1 POST TREATMENT OF DESALI NATED AND SOFT WATER FOR
BALANCED WATER COWPCSI TI ON SUPPLY FI ELD OF THE

I NVENTI ON The present invention relates to
desal i nated and soft waters. Mre particularly, the
present invention relates to post treatnent of
desal i nated water and soft water for supply of
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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 Ca®', Mg?* and
SO4” ions. In some occasions, the total hardness of the water (i.e. the sum of [Mg?*]

and [Ca?']) may also be limited due to economic reasons.



1. Alkalinity (H2CO3. alkalinity) >80 ng/L as CaCO3 2.
80 < Ca2+ < 120 ng/L as CaCAB 3. 3< COPP* <10ng/L as
CaC®B 4. pH < 8.5 * CCPP stands for Cal ci um Carbonat e
Preci pitation Potenti al The choi ce of
post-treatnment process to be applied in the
desalination plant is determned primarily by the

wat er quality required and econom c considerations.
Two mai n groups of post treatnent processes are
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main groups of post treatment processes are typically implemented for soft waters
and desalination plant effluents: (1) processes that center around CaCOg
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.SO,4 and COzq). The advantage of
using a strong acid such as H,SO, is that pH can be lowered to any desired value,
which results in rapid CaCO; 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



The main advantage of this nethod is that it requires
a relatively small calcite packed bed reactor, the
application of the acid is sinple and i nexpensive, and
the process is thus relatively cheap. D sadvantages
include the rel ease of a substantial amount of SO42"
to the water (may al so be considered an advantage if
the water is used for agricgltural irrigation), and
possi bl e gypsum precipitation. However, the nost
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5 SUMMARY OF THE | NVENTI ON It is an object of
the present invention to provide additional step(s) to
the cost-effective H2SO4- based cal cite di ssol ution
post-treatnment process that would enable its
i mpl ementation along with the supply of cheap My2+
ions originating fromseawater, while fully conform ng
to the other required criter#a. It is another
obj ect of the present invention to provide an
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processes is that they result in no addifion 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(CO3).) dissolution or direct chemical
dosage are either expensive or result in a high counter anion concentration (typically

chloride ions).



6 Furthernore in accordance wi th another preferred
enbodi nent of the present invention, the 1st said ion
exchange resin is a resin such as Anberlite | RC747
(Rohm & Hass INC.) or equivalent and said 2nd ion
exchange resin is any resin with the affinity sequence
present ed above. Furthernore in accordance with
anot her preferred enbodi nents of the present invention,
sai d seawater used to load the resin with My2+ ions is
filtered seawat eSUMMARY ©F T8I INVENYIGNND filtration
or by UF nenbrane filtration) before it enters the
desal i nati on process. Furthernore i n accordance
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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?*.



Furthernore in accordance wi th another preferred
enbodi nent of the present invention, the process can
be inplemented in order to replace any certain
fraction of 7 the Ca2+ concentration generated by the
H2SO4- based cal cite di ssol ution process by an

equi val ent Mg2+, and/or |1 C and/or Ne concentration.
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Furthermore in accordance with another preferred embodiment of the present
invention, said seawater that is used to load the resin is returned back to a container
from where it was taken to be further used in the RO process.

Furthermore in accordance with another preferred embodiment of the present
invention, said RO brine that is used to load the resin is returned back to the sea.

Furthermore in accordance with another preferred embodiment of the present
invention, the ion exchange reactions are carried out in a batch ion-exchange mode.

Furthermore in accordance with another preferred embodiment of the present
invention, the ion exchange reactions 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
(H2CO; 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 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



Furthernore in accordance with a preferred enbodi nent
of the present invention, the apparatus further

conpri ses neans adapted to wash said at | east one ion
exchange colum and return wash water back to a point
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or discard it back to the sea in a controlled and
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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.



In order to better understand the present invention
and appreciate its practical applications, the
followi ng Figures are attached and referenced herein.
Li ke conponents are denoted by |ike reference

nuner al s. It should be noted that the figures are
gi ven as exanpl es and preferred enbodi nents only and
in no way limt the scope q{ the present invention as
defined in the appendi ng Description and d ai ns.
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URdéroto bétter undepsta® 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).

Figure 2 Schematically illustrates a calcite-dissolution-based desalination post
treatment process in accordance with a preferred embodiment of the
present invention (batch ion exchange operation).



