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ELECTRODI ALYTI C REGENERATI ON OF AN ELECTROLESS BATH ELECTROLYTE The
present invention relates to a systemfor the electrodialytic regeneration
of an electroless bath electrolyte with a first ele ] gy unit and a
second el ectrodialysis unit alternately having dil umlmmmwmmm,ent S
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electrodialysis unit being serially connected to the concentrate compartments of the second

electrodialysis unit via second lines through which the regeneration electrolyte is sequentially
channeled.

In addition to galvanic plating methods in which an external current is introduced via
electrodes that are placed into the plating bath for the purpose of depositing a metal plating on a
work piece, so-called electroless plating methods are known. These methods are most often used
to plate nonconducting substances, for example, plastic components. Such metal platings, for
example, are applied for various reasons to plastic substrates. For one thing, a metal surface may
be desired for esthetic reasons; for another, the objective may be to utilize the material properties
of the metal with which a substrate is plated. Such properties include, for example, improved
resistance to corrosion or the electrical conductivity of the material used. Thus, it is known, for
example, that printed conductors can be applied to printed circuit boards made of plastic (for

example, epoxy resins) by means of electroless plating techniques.
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‘exénple, that printed conductors can be applied to printed circuit boards
made of plastic (for exanple, epoxy resins) by neans of el ectroless
plating techniques. 1 1111121131 IVILIVILTIVIEIVILTIOITTTTT  *@00002* In
particular, nickel nmetal is frequently deposited by neans of el ectroless
plating technology. To reduce the netal ions contained in the electrolyte
to elenmental netal when this type of plating technology is used, an
appropriate reduci ng agent which is oxidized itself during the reaction

nmust be added ta the electrql.yte. In the case of an_.el ectrol ess nickel
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el ectrolyte decreases. This neans that the electrolyte can be used only
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the electrolyte is being "depleted." Thus, as the time during which the electrolyte is allowed to
stand increases, the quality of a plating deposited with such an electrolyte decreases. This means
that the electrolyte can be used only for a certain number of plating runs. Thereafter, the
electrolyte must either be replaced or it must be regenerated by means of suitable auxiliary
agents. For the nickel precipitation bath, regeneration involves at least the removal of the
orthophosphite ions which form as reaction products and, potentially, the addition of spent nickel
ions and spent hypophosphite ions.

In addition to the in situ precipitation of undesirable ions in sparingly soluble compounds
and the addition of ions which are needed and which are spent in the course of the standing time
of the bath, it is also known that electrodialytic methods can be used for the regeneration of
electroless precipitation baths. Such methods provide that the depleted bath electrolyte and a
regeneration electrolyte which absorbs at least the ions which are to be removed from the
depleted bath electrolyte so as to be able to regenerate [the bath electrolyte] are channeled

through compartments which are separated from each other by membranes. At the same time, the
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el ectrol ess precipitation baths. Such methods provide that the depl eted
bath electrolyte and a regeneration electrolyte which absorbs at |east the
ions which are to be renoved fromthe depleted bath electrolyte so as to
be able to regenerate [the bath electrolyte] are channeled through
conpartments which are separated from each other by nenbranes. At the sane
time, the 2 regeneration electrolyte may contain ions that are to be added
to the bath electrolyte. Via electrodes provided in an electrodialysis
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In the first electrodlaly5|s unit, both orthophosphlte i ons and

hy pophdsshnoselasive apios exenges aneribsanes e thszqaghiode side and by anion exchanger
membranes on the anode side. To regenerate the bath electrolyte, this electrolyte is divided into

two main streams which are conducted parallel to each other through the diluate compartments
of the first electrodialysis unit and the second electrodialysis unit. Similarly, the regeneration
electrolyte is divided into substreams which are conducted parallel to each other through the
concentrate compartments of the first and the second electrodialysis unit. In the first
electrodialysis unit, both orthophosphite ions and hypophosphite ions are removed from the bath
electrolyte. Nickel ions still present in the bath electrolyte remain in the electrolyte. In the diluate
compartments of the second electrodialysis unit, hypophosphite ions from the regeneration
electrolyte are fed into the second substream of the bath electrolyte.

This method is less efficient per run, and it is necessary to recirculate the bath electrolyte
to be regenerated several times through the electrodialysis system until the degree of

regeneration desired is obtained.



. electrolyte. N ckel ions still present in the bath electrolyte remain in
the electrolyte. In the diluate conpartnents of the second el ectrodial ysis
uni t, hypophosphite ions fromthe regeneration electrolyte are fed into

t he second substream of the bath electrolyte. This nmethod is | ess efficient
per run, and it is necessary to recirculate the bath electrolyte to be
regenerated several tinmes through the electrodialysis systemuntil the
degree of regeneration desired is obtained. 3 A second system known from
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Al is the starting point for the present invention as disclosed in the precharacterizing clause of

main claim 1.

