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where purification, i.e. removal of contaminants, occurs.

EDI relates currently to standard water deionization techniques. Its
original principle, i.e. the use of a mixed bed ion-exchange resin in the diluate
compartment of an electrodialysis stack, has been commercialized by

20  Millipore Corporation since 1987.

Generally, an EDI module comprises at least one couple of
electrodes and compartments, which may be separated by membranes, the
diluate compartment(s) being filled with an ion-exchange material. Typically, the
compartments are alternating diluate and concentrate compartments and the

25 membranes separating these compartments are ion-exchange membranes,
generally alternating anion- and cation-exchange membranes. Compartments
comprising the electrodes, i.e. electrode compartments, can act as diluate or as
concentrate compartments, depending on the concept.

The ion-exchange materials are generally cation- and anion-exchange

30 materials in the form of beads (conventional ion-exchange resins), powders,
fibers (woven or non-woven textiles) and porous blocks. They fill a certain
volume as a bed in a compartment, and allow a stream of fluid to flow through
the void volume as well as the electric current of ions be conducted through the

ion-exchange material. They are generally referred to as “resins’.
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regeneration, generated H* and OH" ions, e.g. generated by electrochemically

enhanced water dissociation, regenerate corresponding ion-exchange material

while producing a concentrate as waste. A specific regeneration degree of

resins is usually required to provide sufficient removal of ionic contaminants

25 from the ion-exchange material and, in case of application in water deionization,

to produce water of high resistivity. If the regeneration degree of resins is not

high enough, the resistivity of the diluate, that is to say the quality of produced
water, will decrease.

At a fixed feed water flow rate and composition, i.e. concentration of all

30 contaminants, the regeneration degree of ion-exchange material is proportional

to the direct electric current. It should be mentioned that the resin in

regenerated form, i.e. in H*-ion form for cation-exchange resin and in OH-ion
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Thus, for sustainable and reliable operation of an EDI module, a correct

20 adjustment of current is required in order to prevent the above mentioned
drawbacks.

Usually when the parameters of the feed water are measured, such as
conductivity and concentrations of dissolved CO, and silicium for reverse
osmosis permeate, an optimal electric current for the EDI can be calculated,

25 taking into account a fixed flow rate. However, the characteristics of feed water
can change over time which may be caused by the instability of upstream
treatment or by quality changes of water used by the system. Furthermore, the
flow rate through the EDI apparatus can vary during the life-time of the device.
Due to all these possible changes, the set electric current can deviate from the

30 optimal one and this can cause malfunction.

Some prior art documents have pointed out the importance of electric
current control in an EDI device. Different parameters are usually monitored as

a signal for the control of the electric current.



4 For exanpl e, patent application US 2004/060823 di scl oses a nethod for
automatically controlling the set electric current through an EDI unit. The
ionic load of the water being fed to the unit is continuously nonitored by
measuring the feed water conductivity and using the output of the conductivity
nmeter to 5 automatically adj ust the electric current through the ED wunit.
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device, comprises sensing means, which measure water temperature at
20 different stages of the process, and controlling means, which control an applied
voltage or an electric current supplied to the EDI device on the basis of these
water temperatures. Since the temperature is not directly related to the
contaminants level, the use of temperature as a parameter for current regulation
in EDI is not satisfactory.
25 Thus, the prior art methods to control the electric current in an EDI
apparatuses are either insufficient, or unreasonably expensive, and a need for
simple and reliable method to regulate the electric current and maintain
sufficient regeneration degree of ion-exchange material in EDI is present.
Furthermore, none of these prior art documents considers or even suggests the
30 ion-exchange resin expansion as a parameter for controlling the electric current.
The solution disclosed here provides a simple way to control the electric
current in EDI device. This solution to the problem is less expensive and

additionally provides a possibility to optimize energy consumption (operation
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A compartment is, according to the invention, composed of an ion-
exchange media and a frame which is a plastic element which keeps the media
20 inside it. The diluate compartment is a compartment in which, according to the
invention, there is at least a diluate zone in which the deionization can take
place. A module is, according to the invention, an assembly of compartments
and electrodes.
If more than one diluate compartment is comprised in the device, then
25 preferably only one diluate compartment comprises, according to the invention,
the sensor of at least one dimensional change. The other diluate
compartment(s) can comprise means for cushioning at least one dimensional
change of the ion exchange material filling a sector of said compartment. These
means are for example a spring combined with a porous flow distributor, or a
30 flexible wall situated inside said compartment, such as a damper of said
dimensional change. This would advantageously decrease the risk of damaging
elements of said diulate compartment, such as housing, membrane(s) and flow

distributor(s). These means for cushioning would also advantageously provide



an honogeneous packagi ng of the ion exchange material inside a sector of said
conpartnent, with a suitable density and a good contact with said el enents of
the conpartnments thensel ves. They woul d al so advant ageously prevent a fl ow
channel i ng whil e providing good electrica conductivity during a process of
use 5o0f the device according to the invention. The sensor is an el enent
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larger volume in H*-ion form than that in Na*-ion form. A typical anion-exchange
material comprising 8% of cross-linking agent has a 20% larger volume in OH™
20  ion form than that in Cl-ion form.

When the ion-exchange material is constituted by rigid spherical beads,
these beads change their diameter with respect to their ionic form, thus leading
to a corresponding change of the total volume (three dimensions) of the bed
formed by these beads. For example, if a bed of ion-exchange material fills

25 completely a compartment restricted on all sides by walls, an increment of the
total volume of the bed will create a mechanical stress on the walls of the
compartment.

The degree of expansion and the mechanical stress caused by the
expanded resin is dependent on the type, the cross-linking degree and the

30 regeneration degree of the ion-exchange material, as well as on geometric
parameters of the compartment and on the amount of ion-exchange material

originally placed into this compartment. It also varies with temperature,



mechani cal properties of nmenbranes and franes, and other paraneters as known
fromthe one skilled in the art. A preferable | ocation of the sensor is
conpletely within the conpartnment where a strongest change of resin expansion
i s expected. 5According to the invention,7 the nechanical stress created by the
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conpart nent . In a variant, the sensor conprises a sensor of mechani cal

stress which F¥ag@feral I%FZBF%?é%Weerﬁqnﬁér by 4 nmaﬂée@(eﬁ'ﬂw@onﬁ%ty i%h ¥he zone.

For exanple th%gﬁ@f@)%ﬁfctl@é Sé%h%?éfé@ébl?ﬁfoﬁﬁ@d'lﬁtormé'%% éfriltlé’céllﬂﬁarftﬁ@ﬁrte of the
conpart nent , ngn a wal said frame. The stress neasured by said sensor
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is a sumof tRBiQESeas @maréméﬁrépr Hreegaiiok of thsi electfinsursipyrtthefMsiand an
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whi ch swells he sensor of nechanical stress can al so conprise a
pi ezor esi sti véeﬁws@r meghaniet edttasesissplielrsallgngorided thmgh elesionicctbviee sensor

or of anot her 86|%{tfcglu@5tth zﬁ?&@rué cﬂﬂéﬁtz'%p‘ﬂ@@ 5 id EBY k) &h?hﬁh’?ea%r‘é%e?ﬁ oft |inear

vari abl e r ransft or he sensor o anical stress
general |y det treminmesbaticel puissd iinmdefthe eommantnesat hiangey amagsoualy’ ssasbdmdary, and
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on a wall of said frame. The stress measured by said sensor is a sum of the
20 hydraulic water pressure inside the compartment and an additional stress
created mechanically by the ion-exchange resin material which swells.