The invention hinges around replacing the excessive
Ca24 ions generated in the H2SO4 based calcite

di ssol ution process by My24 (and possibly Nal- and K4
ions, if arestriction on total hardness is inposed)
ions originating fromseawater. First, Mj24 ions are
separated from natural water body such as seawater by
nmeans of an ion exchange résin that has a high
affinity towards divalent cations (My24 and Ca24) and
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exchange colums are operated intermttently

(cl assical ion exchange operation), i.e. a control
systemis used to switch the colums' node between an
Exchange node, a Load node and a Wash node. During the
Exchange node, Ca2+ ions fromthe water flowing froma
calcite reactor 10 (the streamis indicated by #1 in
Fig. 2) are exchanged with My2+ (and Na+ or IC, if



Ref erence is now nade to Figure 3 illustrating a

conti nuous ion-exchange operation in accordance wth a

preferred enbodi nent of the present invention. In the
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Exanples related to the operation of the process:
The foll ow ng exanpl es denonstrate how to attain two
different sets of required water quality criteria
usi ng the proposed process. In the first exanple it is
assunmed that a continuous ion exchange node is used.
In the second exanple nmultiple colum operation
(stationary resin) is assurhdd. Mil tiple col um
operat| onis, in principal, simlar to continuous
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fane se rocess raction of raw

colurmag are mpimatqdaa saersnrttnmiledj gtanhbeas to pnotdace axlasertocopsiant water
ual Tenperature = 20 C. CCPP assuned at the outlet of the
ualityr| cite reactor = -10 ng/L as CaCO3. In these
REAITBhES i$ tnomaads Woeigihireas illbstratingt a t cardinueus ion-exchange

operé;@%ﬁa%;:zgaagpse P SRR BTG MR ER e
term “continuous ion exchange process" are included all possible technical
alternatives of such technology (e.g. CSTR reactors with gravity resin separation,
rotary continuous systems, patented systems such as Calgon's ISEP® Continuous
Contactor, and equivalents) in which the steps: ion exchange, 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



occurs. 14 Required water quality at outlet of post

treatment process Alkalinity >90 ng/L as CaCO3 120 >

[Ca21 z 80 ring/L. as CaCO3 [My21 = 24.3 ng/L as Me

CCPP z 3.0 ng/L as CaC8 pH = < 8.5 General design

The required chemcals addition to the water when it

passes through the calcite reactor is (assum ng that

only 25% of the water passel through the calcite

reactor the chem cal dosage per nB8 of product water is
ion exBhangde telsirs20 ard Mgs) (and Na® or K*) ions from the seawater are absorbed

onto the resins. The water that serves to load the resins is returned back to the RO
process or discarded to the sea as originally planned in the RO process, thus no
further waste is generated.

After leaving the Load zone, the resin passes on to the Wash zone in which it is
washed by water low in TDS originating from the desalination process (e.g. the brine
of one of the RO process stages that has a relatively low salinity, for example the
brine from the 2™ or 4™ stage in the Ashkelon desalination plant). After washing the
resin, the wash water is returned to the RO process, thus again no waste is
generated. The time that the resin spends in the wash zone (and the washing water
flow rate) is planned in such a way that the salinity added to the product water due to
water remaining in the bed that originated from the Load zone would not exceed an
average Total Dissolved Solids (TDS) value of approximately 5 mg/L. The resin that
leaves the Wash zone is conveyed to the "Exchange zone" to which the effluent of
the calcite dissolution process is pumped. In this zone the surplus dissolved Ca?
ions generated in the calcite dissolution process are exchanged (equivalent per
equivalent) with Mg?*, Na* or K" ions adsorbed on the resins (see example below).
The water that leaves the Exchange zone is recombined with the split soft water
stream to yield the final required Ca?*, Mg®, and hardness (if required)
concentrations. Finally, NaOH is dosed to the combined stream to attain a required
pH (and CCPP) value.

There are two main advantages to the modification of the H.SO, calcite
dissolution process that is suggested in the invention: the addition 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.



