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conpartnent of an electrically
electrodes causes dissolved ions, attracted to their respective counter-electrodes, to
migrate through the anion and cation exchange membranes. This generally results in
the liquid of the diluting compartment being depleted of ions, and the liquid in the
concentrating compartment being enriched with the transferred ions. Typically, the

liquid in the diluting compartment is desired (the “product” liquid), while the liquid in

the concentrating compartment is discarded (the “reject” liquid).

SUMMARY OF THE INVENTION
Aspects of the invention relate generally to electrochemical devices and systems
and methods for water treatment.
In accordance with one or more aspects, a method of treating seawater is

disclosed. The method may comprise introducing seawater comprising chloride ions
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electrodelomzatlon device is disclosed. The method may comprise introducing process
water comprising boron-containing compounds to a first compartment of the
electrodeionization device, the first compartment comprising a resin bed and an outlet,
promoting a basic pH condition in the first compartment, promoting an acidic pH
condition in a second compartment of the electrodeionization device adjacent the first
compartment, adsorbing borate ions on the resin bed in the first compartment,
recovering treated water at the outlet of the first compartment, and recovering a boron-

containing stream at an outlet of the second compartment.
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composition of the boron-selective resin bed in the first compartment may be
substantially uniform along a fluid flow path through the first compartment of the
electrically driven separation device.

In accordance with one or more aspects, a method of treating seawater having
dissolved species and at least one target species is disclosed. The method may
comprise introducing a first portion of seawater from a seawater source into a depleting
compartment of an electrically-driven separation device, the depleting compartment

having target species-adsorbing media disposed between an anion permeable

membrane and a first cation permeable membrane, introducing a second portion of
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In other aspects, the device may further comprise a third compartment at least
partially defined by the second cation selective membrane. The third compartment may
be at least partially defined by a bipolar membrane. An outlet of the first compartment
may be fluidly connected to an inlet of the third compartment. An outlet of the
electrically driven separation device may be fluidly connected to a potable point of use.

In some aspects, the electroactive media may comprise cis-diol functional groups. The
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BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of at least one embodiment are discussed below with reference
to the accompanying figures. In the figures, which are not intended to be drawn to
scale, each identical or nearly identical component that is illustrated in various figures
is represented by a like numeral. For purposes of clarity, not every component may be
labeled in every drawing. The figures are provided for the purposes of illustration and
explanation and are not intended as a definition of the limits of the invention. In the

figures:



with the remai nder of the specification, serve to
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to eleb@EtheBdl a8 ety be more effective in removing certain target species
than traditional electrochemical techniques which rely upon transmembrane ionic
transport for electrochemical separation. Beneficially, one or more embodiments may
provide a product stream of sufficient quality to be delivered to downstream points of
use, such as potable, irrigation and industrial applications, for example, semiconductor
fabrication. The pH level of a product stream may also be neutralized or adjusted in-
situ in accordance with one or more embodiments.

It is to be appreciated that embodiments of the systems and methods discussed
herein are not limited in application to the details of construction and the arrangement
of components set forth in the following description or illustrated in the accompanying
drawings. The systems and methods are capable of implementation in other
embodiments and of being practiced or of being carried out in various ways. Examples

of specific implementations are provided herein for illustrative purposes only and are

not intended to be limiting. In particular, acts, elements and features discussed in
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e Ir?agc%%:n%e with one or more embodiments, the process stream may generally
comprise a water stream deliverable to the electrochemical device for treatment. In
some embodiments, the process stream may generally comprise a salt solution. A salt
solution may contain a single salt species or a mixture of salt species, for example, as
may be present in seawater. In at least one embodiment, the process stream may
comprise non-potable water. Potable water typically has a total dissolved solids (TDS)

content of less than about 1,000 ppm. In some cases, potable water may have a TDS

content of less than about 500 ppm. Examples of non-potable water may include
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and techniques that reduce the boron concentration in a feed stream from about 4.6 ppm
to less than about 0.5 ppm.

Some aspects of the invention relate to methods and apparatus for purifying
seawater, and other non-potable water, which utilize, inter alia, electrodesalting or other
electrochemical systems. The electrochemical device may involve electrodeionization
(“EDI”) as discussed further herein. Electrochemical techniques can also include

processes such as continuous deionization, filled cell electrodialysis, electrodiaresis,

and current reversing electrodialysis. The techniques may be combined with pressure
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and/or alkalinity of feed water may also be performed by, for example, the addition of

an acid, base or buffer, or through aeration. Electrochemical separation may follow any
pretreatment operation to provide water having a desired final purity.

In accordance with one or more embodiments, a water treatment system may
include one or more electrochemical devices. Non-limiting examples of electrical
separation devices, or electrically-driven separation apparatus, include electrodialysis

and electrodeionization devices. The term “electrodeionization” is given its ordinary
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for exasple, U.S. Patent Nos. 6,824,662; 6,514,398; 6, 312 577 6, 284 124; 5 736 023;
5,558,753 and 5,308,466, each of which is incorporated by reference herein in its
entirety for all purposes. CEDI techniques can include processes such as continuous
deionization, filled cell electrodialysis, or electrodiaresis. Under controlled voltage and
salinity conditions, in CEDI systems, water molecules can be split to generate hydrogen
or hydronium ions or species and hydroxide or hydroxyl ions or species that can

regenerate ion exchange media in the device and thus facilitate the release of the
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compartment, by a cation selective membrane. Once captured in the concentrating
compartment, trapped charged species can be removed in a concentrate stream.

In CEDI and ED devices, the DC field is typically applied to the cells from a
source of voltage and electric current applied to the electrodes (anode or positive
electrode, and cathode or negative electrode). The voltage and current source

(collectively “power supply™) can be itself powered by a variety of means such as an
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In accordance with one or more embodiments, typical configurations of the
electrically-driven separation device include at least one electrode pair through which
an applied force, such as an electric field, can facilitate transport or migration of the
one or more ionic, or ionizable, species. The device can thus comprise at least one

anode and at least one cathode. The electrodes may each independently be made out of
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across one or more ion-selective membranes of the electrochemical device. lons may
be concentrated or trapped in one or more compartments, for example, based on their
charge or nature. For example, an acidic product may become concentrated in one
compartment, and a basic product may become concentrated in another compartment.
The orientation and nature of various ion-selective membranes within the

electrochemical device may influence migration therein as well as what type of

products may be formed in the various compartments. Streams of generated products



anode and at | east one cathode. The el ectrodes nmay
each independently be nade out ofany nmaterial suitable
WO 2009073323 i ng an el ectric field within the devP€CBEUS1008/013286

some cases, the electrode material can be chosen such

that the el ectrodes can be ysed, for exanple, for

ext ended periods of tine w'thout significant corrosion

or degradation. Suitable electrode materials and
maymrtfth@qlp@tmcmnmlcaﬂ éewed: vialouders asspcidted with theEva;mus odes