The sensor of mechanical stress can also comprise a piezoresistive
sensor, a magnetoresistive sensor, a magnetostrictive sensor, or of another
type as known from the one skilled in the art such as a linear variable

25 differential transformer. The sensor of mechanical stress generally determines
the position of the ion-exchange material’'s boundary, and is able to generate a
signal in relation with this position. The signal outgoing from the sensor is
typically used as a parameter for the control of the electric current.

The sensor of mechanical stress can be used in relation with supporting

30 members, such as springs and plates, providing better accuracy of the
mechanical stress measurement. In a preferred embodiment, the position of the
ion-exchange material's boundary is fixed by a plate, supported generally by a

spring. In another embodiment, the sensor of mechanical stress is a movable



part, for exanple a rod, driven by the ion-exchange material, and this novable
part is nmechanically connected with a novable part of a potentioneter

regulating the electric current. According to the invention, the
sensor can conprise a photo-sensor 5 gergerally placed outside the
conpart nent . According to a preferred inplenentation, the sensor

conprises a p Of e 0 I SES. i | e n 1y
pl aced i nsi degg'&’ ﬁoﬁ%g%ﬁ{ﬂg‘é%]}%btdﬁv%{eﬁ;rgeng)?ﬁ-%ﬁ%@épﬁ%keéﬁaea{@gba|9§¥aecgl e
di spl acenent opértsai hevhahiaalliyc aone¢ater nlvittwha clhocarigr paresofaat patestienster, pl aced
general |y outsi dﬁ t:LO t he Cf)rrpart nt, and wherein the conpartnent around the
nechani cal el E m%@egltec e ™Bhe transparent wall (or wi ndow) so that the
optical signal frosedonging riansei intedtion thd&sehseretaercoafniser ® IhosRbchsopnpar t ment
adj acent tg t he rregh ni cal el qunt. Thg description is neither limted to the
type of devi c8SPHELY BACRT oWsWa tRe comRari@Rdlor | etc), nor to the supporting
menbers (spring, fAxddidiagto atferiedamplenitdtation, tHesdnsRE cOMpisISOPhotbhe

el ectric current control disclosed here can be applied to different concepts
of EDI devi ceSESA AR CRAPHRSS avNEFNANISAE SN, dep(PlY BIRCEEARSIdROEYN and

usi ng di ffer egbntaON WA CIHENGENTRERE | 2l ghotdldbastof e R aRthcBmeheTr Nsdgads,

i on- exchange bl ocks, etc). The transm ssion of the signal fromthe 20 sensor
to the controMesharisalhrlpmegk WhicHneArRRrisesm ti@Npeaivaro Piaged EENeNeutdddpl y can
be done byomegns s, 8faWehbret® Ry dbhbsnmBl Wa e, [RebnmlQo! es. The

regul ation of electric current can also one regardi ng the expansion of the
i on- exchange feMant &ps jah legst o HANSRATeNtowAEF Wintew) Bedhat theppdpalaignal r ode

conpart ment, ¥rEmstH8nra%smﬂge?Lf%&ei_ %c@&@?&%ﬁ&r‘é@s EQidth%n‘iB%}r]%e?ﬁ\éG@E&ﬁ’tetB‘fﬁ%f or

25certain configurations cording to the | hve tiron, e device
can al so conpmesbaginatediemestensor, generally different fromthe sensor
according to the i [ on.. i LS t r@gs e hy. i ressure of
the liquid fl ow mhf%%%%%’%?%ﬁ%hpg?grﬁ?%qﬁté)hﬂ? h Z%H;]qgev} an@g%ﬁﬁéybﬁﬁgghydr aulic
pressure) 151 f séhsorsen) oror & ter slippgriing hambe30(sprive rfixtunes, ree@)ct any,adoae h t he

yaraul o prelEuvRS oF Srir the fart RRRER s PR ARARE R F R rtf 0
pressure of pdifferertiogucebtsvdHD deeictaduithedixkbd drad; ethneased esreseparatad r i ed out

by the sensor agcor di 2% to .t he.#'f nvention. Thus 9 npore. accurate ggaiur enments of
the di mensi onBP9%hEReLdhHSIPg JIfSRMPRRARR IR MAIS TS ThiNG,80Yht APFL ST
The sensor acesyiflbegdd, @ori-BechaRYEBidcRE) dt6). T Atanymakich dfah&ermEr orhige hydraul i c

pressure of the liquid inside the conpartnent and the dinmensional
20 sensor 1o the controller as well as from the controller to the EDI-power supply

can be done by means of wires, as well as by different wireless technologies.

The regulation of electric current can also be done regarding the expansion of

the ion-exchange material in a concentrate compartment and/or in an electrode

compartment, if such a measure is considered to be more advantageous for
25  certain configurations of EDI.

According to the invention, the device can also comprise another sensor,
generally different from the sensor according to the invention, which is able to
measure the hydraulic pressure of the liquid flow which can circulate through
the zone (and only this hydraulic pressure). If the sensor according to the

30 invention reacts to both the mechanical stress created by the expanded ion-
exchange material and the hydraulic pressure of liquid, additional
measurements of the hydraulic pressure of polar liquid should be deducted from

the measurements carried out by the sensor according to the invention. Thus



5 changes of the ion-exchange material while the other sensor is able to
nmeasure the hydraulic pressure of the liquid inside the conpartnent. For
exanpl e, if another sensor nonitors the pressure downstream of the
conpartment, and if the sensor accordingdo the invention inside the
conpartment nonitors the stress, the neasurenents of these two sensors can be

used to calculafe a%ﬂ.@‘ate 8. qeghAnhAal {18 il s?&%?%ﬁar?grv]esté(]‘?hé -S4

material. In caseé gauge pressure ovvns AR G evice I's cﬁgse to zero
(for exanpl e flatevidl cambé abkairsdd. at nospheri c pressure) t he rreasurerrents of the

stress on a sensor_placed close.to,.the outl t of rtment r exanpl e
G uare conpar bt sets wEOtME tadiedentond nhldur BT BFRuR Bechant ca
stress due tOhgllcﬂrﬁBlrtSprmsaLlre a6 thehkauge snide tﬁnecomparemshtaa@@ the@tdemerddiorian t hi s
conpart nmen A%Jso in_case ﬁnstant Ié?E.r ﬁséwﬁ of uid is [‘)FOVI ded in w de
range of fPowChaides of eg'O”LF‘é‘iC X prEdalre's &ﬂ“&?r NSO i§ BIFTORTRATWR, the
addi tional nomd aydradicbrds8ur Bﬁ/dfeahd]ljl@ |rﬁ§|@§$hﬁ @ompal@eaf a#dryemplé eigui red and
a predefined and constant val ue of draulic Eressure i s usual ¥ subt r act ed

from the nmeasAPeREnPENHS r@%togsewopr%%@e.%r@ CaMTdBRFRMPREREN tAddéduce t he

nmechani cal st gRsSeort AR oF %) Mo O ARENBN inside the | ddndbar@idmnhenitdR€ tHeVi ce
according to the invention conprises an apparatus connected to the sensor and,

preferably, tFEiressaspaumaassrensiieof desecwoheensersean s WSHCOtGRIGIRE Yhe t he
di mensi ongh changsniek {has %s@ﬁ%@ﬂ%ﬁon@cﬁ@ﬁ?ﬁ' indtedd1d| @a&OMd Qhugde.

