid,
but more importantly, it tends to be corrosive to water distribution pipes, which are
typically made of metal. Corrosion of metal pipes results in both shortened
infrastructure life time and also in a constant release of dissolved metal ions and
colloid metal particles into the water, and therefore to the consumet's tap. In order to
be able to use the water as drinking water, soft waters and effluent from desalination
plants has to be treated to stabilize the water. Additionally, in most places, drinking
water is expected to supply certain minerals that are essential for human health, e.g.
Ca?* and Mg?* ions, and agricultural irrigation supplements such as Ca2*, Mg?* and
SO, ions. In some occasions, the total hardness of the water (i.e. the sum of [Mg?]

and [Ca2+]) may also be limited due to economic reasons.
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with a certain, required, chem cal quality; However,

to date, no formal regulation exists worldw de that
wdebismses1gnequi vocal |y the quality of desal i naredi1L2007/001261

wat er. However, the water is expected to conformto

the general water quality requirenents. In Israel, the

following set of quality cri2eria for desalinated

wat er was adopted in January 2006 by the Commttee for

Degalilvstatie vadtel sisadhvarialdy erequied! abi des posti riegated by’Larnaca

Desplinatie: RV bYLB oL bYsBen MDesabEHon fé%%é‘aﬁ?—h%ﬁ@ comply

wﬂh%?{erfa% d;% g cﬁ%ﬁﬁéd&‘t&tfa‘f’gﬂ ;I%@ggverL o & énh@)berrﬁaISFégUlatlon

exxst%:g;v'éiaﬂdmdb) thgt LdefineSa ODRgYivopally< taes qualligPRf sdemlmafted water.

ci.um bonat e Preci atlo Pot enti.al . Th

Howeyerp 18 Welesdt REPRCIBH 56 081075 (Bang st Hatet fudihy héduirements.

In IsFEae“la{Hé“ﬁfllb%dﬂséf‘tof'q%a‘i’lﬁl él*'t@thﬂr RidsEhatey WitdrN@as adopted in
ter quality required and econom c considerati ons.

Janu?ﬁwo 2606n byr dih@sCofnrplﬁse faretherdpdateoobsiseael'ar water regulations

oyt B e, ERRST LRy 6 LB R S ARG AP B, ar

expemc@méﬁrﬁé@ffebt PNthbaleab@ithrey! kal inity and Ca2+
ggg %"and .processes that are based on direct
1. kgknityr(Fze&h alkrlinityive80 (mokragPalk®a s | ess of t en

f ca o] m cal reasons and wil |
2 | Ehemp ehdreesg ol e

scus ?urt er. Calcite dissolution

3. PryeeSCRP’ ar® cosmgﬂ.fé§cb0®3 in places where calcite
abounds in nature and can be easily extracted. In
4. orRlA< &8 enhance cal cite dissolution kinetics, water

* cCPP Eﬂéﬁhs oG é ?.:a?s&%t PrEciEEa’@iéH pefirad i nto the

calcite reac |c substances are typically
used to | ower the pH. H2SO4 and CO2(g). The advantage

t h H2S0 i h :
e phalte S ostiinafient Gideass To e piBe bR dbElfipfh plant i
deteﬁ:ﬁﬁ:l@% ;ﬂhﬁéi‘ﬂkﬂﬂy‘ thB \ﬁétaﬁhhﬁlﬂy rééw?ed Qﬁéﬂ letonbinid onsiderations. Two
e ass only fraction of the water through

malrt geou;asl of pestctﬁemnta)fdcmmdaret tywically implementes: o8 soft waters
and | i8SirBlloh CBlsR, Bfliepts %ﬁt SUrBL0S s bt "GntlH 4B0Ad CaCOy
dissolution for both alkalinity and Ca?* supply and (2) processes that are based on
direct dosage of chemicals. The latter group is less often implemented because of
economical reasons and will thus not be discussed further.

Calcite dissolution processes are cost effective in places where calcite abounds
in nature and can be easily extracted. In order to enhance calcite dissolution kinetics,
water pH must be reduced before it is introduced into the calcite reactor. Two acidic
substances are typically used to lower the pH: H,SO4 and COxy). The advantage of
using a strong acid such as HySOy is that pH can be lowered to any desired value,
which results in rapid CaCOj3 dissolution kinetics. As a result, it is possible to pass
only a fraction of the water through the calcite column, and blend it with the untreated
fraction thereafter. To determine the final pH (and the final CCPP value) NaOH is
dosed to the blend prior to its discharge. The process is depicted schematically in

Figure 1 that illustrates a typical calcite-dissolution-based post treatment using
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dosed to the blend prior to its discharge. The process
is depicted schematically in Figure 1 that illustrates

wa 2008@sexab cal cite-di ssol ution-based post treaPaemt2007/001261
usi ngH2SX4 for pH reduction. This post treatnent
process is currently practiced, for exanple, in the
100, 000, 000 nB/year desali ndtion plant in Ashkel on,
I srael. The main advantage of this nethod is that it
H,SOsefpiti pldsretiuctibat mhid )postmrdatmeht:lptrecm ke dupratly practiced, for

reactor, the applicad |on he acid is
exampey feine: 100, 080000 ey Bisalingtiampiant & AsTRay ek,
C
e
packed bedvieattoge the applecaimnemf the anidds fsimplegand inexpeasive, and the

irrjgation) nd, possibl e y:)sum tat
process i okt SBRP P AN R0k hb 3eRe of q syt
amourt of S’Q‘)Pc?og%’né ﬁlatté}aqnéyf ais® O eBAsitierad ahhdvahttigeoif tiie water is
approxi hmatel'y bet ween the Ca2+ and al kalinity
usedcfona@rmm’raralmrmgatlnn) medgiassipie oypsud presipttatians Hangyes, the most

SIanh&%&g}awﬁg %bOtﬂaﬁﬁﬂmﬁchgs li'ﬁgﬂag lﬂfsnr(gﬂl{nld @?leld a ratio of

appréMilfiitd Cglz 1 ¢ PERBEhahe WadfarBalkalinity esndeafi@ions dnlthe effluent,

in a + concentration that is higher thanth? gé A

and $omet|m@s eve0 anfigher satioatbath pataMetals By upite L as'CaCOs). As
t r t

2 coffdd it pebing 18 1<REN oUE ARSIl o oo

CaCDQ%@ﬁ%ﬂn@G@é cqsnnenmnoa tmm |Btmghm'cthbnltbevupper lupﬁeg’f 120 mg/L

as CL;Q,Q;;er,qqlpggﬁ d}kile’lmcq)awp%\éocgft ”%re'ﬁt o&r Mc}&gé,b%gggﬁglg E@ arl(atll¥nty value
yield§ %@%QF [%d?%%lsgﬁ/eﬁgﬁjarrﬂh&rﬁlgrfye ifithe Ge?p ééhééiwtﬁé‘twhh@ maintained

In e ‘wat er chem cal

l'y
belowrthé aipper lifiins.eqbelow $20 mh@Lm&Ge@@adetbecalwlmtu qongentration in

i GRSy o TRLFL b s M A SR iy of e

n R te WaterSch&hicaly instablee Gursequently, the process
Wateg%#’lh%\h/vgéﬂcz%r@entrat ed cI:—|ZSO4 EMSS té pically dgsed ){o
e

depictad indiger! canriad herimpiementgdgelnjegt EQQWQ%IQY gritgria.

ust before t t
bbb BB it 2 R [T [0, B3 o o be
cost cfeetif, %@n&éﬁﬁat@wHjﬁ@lglsftymmal(ysd(bm tautheawateoto lower pH to a pH
downward). Along_ its flow through the cal cite,reactor

valughetusen 2P0 ankist Aefor i WaleT aRiess s Felgio Fearar (see Fig.
1). Tﬁ?af\llal résﬁﬁ%rlnelﬂ%aéﬁcﬁiﬁglfeatcﬂﬁ reQ¥mbR e et pl C%b'ffbmelther upward

oug e calcite reactor,
or downward). Along its flow through the calcite reactor CaCO; dissolves and the

water collects both Ca®* and COs*> ions. Because of the low to neutral pH that
prevails throughout the calcite reactor, CO;% is instantaneously transformed to HCO3’
and/or H,CO5', and in parallel pH goes up. At the end of the process, the water
leaves the calcite reactor at a pH close to 7.0. After blending with the split flow (see
Fig. 1) pH is raised to the final pH (between 8.0 and 8.3) by dosage of a concentrated
NaOH solution. .