H2SO4 (100% = 487 ng/L (to pH 2.06) CaCO3(3) = 760
nmg/ L According to the existing calcite dissolution
process, this stream should have been reconbined with
75% of untreated water and NaOH added to attain a pH
val ue of around 7.8 to yield the follow ng results:
Alkalinity = 92.5 ng/L as CaCO38, [Cal = 190 ng/L as
CaC®, and CCPP = 3.2 ny/Llas CaCB (the NaCH dosage
required in this scenario is 21.4 ng/L). In the
suggested process, the water that |eaves the calcite

columm has the follown ter ality paraneters:
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Operational parameters related to the examples:
Flow rate of RO desalination plant = 14,000 m?/hr (equivalent to the typical operative

flow rate of a plant designed to supply 100,000,000 m3fyear).

Total dissolved solids concentration in the water originating from 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

occurs.

Example 1 (continuous-mode operation):



The volune of the resin in the "Load" zone is, under
the conditions of this exanple, 15%to 20% of the

vol une in the "Exchange zone" (i.e. up to 20 nB). The
vol une of the resin in the 'Wash" zone in the exanple
is expected not to exceed 10 nB. In total the volune
of resin required under the conditions described in
the exanple is up to 130 nB4 Exanple 2 (nultiple

col um operation): Required water quality at outlet of
post treat ment process Al kalinity 65 ng/L as CaCO3 120
>, ) Q

Atprocass 1° mg/ L CCPP 2.

Alkallnlty >90 mg/L as Ca003
120 > [Ca?'] 2 80 mg/L as CaCO;
[Mg?*] = 24.3 mg/L as Mg**
CCPP 2 3.0 mg/L as CaCO3;
pH=<85

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 per m® of product water is 25% of these values):

H2S04 (100%) = 487 mg/L (to pH 2.06)
CaCO3) = 760 mg/L

According to the existing calcite dissolution process, this 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 CaCOj3, and CCPP = 3.2 mg/L as CaCO;3 (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 CaCOs, Ca® = 760 mg/L as
CaCOs, 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 CaCOj in the
final product water after it is recombined with the split stream; see Fig. 3) are
replaced by 8 meg/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 CaCQO;,



General design The required chem cals addition to the
wat er when it passes through the calcite reactor is
(assum ng that only 26% of the water passes through
the calcite reactor, the chem cal dosage to the
overall water flowis one fourth of the dosage stated
herein): 16 H2SO4 (100% = 316 ng/L (to pH 2. 24)
CaC3B(5) = 525 ng/L Accordirsg to the existing calcite
di ssol ution process, this stream shoul d have been
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to attain a pH value of around 8.2 to yield the
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Ve Tuo' I oW ng wat er
Crda S A R /L as CaCcs
Usm@aﬂﬂa spééiﬁc n‘g&élh Amb@dwRCm‘I? (mmm&. @aw,ﬁj@d, ithe chydraulic

retop3Gy e BEELATaE 1 sckshappe el i REEA T nd g minki (ie. 30 to
40 bBENbluNFesGEsFERd U b hasufbctasar! smam)u Assumingrthatfthe flowtratesinto the
canc&;ggg@b'@a?},ﬁﬁqﬁ R (258 % ey ﬁaelﬁélayvﬁr%? SofH 900,090,000
mslyh@:zﬁééalir{étibﬁ‘%Iéﬁtﬂ&heﬁfd&@lﬂétof\fﬁhw|)'| the Exchange zone should be
around 100 m® (3500 m%/h divided by 35 BV/h).

The volume of the resin in the "Load" zone is, under the conditions of this example,
15% to 20% of the volume in the "Exchange zone" (i.e. up to 20 md).

The volume of the resin in the "Wash" zone in the example is expected not to exceed
10 me.

In total the volume of resin required under the conditions described in the example is

up to 130 m°.

Example 2 (multiple column operation):

Required water quality at outlet of post treatment process
Alkalinity = 65 mg/L as CaCO3

120 > [Ca?'] = 80 mg/L as CaCOs

[Mg?*] = 12.15 mg/L

CCPP 2 2.0 mg/L as CaCOs3

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):