ctyochem cal gvi.ce ner 1y i
comfip ey BEPETRIES wPoi SERuPR o SE R el sforbuce
Pl & hévordansé dithl @it or ThEE enmbbdinhdn®) ah mecﬁb&leﬁlueﬂtd’emiefmay
may be coated with various materials, for exanpl e

inclyde] afie e @empanpA; swlﬁh exp diest compertment gidouseaed al s,
compnm%emurm g QHPm;ES?é %b(% fsrpggtneﬁ {Bbdsgé‘#t aitectéd 1o

ures t éreo y pronote the

elecfro¢hentica @ep‘!fratmtdéﬂmm}lmsaﬂdcthyﬂtpdmvkh depmatiod Hewees mag,
along with the jons in the various feeds, are
comprisg A RTtrBRFESiFPieHBE FOMBATTENTS 4B¢ 8% OF m@re concentrating

com?%t%‘ﬁ&?tgcb%m hnef\dr cEHis ﬂaﬁg&é}%% fe? Adh l%nglgl @hﬁ% Qct to

ectrical current appli"ed to the no
the tgpdyaddfve ndmpogitien of the tfhiid inftiodhckdthgrele Stpmtmnabldlfferences

essenti a cular to liquid flow withjn,.the
howgitar, ey Sl isRaREh e ariug CRaphiietisn L St etbainesis, a
devib® rfa§ i d1¥dSHHR dr%‘ox@‘ifrﬁb%%fﬁgﬁleﬁ barBAtfts ahE@SkE i Mbre
in an essentially uniform substantially constant

types pEeencentriting epmpariownts. Heheomppaof aen gyen @pmpnrt@snfe such as
|
wheg%g ftﬁ %EE‘ ceg ?t?rt%(l)r deﬁ)te%n%o% egrenrrhe Jy e 8 elngta%/lpreﬁlfgrmed by

resu

the tgipmdﬂmerﬁbxraﬁesswhhﬁ boedep dic doaMiastmdnt, &8 wal Brthe diperifitfeed(s)
of the invention, the polarity of the electrodes na
supplied t@ thercompagmenhg Tlfpeatate; Q?ﬁlelghét){é?&fv‘?fgp%‘tf@elﬁﬁ Py ipRyence

eachﬁth@mqn@aﬁewgsdmw aWlohfpaRnlePmd ¥ GF clchRoARRIE! €1

ectric field may pronoté dissociation of
compartmeity dioo gmmpia, hgepietim g rommpnisens mayiel refesret] y@l asmy I
ctecl e B o AR RHE 5o s el TR SRRt BT fiment mey
also Bk @6fefro€ beiE £rdledRIY AR cIfifartiiiélit0 3 Bomé ¥aibedihen®d) Walir

one Or nore target 1 ONS present may n1grate IOnIC
splitping meyi ssActally opairde Ao §lecoAZnE copIPArtmeAL. sdn glecirolyzing

! .
comg%ﬁ]mé&rlﬁ Bla UAF‘etr ‘Egﬁ%g%f“e@t&? lorﬂg‘{dtgﬁcn&{%rlﬁ%%ﬁ? ??cur in

entr &d” Of n one or noré conpar
anefwtroqumlgmbmpahﬁ&ed on thelr charge or nature. For

o B San el S e SR iR T e
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membranes. Such membranes may generally allow ions of a particular type of charge
to pass through the membrane while inhibiting or preventing passage of ions with
different charge or valence or type of charge. Thus, one or more compartments may be
at least partially defined by one or more ion-selective membranes. A plurality of
compartments is typically arranged as a stack in the electrochemical device. A
depleting compartment is typically defined by a depleting compartment spacer and
concentrating compartment is typically defined by a concentrating compartment spacer.

An assembled stack is typically bound by end blocks at each end and is typically
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as discussed in greater detail below. Adjacent compartments may be considered to be
in ionic communication therebetween, such as via a neighboring ion selective
membrane. Distal compartments may also be considered to be in ionic communication,
such as via additional compartments therebetween.

An electrodeionization device may include solid “media” (e.g., electro-active
media or adsorption media, such as ion exchange media) in one or more compartments
within the device. The electro-active media typically provides a path for ion transfer,

and/or serves as an increased conductivity bridge between the selective membranes to
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relative to cations. In other
Some embodiments may also involve a bed of electroactive media with inert
components.

In accordance with one or more embodiments, one or more compartments of the
electrical separation apparatus can be filled with media such as adsorption media, for
example, ion exchange media. At least a portion of the media may generally be ion-
selective. The ion exchange media, in some embodiments, can include resins such as

cation exchange resin, a resin that preferentially adsorbs cations, or an anion exchange

resin, a resin that preferentially adsorbs anions, an inert resin, as well as mixtures
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binding the target species. For example, in one non-limiting embodiment in which it is
desired to remove boron from water, the media may include at least one cis-diol
functional groups. More specifically, the cis-diol functional groups may be embodied
as N-methyl glucamine functional groups in accordance with one or more
embodiments. In at least one embodiment, N-methyl glucamine functional groups may

preferentially bind borate ions in accordance with the following mechanism:
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g., desorb, the bound species
target ion selective resin, such as a boron selective resin. Without wishing to be bound

by any particular theory, the anion resin may generally facilitate separation via
conventional transmembrane transport by conducting one or more anions, such as
chloride, while the ion selective resin may adsorb target species, such as boron, for
water purification. In this regard, the ion selective resin may generally be a poor
conductor. Particular configurations utilizable in various systems and techniques of the
invention can involve electrodeionization apparatus comprising one or more

compartments having electroactive media consisting essentially of target selective
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strednh ﬁi%'y)éomtah?a BREARPERSS WhidhYs NKEB/ tobefrafibléd BY fon selective
resmsEfl)r?lgc?lgtle?ynul;gnalntroductlon to a compartment. For example, the target species
may need to be converted to a preferred state, €.g., a state conducive to adsorption, such
as an ionic state, for removal. In theses embodiments, ion selective resin may be
strategically placed further along a flow path through the compartment. In this way,
when the target species does contact the ion selective resin, it is in the preferred state
for removal or adsorption by the target selective media. A different media or resin may

be positioned upstream of the ion selective resin, such as to transport other ionic

species present in the process stream. In some embodiments, this may facilitate the
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com R SRR SR St ek ng o
conpakdoi®itce with GRNE BéTe @HibGBIhEIS, A HROESE SiBeam may be
supplied to one or more compartments of the electrochemical device. As discussed
above, the process stream may include one or more target species or types of target
species. A target species may generally be any species that is dissolved and/or
suspended in a process fluid, typically a liquid, which is desired to be removed or
transferred from a first solution to another solution, typically using an electrical
separation device. Examples of target species that are desirably removed or transported
between solutions using electrical separation devices may include certain ionic species,