The result of this process is that the Ca®* concentration expressed in the units
"mg/L as CaCO;" is always about twice that of the alkalinity expressed in the same

units. Simply put, under these conditions, around 50% of the proton accepting
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2 is instantaneously transfornmed to HCG3 " and/ or

H2COB *, and in parallel pH goes up. At the end of the
woros@dse319t he wat er | eaves the cal cite react or par/meopihoi261

close to 7.0. After blending with the split flow (see

Fig. 1) pHis raised to the final pH (between 8.0 and

8.3) by dosage of a concentr &t ed NaOH sol uti on. The

result of this ggoce_s_s is that the Ca2+ concentration
capasifyr a5 fq GHs't Abaty Ariginatasyfrom slissebiny the caleiey solighdsitused for

.t t f. . | i ni X ed i 1 ,
ity £81 @08 nkafo R SH1d 8 BLEWIGE aRGing £ 5 it S Bicaty used as
theoénd peinprfort HECEg calalimitic deteeininationh. This ¥dlor? atbeting capacity is
0 igi nates fro dI,S%O| vI n i&he calcite solid is used
therploye naf eFenyinges fardithe &I HRHY SeteHRINARP0PTOERIBH val ue
IS aebopd g BisSBRITGR, pBobSE TR S UsSRGnFSHE 10 iy the
watercpdgn tonéfsdapraduction into beedalcite meactac cBua tneainf advantage of the

rod 8 AR ek BBRSETS b s 1 (oo
pardrietefd expressé® inRigar anGéIL‘OBPah% ﬁwds%dtﬁ‘ﬁé}?&t‘n%fbré ¥af be attained

the calcite reactor. The mai'n advantage of the process
at singlar ipgncenfsatians, whieh atlaws atigining 4he mikafinitniaind aaleids criteria at

1 pot. er.s, expressed. i as, ..
the SHR fihe: i, hudiB R A ARG G i RFEERE; el T Qs Hadition can
redugenph 46 noo feeert thahi eaind WH alp, alrdowsisaddiciendiggolutién kinetics are
[ kalinity and calciumcriteria at the sane tine. The
Muche$laWEr é'a%n/é(mhablesgﬁ- Benseauenilys alli @rimast adhaduater dias to be
e alo) r r :
pasif) RREACHRY oRiSP Foadif add 8" HER Bl feadkdtvpiymes are
requiviedh Ariofied. disadsautaget isythatlthe (application Q)‘f)ththOng @E an acidic
and t hus

SubsTaRGP e THRlE FERETINS BRI 4 cHrSlu A8ca TRSHILEY terms of cost
effetiveR¥athahdratid 8F tHd et et I‘?{%(t)ﬁ‘ &8s 4 <ag>¥di@§ubstance

~an acidic substance is nore expensive than that
is conpgiarablyscheapes tihan thenmedhods thet utitizes 04t Howeaears as explained

verol RT3 RSk O PR oAb Bhay R the rauirec
Ca’mes heichlinfttratib] ld 784 1RER @HorddaMiie Useast B IGDIShased calcite
dissolution process.

Another significant drawback that is associated with both calcite dissolution
processes is that they result in no addition of Mg?®* ions to the water. Mg?* ions,
although not included in the current Israeli quality criteria, are very much welcome in
desalinated water for both agricultural and human health reasons. Post treatment
processes that are based on calcite dissolution cannot, naturally, supply Mg?* ions.
Other options such as dolomite rock (MgCa(COs),) dissolution or direct chemical
dosage are either expensive or result in a high counter anion concentration (typically
chloride ions).
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before, using the process that is depicted in Fig. 1

cannot conply with the required Ca2+ to alkalinity
woavism30a9f act that endorses the use of the CORCONL2007/001261

based cal cite dissolution process. Another significant

drawback that is associated with both calcite

di ssol ution processes is thaf they result in no

addition of My2+ ions to the water. M2+ ions,

al t hough not i ncBUIMMARY Qe THEINMENTIONe! i quality

criteria, are very nmuch wel cone in desalinated water

for both agricultural and human heal th reasons. Post

t rieRt 48 Bbjet BF s preseRinvenBo &5 prbvide Gdltibhal step(s) to the cost-
di ssol ution cannot, naturally, supply M2+ ions. Oh

effegipyei Hr8Oshared salpileodisselutior iposiviyeainues) procass §la,qatuwpglgl enable
Y ' . cheni.cal. . ' i o

to Aol SR 50 e P Srinting o
seawatepi whilé fullgltonforting tonthe GhbiMEJUIred critérid. NVENTI ON | t

is.an obhject of the present invention to, provide
ds @r\eﬂiﬂr ahiegh e ﬁteopfq@@n dueptieade WQVﬂg’S@ﬂ%’Q@&FUS for post-
i i S j - . [+ .
voafALAIGRARBILH M0 SRSkalfF BF Dyt FREFSRY Wi amvicnec
withctiesgp Mg+ ipossorigingtingationy seavmtereandt isr fullphédrdoraingyto other

requifR RS fekiting fir falioo S3hieshREHTERSS ponteriagionan
all@ﬂ@ﬁ%b?é‘ofé”pr@ﬁﬁé{iriﬁabﬁ’é’d}ﬂaﬁée deiadld MreRAredNenfidiment of the

waters fromwhich the resulting water is enriched wth
presehédpveniion apnkh80udiasedi egjcite alissadulien qosktrgatrsentyprgcess for

des§R Bt (of pi SRt ARD. g, 261 on. Tt i ¢
theref ore psepdrdtitly My”a¢aed aRRck” whtifNa” pnef #rregdired) ions from

enbodi nent of the present invention an H2SO4- based . .
cal ci trRatyral swater i kadypby tmearsofideR gxcharde regins onto which said

d [ :
oo OB NSRS ol o\ kP g 12 e o

i f reqwel;ed) ions fromnatural water body by neans of
i on exchange resins onto h said My

ons are. | CERIACING fER On PisHaNgaNCHY lGAledpulT Seid Tons with an
ol b BB Ok YR AR Windathahidt wih Co”
wher ei firomeadaid efluenir e exchanged with Ca2+
whereby the Ca** concentration of the resulting water decreases while the
Mg?* concentration (and also Na*/K*, if limitation on hardness concentration is
imposed) increases to comply with required quality criteria.

Furthermore in accordance with a preferred embodiment of the present
invention, the process further comprises washing said ion exchange resin with an
internal desalination-plant water stream low in dissolved solids.

Furthermore in accordance with another preferred embodiment of the present
invention, one of the said ion exchange resins that is used in the process has a high
affinity towards divalent cations such as Mg?* and Ca?* and an extremely low affinity
towards monovalent cations such as Na® and K* and another ion exchange resin has

a high affinity towards Na* and K* and a relatively low affinity towards Ca®* and Mg?*.
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fromsaid effluent; whereby the Ca2+ concentration of
the resulting water decreases while the M2+
woaonsastxiat i on (and al so NalVK+, if |imtati onPOWIL2007/001261
har dness concentration is inposed) increases to conply
with required quality criteria. Furthernore in
accordance with a preferred érrbodl ment of the present
i nvention, the process further conprises washing said
i vrthsromntads acsordandet withranother prefenied anmbadiment pf 4ive present

v dFHE, R £ o ARGk YRR, a st el ST e 1RC747
(qusehtass NENtdrasyuivaientodnd Baidsad ¢hr Qﬂcf@fﬁ@f@ﬁl is&fryY@sin with

% is used in e process has a high affinity
the iy seawrncs @rﬁﬁe@@dlih%’esuch as My2+ and Ca2+ and an

SESREFte RACH S 55 TRRRLS B A % 4 reson

lnvehtmgm sdifl |sna\/\xaté|owaed130 Nozd ainel réginanith Mg%| iohs Ve lfitetedvseawater
filt n‘b % ? Ca2+ and 2+ Furthernore in
(el sithet by Sach sradoRar by £ membeansofitation) befaradt enters the

desaqrn%ﬁgﬁ rbépggntion, the 1st said ion exchange resin is
resin such as Anberllte | RC747 (Rohm & Hass INC.) or

eﬁuﬁhmhmr} |ahrac<:9fa¥ah®nmth camoﬁxmhpne@are@angboogmeny of the present
sin with t i ni.ty sequence presentgd above, .

|nve'g€ b 3FiteaY eraUﬁ%q darle%g&h’ HG%JHoWﬁ'éwﬁﬁe g and/or K" if a
I|m|t8ﬂ'6196hnﬁé\rfdn@%s tl@ﬁtﬂ%@é@ﬁts !arbiﬁﬂat 5@Banms Bt d%l‘?ﬁ%h?ra desalination

used to load the resin wth l\/gz+|on3|s [
procegdwat er (filtered either by sand f||trat|on or by UF

AN e e B g o 19 resen

inveptiet, evalid: deawhtdithanit uskditbgodd Beerdsin R;V@Tdiﬂnéﬂ bai:iR' itd a container
seawater used to |oad the resin with M2+ (and Na

from wers, it wasitakep {9 he futhesmsed imtheiREsprocess rrposed) is a

BTSRRI RES SPRTETFof o s

invemrtidrg diaice RO bfing treat is asedto loaddhé iresin is eatdrrseidya@iketo the sea.

t is used to | adth resin is returned back to_ a
f]&{f*}jﬁrﬁw e i 4 e With 20OfAr SpTefesTas: embadiBent b the present

et 1 ) BRQURER roRLKER R0 BF S BB0ROM g moce

Jairthemooie iimecchedance wd;he@nbthércméferrmi eadiadiment of the present
inveﬁt% "th& ontw3 E0% chér?gé rPeacstlons are carried out in a continuous ion exchange
mode.