The system known from the European patent application [Offenlegungsschrift], however,
has the disadvantage that its setup is expensive and that the electrodes used in the electrodialysis
units are not sufficiently protected against the detrimental influences of the chemicals contained
in the electrolytes.

Thus, using this well-known prior art as a starting point, the problem to be solved by the
present invention is to further develop an electrodialysis system of the type described in the
introduction by designing it so that it is less expensive to construct and by considerably
increasing the life of the electrodes used.

This problem is solved according to the present invention by providing that the electrodes
have separate electrode compartments which are separated from the adjacent compartments by
membranes and through which a rinsing electrode is channeled via third lines and that an
electrode common to and functioning for both electrodialysis units is located in one of the

electrode compartments which are adjacent to compartments of both electrodialysis units.
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Thus, using this well-known prior art as a starting point, the problemto
be solved by the present invention is to further devel op an

el ectrodi al ysis system of the type described in the introduction by
designing it so that it is | ess expensive to construct and by consi derably
increasing the life of the electrodes used. This problemis sol ved
according to the present invention by providing that the el ectrodes have
separate el ectrode conpartnents which are separated fromthe adjacent

conmpar t ment s, b menbr gnes and t hrough i a rinsing £l ectrode .
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units can now be constructed so as t more conpact and space-savi ng.
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di l uate conpartnments and t hrough which a separate rinsi n% el ectrolyte can
flow, it is Byjacarperatipgelectrode compartments which are separated from the concentrate and

diluate compartments and through which a separate rinsing electrolyte can flow, it is ensured that
the electrodes are shielded from the ions dissolved in the bath electrolyte and in the regeneration
electrolyte so that said ions cannot have a detrimental effect on the electrodes. Instead, the
electrode compartments are rinsed with a rinsing electrolyte which ensures, on the one hand, that
current can flow from the electrode compartments into the concentrate and diluate compartments
of each electrodialysis unit and, on the other hand, that the life or standing time of the electrodes
used is considerably increased.

According to a useful further development of the present invention, it is proposed that the
rinsing electrolytes present in the electrode compartments be sodium sulfate, potassium sulfate,
or sodium phosphate. According to another useful further development of this invention, these
[rinsing electrolytes] are used in a concentration ranging from 1 g/L to 30 g/L. A rinsing

electrolyte of the composition proposed has good conducting properties, but the concentration of



. the electrodes are shielded fromthe ions dissolved in the bath electrolyte
and in the regeneration electrolyte so that said ions cannot have a
detrinental effect on the el ectrodes. Instead, the electrode conpartnents
are rinsed wwth a rinsing electrolyte which ensures, on the one hand, that
current can flow fromthe el ectrode conpartnents into the concentrate and
diluate conpartnents of each electrodialysis unit and, on the other hand,
that the life or standing tine of the el ectrodes used is considerably
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di luate and concentrate co%art nment s used. ) )
According to another useful further development of the present invention, a closed loop

line for channeling the bath electrolyte through the electrodialysis system is proposed. For this
purpose, it is useful to provide for a collecting tank in which the bath electrolyte to be
regenerated is stored and from which it is taken and to which it is returned after having been
regenerated in the electrodialysis system. The tank can be a bath tank in which the electroless
plating is carried out. In such a configuration, the bath electrolyte is so-to-speak regenerated in
situ in that a certain quantity of the bath electrolyte contained in the plating tank is removed and
regenerated by means of the regeneration system. The quantity of bath electrolyte thus
regenerated is channeled back into the plating tank where it recombined with the residual
electrolyte. Depending on the requirements that the bath electrolyte must meet, the regeneration
rate required can be controlled via the volumetric rate of flow of the bath electrolyte per unit
time through the electrodialysis system., If the bath electrolyte used in the process needs to meet
higher "purity" requirements, the volumetric rate of flow per unit time through the electrodialysis

system for the same bath tank volume must be higher. Correspondingly, the electrodialysis units
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. According to anot her useful further devel opnent of the present invention, a
closed loop Iline for channeling the bath electrolyte through the

el ectrodi al ysis systemis proposed. For this purpose, it is useful to
provide for a collecting tank in which the bath electrolyte to be
regenerated is stored and fromwhich it is taken and to which it is
returned after having been regenerated in the electrodialysis system The
tank can be a bath tank in which the electroless plating is carried out.
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L oS e Thetetlro Bl s e iy BEConABa ymh Wbl oy oL B RS A e