el ectric current conducted throu said co nt or through the device.
The i nvent i onPEgssereceyrstican ef th@tdﬁMl@efl%ﬁloﬁﬁéO Zelivoifell exemplo fiew fte @rtfak pol ar

| quid wherei g afd oAk re%'%‘hrte OtheSAL LK PAh&Ks!dr Ghd dirf ? f‘%&af ﬁfagg@%t hr ough

an el ectrochem calc}y reg gner ab e 1 on-exchange materi a%s
conpart nent whiese tcameedndtett of thef ¢ostarinesrdfpt ramgle & tiaate h@npantmemtocare removed

mi grat e, 0p ERFSHEEA U 0 RS TNER P BN SRRl SRSIIE b a6 ©

current conducC
character nﬁedchangelsabf trte |crmedaxmtiesgea nsdtepaloih mmsumpagmant | dsstin cmaeeda rrensi onal
change of the i that_t he f controlling the

e o s P H TR o HAGH i bre e B il LarigeSorHofibrelts. &1 sle &

i on- exchange prdseuieategufaidreorsd epeckivahantiie labditignadl reoredoging rof ¢his tnydetici s at
least relat edplt'e%Slt,nhe is Igenerally not required and a predefined and constant value of
hydraulic pressure is usually subtracted from the measurements of the sensor
20 inside the compartment, to deduce the mechanical stress of the resin
expansion.

In a variant, the device according to the invention comprises an
apparatus connected to the sensor and, preferably, this apparatus connected to
the sensor is able to analyze the dimensional change of the ion-exchange

25 material and to control the electric current conducted through said compartment
or through the device.

The invention also comprises a method for the removal of ions from a
polar liquid wherein at least a part of said polar liquid passes as a stream
through an electrochemically regenerable ion-exchange material located in a

30 compartment where an electric field is applied so that the ions to be removed
migrate,

the method comprising a step of controlling the electric current

conducted through said compartment,



current in the conpartnent, but it can also control the current in the device
in which the conpartnent is conprised. I n one enbodi nent, the mgration
of the ions to be renoved is preferably in a direction opposed to the stream

fl ow t hrough said ion-exchange material. 1010 Thus, the flow of liquid used for
ion renoval can be directed opposite, i.e. countercurrent, to the mgration of

ons i nsi de {he | O SXEARgE IRk BE Al TF LRI ARSECA B BRJLp e oo

streamw || be rem)ve Yy ion¥exchange e 1 nsi
i on- exchange hetseonabinaemdionial thefngleadfltlye lom- emhemmam:nal laled al mat thedgep 0 a

concentrate styea ste. The L QN exc naterl eperal ly
cont nuoust y PhEaHsRReatle efest okt B I PRC TS o Aishang o ceq
stream can bettzobhiextioargjeymatedbianged and a flow substantially free of
corresponding salt_ions i neration. d e qf said
raterial 5 Used SESSERERSHERERe el ey o B R (O B SSHC vi a the
change of thecu@éntig teé campdrtmehteruuait canZdlsd Bented1anaetgentsihiths delickhe pol ar
l'iquid can change over tinme because of the instability of upstreamtreatnent

(for exanpl e ¥hfBdhe spmpaiments ¢PEIPrisehl i ng, fouling or aging) or by quality

changes of water uwddé@ﬁb&&fmtehtetr%v&tgeaﬁcﬁﬁmﬁa%r@fto%@%%v@&.svmf%rrawpplIer
seasonal changes, etc.). Also the flowrate through can vary during

the l'ifetime BFatdiechsuaproseadodhe &géamsﬂcw tﬁrﬁ@ghré@'ﬁd@ln-%@?arlgﬁé“?tﬁv@nt i on
gives a mep hOfi*hQQefh%t fldW dﬁ"lfqhudahéed *P&S%n%%wwaaﬁ%daﬁé&@@ o‘ﬁbBQtea igood | evel

of control of the electric current Typical I'iquid used as polar liquid
i's pre-treat e@oVRieEHITERdh thes ﬂ’pm'ﬁh@apél%lls ingide the l%@@@ﬁ@ge meiedall Theti on or

ultrafiltrati gBrr%%%;ﬁgﬁ% 964 Rb& AL fé&?at'i’?érﬁ'%?g??&ng\?é’d Bﬁanoé%chgﬁ?é;rvﬁ@le“t

I nventi on use ermve Ionic and | oni zabl e conponent s
| i qui d can befuher inedrateins@iel ipniexclaangeomgtegibeand wulwrmllgdiaﬂtalemsd ebulne also to

solutions in QFela?rBdeD%l gEoﬁc%lnYrg{étﬁre%% wné tpoewg@tte?r/ pol ar sol vent m xtures.

15 The ion-exchange material is generally continuously regenerated
electrochemically. Thus, the ions from the feed stream can be continuously
exchanged and a flow substantially free of corresponding salt ions is obtained.

The regeneration degree of said material is used as a parameter for
controlling the electric current, via the change of the volume of said material.

20 The characteristics of the polar liquid can change over time because of
the instability of upstream treatment (for example effect of temperature, scaling,
fouling or aging) or by quality changes of water utilized by the system (change
of source by water supplier, seasonal changes, etc.). Also the flow rate through
the EDI can vary during the lifetime of the module. Advantageously, the method

25 of the invention gives a method operating with all these changing conditions
with a good level of control of the electric current.

Typical liquid used as polar liquid is pre-treated water, such as permeate
of reverse osmosis, nanofiltration or ultrafiltration.
The principle of the methods and devices of the present invention used

30 to remove ionic and ionizable components from a polar liquid can be applied not
only to aqueous electrolyte solutions, but also to solutions in other polar

solvents or in the water/polar solvent mixtures.



11 Preferably, the maxi num al |l owed nmechani cal stress which determ nes

t he maxi num val ue of electric current for the EDI device is defined
experinmentally for each design of EDI device. If this maximumis achieved,
then the controller will decrease the el é¢ttric current conducted through the 5
conpartment to prevent excessive expansion of the resin and subsequent strain

on the frane and og JERBLARES TR S bl dSALEASRA NEcLd ShRCheBATRED! € | eaks
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n

time between FREPEINARYES POPVEY EXTGSSY P RTRN 8{39 trﬂ%l”@QBéHQ?‘?ﬂlr'eB?StF%% resin

shoul d be takeR thé framacaHusi n%émdra@wmntsrmlnIo@trea’éeahelﬁswcsﬂ@ﬁsm@aage a long
time to reach a steady state, where the resin expansion corresponds to a new

appl i ed curreffd i GNETACONZUTPIA Of HE SORBIEER A/ RWendmicrt nEhasteal ne
el ectric currefitss Ehe wéeta%bl SetOfo Fé&%d@%c&@é C(Jrreeulnrmrl Snpké IPTthé Nago and

comuni cati on between the sensor, the control a power supply are not
described i n Betgen tihﬁ §a fé’”ﬁn@daﬂ@ egenpipted Eugsphihe E%'rbﬁ@C@RWSI d@€in the