The resulting water conposition (follow ng the bl end
wWth the split raw water stream- see Fig. 3, and NaCH
dosage of 13.1 ng/L) is: Alkalinity = 67 ng/L as
CaC3, [Can = 81 ng/L as CaCO3, [My2+] = 12.15 ny/L,
pH = 8.44 and CCPP = 3.0 ng/L as CaCO3. Estimation of
the volune of resin required in the nultiple colum
i on exchange process (accorggng to the requirenents
presented in this Exanple) Using the sanme resin and
HZsbI&mg%Lemgsfngm (®pHRI”) #1, the volune of resin in
ange step shoul d also be the sane, i.e. around
Ca@ﬁb@ﬁ85?§€@“exanple #1). The tinme a resin col um
spends in the "Load" step in this exanple is less than
7% of the tinme it spends in the "Exchange" step. The
According to theséxistingl calcitesdissrlutiom pracess, \thishstreane showdthéve been

recoS i Oi%thﬁﬁ% %?&&v‘gr%gﬁzg wé@{ %ﬁ%%ﬁﬁe& tlat%hdlﬁné bl-tl value of

arouvl 8.2 40 gieid:thei fblkdmng réduitsi Alkdlimityd= ﬁﬁsing/!stas@@@g e{Cb%"n] =132

oy B8 A SnB LR 24 Srafh ot 75 e N S5 R o s

scendpioti®1g. 3amgm)l e. 17 Accordingly, a typical design can
assunme 11 1on exchange col umms, each with 10n8 of

resin: at all tinmes 10 columms would be in the

Int BORADrE R HeAnatBPtrbt Idhve8 iE BRI IEGluMR (iwith e following
| oad/'wash step Si ng\ee i on_exchange col unm i |

watqfrwaepmte@t Pcllwém &i A0R-Agnet ah £abRan &ede —55%?) mg/L as
Cad(%‘gg H= g@éﬁh? hUn‘%@é# t?rlﬁﬁ iGNk aﬁg o"ﬂﬂﬁn§ H é(oﬂtQ&ed with

Sit e excC e st ep.
the resiteso that 4oggds obGateki(ye., 1 nweg/ll Or 58sng/Leas Gaﬁ:Qsandhe final
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4 méyL lof Mg=t(i.ea1med/L oy ¢2.d5ahg Mg%@Len thed firah pwulubdmes)t

and one-te

The g&:34the’ Wrtsr SpgpRtion (ipLPwine for AeBaat e SPlS5iaiRh gieam
see FRY. t@g’éﬁcfi Naeww eatffdla ?mdng)aél ﬁlwﬁwuﬁﬁsfmgu_eals mt)@ﬁ fCa*']

in e fi ct water u chan [
= 84 el s CRGOST IV Feliold ML pbl 44 onp C8aPLS 8D ol as
CaC@J?;q/L ([Ca24]) and from4.54 to 3.56 neqg/L anen.

shoul d be clear that the description of the
errbodl ments and attached Figures set forth in this

specification serves only for a better understandi ng
of the |nvent|on mnthout limting its scope as

afjien of th mnj ion €xchange
oroclSs (Bl gier
adt gt

e f Re adj ust ment s
Usmgrtham!mbmemls and ﬂdws raes fashﬂob@nmle t#ﬂ ¢l valomeeof resin in the

Excr?q%gc Ifrsléepb;f %Wlﬂg %pgfe%g s%%aet, l.go altjrlogng 1bb b(geé: 8)(’3%8!% ¢P1>5

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 ié 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.



18 CLAIM5S 1. An H2SO4- based cal cite dissol ution

post -treat nent process for desalinated water

conpri si ng: separating cations fromnatura

wat er body by nmeans of at | east one type of ion
exchange resin onto which said cations are | oaded,
contacting said at | east one ion exchange resin | oaded
with said cations with an e ;Iuent of a calcite
reactor wherein said cations are exchanged with Ca2+

AcopHEBNEE HpEnt il parl BB AY i G Tante dEh S saphath o’

of n&sin oatsalbtmmsnw Zoluming Roukibesntthe CERbigavistdp while the 11

oo e o e
watér% ltlﬁ\e begshmﬂp df ke bﬁ&a@@%?ép it iORgR ik Mg "ah& fow Fnr @gfm and

di sso solid The proCess as cl ai ned

exaféiyéhﬁpﬂpowtéhﬁ eggiof ﬂé%n??“ih%\gﬁ rséeWQ'ElWeVl% wneer fgersuggested

design, the 10 resin columns are operated at a time gap of 37 min from each other.
(The “Exchange step” lasts 220 BV at a flow rate of 35 BV/h, i.e. a full cycle of single
column would last 6.29h and one-tenth of it is 37 min). Under such an operational
regime, the effluents of the ion exchange columns are mixed and the Mg®* and Ca®*
congcentrations in the final product water would change linearly with time during 37
min repeating cycles from 7.53 to 8.34 meg/L ([Ca®*]) and from 4.54 to 3.56 meg/L

(IMg**D).