organic molecules, weakly ionized substances, and ionizable substances in the
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In accordance with one or more embodiments, it may be desirable to generate
acid and/or base streams in the electrochemical device to facilitate water treatment.
Acids and/or bases may be products of the electrochemical devices and methods. Acid
and/or base product streams may be generated by the electrochemical devices and
methods. In at least one embodiment, acid and/or base products may be concentrated
by the electrochemical devices and methods. Any acid or base may be generated as a

product stream from one or more ions present in the process stream. In some



control liquid flow The conponents may each contain
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di fferent components and/or structure/configurations.
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hydrlo?gerll ro]r falydronium and hydroxyl ions to facilitate acid or base generation by the
electrochemical device. In some embodiments, the applied electric field in the
electrodeionization device creates a polarization phenomenon, which typically
promotes the splitting or dissociation of water into hydronium and hydroxyl ions. In
accordance with one or more embodiments, this water splitting may provide a source of

a first anion and a source of a first cation. The electrochemical device may promote

migration of ions such that the first anion and the first cation may associate with a



preferred state for renoval by the device. In other
enbodi nents, a target ion may be a precursor to an
wa@eiodom7hase product. In at | east one enbodi nREIE/PS1008013286
process stream may be an aqueous solution, such as a
salt solution. The salt solution, or ions thereof, may
be a precursor to an acid 6f base product. In sone
enbodi nents, target ions ma eneral |y be dissoci at.ed
seconhcatipn e dcesendsanien FeSPERL Y JFUIB HREPTRFESH SBFRIN & Prdpes one
or mS%bporgéh{E? Qamd &edipcfuggeﬁls&rgi“ eam may provide a source
of fonic species, such as a first cationic species and
a fi debrdantowith oapee nese pdiieulhi aspectsahe dmieatispeani efate to
and/or the first aniaqnic species nmay be recursons({o )
methedy, systems candgieyices fof Igdycipg B ratuon Pﬂvwc ngpts,pb jnized species
n ] ; t i
such G AR s ohs AR o R ST e R AT it Drge from a
first tamparthettao wat@ndtooegtanernt ofai esctenvlitmicabdedece. nfégr dzemple,
. __products of the electrochenibil deviges and net hods ¢
ions mayugrie i oL SPPRURFIRTOSTSS INMLORIGIE P vL iR BTl
strednl}e IRS6E LOSRAMiG@H i 8 \irsConPAtniBAt ARG Be dedired, i.b.eaproduct,
one enbodi nent, acid and/ or base products may be
while diquignin rateshdmppmpacmsing oray belkesentdgd ageveigels and
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aqueous solution into one or more compartments of the isolating or separation
apparatus. One or more target species can be induced or promoted to adsorb from the
aqueous solution to media in one or more compartments of the isolating or separation
apparatus.

In operation, a process stream, typically having dissolved cationic and anionic
' components, may be introduced into one or more compartments of an electrochemical

device. An applied electric field across the electrodeionization device promotes

migration of ionic species in a direction towards their respective attracting electrodes.
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stredth mMidso migrate. Thus, some embodlments provide generation of an acid
stream and/or generation of a basic stream. One or both may be discarded, recovered
or recycled, as desired.

In accordance with one or more embodiments, altered pH conditions may also
contribute to the functioning of the electrochemical separation device for water
treatment. In some embodiments, an elevated pH condition may facilitate the
conversion of one or more target species present in the process water to a preferred
ionic state for electrochemical removal. For example, in one non-limiting embodiment,

boron-containing compounds may be converted to borate ions at an elevated pH
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respectiveﬁ)y. In the non-limiting embodiment depicted, the media bed 170 comprises a
50/50 blend of anion exchange resin and boron selective resin. At an elevated pH
condition in compartment 110, for example a pH in a range of about 9 to 10 in some
non-limiting embodiments as least a portion of target compounds, such as, boron-
containing compounds, in the process water are converted to a preferred state or
condition, such as a preferred ionic state, namely as borate ions. At least a portion of

one or more target species, e.g. borate ions, are selectively bound or adsorbed by the

target-selective media in media bed 170 in the first compartment 110.
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ectrochem cal separation device for water
compargacmewtile the fisss mempatimgnikl Gin sarveeis avcaneehtyakng
condition may facilitate the conversion of one or nore
COMPAHMER- snecies present in the process water to a
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e e BT e I Sl e
Thu§, 88 eNgftiatddOfatdhid iR cier eiigratibfl cihbs induced from the stream and into
compartment 120. In at least this particular embodiment compartment 190 can be
considered as at least a depleting compartment. In still other cases, at least a portion of
water in the stream introduced into compartment 190 can be polarized to produce
.hydronium and hydroxide ions, typically as a result of the applied electric current. As
illustrated, the generated hydronium ions can migrate into the stream and adjust the pH
level thereof. Thus in at least this aspect, compartment 190 can be considered as a pH
adjusting compartment, and, in cases where the stream introduced thereinto has a high

pH level, e.g., greater than 7 units, compartment 190 can be considered as a pH



way, operation may therefore be cyclical as described

below with reference to FIG 1. FIG 1 represents an
web®@enrachem cal device 100 in accordance w t hPORES2908/013286

nore enbodi nents of the present invention. Device 100

includes a first conpartnmepy 110 and a second

conpartnent 120. First conpartnent 110 is at |east

partially bound by a first anion selective nbrane . .
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. second conpartnment 120, for exa e, due to the
adjugidhe Pt qf ShF BiRduCt sieamropndyice ﬁﬁé fat a‘aﬁfefi Rah? sgpoted.
FIG.Cﬁé)EH'nﬁopggril QMigstARd AWHE QW KIPH%e oBbR ddutraliziaf dompartments
second cofrpartnents 110, 120 at |east partially
190.cNautzalization a phl abistwentef steaindrdye gompartmegol 10 may, however,

es tively. . In t non=1im.ting,enbodi . i- Ct e
be efiFGEG s fiphsDe i SPR i Miols TS TRRS OFSAG il ERAGH. Flor
exarﬁ?l@,hﬁhe DI s1E ldased forbioh @he SRjaBClrbmeongaitihent 9®Bean be lowered
elevated pH condition in conpartnent 110, for exanple
by infrqsiycing ibintapigeass pne pyhedecangparigngng of dece ) | Tlrﬂstn})%g

exaxgel)g oﬂcﬁf&{} %1;%%0%? ﬁgéraﬁn g Rohd %ulg%‘tsn?&ﬁ 4¢6 of PIBRHBHS generated

h -as, ncon ning conpo I n the process
at a bipbkir néentbragethar stdeast pardially défenasabe sithode @mppotmtint (o,
such as a preferred ionic state
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an acid&f ia‘gw%int @x@maP6f 8lcd PO, TIRY Kid SHIBGHN ¥EhixedFOrRChtRlization
adsorbed by the target-selective nedia in nedia bed