20art . 10 rd%Y %TaB@'s‘Fﬁuﬁk af?ﬁsﬁieb'n?ec}“@bﬁ%aloétr&ééf Fé‘d@zﬁveﬁesy'tﬁé 's%ﬂsé\* gaflescri bed
here without specifying the details al gorithns. he expansi on of

the resin beddisappérs. HDIthgeoase the W&i@ﬂe@hwlﬂhmé@aﬁal thepfﬁlé@l@ﬁlﬁétﬁrﬂ nterval s.
The tine bet “Eﬁ@nﬁﬁ?éﬁa%ﬁwa‘f“é §l%&\)% tﬁgsélﬁjnﬁ%&ﬁ V%ﬂ gaccording to nodul e design

and di nensi ons as operating conditions can last fromfew m nutes
to few hours of opEnatiednd Prigherkeiivgers dhvechbngesaobredenit suaert datheéhand an

aver age measuLemElod B G GALR'OuRTe SR HEL Sraunt by e eAMBSIE e 2008 O

resi n expansi on, regls ensor, opti nal range
where no &8 usysiemtcanstakh)adaoragme Itreremdtd sateady sﬁe’rekwhngremn@e'esmmxsaamon el ectri c

AR LR, i W T TR
| ower than 12control of the electric current. The details of the control (regulation) algorithms
and communication between the sensor, the controller and the power supply
are not described in detail in this and are easily accessible to one skilled in the
20 art.
Nevertheless, possible ways of current regulation are described here
without specifying the details of the algorithms.
The expansion of the resin bed in the EDI device is measured with
certain predefined intervals. The time between measurements is to be selected
25 according to module design and dimensions, as well as operating conditions. It
can last from few minutes to few hours of operation. Preferably several
measurements are done and an average measurement is calculated and
considered.
A certain range of resin expansion, registered by a sensor, is defined as
30 an “optimal range”, where no adjustment is done and the module is working
under constant electric current.
There are two ranges of “acceptable” expansion out of this optimal

range, where the electric current is regulated. If the expansion is lower than



what it is in the optimal range, the electric current is to be increased. The
increment of current increase can be predetermned or it can depend on the

di fference between the neasured val ue of the expansion and the predefined
correspondi ng optimal value, e.g. the in¢kenent will increase proportionally
to 5 this difference. The tinme between the nonent when electric current is

changed and woan, & et nI® SENA TeRke gofcheeélegtﬁé'c%?rehﬂs ?‘F%% nBf8GCopnt can be

fixed or it canvary, e.g. epen on "Acreénent ectrirc curren

strength. increrhéntt dfecuepepiainsdreasel sari beamredetempecabra cangdePerizibn thgher t han
t he opti mal eelec ric current eased . in a imlar to
the vay Todes RerngeRRST e eBRifellalliE of e S PRI TRERD Y phDied

accept abl e rang@espmdmgd@ﬂirﬁaabvlam e rhé hecrexipangilldncrebsé fpeogoeﬁsdnmn&ae@l is
unaccept ab#y | ow, cline of aI |{1)y When

'he_expans? ont!lr dtREPTRes] e HER hebeinEaBP RN, "hE oy eah s Ligoe

i nefficient eaﬁd@\meﬁ@ﬁwea@m@ﬁ@htpﬂ%&pmS@orﬂ@ tbe@kmto hécdunecgxpafise®n i s
unacceptably low, the electric current can be set to a maxi mal value, e.g. to

a preset val ué' bFap N8VhP ShESRETENNG htncEmant fbPECT G CUTRB YGRS suppl y, ai ni ng

to facilitate regepei@bisdhsiin 88 iR ‘ABELARRE Qé‘rﬁb”rtﬁﬁ'hfgh%?(ﬂ?é?ﬁih@rbﬁn%aq he
optimal range. If the expansion is unacceptably high, the electric current can

be set to a nidIdPaltheAlefiC eugent i§ 1 P edarearadud Brvas snilar doohesway chi ng of f
the power 1§upgk¥eribER@p8¥®ansi on in the unacceptabl e range should be
continuously nonitored until the neasured val ues nove to the acceptable or
opti mal range. An expayien Ayt ebtheheptintg) @ndi anseptehle ©Ngps ¢F UReesiigpleng t he

di mensi onal Cb\?}% h%f }r?gﬂ%ubﬂfq%&*Pé‘é]ﬂ%e'@j%eurr{aé&esﬁtéblg%w'fﬁ% o4 |y {EBRNS Of a
sensor. 25l n an e t he sensor co hot'o- sensor. a
preferred enbddclmenof piaudeged vddert qaalitnotVheh thheexpassioousf bebedinmbed ,is t he

e oo B8RP Ran i A8 @I Bperoy consumpriald ety on @l so

di scl oses a nprisrng a raulic
pressure 6% takstf denefdamsionhis uham@:&y tolwr ohegblettnie BlBrenboareke santpea nat eri al .

ooy gl 001 67 BB R i . AR Fdpcocer
t he hydraul i CppWéBSUp}ﬁ!y,Oéerﬁlh@ tstﬂaeuamé Ireyenetaion of resin and approach resin
expansion to the optimal range. If the expansion is unacceptably high, the
electric current can be set to a minimal value, e.g. to a preset value or complete
20 switching off the power supply. The expansion in the unacceptable range
should be continuously monitored until the measured values move to the
acceptable or optimal range.
According to the invention, the step of measuring the dimensional
change of the ion-exchange material is carried out by means of a sensor.
25 In an embodiment, the sensor comprises a photo-sensor.
In a preferred embodiment, independent or not of the previous
embodiment, the sensor comprises a sensor of mechanical stress.
The invention also discloses a method further comprising a step of
measuring the hydraulic pressure of the stream flow which passes through the
30 ion-exchange material.
Preferably, the step of controlling the electric current takes into account
the dimensional change of the ion-exchange material without the influence of
the hydraulic pressure of the stream flow.



As a variant, the streamflow is regulated by hydrodynam c adj ustnent of the
pressure drop in the outgoing stream The presence of an ion-exchange
menbrane is optional. The fact that, optionally, there is an el ectrochemcally
regenerabl e i on-exchange material 5 pla¢gd in the conpartnent does not
necessarily nmean that this material conpletely fills this corrpartrrent Thi s
material generally,fLl C

conpri sed between /%\%/\D \)aﬁﬁr?te@%hglhea@%ﬁ S'% %Eédﬂ%ﬁyh c{rv\eynr?‘?‘rg%ggdugknﬁrﬁ e and an

i on- exchange trenfreasnee drop mnyeoatgemgtshrearmn exchange material fills this zone
generally as a fixed bed of ion- .10exchange ydr.odynam c
ea st ante of 't he Hi%/PEEeREs pf d0JSRGRIEEE THEPENESS APUoRR! TEF SHEahter woen ¢ he
entering and bbﬁormuygﬂiemg ibia;ruidlied‘tﬂoemsmlcb&y ¢é@éﬁérafolél|bk%dchahg‘ehmada&ﬂgn of the
devi ce, as |t lg'\‘?g formt Pe skilled in the art. éSACéordiE%. othe

i nventi on, P éEPWPﬁ m&ﬁ &‘?eéxE‘P{aﬁa%eSﬁﬁE"ér mgpn hat Jaisc Matdi@! above,

can be used f@6m9fefé|§5lflﬁﬁtthléedimr\(@drtrﬁ)énts&Thi's mAteIRS gléhQ@ﬁiﬂtﬂllsna &bge fig@Be st ream