It should be clear that the description of the embodiments and attached Figures
set forth in this specification serves only for a better understanding of the invention,
without limiting its scope as covered by the following Claims.

It should also be clear that a person skilled in the art, after reading the present
specification can make adjustments or amendments to the attached Figures and
above described embodiments that would still be covered by the following Claims.



and wherein My2+ ions are being exchanged in a first
type ion exchange resin and Na+ and K+ ions in a
second type ion exchange resin. 4. The process as
claimed in Caim3, wherein said first type ion
exchange resin has a high affinity towards dival ent
cations such as My2+ and Ca2+ and an extrenely | ow
affinity towards nonoval entjgcations such as Na+ and
K+. 5. The process as clained in Caim3, wherein said
second type ion exchange|repjgfg has a high affinity

t owar ds nonoval ent cations such as Na+ and K+ and a
relatively low affinity towards dival ent cations such

e s e e e S

exchange resin
I @ity coneprisify: Anberlite | RC747 (Rohm & Hass INC.) or

equivalent. 19 7. The ocess as claiged .,in _C aj
wher ei n saPePEHIGLE Oﬁéﬁrnt'l?i'l’@g}ﬂ’ak%equ&qyn"\ﬁaﬁﬁrgf 5t least
cat i ofge typelof idreéehah§e Y& ontoatifctesaitl catidsy sre loaded;
desal i nat'i on process. ) . . .
contacting said at least one ion exchange resin loaded with said
cations with an effluent of a calcite reactor wherein said cations are
exchanged with Ca®* from said effluent;
whereby the CaZ* concentration of the resulting desalinated water decreases
while the cations concentration increases to comply with required quality

criteria.

The process as claimed in Claim 1 further comprises washing said ion
exchange resin with an internal desalination-plant water stream low in

dissolved solids.

The process as claimed in Claim 1, wherein said cations are Mgz*, K* and Na*
and 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.



10.

1.

12.

13.

14.

15.

8. The process as clained in Claim?7, wherein the
seawater used to load the resin with said cations is
pmfiltered using sand filtration or UF nenbranes. 9.
The process as clainmed in Caiml, wherein said
seawater used to load the resin with said cations is a
bri ne stream provi ded froma desal inati on process. 10.
The process as clainmed in Ggins 7, 8 or 9, wherein
said seawater that is used to load the resins is

refurned back to ' \c/%}ﬁ‘d hlvateRrusk@ ke load the
iﬁ-rée OFYES %So‘gg'"%adﬁﬁ‘gér" ,%Iirgr d’lI' ﬁségglb ed %g%\f(,at.o t he sea

i n resmaitir tatons ds fillered seawated befoes it eptens desalinatigpsprocess.
process as clainmed in Caim1l, wherein the process is
carried out in a batch ion-exchange node. 12. The

P PRE Lro@ssCasichftfied in Claim¥ lwhisietn éhen sedwater tised o jlead the

carried out in_a continuous iQn exc e

oy trsinwith said| g e RIoHSTH UShaRAT LRl O HebraRes
quality criteria is Alkalinity (H2CO3* al kalinity)

greater than 60 ng/L as CaCCB; Ca2+ hi,gher fha

ngThe pBacessuas caimeshin Glaimet whersin sfid \é’ﬁfqra%eéom load the

g?geﬁf@;tﬁ?g@%&gnm & bArie SRESR pRoVlded from d @ssalihbiton process.

process as clainmed 1n Caim1, wherein
the process can be inplenented in order to replace any

certain fraction.of .t. +-,C@N t j gRINssaAYAREr that is
by The otk o Saier GG, 72 8157 0) Wble serRnsoatd
COnsEAtd Riad AnS resliis isAetuosad backdpraecantaiperfrem yhere it was taken

gg(_emz;ta :c&%ﬁa : cgc% m(:a(r)\Wé:[] o %%JstcaPJedaba%?(stg &85 Hcd¥ePEriRSis used to

load the resins.