pl at i ngndyetiakee, for &Y d gidattr niRBaFIddLLe ahy cdiRadtfatOEonhRetnicABa R wbul@Be
system The quantity of bath electrolyte thus regenerated is channel ed

back i medized for lawetgleqtrokyte treuebpit reconbi ned with the residual

el ectrol yteg; ' ' : : yt e nust
neet, the resglgdegg’gér%gﬁjiu %%thgr%}ﬁcga ee?ﬁ#%léﬁ@%%ﬁggﬁ?gaﬁwgﬁ "Fg% Qtv@alﬁ‘tgﬁgesgéol unetric
r at e ofopélatng tempetaturbdt is pedposed inlapothepesefull firther déveloptrientoefithe present

| ectraodi al.ysj t el I bat h el .yt din.th d
o oot ERe et s SR B R GtE Brto Pt B TR por umi o
time thetanoflow life, allRad dxoktingbtsd (Fovidyd: B théaas of e heaRchaagdr ih @fesdlingye nust

be hi gher. Correipondi n%{gy, the el ectrodialysis units 6 of the

el ect r ddi 1eRupRly dipg fQ.the kit elegmodiglysis yuit.of thegystgmnhgiclactrelyioagepled by For this
PUT POS @yeghdlga cd@?ﬁi% BRdfum, i ex@%@ﬁ?b&ﬂin@ wile? AhShis W#ﬁﬂ?&f tlﬂgfselﬁiti\}éat e and
concentrate conpartnents than uld be™ required tor a lower electrolyte

t hr ouglepmponedisafdhe elsctrodialysis unithsuchlae dterménghrandspare abedamaged by amet al  pl ati ng

is used_at . Lncreas rating .te ture, . if. i ropased. i n .anot her
usef ut SKevRgy EOSMEHe PRER ey SR BRREA S fted i e RAPR BEW e D (e
feed | ienetrodialybie spt@n lileqdh ee\dBdifageint €68 thObith Blecfr 8y RIFtom Blesecdnd t he return
flow line, a heat exchanger be provide By nmeans of the heat exchanger in

\ neat ¢ / d. By
the feétperpdiglysisiunig, the bath elegisplyts whichonaw haspempergturebelev thronerafigdatini ¢, of
the sYSidBrattis B breRbatlPodrdre 410 enBY 1o HF BSlReciitg Ank AR pLAGuIPMHE Yy | OF

exanpl e, cooli ng I's manner, the sensit nponent s t he
el ect r datikaTrs tveo hnat exchangets used cancbanonfigemé & sugh @ waytthat dweepoting medium

B e e T o

return YTOW ITHe 6 rnogeline

for thehdfetdlitd efthé pysyneisfus@dotest thebath dlec@dblgte] whithad W& Sold)intthe fefign bat h
el ect ro‘ yte ich now has a tenperature bel ow the operating bath
t enper line of thegsystenyr eheat ed before it is returned to the coll ecting

tank, in parbifiledt pdrfi@edBEh penetrating the electrodialysis units, another useful further

development of this invention proposes that a filter be placed into the feed line of the system,

i.e., into the line feeding the bath electrolyte into the first electrodialysis unit. This filter filters
particles from the bath electrolyte which may have precipitated and thus prevents clogging of the
sensitive membranes between the individual compartments of the electrodialysis unit. It should
be ensured that the size of the particles trapped by the filter is sufficiently small, i.e., the filter
should be sufficiently fine. For this purpose, cross-flow filtration (micro- or nanofiltration)
among other things can be used.

According to yet another useful further development of the present invention, the system
also has a closed loop line for channeling the regeneration electrolyte. As proposed in another
useful further development of the present invention, this closed loop line preferably comprises a
storage tank, from which the regeneration electrolyte is channeled to the first electrodialysis unit

and from which the regeneration electrolyte from the second electrodialysis unit is returned. In

7



tank. The two heat exchangers used can be configured in such a way that the
cooling nmedium which is heated in the course of cooling the bath

el ectrolyte contained in the heat exchanger of the feed line of the system
is used to heat the bath electrolyte, which is now cold, in the return
flowline of the system To prevent particles frompenetrating the

el ectrodi alysis units, another useful further devel opnent of this

i nvention proposes t hat a filter be placed into the feed line of the

system i.nt.o .t he t he.bath e ctr te to t.he . first
ol ect r dis SelBng R e S3pinoBfion SR PepBRucHdhBEF b el dlsBedififpul o

el ect r ghefegenotiition réqRyremate. 'Hflﬁoth@bfﬂ@d;ﬂidsp'hﬂé 1dﬂaw&u¢lﬁememérﬁo\fad%guaﬁt@ of the
sensitive nenbranes between the individual conpartnents of the