Furthermore in accordance with another preferred embodiment of the present
invention, the required quality criteria that the process may produce is: Alkalinity
(H.COs  alkalinity) greater than 60 mg/L as CaCOs; Ca?* higher than 80 mglL;
Calcium Carbonate Precipitation Potential between 3 and 10 mg/L as CaCO3 and pH
of less than 8.5. However, the process can be used in a flexible fashion to produce
different water qualities, including a limitation on total hardness of, for example, 120
mg/L as CaCO3, while at the same time conforming to the other water quality criteria.

Furthermore in accordance with another preferred embodiment of the present

invention, the process can be implemented in order to replace any certain fraction of
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Furthernore in accordance wi th another preferred
enbodi nent of the present invention, the ion exchange
woeasiosea1s are carried out in a batch ion-exchaageL2007/001261
node. Furthernore in accordance with another preferred
enbodi nent of the present invention, the ion exchange
reactions are carried out i A a continuous ion exchange
node. Furthernore in accordance with another preferred
the Caffbeaticsatration gtaheraieésb@'rthelhm -based caleite dipsohsion process by

[it t t d
an ofialent Md: (dterK: SaplohRien cOpesRrainy  than 60 i/ L
Fls%ﬁﬁ@rm&%ﬁﬁgbi‘d%% akcbérdaRle W%Wet%oﬂﬁerfbréﬁfrmr@hc?%dlment |

reC| pitati otential between 3 and 10 ng/L as
of theaprspht mWehhers, a past-Bestmand\apparatus fier frealing watelrcasaing out of
exi bl e fashl on to produce different water

a desaﬁ%?qm I%@CG%EPW&('EG a limtation on total hardness
of , for exagpdionelidh eihbngs cERMB providédwith driecosamember of

time conform ng to the other water quallty criteria. o,
Fur t heesitohypesrwherein saiddesistare adapied 1) pefeadadiwith Mg™, Na”

ook, B 530, RGPS St o

f r act gxhapigehe pottidn @fCEmI@MQZé,tNahogh(ﬁebatse/vitrb@a?’hlens in one or
H2SO4- base PCI te dissolution process by an

equi vireaxchage cygie® or K+ and/ or Na+ concentrati on.

It is furg *&%kﬂ%r %aﬁfrggv' eél o %Sﬂﬁga&ﬁg 4% Nod&that are being

anot her preferre e present invention,
a postranhsfeaeddrom sajrhcaltiies réantort toethnei sajd waftavatenand @fterwards

Pon clocsRinel teast e 0p Bos TGS BHE B eRiAnGa el
{oa;f? dﬁ%‘ﬂﬁ "é@lﬁﬁrﬁi He§élln%técfwalt§r t?drﬁlr@dé\ﬁ’(t@ldthboe%&ange cycle is

Na+ or K+ ions OE+ ot her atl Ol'l
orlﬂwerrlnt@@z Iooadentyaﬂlm'saadunIClademMa t(ﬁﬂﬁixUﬁ Agd 1) jons (relative

P e Wiy BRUg B coles 185c6D, 30 S 18 cbhd i 8BRired quaiity

t QrifrRVeILiR srabeitdCadd the Binet Rations & B watdrrattisé expense of Ca®*
fromsaid calcite reactor to the said soft water and

afieRs-wards to said at |east one ion exchange colum in

EA A8 T8 e O ATef ErnAgAe o i prosent
invention, the apparatus further comprises means adapted to wash said at least one
ion exchange column and return wash water back to a point in the desalination
process from which it was taken, or discard it back to the sea in a controlled and
approved fashion.

Furthermore in accordance with another preferred embodiment of the present
invention, effluent from said exchange cycle is recombined with raw water split flow
of the desalinated water and NaOH is added to the combined flow to attain
desalinated water having predetermined required pH, alkalinity, Ca**, total hardness
and CCPP values.

Furthermore in accordance with another preferred embodiment of the present
invention, the water added with NaOH is mixed in a storage tank to yield a required

water quality prior to discharge.
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| ower in Ca2+ concentration and richer in Mg2+ (and
Na+ and K+) ions (relative to the water |eaving said
woabmioses1peactor) so as to conply wi th requir edcquedont/go1261
criteria or in order to add the other cations to the
wat er at the expense of Ca2+ ions. Furthernore in
accordance with a preferred8enbodi nent of the present
i nvention, the apparatus further conprises nmeans
FRf R  YREGrdaALE vilth bRdfHer Piefdritl embdamasntcell & present
and return wash water back to a point in the ) ]
‘invendiesal saichtibn rexehaoge scalumns watec Bontinueus exekangess wherein said

rosing B E IS Ao e SR HER oo Bl o Uil roners and an

"exché*ﬂigé BheP apidewhefkie the dime rthe ofesirhepands émteachvefnthieoRones is
eftluent from said exchange cycle is reconbined wth

determingd/a speciis required quatitytdiéeridsal i nat ed wat er and NaOH

) _ i . . .

R 1 S50 BAER 98 s il Brdgpahéneieiho posen

invent@rﬂ’ch% t13t@éinha:?mﬂsszda§@??bmﬁtwm7?mmr&)Haﬁ's ANC.) and
ccordance with another preferre i t of t .

the 2"grr@§i@nks 2 ioBROWiEha high Al ?%gaﬁﬁgfﬁn@%@mi anfelaliyely low

aﬁinit%fbﬁarﬁ%@é’g%nﬁw *to yield a required water quality
Fior to discharge. Furthernmore in accordance with

Faurthdneorerie fascoethnesbwith mmothesf prefarrgn esthodimenteat then present

e e AR R0 Bt S LA bl
enters;;\}nﬁéadjesﬁﬁﬁﬁfién Broceas br FeRebiingpfovided f¥AhA dBSalRIRdN ROBesS.

erein the time the resin spends in each of the zones
Insadfiitien rdndeth Bgcergence ivdth ygtiianethejuprieferied emhadiment of the

Fur t her. nor.e. | 0 ' N0 r r .
preset At g Mgtz D biing FEietiingd Bk b copteiner from
wherdlit visd thkencin 28lodeldodp neani¥e/dfter(fRafsingsthrosgh aid. at least one
) and the 2nd resinis aresin with a high affinity
ion exchaRgasoMENRnd K+ and a relatively low affinity

towards Ca2+ and Mg2+. Furthernore in accordance wth

anot her preferred enbodi ment of the present invention,

said Mg2+, Na+ and K+ ions are originating from

br ocess or oo PReCFPRER TR HEMES: nari on

IR &Ye8P %o better understand the present invention and appreciate its practical

applications, the following Figures are attached and referenced herein. Like
components are denoted by like reference numerals.

It should be noted that the figures are given as examples and preferred
embodiments only and in no way limit the scope of the present invention as defined in

the appending Description and Claims.

Figure 1 Schematically illustrates a typical calcite-dissolution-based desalination
post treatment using H,SO, for pH reduction (PRIOR ART).

Figure2 Schematically illustrates a calcite-dissolution-based desalination post
treatment process in accordance with a preferred embodiment of the

present invention (batch ion exchange operation).
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In addition and in accordance with yet another

preferred enbodi nent of the present invention, said
woibasasexio seawat er or brine is returned back t®C®IL2007/001261

container fromwhere it was taken in a closed | oop

manner after passing through said at | east one ion

exchange col umm. BRI EF DESCRI PTI ON OF THE FI GURES | n

order to better understand the present invention and

Figurespp Sebematicallys iflustrateeala galtiiecdisselution-brged ofpsalinggion post

res are attac n
treatiagih bircees 1 PECacAb R 1y i Ber PETEr e chbbditrehf of the present
mverﬁi@ﬂ%@nt*?rﬁ.udwusﬁ eBRanG&epbiatiohRs are gi ven as exanpl es
and preferred embodinents only and in no way limt the
scope of the present invention as defined in the
appendi ng Description and Cains. Figure 1
Schematically illustrates a typica

cal ci t e- di sSOETAILED IDESORIREION @&t THE IPBAENTIONt ment
using H2SO4 for pH reduction (PRIOR ART). Figure 2
Schematically illustrates a cal cite-dissol ution-based