The process as claimed in Claim 1, wherein the process is carried out in a

batch ion-exchange mode.

The process as claimed in Claim 1, wherein the process is carried out in a

continuous ion exchange mode.

The process as claimed in Claim 1, wherein the required quality criteria is
Alkalinity (HgCOg* 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; 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,>SO4-based calcium by an equivalent cations concentrations.

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

process comprising:



zo at | east one ion exchange col um
provided with a resin wherein the resins are capable
of loading cations in at |east one |oad cycle and
capabl e of exchanging a portion of said cations with
Ca2+ ions in at |east one ion exchange cycle; a
calcite reactor adapted to provide said Ca2+ ions that
are being transferred fromggid calcite reactor to
said at Ieast one ion exchange columm in said exchange

cycle; %{ g}%k a,{r%g,ohee%é&héh@ @8%‘ er@iH%a Wi iresiPWhegin the

out of th € cyc

resih@NgRNEapALleof dvatiing chtions in shileast alneomd(¢y§|9aﬁﬂ‘3é‘atpéble of
th t | t "
eXC@@ﬁgqu% %ppﬁ%rll\ééf shid ﬁg@? % Gal egﬁ% Ha ht ?el%r?f‘gpg Jon exchange

16.

17.

18.

19.

20.

add cahiceas to the water at the expense of Ca2+ ions.

16. Thé apparatus as c in Cl ;
cations aPeCalgjte raagior aﬁxﬁng&d tor HEoVi gelé Mggﬁsﬁ ﬂbt (biq)emg
in C qidAsterred %Fnh§é|d CHioMel RSO Nsaid ap idxst oob |on exchange
washing said at |east one jon exchange col um and

r et ur rcoldvn W\B@lélexmetwcl?:pm nt in the desalination
pr glﬁgljc%)yf @%%Mflrg a?éaliﬁ%feot fi‘lbféi‘ @ik éﬁﬁbﬂthbtex‘chah@@ cycle is

e a us as cl al ned |nC|a|mé%£ e@ ¢
ef fdweerin (Eazémosaemtratlon and: Neheyeincsaid coatiprs (realiysi Rdie water

Na 4 v{r@w fc t%'?%%ci fﬁ 5 WO déc{fﬁpl G lJeaﬁFe‘ﬂquﬁft)ebm%ﬁd orin

I ne to atfain
despldariatdd cwﬁdinsr tolthe waterat dumexpansaed Gadgiensed pH,
al kalinity, Ca2+, other cations, total hardness and
CCPP val ues.

The apparatus as claimed in Claim 15, wherein said cations are Mg?*, Na* and

K"

The apparatus as claimed in Claim 15, further comprises means capable of
washing 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 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



21.

22.

23.

24.

19. The apparatus as clainmed in Claim 18, wherein the
wat er added with NaOH is mxed in a storage tank to
yield a required water quality prior to discharge. 20.
The apparatus as clained in ghain195, wherein said ion
exchange colum is a continudus exchanger wherein said
resin is adapted to pass _between a "load 21 zone";

" 28R 78 nwash zenesand:aR haxehangmgonehandwhersin the, gime the resin
d'et@rgehas irne%)':/aeh ;&e idﬁe%afé‘ecgétahﬂﬁe@s Bgf’?éécmc regyired quality

rmned Dy Spécific requir eri a.
Theritgrfmr at us as clainmed in Cdaim15, wherein a first
resin of the resins is a resin selected froma group
of resins such as Anberlite 1R0747 (Rohm & Hass INC.).

2rhel BBparitas as\aimred R CTEmM PB eréir%?n]é firdMBEiR! 6F $@) idsins is a

cations are originating from I'ftered seawater before
i tregint selectadk frdas & graup ofi resise sachrad AmbertifentRC747 (Rohm &

pn V'sd'ﬁj%f)_r om a desalination process. 23. The
aﬁgaagra *as clained in Caim22, wherein said cations

are Mg2+, Na+ and K . 24. The apparatus as clained in

G aim22, wherein said filtered seawater or brineis =
r dihé APRatAtYR asoclaimedtiai Gleimf 15nwiiecein $aid wationsi@e originating

S FBRSS soAVBLGP MoflerE 56 ielobi R eBbLf rom bre

provided from a desalination process.

The apparatus as claimed in Claim 22, wherein said cations are Mgz*, 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.