It is also able to rem)ve weakly dissociated aci resent in the f orm of

non- di ssoci at E@MRBTBEn for 18,52 cZRNSo FPBIPHESH | %We%zt)"’o LN-9Ehengei d, boric
acid, etc. 20fEGrEheY otr%eﬁvl?@arf m@raotreae aﬁd %Wbﬁ-%xf:hédg%%%bfbrf‘eaﬁd aRy exchange
material, as described above, can be used ficient renoval sal t

cations presefBss.ihe f-excbange matenial (fills itys ép% QQBP@”Y @Srééf%ﬁﬂeb%%@npr esent in
the form @f nepslingaqedigtigd ol ecules, such as NHAOH (or NH3), amines, etc.
The device describad bel ow can be used for the removal of acids or 25 bases
froma pol ar |iquithe divdresynaic pesigiadee opf dife bdewiss, ogorersir@sding ot ithe aqueous

sal t sol ution e%éﬁ#é%ﬁfeﬂ%c%%ét%?ﬂ“t%“Qntleﬁﬁ@ i b@g OP@’%‘”@ hcﬁﬂé flows, is 1he

regener abl e i on-exchange material is usua exchange resin.
More gener al | gloselyrimked iothal desigm efixbhaleygieenas éis Bhavafemrtbsionetzédldd in hi gh mesh
beads of |on- Qﬁnge resin, powdered resin, as well as 30 fibrous or porous
i on- exchangers ey can be provided as beds or bl ocks.

According to the invention, a device containing anion-exchange material,

as described above, can be used for efficient removal of salt anions present in
the feed stream. It is also able to remove weakly dissociated acids present in
the form of non-dissociated molecules, such as carbonic acid (or COy), silicic
acid, boric acid, etc.

20 According to the invention, a device filled with cation-exchange material,
as described above, can be used for efficient removal of salt cations present in
the feed stream. It is also able to remove bases present in the form of non-
dissociated molecules, such as NH4OH (or NH3), amines, etc.

The device described below can be used for the removal of acids or

25 bases from a polar liquid, or for the production of bases or acids from its
aqueous salt solution, exchanging corresponding ions by OH- or H*-ions.

The regenerable ion-exchange material is usually a bed of an ion-
exchange resin. More generally, conventional ion-exchange materials are resin
beads, high mesh beads of ion-exchange resin, powdered resin, as well as

30 fibrous or porous ion-exchangers. They can be provided as beds or blocks.

For the removal of both cations and anions, i.e. for complete
deionization, a solution is the use of two devices in series, one filled with cation-

exchange material and the other filled with anion-exchange material. In this



For the renoval of both cations and anions, i.e. for conplete deionization, a
solution is the use of two devices in series, one filled wth cation-exchange
material and the other filled with anion-exchange material. In this 14 case,
a preferable sequence of devices in seri&g nust be defined considering the
types of contam nation. For typical contam nants of natural or treated (for

exanpl e by reyels & 8 e ?%%éb@)se'&ﬁEHéeabféﬁ‘Qg i 1@< GRLL L & %”c%%sfé%hﬁé' al -

ani on- exchangé Ta sequence’i S usua y advan ageous, IS notlimted
5 thereto. |fthd shes of zohtandeatione §oc dyichl taenianﬁrm;rtsatoednatunsll cutetranied lifoasi ng,
wi t hout being outs ot her_.sol uti on,

Bivant ageoust §aIEEE orVEsTnpaTaS L oY AR - A srinng TRPBRAN RO on' 11 es
||n the use of aa|odeafx<bnmgm mbtdriaqueﬁhe‘ricews d:lsnﬁqut@di/a@]cag@b_esltﬁmni gbt litnRed he

el ectrom atlono i ons S t he i on-exchange nateria ein a

b1 pol o el et 1Ol Walad Role et o e TS er arsins By MeUBN B M EIothorr ane.
is utilized fgé.nbt&.tgdgmtgcgpe@fth@eg@mgbﬁt| ng Wand OR-ions. The use of a

bi pol ar nmenbrane i s advant ageous, in a case where the polar liquid is an

aqueous sol ution, DRAHseSY ione s B YaNRGAANSY N USPE ¢ {30 QRaIRIRE I I9¢108REMR ed wat er

di ssoci ation bBéd?dh‘.‘@etBQthm)ehnbrW%sV}httﬁ'é"a%e fo@ra”@é\h&nwﬁﬁ lig@dSfovA e Qbder
15by- products as occurs with el ectrodes. he techniques of the present

i nvention wi | POWHEr@4ERNt o Uﬁd@?@f%ﬂi@r%‘?n@ér‘%\Sd@?'@%&‘et'ﬁ@ exeNangfi matedak ai | ed
descripti @n i QneRIH Hﬂﬁﬁdl&*‘el&‘&twaetcﬂearﬁ%%ﬁ&yeﬂﬂeﬂbﬁéﬁenﬁ%feﬂaﬂlyté“&p6|%§e of an

aqueous solution to dei oni zed, in OFi gure Is a sChematic
represent at i omedtbrang ifettiiery énfdbedpmi@attoa th'@gﬁfﬂﬁfémg oh-ansli @Y -igng. des oni zat i on

devi ce accor thQ]p% 9 b?ﬂ?ﬁ’asr' rﬂ&ﬂﬂﬁdn@qs ad antagedﬂsgfr‘ld%c%snél \2/2 estﬂg?éshtr'héwaccor ding to

representation o I mpl ement atson
the i nventi onan aqueous soltRiogubecausesitaesallemalyiio elepreshentictlly ognh@ihced second

| nplement at i O(i!/aPefr A sq%fatlgﬁ'llqtja' ﬁ%h&’a’bﬁs’%ﬁs‘:%itﬁ‘&&%%&%nt & LA ANEBiPN, when

t he conpart nment resin
15 by—products as occurs with electrodes.

The techniques of the present invention will be readily understood by
considering the following detailed description in conjunction with the
accompanying drawings, in the case of an agueous solution to be deionized, in
which:

20 Figure 1 is a schematic representation of the method according to the
invention using any deionization device according to the invention,

Figure 2 is a schematic representation of a first implementation of a
deionization device according to the invention,

Figure 3 is a schematic representation of a second implementation of a

25 deionization device according to the invention, when the compartment is full of
resin beads,

Figure 4 is a schematic representation of the second implementation of
the deionization device according to the invention, when the compartment is full
of resin beads, and a mechanical stress is transmitted to the frame,

30 Figure 5 is a schematic representation of a second implementation of the
deionization device according to the invention, when the compartment is not

completely full of resin beads, and



Figure 4 is a schematic representation of the second inplenentation of the
dei oni zati on device according to the invention, when the conpartnent is ful
of resin beads, and a nechanical stress is transmtted to the frame, 30
Figure 5 is a schematic representation off5a second i nplenentation of the
dei oni zation device according to the invention, when the conpartnent is not

conpl etely full of ﬁlse B eaa(g her"ﬁl&ﬁ [ejp§esen ation & 94hify ?m%l%m%n?a‘f%ﬁn&té ¢

representation of enen i"'on of a déioni zati evi ce according to
t he inventiondemozémm1deme&acmmdagsimedmn@nomdent|caI reference nuneral s have
been 5 used, when possible, to designate identical elenents that are common
to the Figures. The drawings are not to scale and the rel ative di nensions of

various el ements iT\otfbemtétavunﬂgsstafomgjeﬁbmﬁ@d refnemt inaalelals angendteti 0 scal e.
In all the F| rcﬁ t he conpartnent

efined by its frane.
Hgore 18 o 06ad S Bos R oo TRainats, it o R s h el o5 GHBOR 4o e
10i nvention Of:l@lﬂesfmhed&éw&@s?ar@&fb@ﬂ@Gaéletamdtth@ ré@uwwn@éhs.ons of vafiogs devi ce 2
can be used for the renoval of anions or for the renpval cations, as well

for conplete a@ﬂmt%tth%ﬁr%egﬁarerﬁf Rded preematingly 3t fﬂcﬁéwﬁ%nt.on The
entering polar Iiqpidg tﬁé%L&&s %ﬁé@d\@mpﬁﬂﬁ@rﬁtﬁs bbedeyigSramé hrough the 15 inl et