?H}s’éﬂ“ A ngﬁf?%viﬁ?é e w %rnﬂclfrﬁé ué Boé?ﬁ@éﬁ'ﬁé?ﬁ%r&bé@s to be

erre of the pres i nvention (batch
used aﬁer watdratepaliogtioradr topefpplied t@ rﬁd:mreﬂﬁplccanring soft waters. The
ates a, calcite-dissol uti ased d saI

preseb e Tign HbhbS pEEcOsToat LMY UPehORIBUTapY Hater s an
exam?lreeifo‘? 'SLed v@‘éfgpdrﬂﬂeﬁbstolfreétﬁférﬁrp?éc%gs |hré&ﬁ:6ﬁ’daﬁbe with the present

conti nuous 1 on exchange operation). DETAILE
invenDESOMKEE Gbe Of tfﬂeIEtnDS\t\/E@HtI-GEﬁ@CHMQ peisEdeatment, @queéﬁ (i.e. calcite

cissoBlG 1 o B, W AT S il NI BB bsdy o

hardn@a} icahtantRstion i fige seHilierainat Sonmpliespwith esttmgewtewaterncnterla
may be used to treat anégsoft wat er type. Desal

regulatignsr (in erms ek alkglinity. & Beanduat B randriiiso jo g Sigﬂglc?ﬁﬁgﬁvpply of
dissor&rgg ‘i\g& tvkgh f’?\%%ét%?%ﬁﬂ JIIQ cbhf’orﬂﬁ &ihe &H@F‘Fé(gﬂeﬂ%fﬁéna.

nost cost - trve -treat nment process
Obtienallyaisebivetst as al :muroe ofs:ahgn&l:h&“ﬂtlbe relplacedt intamel with solid
me tine results naCaZTre(%e oss

salts Rayaried 1o due Sher KT BXARRIR FoCRHAT SEPTEHUE Fomge Read Sea
in Isréﬁ%ltcgpﬁélﬁé Dgé; C@gmbﬁ@éﬁsrs' élﬁf é:a"h bé%bé‘fd)rotﬁﬁs purposer ms of

a30|naS|n i cant

'ﬁh@mwenubn dhiregast ar@dmlsfgzplamrtmthtemm@aswe Caihiions gengrated in the

HZSO4%rgs%[inc}arl1(gtet glssolutlc% rE)(?cr)cersesq M% *‘f J So’sg\bly Na* and K" ions, if a

restriction on total hardness is imposed) ions originating from seawater. First, Mg?*
ions are separated from natural water body such as seawater by means of an ion
exchange resin that has a high affinity towards divalent cations (M92+ and Ca?") and
an extremely low affinity towards monovalent cations (Namely Na* and K*). Second,
the Mg?*-loaded resin is contacted with a certain portion of the effluent of the calcite
reactor. In this step Mg?* and Ca®* are exchanged. Consequently, the Ca®*
concentration of the water decreases while the Mg?* concentration increases to
comply with the required quality criteria. If a restriction on total hardness is imposed,
a certain Ca?* portion should also be replaced with monovalent cations such as Na*
and K*. In such a case a second ion exchange resin, having a high affinity towards

Na* and K" and a low affinity towards Ca?* and Mg?* is used to load Na* and K" from
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Optionally, seawater as a source of cations may be

replaced inland with solid salts extracted fromthe
weoeeeans/0fa19 exanpl e, a certain salt product fronpCheLieneh1261

Sea in Israel contains 25% My2+ by mass and can be

used for this purpose. The .jnvention hinges around

repl acing the excessive Cazl-Q ions generated in the

seawalfrd6r B0y BRAS). AIiS s B igeraiieh cPRECTab it Gariait partion of the
calcﬂ%‘?‘é&?@?%@&%n’f \gﬁgfeﬁb:})a g%té’rrrmﬂé@ yd*n Eoﬁééiﬂ}aii%ﬁ"l@tr@élaced with

eparated from natural water body
Na® anddf’. as seawat er by neans of an ion exchange resin
t has a hi affinity,.towards dival ent c tion
Ainfie. i’ alisBhsSaed b pie SR SkePbitBs rRPRRSSAS Gl preferably
mterneﬂ‘éﬂ%ﬁ Lilat G Q%‘érﬁé‘ﬁﬁ@'désb’ﬂdatﬂﬂﬂpléﬁi secﬁ%mlédegtahﬂess of the

oaded resin is contacted a certain portl on
addltlamfal tdmeemhang;emrooessme Foalexprple, éh@ts@neam Hsethie lagdethe resins

it 2R SR o B B B SBbbbior 50f frrs the

memedHéC BRdedki GNthenbiits ®F 2hé o1 SC R desatfiridtionhstepe Thier weter that is
qual ity criteria. If a restriction on total har dness

used t05"’!"=‘ﬁ|p tesin ig setfuaned Gagk tgdine; @?ntgw@m fepra  wWhetgeit Was taken
(closed ﬁ(ggsrﬁcqﬁ%lé@aﬁ'@eﬂgay ) ' se2Alin b @d)a+ and K+,

a case a second 1o0n exc ange resin, having a
H@f@’@n&éfls Moty miadeeto dSighker2 amdl Kiguen that seherhéiicallyyillustrate a

wards Ca2+ a + is used t ad Na+ and K+
calciterdigsleHRm RISt (ts?at%%nbrnrﬁe?ss toinclifes Aa IPRep¥IaNge reactor
| I. .
(could C%g%@g%%g??’%l Eée‘ah&or\%mltregggﬂp%% 'gggrtldérré r{%ﬁ@ J?%éés? +|F1 @ccordance with
a preferoed entbodirment mfﬂheqmésmﬁdnverﬂlmnl\ﬁhemdc%s inAddcordance with the

preserfbfintie 57 Re S3Ried Bt BSol oSSR P4 FRS IS RRoRAF Foure 2
orin a‘iﬁﬁﬁi‘n’uﬁ@é infdePh e NfusFafENTRighRIZ BARASMEde bperation (which is by
ditional ion exchange processes. For exanple,

t he
deflnlt@n‘\r @anonssigady stetal apesatian)i maywoehpraferred Na+caﬁ%rs mhere the

s, Pty 3¢ S4Rch A BPelAdr) s BOUPEREaBPLBEA lyn g to
dischaii§s,avh&rd therpratiedt waiee isnaied, oh athensmuliipte teluhrscarehesed and
resin is returned back to the container fr

m whe
timed jasueh Reway dp psedusnaploss tey p@@%taabwatﬁcqyéf'&v PF&J@&Mh time.

Alternélgi\ééﬁ,gﬁlaé ? %Bg%{é Qg)s shgﬁé ?éﬁl’é | ca éf?c?%gk: a contlnuous

ion exchangé eracesso(ilet |sbasad;ostate ropet ko) tbabahlmas tfhlathe dlscharge of
water Wb Al Gaa eI IR G8 "l ERESYBR e eal n t ypes)

A &nﬁﬂ‘ﬁ@& %Héﬁ\e%ftékemplary batch operation mode is depicted in Figure 2.
In the batch operation mode, a number of ion exchange columns are operated
intermittently (classical ion exchange operation), i.e. a control system is used to
switch the columns' mode between an Exchange mode, a Load mode and a Wash
mode. During the Exchange mode, Ca?* ions from the water flowing from a calcite
reactor 10 (the stream is indicated by #1 in Fig. 2) are exchanged with Mg®* (and Na*
or K, if required) ions from a resin that is placed within a cation exchange column
12. In the Load mode, seawater or, alternatively, the brine from the 1%t RO stage that
is more concentrated than seawater (indicated by stream #2) is used to load fresh
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a preferred enbodi nent of the present invention. The
process in accordance with the present invention can
woeomsaseiled out in either a batch node as il | uBCTAL®A7/001261
in Figure 2 or in a continuous node as illustrated in
Figure 3. Batch node operati,on (which is by definition
a non steady state operati ollji) may be preferred in
where the desalinated water is stored in

Mg®* (Nar K Qi pito taege&a@mgaf«%ﬁma&@sgc@lwanw2p.ln ¢ Wash mode,
whichds 368 %pSﬁesq'W%S&S bise Waﬂ% e%i 148 stré?ém\‘%?gfrom the
mul ti a way

e colurms’ are use |n suc
desalimatido cpeoeessi) isaséd tc wash dne revmm énomq reidugl Ipading solutibh either
tern no st o

seawalgrd RO riermge adtisioRgAYFa0% SAIMLAIAET o the.RdHgiwater (n
the E)&hgﬁgésm e Qha§¥&%%é H@V@aéPPﬁf t)Ocﬂ)e i absiabhiowatdrofrom the

I scharge of water with quality paraneters that do
Load mode stearidy@otvexdead aelotal Iansaglwed |Se£d|dsd}ﬁ@|&) vafueea’eamraxynately