can b gerematedby Heyise 10 apan anrsliary me@luiheof ghesygdnpitpched or
. .condition i t(?e sec conmpartnent 120 nay facilitate
lndepg'b‘geﬁg?é’f)?rg leg dteﬁlgeﬁgg’l n bed 180 therein. For
ex Pupified waterSRAELO Fdriist bngorigh aslporbleswiier. dPotably waeer
released at a pH level in a range of about 2-4 in the
mayhegigserved or further disinfected, if desired; and may find use in various
applications including agriculture and industry, such as for semiconductor fabrication.
A reject or concentrate stream produced by the electrochemical device may be collected
and discharged to waste, recycled through the system, or fed to a downstream unit
operation for further treatment. Product streams may be further processed prior to
downstream use, upstream use, or disposal. For example, a pH level of a product acid

or product base stream may be adjusted. In some embodiments, it may be desirable to

mix, in part or in whole, one or more product streams. One or more additional unit



conmpartment 120. A product streamof purified water is
collected at an outlet of the first conpartnent 110
waonieh71zs served as a depleting conpartnent. AEI/ES2008/013286
product stream nmay be a basic product stream A reject
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devig

separation device. Controller may be in electronic communication with at least one
sensor configured to detect at least one operational parameter of the system. The
controller may be generally configured to generate a control signal to adjust one or
more operational parameters in response to a signal generated by a sensor. For
example, the controller can be configured to receive a representation of a condition,
property, or state of any stream, component or subsystem of device 100, or from device
100. The controller typically includes an algorithm that facilitates generation of at least
one output signal which is typically based on one or more of any of the representation

and a target or desired value such as a set point. In accordance with one or more



pH | evel, e.g., greater than 7 units, conpartnment 190
can be considered as a pHneutralizing conpartnent,
W@ b@v/oprievi des an exiting stream having a | owePCHS2008/013286
relative to the pH value at the inlet. Configurations
of conpartnment 190 can invg&ve conponent s that
facilitate transport of th& migrating species as well
as pol arization of water. For exanpl e, co%artment 190
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~ As noted, FIG 1 exenplarily illustrates a device 100
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the megtependerichyl. oper abl e of device 100. Purified water
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or 34 SEMETERAh BArPEEh EHARE Bl SRSty
of tHePpE¥EEIettric Fleld, 8 d preferaBByviRt st@asm fluw paths through device 100,
from a predetermined arrangement to a second predetermined arrangement.

One or more sensors utilizable in the systems and methods of the invention can
provide a representation of a property or characteristic of a stream into, from, or within
device 100, or a property or characteristic of a current applied through device 100. For
example, the one or more sensors can be configured to measure and provide a
representation, e.g., a measured signal, of a process condition such as the pH of any
stream exiting any of compartments 110, the pH of the stream exiting compartment

120, and the pH of the stream exiting compartment 190. The one or more sensors can



operation for further treatnent. Product streans nmay
be further processed prior to downstream use, upstream
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parameter of the system The . . . _
membranes and anion selectivé membranes. Likewise, an electrochemical device may
include an alternating series of bipolar membranes and cation selective membranes in
accordance with one or more embodiments. Those ordinarily skilled in the art would
recognize that, in accordance with certain aspects of the invention, other types and/or
arrangements of selective membranes can also be used. In at least one embodiment, an
electrochemical device does not include a bipolar membrane.

In accordance with some embodiments, a plurality of stages in a treatment

system can be utilized to purify water or at least reduce the concentration of dissolved



controller may be generally configured to generate a
control signal to adjust one or nore operational

W@A0ENEF s i n response to a signal generated BPYI/EHS2008/013286
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to receive a representation of a condition, property,
or state of any stream c'oﬂjpbnent or subsystem of

~device 100, or fromdevice 100. The cantroller

solids fhsireiny Fpr expemmleevatamtoiedenatadipnie purifigd i ptaggssych that each

ot | . . . .
s SARIG0Y 200l e 18, B LRU S92 oL i
purifiegipe g €Bt Adel on evei0paatilay water. oln sdewi enstbdimaénte, wultipleas a
set point. I n accordance with one or reparti cul ar
treatigpletages SayihsePresepb it 3 YRsle #@tresl?ﬁ%fﬂ{%mgaﬁn 8&’“

emb&(ﬁﬂlfehgy{éﬁﬁ)uts CrehiEifeit ?t%g@s ﬁl@f Pg gl‘%‘g&ﬁtih ARe®ds FWe@locRemical

neasur ed property o ny s m from device 100, and,
deviggsndn sdree easesNe @ mage stagesorangenpaise 9ngnamoroURhgpasitions

t he treat.nent syst co nents, . including device, 100,
that gifecsslRet Ve eI ol (R B e orkaretie e P AT 05 PF om
remdvell 3 8¢ oMRbMSubLYUBRCARddNHEBedh iaged ETIAS, iDJoghe

enbodi nents, a controller may be configured to reverse

embedingnistof thsf pusificatien system ©f theanverding) a SEstS1AEe GafhrefaeMes at
100. e contraoller edr L cati '

cast 390 TR SRR PE YR GBS Dl Ehyfcns,

the fEktOale cahliréoveSor regiihe taideigatidn of aAbinaent tye afdisblvad

tar%et species in a stream associated with device 10

0,
speciesr ABYARPINEd SBECiFo ARCEMOVPR HIMEXPMTAY > SATLBAD §f~ forRpyedgr the
concHfYdif thOBof leBuSRATR 0B RP HdB Ritkeq@nP Ha%é’s\/ el or a

concentration nmeasurement nmay be detected by a sensor
an@he ekknuodheatied devicehmay baoperlatedrin ahy seitabletashion tleat

.enbadi nt, a .neasure t sjgnal. representative of
s S TSR e 5 b PR FRAGRED P e
variGR Rl fBénts I Be GVHntiBh L& bé&BYerbRd contin@BuEB ot ésentially
generate a control signal in response a received

contipeautly eneentinyailngnigbsirendy. reciodicalliPrEVpr Bpet demanteMult-
passll:ﬁylel 'ste;qﬁn z{ei%é BJ: e H%S/gh whatein Ee\éggg ﬁlg@&?%%‘ag%d roftth the

el ectric curr app throug SO as t
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may be used in connection with a wide variety of systems where the processing of one
or more liquids may be desired. Thus, the electrical separation device may be modified
by those of ordinary skill in the art as needed for a particular process, without departing
from the scope of the invention.