4. The deioni zed |iqui | 'ow or | uate (D arrow) passes out of the device 2
t hrough the outl et F'Gurecﬂ)ri%@nﬁ*@ﬂ@t'ﬁlr@We(S@tQF"P'bW)‘ theamedhad agsprding tedbeet 5. Two

end platesg7 fREnton @PaﬁhEQP@exﬁéH@éb&dr&uﬁg@@ﬁ\e%\‘?&{tu'bﬁde define a nodule (7, 8)
of compartnents (9, 14"), all the conpartnments 9 and 14' being filled with

i on- exchange mat er The devier 2sn0We) usgddosthadreavalof enwne wd feltae éemevaliedl 8. The
cations, as well for complete deionization according to the method of the

invention.
The entering polar liquid flow (F arrow) enters the device 2 through the
15 inlet 4. The deionized liquid flow or diluate (D arrow) passes out of the device 2
through the outlet 6. Concentrate flow (C arrow) can exit by the outlet 5. Two
end plates 7 and 8, each one comprising one electrode, define a module (7, 8)
of compartments (9, 14’), all the compartments 9 and 14’ being filled with ion-
exchange material (not shown) and stacked by the end plates 7 and 8. The
20 compartment 14’ is identical to any other compartment 9 except that a
mechanical stress sensor 1’ is placed inside it, preferably on a wall and close to
the outlet 6. This mechanical stress sensor 1" measures the expansion of resin,
and provides a signal transmitted to an electronic device or controller 10 via an
apparatus 100, which is a Quantity Transmitter (QT) apparatus. This enables a
25 control of the electric current applied to the EDI device 2, by the means of a
power supply 11. The electric current is conducted from the power supply 11 to
the EDI device 2 through the electric wires 12 and 13.
According to the invention, it would be possible to have a sensor 1’ in
more than one compartment.
30 The interdependence of electric current strength and resin expansion can
be presented as follows: an increase of electric current through the EDI device
2 implies an increase of regeneration degree of the resin. This increase of

regeneration degree of the resin implies an increase of the resin swelling giving



20 conpartnent 14' is identical to any other conpartnent 9 except that a
mechani cal stress sensor 1' is placed inside it, preferably on a wall and
close to the outlet 6. This mechanical stress sensor 1' neasures the expansion
of resin, and provides a signal transmtteéd to an el ectronic device or
controller 10 via an apparatus 100, which is a Quantity Transmtter (QT)

apparatus.  Thise RIABeR, 8o Richlhal rdh THECSLRLELSRYTE I ndaRlobse 12 the

EDI device 2 a povver suppl % r| c curren
conducted fr omaa;dfte opother meapyreynehil of ahathexfDisicche vt cesi2 ter msgle thee ESI ect ric
wires 12 and [

Accor.di to the inventiqgn, it would be possible to
have a sensor%?ﬁv'c? r?%cs?'ﬁg}‘? 53%89 i?%t%wrre"g'OThe i nt er dependence of
el ectric current sFliglmgtjnsaal(ich@ﬁbﬂib mmegmtamncana blestpmmmﬁrﬁﬁtio@soff@ml ows: an
i ncrease o ic current fthr the evice 2 i Grease of
Fegenor at | 6" E0bacs: 20 rEepiski B ieRERE 08 Vof REhEhdIB R0t e of ¢ he
resin inpliesréesdits®agfs aéw&émorc@mpmséy\@l ﬂrérﬁ@ 1@'d€flﬁ®g dGofmpagmeat $4 r onger
expansi on of sal d resin. The control accord g%e o the invention is based on

the measur emeANd G MAyaPleclioyatiyPugh Sfectrads nidy fanerrtneid Ebiis @editde and acts

on the str en%BmPBrtrﬁl&ﬁt%beléiélgrfmé‘él withi g loR-ekchange FRGERLWEic §PERSHRt ati on of
a first inplenentation of devi ce 20 according to the invention. Only

a part of thi8sd@eRfLel 20058 17 eprepelat baid flRyseriersithe compadment $&8ydne rame 14
defini ng qgcoipard (rffeéﬁovMTﬁé‘r@ |§aHQ)Y,|ﬁQﬂ @er'tIﬁE"b&tBBiﬂFj%u@'r%%Fn@CIH@ epe'étroa_@e

conpartnent 14 is a dil uate co t ment
i on- exchange fat(erargaw). wWhe dinuidd Oyh@vmreﬁtﬁdaC%@tﬁrtﬂUl’rén? tostha eiqctrcnn@'ap@m ar liquid

flow enters tBﬁuo%%HBé\BMﬁé‘ﬁo&éxc%\é PQ%atéR 11y &4 sé L& ?‘rﬁ@W%&pTMde '§ a“

outlet 5 for t going |1 qui nsi ng he el ec rode arrow
liquid flow igond Zecbkthecoumpatmentr 2&ntonpriselea sperd Bopriegemtt betweerh th@ns i nsi de

e e "R SEL Bl ot 0 S0hchor LB SR LS 20 01 100
and t he sébhsomeghameshsmessall6 sis rfeeesl ﬂﬁpeﬁdmslaﬂyermdr carfnected to a wire 26
connected to the controller (not represented). In this representation, the spring 3
pushes the electrode 15 so that this electrode 15 stays in contact with the ion-
exchange material 17. If the ion-exchange material 17 inside the compartment
14 changes the expansion by swelling, the electrode 15 will move and the
20  stress transmitted to the sensor 16 will change. This will lead to a detection of
this movement and an estimation of the regeneration degree of the resin. The
spring 3 transmits the mechanical stress from the electrode 15 to the sensor of
mechanical stress 16.
For example, if the volume of the resin decreases, the electrode 15 will
25 be moved by the spring 3 in the direction to the resin 17. Thus, the mechanical
stress transmitted through the spring 3 to the sensor 16 will be reduced.

In case the set lowest mechanical stress is approached, the controller
can increase the electric current in order to increase the regeneration degree of
the resin 17 whose volume will increase.

30 This configuration would allow using an ion-exchange material with a low

cross-linking degree, which usually shows stronger expansion by swelling.