el ect r ®mdctydiom thebath dlectrglyts gan begemeyed framy ﬂtﬂﬁasenﬁmiog eleetredyter 196 particl es
trappe I | d be
U T oi SeEpsy B ireeibioheT oM B bpofu BB vaple, Rids drpilsah BE d oK,

nanof i Iatldlabn,cm@kel @nmwglohthlaé loptucmaﬂg beanaaddedasspent. mat(cmad ndthegaaﬂmlgomol)amﬁt her
usef ul rt%gr pne B %Pﬁ g esent. invention, the system also has a
cIosed‘Y VP%’of 1° 2018 SRR PY AdAA AL SR er at i on el ectrol yte. As proposed

i n anot her A¢serdiflg th ?éﬁdﬁeﬂleﬂ@éﬁil@lﬁmﬁﬂﬁe@iop&ﬁbﬂt @ﬂtﬁ&pﬂf&eﬂt Iim%ﬁﬁdnﬂli‘t is fihalBy
closed loop |ine preferahly conprises a storage tank, from which_ the
r egenePEANOgd Batalossi Jqap ling bealsapeevaded;tar thﬁémﬁms slecplyterforte glegpde uni t

and fr di al ysi s
cni ¢ SOREREONS Mol GRDRERRE e Cafplekat] B ploOMUCH TG (BR SRE o1 fioh?
r egenemdti¢hothe ehnsing cbbtyalgtecfarthb eleetct;d@sbmpampws flows Bécyaemtmllyttheugle@ener ation

reqU|re nt,s ol hi ns_whi re_renove wast e
br aduc e PaheleISds o bafinepRaRe FES hiemsBE Bosltk AR ARAS roEE FEBe B ' o
el ect r @intecas dresult &XWtaeysmyfwteﬁtbmyﬂmgmmd okggatiwhizh tdkes placo@i theum pH
val ue, acids or bases can he added addi tion, nickel ions which had

opt | onalelcvoc!féewatawaéemayoe%rﬁm%# éﬁomaqhe flasm&elef}aq Heelt gy bgusefal s wel | as
hypophg ? b g Water ARG oA dEL af’t‘Ehetéalléculﬂg'tﬁﬂ( foﬁﬁ@%ﬁh?glew 1?%2 ARt her
useful further develo t of t’he present i nvention 'S ? na 'y

pr opos etectrolyte. Eomttltssmd)dsc)@ffedtd line das balpmyidedovi deq for the rinsing
oL 1R S B0 AT e B o BRI o
el ectr Q‘bl}ﬁvﬁn@ @ésciiptiored fentenbdGintniPed syt for tHe@letrogidlysio rég@hérutidhofuagh t he
individ el ectrode c npart nts and intg whi.ch the . rinsing electrolyte
retur n§ o %lﬁ:gelectro yte accor ing to t%e present mvcnhon w{nch is shown 1n the single

attached figure.

The figure shows a system for the electrodialytic regeneration of an electroless bath
electrolyte. The heart of the system comprises two electrodialysis units 10 and 20. The first
electrodialysis unit 10, shown on the left side of the figure, has a cathode Kal, an anode An, and
a plurality of compartments 11 through 14 which are separated from one another by membranes
inserted in between said compartments. To be more specific, these compartments are cathode
compartment 11, diluate compartments 12, concentrate compartments 13, and anode
compartment 14. On the anode side, cathode compartment 11 is followed by a first diluate
compartment 12 and is separated from anode compartment 11 by membrane mK which is
permeable to monovalent cations. Further along in the direction of the anode, the first diluate
compartment 12 is followed by alternating concentrate and diluate compartments 13 and 12,

respectively. On the cathode side, concentrate compartments 13 are separated from diluate

compartments 12 by membrane A which is permeable to all anions, and on the anode side by
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Since, as a result of the catalysis of water to hydrogen and oxygen which
takes place on the electrodes, water is continuously renoved fromthe
rinsing electrolyte, it nay be useful, if needed, to add water at this
point, i.e., at the collecting tank for the rinsing electrolyte, to this
el ectrolyte. For this purpose, a feed |ine can be provided. O her
characteristics and advant ages of the present invention can be taken from
the follow ng description of an enbodi nent of a systemfor the

el ectrodial ytic_r neration, of an | ectr ol ess, ni ckel el ectrql yte

S ccor TGRS K L BT RDIA e POV A RN PR ST PO e ached
fi gur e.nutiber éf WAL ahill ¥YeRtraty SéBParntints 12eandl 18CEE SR, dfchd S@ENer at i on of
an electroless bath electrolyte. The heart of the system conprises two