The function and advantages of these and other embodiments will be more fully
understood from the following non-limiting example. The example is intended to be
illustrative in nature and is not to be considered as limiting the scope of the

embodiments discussed herein.
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An electrodeionziation approach was also tested. In these experiments, a
voltage of 5 V per cell pair was applied. Feed water was fed at a flow rate of 10
ml/min per cell with a boron concentration of 3.6 ppm. In a first setup, IONPURE®
ion-selective membranes were used with DOWEX® MSA anion-exchange resin as a

filler. In a second setup, IONPURE® ion-selective membranes were used with BSR-1



menbranes may be generally efficient in splitting
water. I n sone enbodi nents, bipolar nenbranes can be
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I nvention can be operated continuously, or essentially

Table 4. Ton exchange with non-selective resin

Volume of treated Number of cycles Removal
water, BV
5 1 64%
7 20 No removal
11 10 No removal

An acid/base generating EDI with boron-selective resin as depicted in FIG. 4

was tested in accordance with one or more embodiments of the present invention. -



continuously or continually, intermttently,

periodically, or even upon demand. Milti pass ED
waermpena7iay al so be enpl oyed wherein feed i s PgPUSADS/13286
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passed through an optional ,second device. An
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resimenbrane area. | ONPURE(r) anion- and cation-sel ective
menbr anes were used throughout, but for Tokuyama Soda
ACS and CMS nonoval ent -sel ective nenbranes inpl ement ed
Tableer3. tAwad/ hasecgeneeating Fplawith haroprsele¢iue regnt . The resin
Feasleatomas DOWEX(r) MHA resi n 3smppror DONEX(r) BSR- |
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Concentrate pH 1.4-2.1
Removal 77-80%
Mass balance for B ~100%

Table 6. Acid/base generating EDI with boron-selective resin

pH Boron removal
1.5 No removal
9 No removal

10 26%




Azonet hi ne-H nmet hod 10061 (0.02 - 1.50 ppm as boron).
Each neasurenent was an average of three sanples. A
wOwnAars1l¥ al ysi s treat ment process was perf or nedI/uUs2008/013286

accordance with the experinmental setup presented in
FIG 2. Water desalinated an ED (not shown) was
used as feed, and water corcentrated by the ED was
used as a receiving solution. The results are

Tablg imAwid/basg geaerating EDTatithdboron-pelgetiveresidonnan Di al si s
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boridhdifl ¢ m&g% paﬁatéghq;‘(bm? @RicANs FRAVPA B ﬁleAé]e&?‘i@ BikidTEAY pH

was al so pertorned using | on exchange Wi th col uims non
9-10seheatmoealrvess avbidved by EDdaviesemhigher pid (sbhupe removal rate

esent e ical resi,n beds .
wenf s hovably Al 16 Py O DO P TR e it gt in he
ion- @&h@ﬁgéﬁ&&?&&f fRnbrafdt. elond@&hhh 2edrsbrby-sElec tivasresinachsas

' and water concentrated with ED was used as
efﬁcne@g ernbcvran remqyad froms sgarwater: Bargsalert urepid Wag forndrigbe
4. Tab on-sel ective resin An
‘egefa‘%rf“alf base 1aéﬂ/§pya‘?é&1&§b&)m tir: Hhor on-sel ective resin as
demmtvath b(ﬁoﬁlsaecéve/\&slntmtlesi afficiantdareianciag \biotdn thag EDI
nmor e _enbodi nent s of t he presen

with RpeSeleCEHe FesNPURES frdigatss taal RoERn-YRleqivRsPein g¥y ot Be @ good
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rathon(r) A ani on-exchange resin. Conpartnents
diffe@#ntdron A@g/\éareanﬁcudewhtahgesneml at iedikskyahaithoron-selective resin did

not COIlnITl)butC petr)grorcl:%%val i gne\ﬁlﬂpdev?c% SI];(I thé %Pack Q\tastegseentlally

working as an ED device. Electrodialysis with membranes, selective for monovalent

anions and cations, was not efficient for boron removal at neutral pH. The shift in
equilibria between divalent and monovalent ions in the vicinity of the membranes was
likely not sufficient to change the local pH in order to ionize boric acid. Sea water is a
natural buffer solution, where buffering effect is created by carbonates, sulfates and
borates.

The best results were obtained by an approach involving ion-exchange with
boron-selective resins which were regenerated with acidic effluent or acidified stream
of a specifically configured EDI or ED module in accordance with one or more
embodiments of the present invention. In this approach, equilibrium among boron

species at varying pH levels, as presented in FIG. 6, may be used to achieve superior



AC conpartnment. In the AC conpartnent the sol ution
became basic and the BSR-I resin adsorbed boron. In

W0 b@gzs1tHpart ment the sol ution was aci di fi edPERtiS1008013286
BSR- 1 resin therein was regenerated. By switching the
streans and reversing the §Iarity, cyclic operation
was achi eved. The nodul e was cycl ed four times. In the

fourth cycle, after nut es qper at | LI, the -
borop PG THHS eI SEEator DF ISR AR 1{jag apb} condition

of a ?t?éa%ho(m&t&f @ddﬁcélec"i‘ﬁgal ﬁ%ﬂtséllﬂrﬁ)on a%J braduf\togih idakiehie
e next m n was o collected nd anal yzed.
pK,, Tlee abbutrd2 seatplue26a€, ofi the bedc atid@Orate ion dfedidengsto the
repﬁesents average renoval over 48 min. The results
relatignshipt nar i zed in Tables 5 through 7 presented bel ow.
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converts to borate ion B(O—|)4 , Which is noved %wt h%,t
@al 1y

could stagk releasing bpgpn henyinsgd Pothsphery el vald MAS2-4ehi
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ue to co
acidAraee mfeeatimgkﬁ]l)bexpermtwt were—lewc thengeal mlsimspf aredted water was

ranes. lon-e nge sel ective resi vvas
26 BT CRERE 1 fFaBORIF OO A0 R B G ncrease
Aneﬁpa"t@@r £tﬁtdevl%er(slsamﬁmﬁvfcelémlets@nieemélﬁg@a@ &aﬁﬁ@rwlaﬂ)
rel atlveyvvea aCId(ﬁ = 2-4). ED with

maylderused gellye‘ot generatingj agl ileghis agidfdan ibe suppliedrte pegenagpte a
resir}bﬁgf) ﬁi’ ct'tlvvélI rtesl,qm n Q‘BF %ﬂlecﬁawc\é %arrl Sg’ 'f&t WIH tsg'abwater or vxath

boron- se ive res

the prodeli of ﬂésaﬁﬁathﬁf proeess OWBichdveg praael &ﬂbcsmo&f suiablfor
adsorption on this resinis very different froma

generatign efrackhingrbaskc ﬁéﬁ@%‘drb@sﬂoﬁ“b]ﬁto ran thejagidbasp generating
dev199 W rﬁ’&! %l?]éfqlé{v@lsﬁé e{/nldt'gg baQE c&ﬁﬁﬁﬁr‘n@ﬁt 8n Hﬂs PSYeOthe pH shift

renova and the stack
in thedasintcomiphryment may be 1n51gn1ﬁcant which allows the use of this stream
without neutralization for a downstream process. At the same time, the acid may be
produced at a concentration needed for resin regeneration. The results indicate that the
EDI module with acid/base generation and boron-selective resin successfully reduced
boron concentration in the solution. Application of a longer residence time to a
solution undergoing treatment, such as may be accomplished by using a larger bed
volume, will result in a greater reduction of boron concentration in the solution, for
example, to a level below 0.5 ppm in at least some embodiments.