15 nmechanical stress 16 is fixed perpendicularly and connected to a wire 26
connected to the controller (not represented). In this representation, the
spring 3 pushes the electrode 15 so that this el ectrode 15 stays in contact
with the ion-exchange material 17. If the7ion-exchange material 17 inside the
conpartment 14 changes the expansion by swelling, the electrode 15 will nove
and the 20 stresseiyansn thedydostDe Sensqryd 6 fddentfigngeor THigohfl! 1ead to
a detection of this*noverrent and an estimati oh O ﬁmaregenera i'on-degree of

t he resi n. Thengpmengtidn taf andeibhizatidne desdcdh 2@ (paltialy sbesnY acoordihg telteet r ode 15
to the sensor.of pechanical stress 16. For exanple, if the volunme of the resin
decreases, th&V&["&¥trode 15 will 25 be noved by the spring 3 in the direction

to the resin 17. Thus delibe 20eihdtisesla sdmEssndntanas aefiiedby its dragle, tihed spring 3
to the sensor 16 will b ase the set Ifwest nechani cal

reduced.. : I n ;
stress is ppP}Sa%héQi‘,'e)E%@”g%r{P?tSf'?'eﬂ709?‘1 9 H@ﬁeﬂgsﬁesfrhc?e@‘ij%c e SeBeMr dnt in
order to increasRdingeo fRAANGTRN RIpISRATRErdN inslie 4 2sigz bFthelteapavalente Wl |
i ncrease. 30This configuration would all ow_usi n% an ion-exchange naterial with

h
a | ow cross- | 1AkiThg BRIGCEE, SRAIPERCLLUEPTNE ShoWdOUsoPRiel 8 dPehE anldy

swel I'ing.  17gjstributor, Gh@W &hsdr oft nRBAamcA fre8§ NOTH e foPRrFSEMtadhens of a
second i npl ementation of a deionization device 22 (partially shown) according

to the invent TBi§. PARES d&yi ‘e cofinesnippi Rask of theo g tifefomLane dudle wbdndy its
frame, fihpedcoRphiiment 12T AORRIEaNRESA) fibks tADush RIS of &SI Beads. The
sensor 1', according to the invention, is placed entirely inside a zone Z of

t he conpar t nerdiformly distidutasiisgde the expgartney 14, Papsesgtheughgheepwus bear 18
which is a fl i ' 1 i jo the form
of a T el erren?g{ %féﬂﬂggg%ﬁfse %ﬂﬁ%@%ﬁﬁﬁggﬁ? ﬁgﬁ%gﬁé g?ét{%}enﬁ ?gﬁ}%g%r9h9f rom one
side of the ber dénghetsansor bf'mechiasichl etkest r@aim f{Xxedaom dng biak Mk whhs®ugh t he
bed of beads g'n?o

e o na BPuet LI RSO L5 RSP BB ol el
upstream 65 t hedpd dbs poerustfr 18lvanens ptasté mabstahof catairselastidtyl9 is fixed on
EBSOE?: el'?ongZer gllgﬁ:/ renc"cnats% oafrl—elglt,lrreag',smet éoen%it%%stirr]"’:tersnpsr 'opgle%:cricf éucl)'ltgntt ré?e side
normal. The resin expansion is normal: it is within an “optimal range”. This is a
steady state operation, and the electric current is constant.
In case of excessive expansion of the ion-exchange material shown in

20  Figure 4, a mechanical stress will be transmitted to the bar 18, which is slightly
deformed and transmits a mechanical stress to the sensor 19. Deformation is
detected. However the resin expansion is still within the “acceptable range”,
and the electric current is decreased. If the resin expansion enters a value
outside the acceptable range, the electric current would be switched off.

25 Figure 5 is another schematic representation of the second
implementation of the deionization device according to the invention. The
difference with Figures 3 and 4 is that the compartment 14’ is not completely
filled with resin beads. A bed of beads 17’a comprises a zone Z which is not
completely filled with beads. This zone Z' could represent the upper zone of a

30 fluidized bed of the beads. It is a zone of increased electrical resistance. No
mechanical stress is transmitted to the sensor 1’ and the electric current needs

to be increased.



15bed 17'. The porous bar 18 can be in plastic material of certain elasticity.
In the case of Figure 3, the conditions in terns of electric current are
normal . The resin expansion is normal: it is within an "optiml range". This
is a steady state operation, and the ele¢8ric current is constant. In case of
excessi ve expansion of the ion-exchange material shown in 20 Figure 4, a
mechani cal stress w 1ransm r , Lch is slightly

def ormed and trans[\_Afl L"lse %er{%c%agélﬂgﬁa%@t ?%Dsrég%égﬁ?e%ge%%%ﬂﬁ#'& B‘gfdo%ﬁ'wtaéi on is
det ect ed. Howawgemehtatioe of theedgianigatoom devict 2T laceartingrio tithes inVanti@ptvdlere r ange”,
and the el ectrilc current js c[ie]gr,easr?d. I h t he re‘sg[iE nrv\gépansi on enters a val ue
out si de the a8ec¥p‘%”§b?°é“9"‘éh@eé‘, hés BT (TNe AMMAIMENAT & TR SRS of . 25
Figure 5 is ascidmdticaty)einedrder hewr£paotoasdrsor of implemearanacdonphgnenhat i on of

t he dei oni zation device according to the invention. The difference with

Fi gures 3 énd'nﬂef‘gorfhat the conpartment 14' is not conpletely filled with

resin beads. A bednothisb@res alsengolc aEdrding 3o e Menton Whishplisest®@bheweapl et el y
filled with beads. This zone 7 could represent the upper zone of

h | a 30
fluidized bedS%‘FSqrhé/h_t?Ba&Qmpf'ﬁ‘?ﬁ L ArSAEEE of neRtieas WM et ridBhl2y _é§$ st ance.
No mechani cal rgfre€sed $ 'Fgﬁﬂﬁé S ik §@nt Of e coRpadhedt a0 bhecalechligs current
needs to be increased. 1€ Fr%ﬁure 6 is a schematic representation in
perspective ofeREEEHISH i MguAehtkaNingh e cempad@pohni4at F0R Aednelyzel72accor di ng
to the inygnt \Ann VREASRM ¥ AR tSOIRNHIEN3 Ad ticSreeboun2s TR SoipRrt ment 14
is represented very schematically, 1n order how a photo-sensor is 1 nplenmented
accordi ng to 2hds zonnegied ¢gma controller (Nt shpwnk s epring Seissbredabetveaniaet o t he
i nvention 1" i . t.0- r keh j tyansmi tt f opti cal
i gnal o 11 ghet Y En: AL SrBEASO I 187 IRGTRN DR R (R hiedred 0
14"), a recei here a1 a(st ofefpeaantet. iTheForrerehadgebréteria theinctegamo wént 14"),
and an anal yzer._. i ch i ot | L4.e and t he
recei ver 24. %Sér?g%%%y%rgglg%?gg%%ﬁgh?@edgfggg&ﬁ%@?‘% ol Trﬁept?%ﬂn{)ﬁb saﬁl(%)a/rz). A
spring 3 1bs fiixibd doetpaeterent bederdng ardvabletpldid™ Samtlich fixew #id pogiticat & th8". The
novabl e plate 18" .1 nsi.dered her a, part of the sensor 1). Th
on- exchange. et Pedi 7367 i (aRpERBaf 1 F o din, ekt TUR Pe0PIRE 28 a bed in
t he conpart neahd d4lationleectadieateibatte 277definkSwbi dides whleottthspanipaenientinder t he
novabl e plate, 18" which fixes the posjtion of the resin hed 17" insjde the
Conpar ¢ ment 144" ragpeaiyed s Sar W ARl e A Bt 3P B2 e e G Fben BndES menbr ane
27 define twonfiveBleWplates 1@8f Eheeteotaprr tHrendh 14é trarepaeat iwistowtye Thght wal |
and the left wall as re_gresent ed in Fi gure 6. The novabl e Pl ate 18" is

det ect abl €0t hF'80RAAeMVIEdM <P 2 GRM dblheSfeont wgll (as represented in Figure 6)
compartment 14”. The photo-sensor (23, 24, 25) is placed outside the

compartment 14”. It is able to detect small changes of the plate 18" position,
corresponding to the dimensional changes of the volume of the resin 177,

making it possible to control the electric current.