5 mopB0E e BRi ¢ Stbebiabon 2R Rt P Rihiatidl] i xooed

a valu@'df ®PenhglLeFallohiigittd Brishymodeatsd W%bhlv@éteﬂ@bam@d back to
operation i.e. a control systemis used to sw

the poiridn dbe (R@spropses figsn wdugh 5n~®<&a+@mg@r fisgarded b@%{ﬁto the sea.
e 5 36 e FehaBE podhidii 18 S SHRBAB Ry G gt rows

('either(rfahﬁdesaildﬁwtm ﬁvat@gab?bedr aycomBinatiorriod . ra\&)desadigated water and
. exchang W tf + (and. Na+ K+ ujire i on

caloitefTparioA SRS UMAIEaiPd THI e andNagH inadded Hhine chmhied flow to
attin % SR pi} Snd FPE AR, T oRRRAB HDICfreguiarty 1 water qualty
(due tonthe unetaaehytsta’teedamremf mtpatdarlo(n emthaaged)pbyatmrr),e‘dnﬂ effluent

#2) is used t d fre Na-l: ) iQns onto .
of the pgdear (Tificatel i Skeamit. Hav i mised i, faaga Ak olicto vield
the regﬁiké‘d‘ watet Hﬁalﬂ?%rkﬁstb dTB&lfar Qrbﬁgltéﬁfa%eiy%ulﬂble jon exchange
i ssol ved sollds (stream #3) (fromthe désalination
columps ereepgrated insagontrolied manner aedo produaes a slasgualconstant water

ualit | oadi ng solution (either seawater or RO brine). The
UalIYa4di t i onal average salinity added to the product water

Reférehbe Exabangmdeee Rigate Bollustatiidia \baatinumge ortlerchange
to residual water fromthe Load node woul d not exceed

operatipnTig: ageorsianes with aS@rIeif%rgect emspdiraeicofdne fipseiipgmmnion. In the
term 5cd?ﬂfnh{)ggds ou?)g’w gaég nm@fgjgbg %‘1%)75%3%% tf3Rhnical

alterndtiviek oofi sigch Ih@cHMngT(mlg CIS1TER waabtove wdth gsavpiym;esm lsap:kratlon
rotary PriiGeds SURieiR PATIER VSIS PHENGHS (AR ISREeLEOTnuous
Conta%ﬁgf,i ?el?gfo%ﬂ@aléﬁfs')eﬂm fiflich ithe’ SRPE! Rpf é‘%dh'énb@,e wash, and
regeneration are carried out simultaneously, and effluent quality is thus constant in
time. In the current invention the resin passes periodically between three distinct
zones: a "load zone"; a "wash zone"; and an "exchange zone". The time the resin
spends in each zone is determined according to the specific requirements of the
process, but typically the resin will remain in the Exchange zone for about 85% of the
time, in the Load zone for about 10% of the time, and in the Wash zone for about 5%
of the time. In the "Load zone", filtered seawater (or brine from the desalination plant

whose concentration is higher than seawater) is passed through a specific cationic



10

15

20

30

(either raw desalinated water alone, or a conbination

of raw desalinated water and calcite reactor effluent)
woizosiosetied by #5), and NaCOH is added to the ceabimmdr/oo1261

flowto attain the required pH and CCPP values. In

order to avoid irregularity in water quality (due to

the unsteady state nature o% the batch i on exchange

t ] th 5l . d ted b
ion ex8RERGK T 20720 Ha” ERBING TR S IBTSEET taieoanaes gictbsorbed
onto the réé?ﬁé“'l“l%jw‘é%recﬁaﬂé@v& Yo MdcPthe! R shisSie tefulfed Back to the RO

alternatively nmultiple ion exchange col unms are
procegseptdisgardedata the sed |asdoriginally pkanned ipribéud® prockssethus no

st ant ter quality. Reference is now made to
furtheh%a%f 'S:Q%Gr%lfa €lrating a continuous ion-exchange

Aﬁlﬁ'ﬂééwlﬁ@ the'L8a6 SbAaNHR sl passsIrtio thie \WEBR FoRBH which it is
pr esent invention. In the term"conti nuous ion

WaShQQ(bh Arader lomoieeERS ariginating Treradheldespliratian process fe.gathe brine

o ondf R 153085, S5hs SELIRL 8y, KT TEIRREGHP Sample e

brine fmm H!r@Z“d nﬂtéhst@@eamst\e eshikelin desaliabton p%dtﬁﬁﬁfdr)washlng the
and equival ents) in which the

nti nuous Contact or,
resin, SP@pUBShoNaLSlC afgimemdn, (RO dyBress: ol again no waste is
gener&%rdr e HHE tﬁétrﬂ'\letragﬁloé’pféﬁqs iAMHe SddnSoHe géfiﬂl e Wﬁghmg water

constant in ti he clrrent™ 1 nven
flow rate} isnplpassad: in pech advayethay theesalinity addeeletcd)dhstpirmucg water due to
zones:. a." oa e";.a "wash zope"; and an "excha
water Fgigiting jn. i hed the ¢r&nﬂtg3p# 36 fLoadgpnzwetidinot Sxceed an
avera§é T4l MigsbIdes Gdhus QTDCS)t\}?aﬁJi Bﬁébﬁﬂog(lrﬁﬁ]‘éry At $hefresin that
he yp W remain in

rocess, but t resin
leaves the mope zs:m@mreuedaboihle "B¥hanhge Izenei' tae whiich thes effluent of

far about .10% of in t +

the oG5 o3P pd888 1 Bilbadhl® this Fons M Sariig eohved oo

ions ddridraieedirs ety\aafdite( @issbILtiof proeeks @edéﬁ@{dﬁwl uivalent per
pl ant whose, concentration is higher than seawater) is

equqig%fé ath Mgoud}«\a a0k e dons @dsatheshor it resion 4ser exaliple below).
e wir ar831od 9 Eetahle St RUARHRARAA S E Bl 86F water

streani:j otal y.gw I @i rfma|sre<miwme@a%acfv‘gzb Itdm F!aﬁérﬂhesﬁs(ilflzg‘eqwred)

j scar t sea originally planned in the

Conceaﬁaﬁ%%% %w&«,ﬂ%@mﬁt Jadhe Gagnbjaed sieam tettain a required
' ‘%@e Load zone, the resin passes on to the Wash

pH (a’i‘ggg’ﬁﬁ) ch it is washed by water low in TDS

Tiherei arst twg mamnadvanmm rtmaiheomqnilfmadase ()fe the HEBO, calcite
ne of o

dissolﬁféqrbtqr%ﬁﬁ Na% ésaﬁqg,g{a#) rocestgﬁst agets [T\ ﬁwe adsdltlon of the ion

exchange part allows using this process (which is much cheaper than the
alternatives) without surpassing the Ca®* concentration limit set by the new criteria.
At the same time the process allows the supply of cheap Mg?* ions to the water, and
also the supply of water that is not excessively hard. Furthermore, the process
generates no waste streams since all the water required to both load the resin and
wash it comes from within the RO process and returns to it without inversely affecting

the membrane separation process itself.
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brine fromthe 2nd or 4th stage in the Ashkel on

desal ination plant). After washing the resin, the wash
woavmrosiaret urned to the RO process, thus agaPaTmn2007/001261

waste is generated. The tine that the resin spends in

t he wash zone (and the masqlng water flowrate) is

pl anned in such a way that fhe salinity added to the

product water due to water remaining in the bed that

originated fromthe Load zone woul d not exceed an

Exaniigs S9Btad 18 i opafatic obthe Brobded) 12L1e O en

T g A o sbrgn st e o
reqqu%mutﬁrsqlzajmé critasias usipg JBed?Srgg%g ﬁbﬁke ﬁ@ﬁéﬁgﬁéﬁe it is
assum(ag {ﬁ%@ % fa’uﬁ&odjé Pl %fth%@gé’rrﬁc?tﬁéﬁ%%fs%demaﬁ@%ond example

per equi val e Na+ or K+ | ons
multlpléctﬁmmhﬁ(bpéﬁatid?e(stﬁmnasy (mma) ioasspinedb butiple cwhuénlv\aperatlon is,

it R SR
statlong?}ﬁ (it Wzﬁb&é}fﬂgdhgéﬁ&géﬂlﬁ ith frﬁ‘Gé“ HfRlerfO NS IskiehAs in the

to the conbined streamto
Exchaage,aanad and uWast pyclea)n@ndcl;m) waten giualitye thataleavegothe post

S T EL DEr e
can bé %’t‘tﬁlﬂe’d%‘y elthér matlingea d@ﬁNrish%ahpﬁto%g@@dm@ op t:ase the water

ows using this process (which is nmuch cheaper Q
flow rataelsalam, mavitiples lonexchangesenlgaws; Ga bﬁeUS@szperate gradually

with tig, en{f}gefa[tt%g J&sglclbgsgltﬂfj?m %H?ﬁ@%‘é‘f&&ﬁ fifef F&unﬁfg bRe combmed

togethePna drélet he ateiera flﬁablmltéquuzh‘d&ysmn'plpyednétenmmd fltmtuatlons in
is not excessively hard. Furthernore, the process
qualityjparemeaters’ RENGRIYIAI0SEr eans since all the water