Having now described some illustrative embodiments of the invention, it should

be apparent to those skilled in the art that the foregoing is merely illustrative and not



wor ki ng as an ED device. Electrodialysis with
menmbr anes, sel ective for npnoval ent ani ons and
W@ 260007875 was not efficient for boron renoval BET/US2008/013286
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As used herein, the term “plurality” refers to two or more items or components.

2% 4L 19 & 2 &6

The terms “comprising,” “including,” “carrying,” “having,” “containing,” and
“involving,” whether in the written description or the claims and the like, are open-
ended terms, i.e., to mean “including but not limited to.” Thus, the use of such terms is
meant to encompass the items listed thereafter, and equivalents thereof, as well as
additional items. Only the transitional phrases “consisting of” and “consisting
essentially of,” are closed or semi-closed transitional phrases, respectively, with respect
to the claims. Use of ordinal terms such as “first,” “second,” “third,” and the like in the

claims to modify a claim element does not by itself connote any priority, precedence, or



resin bed of boron-selective resin. The CD device can
be fed with sea water, or with the product of
waele®alinas i on process, whichever proves to be P@F/ES2008/013286

suitable for generation of acid and base. It should be
possible to run the acid/pggg generating device with
much higher flowrate int basic conpartnent. In
this case, the pH shift in the basic conpartnent

ordepal onesglyia ¢lpmgnk OveRANQther tBoke mpgsal paderdh “tha‘?qga%-‘i Pedim

It rali ' st di ;

et e e Bl 2 bty & B SRR WainYlement
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.resul ts indicate that tqe EDI nodul e with aci d/ base

OﬂhﬁﬂﬁﬁFﬁﬁ?eﬁugﬁH“bgpdiy e¥f¥e resin successfully
re ¢k Qe jeoncentration in the solution.
Application of a |onger residence tine to a solution
under goi ng treatnent, such as may be acconpli shed by
using a larger bed volune, will result in a greater
reducti on of boron concentration in the solution, for
exanple, to a level below 0.5 ppmin at |east sone
enbodi nments. Havi ng now descri bed sone illustrative
enbodi nents of the invention, it should be apparent to
those skilled in the art that the foregoing is nerely
illustrative and notlimting, having been presented by
way of exanple only. Numerous nodifications and ot her
enbodi nents are within the scope of one of ordinary
skill in the art and are contenplated as falling
within the scope of the invention. In particular,
al t hough many of the exanpl es presented herein involve
speci fic conbinations of nmethod acts or system
el enments, it should be understood that those acts and
those el ements nay be conbined in other ways to
acconplish the sanme objectives. Those skilled in the
art should appreciate that the paraneters and
configurations described herein are exenplary and that
actual paranmeters and/or configurations will depend on
the specific application in which the systens and
techni ques of the invention are used. Those skilled in
the art should al so recogni ze or be able to ascertain,
using no nore than routine experinentation,
equi valents to the specific enbodi nents of the
invention. It is therefore to be understood that the
enbodi nents descri bed herein are presented by way of
exanple only and that, within the scope of the
appended cl ai ns and equi val ents thereto; the invention
may be practiced otherw se than as specifically
descri bed.



Moreover, it should al so be appreciated that the
invention is directed to each feature, system

W@ wepsHesn or techni que described herein and BEHUS2008/013286
conmbi nation of two or nore features, systens,
subsystens, or techniques_g§§cribed herei n and any
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subsystens, and techniq AIMS not mut ual |'y
i nconsistent, is considered to be within the scope of
the invention as enbodied in the clains. Further,
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the S%g‘gkﬁttgl} &n@ﬁéfrg&?mgw&%g}éﬁsi sting essentially of," are

cl agembing as Wakt-apaten of therisnizédbabngonaiesg compounds on the
.respectiyely, with reggfct to the clainms. Use of

resiybeg indhe Pt RRmBEMERsanG j st " "second," "third," and
t heedohKSng Bedtb® walediaMheloRtBlst h fitst cb@bRkfENt does
not by itselt connote any priority, precedence,
ororder of one claimelenent over another or the

2. '%’gggf’gﬁ‘?f{; [ crlgiﬁe?{ l,laﬁ]étﬁh chogng}gslﬁfg r%ﬁeggingga% gﬁ%gt z}a]goertion of boron-

cont@infig CFLpSIAS BEurkd il I8eebRREin Hod\h i ecod t@hpartindm.
from anot her el enment having a sanme nane (but for use
of the ordinal term to distinguish the claim
3. THSHRRES of M4 2! ﬁlrtﬁl:laédmﬂisﬁr?ré lgz:g\lléﬁgé-a bdtoRbhAthiRd stream at
treati ng seawater, conprising: I ntroduci ng seawater
an oanequfitse segond bampalemetns and bor on- cont ai ni ng
conpounds to at least a first conpartnent of an
el ectrically driven separation device, the first
4. THRTR&hSABNE1af® gpfu'rt%bﬁ&)rﬁ‘%ﬁﬁﬁ%wﬁﬂjbﬁﬂlg@ﬂ{ aveDUf thettieated water.
pronmoting transport of the chloride ions in the
seawater fromthe first conpartnent to a second

t ment, Of Lt | i ' L an.
5. TRRUTaRbd B Hadk A Frh G iveRie EllufS R s elhic cyrren
applidiEthBsizBRh€ elat wically\dri cargepuiaden device.

com

6. The method of claim 1, further comprising monitoring a concentration of boron in

the treated water.