el ect r stacupdiglysis ypit 4 Q islgmisedcfo 3o eaghelfmepded, hasyeuer, maatf thapdwe sughi t 10, shown
on the | fi f ey Q]?O%] . I d a

pl ural ic%) @E%?rﬁ?gﬁﬁ%r?erfgﬁ‘(léé&i?@m oug %ﬁ%?%%eﬁ;‘r%edfsd ggaggg?cgﬁ)r@?%trn%@%ne

anot hercotmpantmaeris dhesd 13, nsspedtively] ends atithereconsaitmtecmmparthernt swhith ise nor e
specific, these conpartnents at hode conpart nent . di | uat

conpar te B n DRt b TR IRE eV SmpRsabts GRATERERD 14, on
the anqdedesd ho0sy Gembrné ARMWhibh id seldefildlp perehealle do friohs¥aldtit Cating.
compartment 12 and is separated from anode conpartnent 11 by nenbrane nK

which is pdnhesisaveng,st Yaneds Ae ard exiending fothetighiisidlega sagorde direction
of the he {1 EHTELE | I I ating
concent Ta Qe Sk 20 BprUAE 1his SRRl TRk oh Inld O, bafpbifd

cat hodas stilized by thecfist eletedmtysipamiti®ninsaaddBioay the sexpad aleettodialysis dnit 2Ahas
conpartyents 12 b rane A.which.is rpeahl e to all cani on and, on the
enohe. 4P nirgtiearkaB SRt Sianiy B 4nd o bR Hhefe ik st RO Bae RO LR, ¢
the pragd ieparate@ friPbR HOMONby inldgns dTWdASHramk. Sthltiad FOnaiMe afeRCRRES ate
conpartnments 12 and 13, respectively, of the first electrodialysis unit 10

i s |i nicoapatpenthareagede comparmetiedft, dieat camparimpnts 22, spnceniate cerppartments
i ed. ! L uat
conpar HAEM S af30e g&r}g&%n@%ﬂsm%e Iggﬁp@@ﬁ 12'0@'%_&&%1&&8%@5&%% 1g hgat e

and concéntrate onpart nent respectively,
concentanadescompaptarehn@indf th@secbnd¢ledtmdialysis wnietd thgeter foamoal eornmopanedeent 14.

1 L 2SbebAREA L SRR ATt sk RERTH G R AR BB
dr awi ndlowsthddigheniictionsterAn sabdnipattieals 19 ah@ 24 BEtheiabde dohfhartmansecond

Diluate compartments 22 and concentrate compartments 23 are adjacent to one another and

arranged in alternating sequence. In the practical example shown, the second electrodialysis unit

20 has two diluate compartments 22 and concentrate compartments 23 each; however, it is also

possible for this unit to have more than two concentrate and diluate compartments 22 and 23.

The choice of the number of diluate and concentrate compartments 22 and 23 depends on the

volumetric flow rate of the electrodialysis system required per unit of time.

In the second electrodialysis unit 20, anode compartment 24 is separated from adjacent
diluate compartment 22 by ion exchanger membrane K which is permeable to cations. The first
diluate compartment 22 is followed by concentrate compartment 23 which is separated on the
anode side from the diluate compartment by means of ion exchanger membrane mA which is
selectively permeable to monovalent anions and on the cathode side from another diluate
compartment 22 by ion exchanger membrane K which is permeable to all cations. Similarly, all
concentrate compartments of the second electrodialysis unit 20 are separated [on the anode side]

by ion exchanger membrane mA which is selectively permeable to monovalent anions and on the
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el ectrodialysis unit 20 is provided. This second unit utilizes as an anode
~the sane anode An that 1is utilized by the first electrodialysis unit 10.
In addition, the second electrodialysis unit 20 has its own cat hode Ka2.
Bet ween anode An and cat hode Ka2, there are several conpartnments which are
separated from one another by neans of nenbranes. Starting fromthe anode,
these conpartnents are anode conpartnent 24, diluate conpartnents 22,
concentrate conpartnents 23, and cat hode conpartnent 21. Anode conpart nent
14 of t

t. el ectrodial ysis u .and ode conpart t 24 of the
second et St by SrihetiSHRlK viish 1 SRR S AT RGO lessrpar  rent
I n thi gofRARAE CHMPArtmaN 2dsiniit figie Bowh cieRaFight sidk, Wabllowsd by datltcde al so
provide for flowthrough connections between subconpartnents 14 and 24 of

t he an&eAPEYRYHE R ehigh is senarated fom saig £pRGeRtats compartaent by demexchanger _
Comarﬂﬁ’@ﬁﬁr&&ﬁ“ﬁﬁcﬁl? érﬁﬁ?ﬁ]&t&&ll?@%g nother and arranged in alternating