I\fcﬁ? %%"e?‘h‘l"%&%% gggﬁlct&%rﬁﬁr%‘sr’ché%té@aﬂaﬁtg ré@tﬁ‘?émfaht@nmo not

returns to it w
include na enestricgionf 6|ecthentg>talhhamhm'ss asanceepration.i lfnswb@es@,strlctlon is

ISERENCC | R RERTOE T T T
excesé‘tdai?“P Tbr{s"%tl‘i“l\fd‘*%n%%r Kebhsof required water quality

crl erla u3|ng he orOoosed process. In the first
gpenation S\I@ lEsious i on exchange

Flow rgg% pgmﬁ d]{%l[lgeisrys_e gg'?ﬂ)soerfﬁ?fﬁg g%lﬂrrgéjléhﬁ?etp‘éqyb‘iegl operative
flow ré’c@'df@plﬁﬁ?d@élg@éd tesupply H00[0T0RG00 méjyeat)ar t o

conti nuous operation, apart fromthe, fact ? ne
Total dissolveds solids concentration in the water orlgmatlng rom the membrane

separation process = 30 mg/L.

Fraction of raw water that passes through the calcite reactor = 25%.

Temperature = 20 °C.

CCPP assumed at the outlet of the calcite reactor = -10 mg/L as CaCOs.

In these examples it was assumed that the post treatment reactors are sealed from
the atmosphere, and therefore no release of CO, from the water to the atmosphere

Ooccurs.

Example 1 (continuous-mode operation):
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(5

30

stationary (it is subjected periodically to three
different water streans in the Exchange, Load and Wash
woyaisgs)ziand the water quality that | eaves thePpoaL2007/001261

treatment process is not constant with tine. A

constant and average water .quality can be attai ned by

either installing a downst rlgam storage tank, or in

case the water flowrate is large, multiple ion

exchange col ums can be used, operated gradually wth
ReaufrbdBratérudalfty aPOUR: of 38t frldinflrftpiilssst r eans from the
Alkalihityra90 nwag/brasq@aCOzy wit h predeterm ned fluctuations in

al.ity paraneters' concentrations. Note that in these
120>@$ﬁ) ]s>pé9ir?'9 @éﬁé&?s the water quality requirenents
[M92+]Q(:24]gt,némcé§1|g|§2*a restriction on the total hardness
concenttation.” If such a restriction is inposed a
CCPP &3.0mdgiLoas €aCknge resin should be installed with the
H_g%gl of replacing excess Ca2+ ions with Na+ and/or K+
PH =5 ¥Rs. Qper ational paraneters related to the exanpl es:

Fl ow rate of RO desalination plant = 14, 000 n8B/ hr
(equivalent to the typical operative flowrate of a

General dggigniesi gned to supply 100, 000,000 nB/year). Total
e el AEAYGT PERE T AL P g o

reacton®/ (asstmirgf thationly 259 ofitticewatergtaspeas siasugh tioai ghlcitd eeactor

calcite reactor ,= _25% Tenperature = 20 OC. P
the cheDiGkERSage PREMSG PERdURt Walte 18 298 pétheésc\faélﬂecsgf -10

ng/L as CaCO3. In these exanples it was assuned t hat

the post treatnment reactors are sealed fromthe
H2S Ot 00%q) red &7 magid (tohpid &X.@8)e no rel ease of CO2 fromthe

wat ¢ o the atnosphere occurs. Exanple 1
CaCO{(@cTﬁ%@(ﬁwm%'s- node operation): Required water quality at

outlet of post treatnent process Al kalinity >90 ng/L

as CaCO3 120 > [Ca2+] > 80 ng/L as CaCO3 [Mg2+] = 24.3
Accordigg [to 4Be ppydstingargicite gissoldiion procesgdbis stream should have been

recombined with 75% of untreated water and NaOH added to attain a pH value of
around 7.8 to yield the following results: Alkalinity = 92.5 mg/L as CaCOs, [Ca*] =
190 mg/L as CaCQj3, and CCPP = 3.2 mg/L as CaCO; (the NaOH dosage required in
this scenario is 21.4 mg/L).

In the suggested process, the water that leaves the calcite column has the following
water quality parameters: Alkalinity = 263 mg/L as CaCOsg, Ca* = 760 mg/L as
CaCQOg3, pH = 6.64. This water is pumped into the "exchange zone" and is contacted
with the resin so that 8 meg/L of CaCO; (i.e. 2 meg/L or 100 mg/L as CaCOs in the
final product water after it is recombined with the split stream; see Fig. 3) are
replaced by 8 meq/L of Mg?* (i.e. following a 4:1 dilution [Mg?*] = 2 meg/L or 24.3 mg
Mg®*/L in the final product water).

The resulting water composition (following the blend with the split raw water stream
(see Fig. 3), and NaOH dosage of 23.7 mg/L) is: Alkalinity = 95.4 mg/L as CaCQOg,
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pH = < 8.5 General design The required chem cals
addition to the water when it passes through the
woabasioses1p eact or i s (assunm ng that only 25% of PCEL2007/001261

wat er passes through the calcite reactor the cheni cal

dosage per n8 of product vvai r is 25% of these

val ues): H2SO4 (100% = 487 /L (to pH 2.06)

According to the eX|2§t| ng cal cite dissolution process
[Ca?*]t=h08 reg/tcaer a6l IMaial s 28c2 Malbcpirttst $48, and CGIRR03-2 my/L as
C C§ntreat ed water and NaCH added to attain a pH val ue of

Pound 7.8 to yield the following results: Al kalinity

= 92.5 ng/L as CaCO3, [Ca2+] = 190 ng/L as CaCC3, and

CCPP 3.2 ng/L as CaCC8 (the NaCOH dosage required in
£ e e of regingeqpired in jthe iceatinuRLs lan gxchange

(acco{q ﬁﬁ)ﬁﬁe Fegﬁlré‘ﬁ\teﬁfs brl%%p{e%ai\‘lqﬁe%%f' fb\lekglo: ﬁm‘yhgs

Using2 €k @)’eﬁiﬁ&sr@ﬁ%b@ﬂﬂ& I:RO?HEY Rohmas W,IN&-), =the hydraulic
6.64. This ter ed into the "e an zone" .
ctenGaine rowira e BB bl e SAES o . 010
40 beea;a%ég pBr hBuFE%émﬁécth&rd@é ; nesg%%? théit theenow féﬂé into the

wat er after It 1s reco the sp
calcﬂestreaaxur is 3508 m /h%XZ&%eof & dovdy peak fley/ n_atgfofw 2100 000,000

b i FukBPBAE S SEPE ey Lo s be

arounﬂeﬁ)d HSTQ%WF‘réfh G0y 89BWHYR! | owi ng the b' end with
raw wat er stream (see Fig

spli 3),
The v@hs’ag@f dlne P35I innihe YLoad" zZangaisi Hnﬂgr meggormm@;q_ofag'ns example,

15% (00 Jr s LR PR BBa g e (B e Bl 1oL

The volind of tigresin incthie"'W gshtizoee in nhé kegampie isrexpestednot to exceed
£xchange process (according to the requirenents
Ompresented in the Exarrpl e) Usi ng the specific resin

In toté"ﬁgr\)oldrﬁe R4 b 3}{@&5@" ééf:d?;non"s'“d’es}&ﬁgéé% te example is

ntron tinme req U|red [ ange zone 1Is
up tod8owatn 1.5 and 2 minutes (i.e. 30 to 40 bed vol unes
per hour - manufacturer's data). Assuming that the
flowrate into the calcite reactor is 3500 n8/h (25%
of the hourly peak flow rate of a 100, 000, 000 nB/year
desal ination plant), the volune of resin in the

Exantple2:(wultipde sobonl eperation):

Regquired water quality at outlet of post treatment process
Alkalinity = 65 mg/L as CaCOs3

120 > [Ca®*] = 80 mg/L as CaCOs

[Mg?*] = 12.15 mg/L

CCPP 2 2.0 mg/L as CaCOs

pH<8.5

General design

The required chemicals addition to the water when it passes through the calcite
reactor is (assuming that only 25% of the water passes through the calcite reactor,
the chemical dosage to the -overall water flow is one fourth of the dosage stated
herein):
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around 100 nB (3500 nB/h divided by 35 BV/h). The
volune of the resin in the "Load" zone is, under the
woaomiosixans of this exanple, 15%to 20% of thepreoiiLave7/001261

in the "Exchange zone" (i.e. up to 20 n8) . The vol une

of the resin in the "Wash" zone in the exanple is
expected not to exceed 10 nd36 In total the vol ume of
resin required under the conditions described in the