7. The method of claim 6, further comprising reversing polarity of an electric current
applied through the electrically driven separation device in response to detecting a

concentration of boron in the treated water that is above a predetermined level.



the seawater in the first conpartnent; adsorbing at
| east a portion of the ionized boron-containing
W@powds on the resin bed in the first conpaP@hEs1008/013286
and recovering treated water at the outlet of the
first conpartment. 2. The thod of claim1, further
conprising releasing at |east a portion of
boroncontalnln conpounds bound in a secgnd resin bed
8. The, metho ovsarip Anpredeiermined faYehis @eyt 1PRim 2,
further conpr|3|ng recovering a boron-containing
streamat an outlet of the second conpartnent. 4. The
9. Tl‘reh’mltbd(ﬁf cdziimi mfﬁgthérlmhip&isiugatmnsg trgatedi magr kg thardpH
| evel of wat er . J e nmethod of claim 3,
compayfgs of ‘?‘it‘s‘? E}’ ré‘(?@rsgi’?{@“‘ﬂb 5%y of an electric
current applied through the electrically driven
separation device. 6. The nethod of claim1, further
10. Therpretheidrog clabmi &, (ﬁunthrag campuamgnmlatqrmg aqfH Isyebef the trefed

wate AR FREISITE FUTADtAY s reyr s oo dh Bueb M sy

drivéPRphRéoh BEABG M febsort asadttailg ApldndweEsS hepRhtivailer that is
device in resgonse to detecting a concentration of

abovggrpradatermiped kevelat ed water that is above a
predeterm ned | evel.8. The nethod of claim 7, wherein
the predeterm ned level is about 1 ppm 9. The nethod

11. af methad of dperfitivig reelectesdeiomszationdievieetdongprisireat ed wat er

to.a third conpartnent of the electrically driven
se UFFIGR PIRAFPL Wate BOmPHENEBP RS NG CAmPOuRdy tpAdirst
com %%Eﬁt%f ek a@&f&ﬁfdnﬁ‘ﬂm@n REViEMBE fiRk c&xﬁﬁaﬁﬁlgﬁt&%ﬂﬂ'ﬁlr@' a

_ reversing polarity of an electric current applied
resirt bydoanghantdueleg| ectrical |y driven separation device in

R R R e R S A

OPRFhbtIGE A hcelie pH @ulditvhi i atse@dhddRWipaetmenOdPIhesi NY:
i ntroduci ng process water conprising boron-containing

elecEegdpionizationtdsvige fad jasent therf st CABRARTUHENL he
el ﬁséofrg]ﬂgwgutéﬁ)&lg R e edtln%équrs%orﬁ derent

rsi resin bed and an out onot I hg a
baseo@vmg:msaﬂed water antht loatlét ofshe ﬁmnpmnpmem pmcbnot i ng

an acidi.c ﬂj conditi.on in a second, coppartnent of the
recovering a boron-containing stream at an outlet of the second compartment.

12. The method of claim 11, further comprising monitoring a concentration of boron in

the treated water.

13. The method of claim 12, further comprising reversing polarity of an electric current
applied through the electrodeionization device in response to a detected boron

concentration.

14. The method of claim 11, further comprising adjusting a pH level of the treated

water.



el ectrodei oni zati on device adj acent the first

conpartnent; adsorbing borate ions on the resin bed in
w0 b@9f073133 conpartnent; recovering treated watBCT/HS20081€13286

outlet of the first conpartnent; and recovering a

bor on- cont ai ni ng stream at fan outlet of the second

conpartment. 12. The met hod! of claim11, further

conpri sid\r)& monitoring.a concentration of horon in the.
15. The gethpd@ickim lil3 whefedn FRepYRINEsF DAIPRICANERINING §irgagy Fomprises
Lsi . . 1 ‘. . N
e SRS PR SRIRPAL ook, AR LESHLengut oo
response to a detected boron concentration. 14. The

thod of claim11, further conprising adjusti.ng a.pH
16. Ayder e rlh amiyes am ectiraly devadeppralipd ARy
comPfiGh e tirfiRORERR IS AorPARAR-RRSALALAGESEGSBEA COMDY | Ses

I el easi ng boron-contai ning conpounds froma resin in
the second conmpartnment. 16. A water treatnment system

17. TG RE e TrCFheb ks b EoHTE Rl SLbrtes s o
funcBerfzr&fsect i ve resin bed. 17. The system of claim 16,

wherei n the boron-sel ective resin bed conprises
cis-diol functional groups. 18. The system of claim

18. e YR B Bl sCUREET GEElXflalY AN SPRRRA AN IRY CS
i's constructed ahd arrange 0 reduce a“concentration
constuctedand airngedavaédiice b@oacdn@uabdn of baronh séhwatdrao h lgyeiof
19. The system of claim 18, wherein the first
abot Otk PRIAt of the electrically driven separation
device is at least partially defined by a first
ani on-sel ective nenbrane and a first cation-selective
19. Woerbysteme of 2Rim TRewbgrsinethe it st comiparta@nt efttbe elentrichBy driven
electrically.driven separati.on device further
sepafasian deyE At el AP R HRY piBortsPYe memprane and a
first d@idmededtive ntenBranst ani on-sel ecti ve nenbrane and a
second cation-sel ective nenbrane. 21. The system of
claim 16, further conprising a sensor positioned in
[ . = [
20. TP GRTFLRLAS, PRek e leeaialy ohen R RioR Hebfet ifher
comprign al sec@pl @agnirtaidny et 1efst pattiailg eefinad by thedirstmmiansdlective

the treated ter .
membrane and a secoﬁ/gj‘l cation-selective membrane.

21. The system of claim 16, further comprising a sensor positioned in fluid
communication downstream of the boron-selective resin bed and configured to provide
a measurement signal representative of a concentration of boron in the treated water

from the electrically driven separation device.

22. The system of claim 21, further comprising a controller in communication with the
sensor and configured to produce a control signal to a power supply associated with the

electrically driven separation device based at least partially on the measurement signal.



fromthe electrically driven separation device. 22.
The system of claim21, further conprising a
w@wwodirer in communi cation with the sensor apdI/US2008/013286

configured to produce a control signal to a power

supply associated with the4flectrically driven

separ ati on device based at "feast partially on the

nmeasur enent  Si gnal .23. The system of claim 16, wher &l@g
23. ‘Bhe:oisisan pf ¢laim 5. Wharelor cmpasitionqfiae baropmelsetyve Fysinped 1n

L | ' i fluRBEgRthe first

the iy sBprARBRAL SRR SRR o e Y1440 Bl PACR RO ine firs
comgireadnt of tel dfectiticalyrdrbepaepdration diwdece. 24. A net hod of

treati ng seawat er having di ssol ved speci es and at

| east one target species, conprising: introducing a
24. Al Hgéth POf Lt AU aw SRVELGH Bifsémfh séﬁél\_é@taﬁd aSIeAtt 6fe g4

a ep?etl ng cgrrpartrrent of an electrically-driven
specieepangirisary: devi ce, the depl eting conpartnent having

tar get, species-adsorbjng nediia di sposed between a :

IR ABOP R LI PP LI AIR T9 PG AL OBIFS P AgBletine
com?ﬁ{mérﬁ%? an eREGRAUG IR R sEREAVI dRVIde] BB depleEif@vEhpiirtment

fromthe seawater” source into a concentrating
having tapgat spenits-asksorbiieg Blediatdispoatd Yetwepr amariep REARGABIE

evi ce,, the concentratin rtment having target

me"g’f) iaélg-aatgrgtocf ’PHé)enrr%%%bé\e %F%%g%%d bet ween t he ani on

peidiRalting ARetsmNsOrast ofscaeamh dronatieapawat neabdesinto a

menbrane; and pronoting transport of at Iéaast

concgairpiingreompaimenypE 5| slestricallycqren sppagatgpdevice, the
' it £ ERYRE hicdfh dlpdsERBétwR

conE B 0P MRIDE TG U 5T aEPRURE ik pcs B Bérnen
the gni@f mrmeable arintbraneadrel a sond baionepdnmdaklé msinatirane2 4nd

further. conprisin dj usting t H of at least a

popf%?f}ftﬁ_rt'r%m oF P RGO Jinf 8“&%}&%‘2?&%%8%0 s
condBBithtiRY domhPHSnS QRPN BAVerfhg hiteagt lagttidCall thy adiehdt dhe target

separadtion device, the neutralizing conpartnent at
speciesanto aprefergd ignigsfatened by t he second cation perneabl e

menbrane and a third cation perneabl e nenbrane. 26.