sequence e practical exanp own, the second el ectrodialysis unit
20 has two Jht seiematiorpasstntetiinsof2e Ggute elso slmWsnaheus:anrlbm;eelécﬁroh&e each;

however. ssible for this unit to nor.e .t

concenthflﬁst g‘hﬁﬁﬁfﬁﬁfelcﬁg% tﬁ%fﬁi)ﬁ’rqemr%g lgﬁ@tﬁge m'Is a%@?lﬁg&g“fhlst he nunber
of dil lé&wol s 6IMAEIBY VRtaFe6PRIRA It iR HiRial Zodpart@Aents @R 6N & elddRodialysis

vol unetric ow rate of the electrodialysis systemrequired per uni t of

time. mnlttlﬁelnsf%idm ) partiole diltar 3&and hens qxclz@gerair?o@re lwwsalpstm@mo 24 is

separa t m menbr ane K
V\/n:och fels%g%{’a#lg a p!él '? g'ﬁgg%c?éoﬁfg&3 i sk’gﬁgﬁ 1|a P@xgtg%gé)? P ngerz S

foll omltctwlytcoﬂme mhsuang thabsmdipamadatesz&e\pmveimd ﬁomacpaggmgﬂie eensitive poemofle
side fromt h

ot o & b SRl ot REGH B a0 3R 3b and RaRu ki Gl FRBPHRES . o

si de f pa#EgaBROINRE Fﬁbdlmmmm@ﬂmmteae @Eef&&bl?)é pafitleAkG3NGRicHERRS aire K whi ch
i's per rreabl e to all cations. Siml concentrate conpartnents of

the sedaitiglecsizes PO umais yaqds Infepd liggy3 hp@T@@ﬁ‘&t@aﬁéeﬁ foBewedily hgb exchanges 3. by
o0 - R BRPAR ol 4 A BSIE R TN 6
per meaB3il2, each of Whickhbpansont ifiteeitd et diluatrwenpartadent Loofisbe firseelectAglialysis wrie
5 B b e S BB o IR T 2
nmenbr arelldsting lifids 313 ape BN ahich open autlintd diverdlds: linki Bt \ﬁlﬁaemeas ditpdtesent ation
of the figure also shows various closed | pop. el ectrol
compartments 12 of the first electrodialysis unit 10 with diluate compa ents 22 of the second
electrodialysis unit 20.

Branching off from overflow line 34, distributing lines 341 and 342 lead into diluate
compartments 22 of the second electrodialysis unit 20. In turn, diluate compartments 22 of the
second electrodialysis unit 20 have branch-off points for collecting lines 343 and 344 which open
out into return flow line 35. Return flow line 35 finally leads via heat exchanger 36 back to
storage tank 30. The line system described which comprises feed line 31, distributing lines
311,312, diluate compartments 12, collecting lines 313,314, overflow line 34, distributing lines
341,342, diluate compartments 22, collecting lines 343,344, and return flow line 35, together
with storage tank 30 forms a first closed loop line for the bath electrolyte to be regenerated.

Next, a second closed loop electrolyte line will be described, starting from storage tank
40 for the regeneration electrolyte. From storage tank 40, feed line 41 leads to the first
electrodialysis unit 10. Via distributing lines 411 and 412 which are connected to feed line 41,
concentrate compartments 13 are connected to feed line 41. Concentrate compartment 13 of the
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.lines. The bath electrolyte that is to be regenerated is contained in
~storage tank 30. This electrolyte is channeled via a feed line 31 into

di luate conpartnments 12 of the first electrodialysis wunit 10. In feed |line
31, particle filter 32 and heat exchanger 33 are | ocated upstream of

el ectrodialysis unit 10. Particle filter 32 filters out particul ates
potentially present in the electrolyte, thus ensuring that said

particul ates are prevented from cl ogging the sensitive pores of the

menbranes contained in_electrodialysis units 10 and 20 and from maki ng said
menbr e ef%sﬁa@aﬁﬁlé unyt 10 hm_abrsmicﬁjf paintsdonaalieeting lings ¢ 1 bt Muwhish deadteib y " a
parti Clo%erfﬂoWlﬁ{elé.zTH\iF oGl lhﬁrcﬁmﬁé%s cog@ét’r)lﬁh | cBmphrtfients 19 oftHe Sirytsed. I n feed

line 31, particle filter 32 I's followed by heat exchanger 33. Downstream
of heatelesirediakygje unig 30 td eandentiateecopapaitments 28 of thetsocandisigcapdialjisistunit 20t Forg
lines 3. 12 i ' 0 \ ' wn. di | bate .