H2SQax460%9 5 316mg/lo (1b3tH BR4)Exanpl e 2 (mul tipl e col um

perati.an): Required water quality at outlet of post
Cacﬁ%afr‘#g%t'%gﬁocess Al kalinity > 65 ng/L as CaCO3 120 >
[Ca2+] > 80 ng/L as CaCO3 [ Mg2+] = 12.15 ng/L CCPP >

2.0 mg/ L as CaC38 pH < 8.5 General design The required
Accogtirgrite dhe exisiingi eaiciteodisrelulian qaroogss this sirasme shohidobgye been

recorlfg W 784 BR 55 egleR B RS acBBe er AR bRyt o

arourin8 2ge yieldtthe foNsawiab revatise AIRdlinity =560 rfw%/t%sr(bac%, [ = 132
dosage stated herein): H2SO4 élOO/a = 31 /L (to pH =~

mg/L 2sXigCRacand SCRP 553 0roll axCak@arighe dlaOtt desaga reqyired in this

[ j | ution process, this stream should have
seen ee% téé?:ghni/ﬁzed with 75% of untreated water and NaOH

added to attain a pH value of around 8.2 to yield the
foll ow lts: Alkalinity = 66 ng/L CaC3,
I the SugeRetad picsais, theuatel sk ledyep emlatescauigy (iahe following
terCgGaRy ((I8mRES: dAqeAaRy 'LaBbiEethd/l dd Ry a i
wator GEaRy RS, ARy C PR L & CACT G % F2p molL s
CaCOxgphks 6.88) tnpuimpeddoloutime ioniexchahge foolunons agdisicentacted with

tho 48 o el B BRI o heg 257 55 ABh o A5 the e
produch vatemnafeCit &N@R oAt #itAtHe IspliC SR AR 86k Wid.!B) are replaced by
4 meq/L of Mg?* (i.e. 1 meg/L or 12.15 mg Mg?*/L in the final product water).

The resulting water composition (following the blend with the split raw water stream —
see Fig. 3, and NaOH dosage of 13.1 mg/L) is: Alkalinity = 67 mg/L as CaCOs, [C32+]
= 81 mg/L as CaCOj;, [Mg®*] = 12.15 mg/L, pH = 8.44 and CCPP = 3.0 mg/L as
CaCoOs.

Estimation of the volume of resin required in the multiple column ion exchange

process (according fo the requirements presented in this Example)

Using the same resin and flow rates as in example #1, the volume of resin in the

Exchange step should also be the same, i.e. around 100 m® (see example #1).

The time a resin column spends in the "Load" step in this example is less than 7% of
the time it spends in the "Exchange” step. The time a resin column spends in the
"Wash" step in this example is expected not to exceed 2% of the time it spends in the
"Exchange” step. Therefore, the volume of resin required in the load and wash steps
together amounts to around 9% of the amount in the exchange step. Thus, a total

volume of 110 m® resin is required in this example.
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the resin so that 4 neq/L of CaCO3 (i.e. 1 nmeg/L or 50
nmg/ L as CaCO3 in the final product water after it is
woeesiied with the split stream see Fig. 3)PargL2007/001261

repl aced by 4 neq/L of My2+ (i.e. 1 nmeg/L or 12.15 ny

My2+/L in the final product water). The resulting

wat er conposition (follow ng7the blend with the split

raw wat er stream - see Fig. 3, and NaOH dosage of 13.1
Accordiridly, a 8ipiddl kRisigh &an as / ; 3

niid. 8 spiclicesi o 258 one e g, el om
of resiny, et ﬁﬁ/tha% 16 caoimnss wawd |b@nlrbthe exchahgarsted wiilei the 111

oI B ofch B BB a5 o

waterl%\tahelbebmdﬁmgl of theesciangeastep tigatds iHi %fg@"saﬁé 16w i in Ca*" and
the volune of resin in change step

exact@ﬁg@qppéqsg% ahéhe pad oiitee exchangg sepd HQ@@V&B L(rsiee the suggested

soso 84 i ot R i B SR 28 10 o aver
(The ‘tExd;ange $Mﬂ dastsr2athBV" aiba:ﬂtawgate I(ﬁt.');ﬂ)BVﬁ‘h qteth anfell %yclelof smgle
resin sin step in this exa
°°'“W”sw8%¥§c%§gw E?é@“ o ft o'to‘is %éﬂlf\ -rdnder syainag ‘dperational
regimehthe' EMOBARAS thétISH gxgﬂgﬁ%eglﬁmﬂshgrevﬁ'i W tﬁr%m%a‘“ and Ca®*

required in th steps together a
concqn@fage@@m tlge/ofloal prmilmirma‘(er mutmehmxgmangai’lysm tlrﬂibudimng 37

i R AR IR (e ST kb S 50 et

([Mgz’i]);)n exchange col ums, each with 10n8 of resin: at all
fimes 10 col urms woul d be in the exchange step while
the 11th colum would be in the | oad/ wash step A

R8O HRERRE RO b RESSHGRCHL Sk s Fioures

set fodh dn [thoie specﬁtﬂ:éﬁoarsér\msiohlklyfot bﬂ)étmwﬁio(e@stahdhb%fqng iffention,
ep. However, under the suggested

wﬂhmﬁélg?@?g q gog@) ag,é:gvgrqgowjm@sfog@\ylr@&hagﬂgd at a time
Itlélggl%tg(ﬂ éet%o gl\a/rbﬁér‘a)(ﬂkfa\%é %‘%Rl Ieéy‘@\ﬁ Eﬁ QﬂglgPeaascﬁlféJ he present

specifigptior asin siakgl edmstmantsmuIamérwmer&saahtmléttaaﬁed Figlires and
t
aboveiegolp cbfeigbnis A b Qe D Gati e eliRa s

and the Mg2+ and Ca2+ concentrations in the final
product water would change linearly with time during
37 mn repeating cycles from7.53 to 8.34 neq/L
([Ca2+]) and from4.54 to 3.56 neq/L ([ My2+]).
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It should be clear that the description of the
enbodi nents and attached Figures set forth in this

wepesicsixat i on serves only for a better under spamnaig7/001261

of the invention, without limting its scope as

covered by the fol I ow ng Cains. It should al so be

clear that a person skilledl§n the art, after reading

the present specification can nake adj ustments or

amendnents to the attac@dédAFiM& es and above descri bed

enbodi nents that would still be covered by the

followwng daine.CL Al MS 1. An H2SX-based calcite

di 'ﬁﬁrc' 4,80, 31 sRASLalt ke YidBoitionr B6 E §SPedtRfent fﬁ?@&éé&a? desalinated
er “‘conprising: separating cations fror natura

\Amtercbm@ylsimg means of at |east one type of ion

exchange resin_onto c ai tions are | oaded

cont act i n®Paraling cp@cggq PFBHE”?BHg‘e%{‘]?ArP@é’ rl%%m?qr@aﬂf gt least

Wi T h opRitghé 8t ioPsxcNahbe #8sifdritd WhichPdaid cafbis bfe loaded;

reactor wherein said Cations are exchanged wth Ca2+

f r om sai d centactisgtsaigva least Qneemaexcrtameenﬂsrmtqaﬁiﬁdmth said

cat 1 SRR0 0, PSRl RP B8, 2l B4 ey, St Gatons are

I equigkeRarttyest wttM G Frohh 8aidffidére; process as cl ai med
in Claiml further conprises vvashln sai d i on exchang

rRerebyithe % .cs?n@ermtﬁathabgﬁth%ﬁsudimgpd%ﬁ In@@ﬁcbwa&%@%ﬁfeases
e r [

il e GRBETCorkntialion meiCitel (ESOMART Vit REHIrEA pualit

vdritega.n Mg2+ i ons are being exchanged in a first type

i on exchange resin and Na+ and K+ ions in a second

type ion exchange resin. 4. The process as clained in

q’ﬁ’é 'Bréce%fg‘%rseblélr%@ﬂdlr{ 'Gléﬁn LY RBrihef c%?‘r?d"r%‘é@%fa%ﬁin@ said ion

has a hi finity towards dival ent cations such

mg@haagd @ehy witd an mtemiredie;sahoatm-plantty/atem/vatraem low in
n(‘ﬁs fﬁ«gtl ations such as Na+ and K+. 5. The process
JUSHNY %‘ Sh daim 3, wherein said second type ion
exchange resin has a high affinity towards nonoval ent
cations such as Na+ and K+ and a relatively | ow

afile pracgss eslaigeg nllain 1c mhieseis S@lﬂ:ﬁawwg d K" and Na*

Mt wherein Mg®" ions are being exchanged in a first type ion exchange resin
and Na* and K" ions in a second type ion exchange resin.