The nethod of claim 24, wherein pronoting transport of
25. @The n@ASId ¢ il 140 furdiiericbmpéismgaldisdng pfeqile ef atrltast tipertion

concentrating conpartnent conprises applying an
of weleg diop @e@_&p&geeag CORPBRBRNYIAG TFBsPeANARORRRTent of the
elecggﬂﬁg—'ﬁhrv@ﬁ S rAPNRRYIEERE Seutbdizind CorfipdriiRche af leadtPaMially

, erein applying the electric current pronoteées

defined by the second cation permeable membrane and a third cation permeable

membrane.

26. The method of claim 24, wherein promoting transport of at least a portion of the
dissolved species into the concentrating compartment comprises applying an electric

current through the depleting and concentrating compartments.

27. The method of claim 26, wherein applying the electric current promotes
polarization of water in at least one compartment of the electrically-driven separation

device to produce hydronium ions, and wherein adjusting the pH of the at least a



pol ari zation of water in at |east one conpartnent of
the electrically-driven separation device to produce
why@pomdlEm | ons, and wherein adjusting the pH BPET/UR®0%013286

| east aportion of water fromthe depleting conpart nent
conprises pronoting transppyt of at |east a portion of
the hydroniumions into the neutralizing conpartnent.
28. The nethod of claim 27, wherein apply ng he

portien) elwatee frepy the deplednpeerapartmend §Pﬁ’@fléﬁ=8dtr9m0&l g tiapspqet of at

f { e

teast L 3he bRuofAEichs Bl M {AFaAGESOERABAES e

nethod of claim 28, wherein the neutraI|Z|ng
onpartnent is free of el Ctrﬁﬁgilve medi

28. Taheeleﬁthpésf FAm 27y WRETS HARPAHIPS S %ﬁtfd‘éCU%faﬁﬁPﬁ“Brlﬁeg* pagsing

elect{xé Etrerdt QURRAT ?(f'falét Vﬂ)ﬁ 38 theRRhWhit inythg %Ef)l@ﬁﬁ’g Bdmpartment to
Irst cation selecti nbrane and a first anion

at lesse9.@amitv.e nenbrane; a second conpartnent at | east
partially defined by the first anion selective
menbrane and a second cation sel ective nmenbrane; and

29. PRS QBhS8 lof Etaiﬂ'i QSe{vﬁéﬂe[m%tnbN@all‘iﬁ? éorhpahad id fle@bf
| east one of the first and second conpartnents. 31.

electaetiviemiedie. of cl ai m 30, further conprising a third
conpartnent at |east partially defined by the second
cation selective nenbrane. 32. The device of claim 31,

30. Mheleeiritallparivén sepacpivhalelivedommisaig:| east partially
defined by a bipolar nenbra devi ce, of claim

312 fig SPBPABAR I 1425+ pas'flalm%efmef@}y acfgﬁbaait%ﬁ{ec frge
memfolralﬁ ALy acff}%g&fsﬁl%c@ivé%én‘iﬂr%e of the third

mpar t ment e device of claim30, wherein an
o un lsc&iondtompertmbmait l¢astparialdly defereddephe §irdt eniodevleedve s

|UId| connected t ot ab t of use. 35. The
mem&’ SfSC%?"éll GAep Sg\%ﬁé‘? #ng’e? ctroactive nmedi a
c Oﬁ&ﬁh%@%cﬁi/eselgétfﬂacflu& fiedNatat@l @ Seasboneldtahe €ivdt @ard of
claim 31, wherein the third conpartnment is

amog@b@nanvnausy free of electroactive nedia. 37. The
devi ce of claim 30, wherein no reverse 0sSnosi s
menbrane is fluidly connected downstream of the

31. Theddvitecst d13intl30, fenhaeparpaisingra thedicompartment at least partially

defined by the second cation selective membrane.

32. The device of claim 31, wherein the third compartment is at least partially defined

by a bipolar membrane.

33. The device of claim 31, wherein an outlet of the first compartment is fluidly

connected to an inlet of the third compartment.

34. The device of claim 30, wherein an outlet of the electrically driven separation

device is fluidly connected to a potable point of use.

35. The device of claim 30, wherein the electroactive media comprises cis-diol

functional groups.



38. The device of claim 30, wherein no resin bed is

fluidly connected downstream of the electrically
wa@letovemsigepar ati on devi ce. 39. The devi ce of cPEI/ISB0§/013286

further conprising a sensor positioned in fluid

conmuni cati on downstream of,,t he resin bed and

configured to provide a measurenent signa

representative of a concentration of boron in the

treated water fromthe electrically driven separation

36. $RY 4EGce 8c1aik81 C{?P{érgﬁ (RE il B NP R RibStahtiBly free of

measur enent signal conprises a detected pH | evel. 41.
elecifbactidewiedea. of claim 39, further conprising a

controller in conmunication with the sensor and

configured to produce a control signal to a power

37. SHPRLVicASFAGIRBEAWNALER ddievakesimbGfebireiS Auidly connected
separation device based at |east partially on the

downstessir efitba elesiripaly drizen sepamtigaderigeof cl ai m 35,
wherein the el ectroactive nedia conprises N nethyl
gl ucam ne functional groups.

38. The device of claim 30, wherein no resin bed is fluidly connected downstream of

the electrically driven separation device.

39. The device of claim 30, further comprising a sensor positioned in fluid
communication downstream of the resin bed and configured to provide a measurement
signal representative of a concentration of boron in the treated water from the

electrically driven separation device.

40. The device of claim 39, wherein the measurement signal comprises a detected pH

level.

41. The device of claim 39, further comprising a controller in communication with the
sensor and configured to produce a control signal to a power supply associated with the

electrically driven separation device based at least partially on the measurement signal.

42. The device of claim 35, wherein the electroactive media comprises N-methyl

glucamine functional groups.