conpar LHEREED: SpeionEfE pdeatBozeh CRFRAAE o w1 A Hnlth Biyins,

fi gur e Imbovanthavediolmiiiest 200itipeontemntescohipaltmests 26 aTledecodténtiats dvinspaftaients

collecting |lines 313 d 4 whi ch out into overflow |ine 34 which
connect Velprenelr ot peigisiar ool s 65%2@?5@996@%@95%%Enfeﬂﬁ-t 10 wi th
di | uat qzmwliﬂ%mltﬁm%ﬂ%gads PRLSIS Si8Rde tAk A0Lh thid closbsStht ddp. 20. Branchi ng

off fromoverflow line 34, distributing lines 341 and 342 T'ead into diluate
conpar t ment A thirdslosedop dive sldrtedtestaragedhnl §G& ilis thigktorag@tank,rthe tinsipg di | uat e

conpart f t,r ogdi ! ni hay nch- of f
points e&%&%&%fe%ﬁ ?é\ggglcpngg&gg%ggﬁg‘tsgg aﬁ#?ihss%paé%&' Sgog?geftﬁ@(oﬁ @atst?r n flow
| i ne 3%Branckiofff poidtiforring livee ASwhitinil thy ldfiesidisof\thafifiea fire kdaomkhod® back to
storage tank 30.. The |ine system descyj bed whic onprises feed |ine 31,
i ot £ GO RTATd S raTods LompITRTE 4 2, F ety 0 CotEade SOmPAGE R
313, 314efc¥ R bW tekurRPtoforagh ik sRUt i ng | ines 341,342, diluate
conpartnments 22,” collecting |lines 343,344, and return flow |line 35,

t oget her  wiAlthouglonatghowminthg fgirer atktheeefclased logpplines maydye fittedewithosuitable bat h
el ectr (S S r l'ine
G e ey BByl BIGE AL Alies, Mias RS TOMIEh S S BR R HE ORI

el ect r aleyited.is bistaited By aijestihg tHe déliverl estelof suck pdipé eBstBertstitibie nieansSfor

el ectrodi al ysi nit 10. \ﬂa di stri,b@ti ng lines 411 and 412 which are
connec 8BV INEr B Eestrqldes qr by wsigAttable do cﬁ%a?krngi@@smsthawhe'&mﬁw% to
feed | ijp@ed tateGRRGRALS BB caPBP@Lt Ment 13 of the 10 first electrodialysis
unit 10 has branch-off points for collecting |lines 413,414 which lead to
overfl ow | i f@ ragenerptg asbaékvelueetmiyve|ﬁ‘omest@r@g¢1@ol% 30dhesystam epasatevasfatowsnt s 13

of the fir SErom storage tank 30 which may be the plating tank used in the electroless plating

process, the bath electrolyte is channeled via feed line 31 through particle filter 32 and heat
exchanger 33 to diluate compartment 12 of the first electrodialysis unit 10. At the same time, to
reduce the operating temperature of the bath electrolyte, cooling water is supplied via cooling
water line 60 to the heat exchanger. Distributing lines 311 and 312 divide the bath electrolyte
into parallel streams and channel them parallel to one another to diluate compartment 12. At the
same time, a quantity of regeneration electrolyte is withdrawn via feed line 41 from storage tank
40 and channeled via distributing lines 411 and 412 into concentrate compartments 13 of the first
electrodialysis unit 10, which concentrate compartments are adjacent to diluate compartments
12. Between anode An and cathode Kal, an operating voltage is applied. As a result of the
electrical field which builds up between anode An and cathode Kal, excitation of the ions
present in the two electrolytes causes them to migrate. Cations tend to move into the direction of

cathode Kal, anions tend to move into the direction of anode An. Because of the membranes
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- electrodialysis unit 10 to concentrate conpartnents 23 of the second

. electrodialysis unit 20. For this purpose, distributing |ines 421,422 are
connected to overflow line 43, which distributing |ines connect overfl ow
line 42 with concentrate conpartnents 23. The concentrate conpartnents
have branch-off points for collecting |lines 423,424 which open out into
return flowline 43. Return flowline 43 finally | eads back to storage
tank 40 and thus closes the loop. Athird closed loop |line starts at

st orag Ly, £ R k | .Nsing: ct.rol vt.e .fqr.