20 transparent w ndow 28 forns a part of the front wall (as represented in
Figure 6) conpartnent 14". The photo-sensor (23, 24, 25) is placed outside the
conpartnment 14". It is able to detect small changes of the plate 18" position,
correspondi ng to the di nensional changes19ef the volune of the resin 17",
making it possible to control the electric current. 19 CLAIMS 1. Device (2,

20, 22, 27) for the renoval of ions frgnkﬁwgolar liquid (F), in 5 which the
devi ce conprises el ectrodes, at |east npartment (14, 14', 14") which
conprises at least one inlet (4) for an entering polar liquid flow (F) and at

| east one outlet (5) for an outgoing deionized liquid row (D F'), in which

materal T (17 1 Tpeyice s dh brE Tobe BRPTHLA N el S iqw%ofh?ﬁ TS
abl e to pass, | t he dewhire th@dedbe carapne:’a%)elb@t'rdm@scétaé@s:toaélobgﬁbartmehh@ml it ]

conprises at |east on as i nensi onal change
of rr}[)he i on- exchange flrgt égp hlgéﬁommses éle)astf@nq Irﬁﬁj éé?% PHRACTNGPOBEY ce ?2

20, 22, 27) accordi ngqydi@ flole mra&@eslﬂ |@gstCJ>rfr>é Butieh@s %rnaﬁi B@tg@)ﬁ'%@@éloﬁéed
conprises a photo-sensor Wde Fn’s 25) . Devi ce 27) according
ali '

to any one of the prdddif n\/\WB'PQl PRI heoraRay nt(114 14, &6ﬁp?ﬁ‘ ses a

sensor of nechani cal e%t:fr@c%%n%@éll%reg@%rabf’e |daeé/>ldﬁ§néez m%@rlalzew 27), gpgording to
any one of the preceding clains, wherein the sensor (1") conprises a

phot 0- send®r whi ch cBip? Zarssthaoyasemash é@ﬂ‘e aligwdfiow(ig gble t@r@és% ththdeycelet ect or
(23, 24, 25) of the fiﬁﬁpbg?%gﬁgtcﬁ@&@ﬁz@d”ﬁ%éﬂqh“c@hmlptﬁéé‘é@mefﬁf‘bﬁ@

conpri ses a transceiver erein the conpa ) around the
mechani cal el ement (wﬂ%orh(as 1at11 eAsat teast pnarﬁhman@ﬂmalvmangezg) theoionhat t he

optical signal from (423) Jver (24) can cross said
conpartment (14") adlﬁg@a%pé J{%ﬁél?h cﬁgr?iwg:l” r@lesgrrf.tea%cﬁ{ '
15 2. Device (2, 20, 22, 27) according to the preceding claim, wherein the

sensor (1”) comprises a photo-sensor (23, 24, 25).

3. Device (2, 20, 22, 27) according to any one of the preceding claims,
wherein the sensor (1, 1') comprises a sensor of mechanical stress
20 (16, 19).

4, Device (2, 20, 22, 27) according to any one of the preceding claims,
wherein the sensor (17) comprises a photo-sensor which comprises a
mechanical element (18”) and a photo-detector (23, 24, 25) of the
25 displacement of said mechanical element which comprises a
transceiver (23, 24), and wherein the compartment (14”) around the
mechanical element (18”) has at least one transparent wall (28) so
that the optical signal from the transmitter (23) to the receiver (24) can
cross said compartment (14”7) adjacent to the mechanical element
30 (187).



30(18"). 20 Device (2, 20, 22, 27) according to any one of the preceding
clains conprising another sensor which is able to neasure the hydraulic
pressure of the liquid flow which can circulate into the zone. Device (2, 20,
22, 27) according to any one of the preceding clains conprising an apparatus
(10, 11, 100) connected to the sensor and, preferably, this apparatus (10, 11,

100) s able tognal yegelhs ghensianaloianac, Bl odhe e exciRnoR et e

and to control ctrlc curte e ‘conduc sal d
conpartment or througbmprasidg cewihee.selbohatichois dbie to eneasalre diie ihgdsaufic om a
polar liquid (F) wherein at

art . of sai.d Iar uid (F) passes as a
stream t hrough an el 8@%5%@@%@%'&'8‘@&@%% cérou h&%ﬁ@ materi al (17,
17', 17") located in a conpartment (14, 14', 14") vvhere an electric field is
appl ied so_that the | ons t ed m the hod C a step
oF Pcont ol Fi g e ePELERIE: o iom) CoRRGTER i Sl &8 (e HpaC EHBRt - ( 14
14, 14"), the nethodomplisiey @haippetiis 7El 1l1n100p@onriecteﬂqbuﬁe%eas@ta&w of
measuring at | east one di rrens i onal change Lon-exchange materi al (17,

17', 17") and in thaPraferabyt éB‘SoPp%ﬁNSo 1q nb1 it H@O)el'%cf‘imer‘ ctocﬁ'ﬁff‘é?ﬁ th&kes into

account this dimensi ainfdnsfoMaNesare éﬁ“t‘?neh@rﬁl'e%ﬁa?f@@gﬁat’éﬁbﬁéh@'to Cdrtrol ke, 177).
Met hod according to the preceding claim wherein the step of measuring the

di mensi onal change ofleehie Gusiene it HageLaRGUCHd thlqughleald COMPRMMENE & ri ed out
by neans ¢f a sensortrﬁ,(;U ih daid ddvite, Mt hod according to the preceding claim
wherein said sensor (1")” conprises a photo-sensor (23, 24, 25). Method
according to any one of clains 7 to 9. wherein said sensor conprises a sensor

of mechani cal sty eSsl\lfe%hodlf'or tt'pe8|:e)moval of ions from a polar liquid (F) wherein at least

a part of said polar liquid (F) passes as a stream through an

electrochemically regenerable ion-exchange material (17, 17, 177)
15 located in a compartment (14, 14, 14”) where an electric field is

applied so that the ions to be removed migrate,

the method comprising a step of controlling the electric current

conducted through said compartment (14, 14’, 147),

the method being characterized in that it includes a step of measuring
20 at least one dimensional change of the ion-exchange material (17,

17, 177) and in that the step of controlling the electric current takes

into account this dimensional change of the ion-exchange material

(17,17, 17").

25 8. Method according to the preceding claim, wherein the step of
measuring the dimensional change of the ion-exchange material (17,
17, 177) is carried out by means of a sensor (1 ;1" ; 1”).

9. Method according to the preceding claim, wherein said sensor (17)

30 comprises a photo-sensor (23, 24, 25).

10. Method according to any one of claims 7 to 9, wherein said sensor

comprises a sensor of mechanical stress (1, 1’, 18”).



21 11. Method according to any one of the clains 7 to 10, further conprising a
step of neasuring the hydraulic pressure of the streamfl ow which passes
t hrough the ion-exchange material (17, 17', 17"). 12. Method according to the
preceding claim wherein the step of conptolling the electric current takes
into account the dinensional change of the ion-exchange material (17, 17",
17") without the influence of the hydraulic pressure of the streamfl ow.

11.  Method according to any one of the claims 7 to 10, further comprising

a step of measuring the hydraulic pressure of the stream flow which

passes through the ion-exchange material (17, 17°, 177).

12.  Method according to the preceding claim, wherein the step of
controlling the electric current takes into account the dimensional
change of the ion-exchange material (17, 17, 177) without the
influence of the hydraulic pressure of the stream flow.
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