The process as claimed in Claim 3, wherein said first type ion exchange resin
has a high affinity towards divalent cations such as Mg®* and Ca* and an

extremely low affinity towards monovalent cations such as Na* and K".

The process as claimed in Claim 3, wherein said second type ion exchange
resin has a high affinity towards monovalent cations such as Na* and K" and a
relatively low affinity towards divalent cations such as Ca** and Mg?".

The process as claimed in Claim 4 , wherein said first type ion exchange resin
is a resin such as Amberlite IRC747 (Rohm & Hass INC.) or equivalent.
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10.

11.

12.

13.

14.

15.

6. The process as clained in Claim4 , wherein said
first type ion exchange resin is a resin such as

wanhwrositie | RC747 (Rohm & Hass I NC.) or equi vaPemaLzo07/001261

The process as clainmed in Caiml, wherein said

seawater used to load the resin with cations is

filtered seawater before it 18nters desali nation

process. 8. The process as clained in Caim7, wherein

t e %ﬁ@%@&f,ﬁ Bs Ltfgdme‘dolnl @taitgt Pe\{vheﬁmm sold bemwater useddasload the
is pre-filtered using san iltration or

9. resinewjih satigrs &sflltﬂr%qi geawaterbelore, 'tlentﬁf%ﬁgj%ﬁ?‘gﬁ?ﬁ process.
seawater used to load the resin with said cations |s a

brine stream provi ded from a desal i nati on process.

TiTAepsrocess a@ScIainaedTErd OIamCI?alw’rEaré'm meoseawatﬂhéisédrio Ioad the
sai d seawat er ft hat

r EQSIR Mt saHd ;g:a{lgpsdlsdgﬁt ﬁ%‘i ugpgrﬁa\mg Irtfeo(nSI é@gfzﬁg&mbranes

in a closed | oop manner, or discarded back to the sea
in case brine is used to load the resins. 11. The
pbees®cass asaslainked i Claim ,1Wh@hem esiaid ﬁﬁ@WQ’F%d&@g fasload the

carried out in.a batc | onNzexc e

presipydthsaid ICQF'%%I'Si % E‘P%.sme?m %gﬁ? it éiﬂe prsoa;ﬁgggon process.
carried out in a continuous ion exchange node. 13. The
process as clained in Cdaiml, wherein the re

qJelne prpoesstasy cimed AnKGleims 1y § nzc&ae!vhe@!méﬁ@n?%‘yatef that is

e P B P 97 v o

bﬁhﬁ ‘éﬁﬁ@s@d RO rhanner, brm@m baoldtqotheoéea scasehline is used to
8.5. 14. The process as claimed in Caim1, wherein

t Heagthsc@Sinsan be inplenented in order to replace any
certain fraction of the Ca2+ concentrati on generated

by HoSO'based cal ci um by an equi val ent cati ons

c OTfwee phaceisis oas clalried An pOlsim t 1, eslenein thep precasgsisfearried out in a

treat| n%h wat er coni 8% out of a desalination process
dileh 9 @X%haﬂgsam? ne i on exchange col um provi ded
vvlth a resin wherein the resins are capabl e of | oading

cations in at | east one |oad cycle and capabl e, of
exﬁimpgmce@saasp@lalmed iof Cledmd! .cahesir the PROGESS.+is; earded put in a

con?nq\%ug oh '9)90 a%)é%hrﬁggg. cycle;

The process as claimed in Claim 1, wherein the required quality criteria is
Alkalinity (HQCO;; alkalinity) greater than 60 mg/L as CaCOs; Ca?* higher than
80 mg/L; Calcium Carbonate Precipitation Potential between 3 and 10 mg/L as
CaCO;3 and pH of less than 8.5.

The process as claimed in Claim 1, wherein the process can be implemented
in order to replace any certain fraction of the Ca®* concentration generated by

H,SO,-based calcium by an equivalent cations concentrations.

A post-treatment apparatus for treating water coming out of a desalination

process comprising:
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resinga 2 icgpeblel of loading 554 PB? ue %tsle@rstaron%d of

a calcite reactor adapted to provide said Ca2+ ions
that are being transferred fromsaid calcite reactor

woaosasaiat | east one i on exchange col um i n saRCWIL2007/001261

exchange cycle; whereby the resulting desalinated

wat er conming out of the exchange cycle is |ower in

Ca2+ concentration and rich@0 in said cations

(relative to the water leaving said calcite reactor)

so as to geastond lon exoirainge tolimahiprovided wéthi @ resiniwherein the
order to add catigns tg the water at the %fnse

cle l:ﬁr%];’capable of

exc%&ﬁ% &ggn ééi& a@ibﬁ %bT?ur?hgf jeakt-onE®N exchange

16.

17.

18.

19.

20.

er conprises
neanscwaeable of mashlng sald at | east one ion

h | d h water h 3 i .
N pe 06 8 T revias: axtaed T3 b RkELsAl ol dofis Bfial"fye being
di Scafr%géfente‘a tb& §§§ calSite TS8P R Al &t ?éas@'cﬁim Exchange

wher el n | uent from said i on exchange
cycl esolusnn gcsaithienclhiange eyaleiw wat er split fI ow of t he

f I‘@Wr?gy 3‘5‘? é@@&gﬁﬁﬂlﬁaﬁ bogqt%dgﬁrglﬁggoﬁ pr edet erm ngg cycle is

r g6\eF ¥ G cahkahtidtiony an&aher i heid @etloml:{relatorteato the water

har dness and CCPP val ues. 19. The apparatus as c@tai mfd. .
i heaying waiBcalaite reagion 5o %t%ﬁom%wltmf?ﬂu'm%ﬂpﬁ y criteria or in

a7 SR hElabLatth SpRnsg B Celliore; &

claimed in Caim1l5 wherein said ion exchange col um

is_a continuous exchang wher ei n said re N is +
adest @ap@r@ttgﬁa@,%cl@w%@ha?m ﬁéme QRS FpMg™, Na” and
arl@lr an "exchange zone" and wherein the time the resin
spends in each of the zones is determ ned by specific
required quality criteria. 2 1. The apparatus as

med in Claim15 rei.n
r eﬂwe@ppgra‘;ue &S ﬂa%ﬁ*cﬁh &gﬁf‘} gﬁ1 guré'}eg %Q‘Fr S?éesswr%% ng cgpable of
asyA¥HIRG Ishickat l85§l4c7né ioPNERchahigs Toluen )and&éturrf neash water back to
apparatlis as clainmed in daim15, wherein said cg ds
ara poirit g the dagalination process from which it was taken or discard it to the

sea.

The apparatus as claimed in Claim 15, wherein effluent from said ion
exchange cycles is recombined with raw water split flow of the desalinated
water and NaOH is added to the combined flow to attain desalinated water
having predetermined required pH, alkalinity, Ca®*, other cations, total

hardness and CCPP values.

The apparatus as claimed in Claim 18, wherein the water added with NaOH is

mixed in a storage tank to yield a required water quality prior to discharge.

The apparatus as claimed in Claim 15, wherein said ion exchange column is a

continuous exchanger wherein said resin is adapted to pass between a "load
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fromfiltered seawater before it enters the
desal i nati on process or from brine provided froma

wdesmlosesdi on process. 23. The apparatus as cl aCmEr20bTI001261

21.

22.

23.

24,

25.

26.

Caim22, wherein said cations are Mg2+, Na+ and K+ .

24. The apparatus as clainmed in Caim?22, wherein said
filtered seawater or brine i3lreturned back to a

contai ner fromwhere it was taken in a closed | oop

mezon®"; ar"wask zandtdindoan fexchaagafzoee" pad shegeintthediphe the resin
sai d at, | east one i.on_exchan colym, 25. An, . .
o SBFH 0 S (o1, 1N 2008 S Stapmined HyapResific Jeguised quality
f orerg@sal | nated water substantially as described in

t he above specifications, attached Figures and

appending Cains. 26. A post-treatnent apparatus for

ot hPatffis aa b Ficlsh, & N GpUE BT resins i 2
spesirf sekictethfronfiat gRIUpdofirgsing suRRJa PAABENIIRY IRCZUTERohm &
Hass INC.).

The apparatus as claimed in Claim 15, wherein said cations are originating
from filtered seawater before it enters the desalination process or from brine
provided from a desalination process.

The apparatus as claimed in Claim 22, wherein said cations are Mg?*, Na* and
K*.

The apparatus as claimed in Claim 22, wherein said filtered seawater or brine
is returned back to a container from where it was taken in a closed loop
manner or discarded to the sea after passing through said at least one ion

exchange column.

An H>SO4-based calcite dissolution post-treatment process for desalinated
water substantially as described in the above specifications, attached Figures
and appending Claims.

A post-treatment apparatus for treating water coming out of a desalination
process substantially as described in the above specifications, attached

Figures and appending Claims.