el ect rgo é?églci)) r?pﬁgere rtrl%: nlﬁlgfvidf,%f ‘%rﬁﬂ g‘ﬂfeﬁ{alh%p%gf’ gﬂelqgicggéglg&%lfg}eolfngsg%th WK 26 has a
br anch-thd fopaselettifearation exrhhngee nizinbrdnes MK mdithe atief exchanger adenibisnet iAgate e

first | eads tq . cathode onpartnent 11, next to anpde conpartnments 14 and
s, andof DEERYE fpIEietn JHS CoAPRHEIsHt chont e s om (AR PmPETTRAZ L o

st or ag&/id Mbkoseldctivd dablo Bt hBer BldfMRane K Mo tetidjRent@bhcentaR @ofp@BEnt! 00PS
lines may be fitted with suitable nmeans for conveying the electrolytes,
such ad3pdepslicaiodiie thediguye thege ions afeefor kxamplpanenovalgntrodium ivesilndds i s

obtain y ' | ' f : th it abl e
means ?lgarnnéé (t:)h%\c/1 gll;rlkls&n% Fb?%oygg Iﬁga t%% E'{l/t}{ & fs‘:’@{cr)(?‘l yT;ﬁJésli&R%lg%ms?‘a(le? g J ’eonfetfl% \SN%S% nt r ol
mechanihand, atdwmbhtp phssakapagh the @tonosealeckiee datioatershanger mierhbrand mii a1 rembinbe

set. TqQ regenerate a bath .electrolyte frogmstorage .tank 30, the system

oper at 8 tEDaLAlgEgRbse. A s Cf-epehithler G5 WHORASRIA 208 OLAREISP RO 2P ank
used i Bnith€otBbrifahd,Maf Fel!pabd RebugR IR ext M ghdhémBilaRE AAhiv Bordsrs lkannel ed
via feed line 31 through particle filter 32 and heat exchanger 33 to

di | vat dilsgtasampartment on thef oppReitefsides In isgnannerithese inng reagh thergighberinge sane
time, t td e . I r ol . cool i ng
vt o eaneeh B EEnbdiBRETRR R TR Bt EBlarkltf el i B Mgt o

Di stri lamd ablgtol reavhsdilnate camparfhentd2\and ehus fiee Hagh Electtodyrtt vidl thié monoseledtipar al | el

streans and channel them parallel tq one.anqther to diluate conpartnent 12.
A" ¢ he CobSTECRAIgE! e o BRe AIgeHar i FOTR SIoBERIebMmABIne AuPilR avn i a
feed | igfger Adnd. TEHR, 34 Me TR eledRbdialfbls B 16,IROPARA BRctYdIfiedd Sdpldibiét N9 | ines 411
and 412 into concentrate conpartinents 13 of the first electrodialysis unit

10, whihypophespibistand oehenbeprhite denstand sediumdpnsc Ehese aecusiulaie incthe cegsngratomt s 12.
Bet ween,ap. An and cat hode Kal, an operating voltage is applied. As a
result o e electrical field which builds up between anode An and

cat hode Kal Aftexbating passedodiluateecoimparments @2 efitheifinstteleetrbdvalyeis @ait 10) the bathcauses
themto,mgrate. Cations . tend to,pove.into.th ir j on, of hode Kal,
b ons RS SeEenARd i lar oY FalreBre s da? ane S et e e

nMenbr angerflow line 34 to diluate compartments 22 of the second electrodialysis unit 20. Via

distributing lines 341,342, the bath electrolyte is divided into substreams and channeled to
diluate compartments 22. At the same time, the regeneration electrolyte in the form of parallel
substreams is channeled from concentrate compartments 13 of the first electrodialysis unit 10 via
collecting lines 413,414, overflow line 42, and distributing lines 421,422 into concentrate
compartments 23 of the second electrodialysis unit 20. Between anode An and cathode Ka2 of
the second electrodialysis unit 20, which anode is jointly utilized by the two electrodialysis units
10 and 20, another potential gradient is applied, which causes the buildup of an electrical field
over the second electrodialysis unit 20. As in the case of the electrical field in the first
electrodialysis unit, the electrical field in the second electrodialysis unit also causes a migration
of ions, with the anions migrating into the direction of the anode and the cations into the
direction of the cathode. In the second electrodialysis unit 20, the membranes again selectively

determine the migration of the various ions. Thus, monovalent hypophosphite ions pass from
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11 | ocated between the individual conpartnments, however, the mgration of
the ions is limted since the nonosel ective cation exchanger nenbranes nK
and the ani on exchanger nenbranes A are not perneable to all ions. Thus,
only nonoval ent cations can pass fromdiluate conpartnment 12 via

nonosel ecti ve cation exchanger nenbrane nK into the adjacent concentrate
conpartnment 13. As indicated in the figure, these ions are, for exanple,
nonoval ent sodiumions. In this nanner, the ions are renoved fromthe bath
el ectralyte. The bival L.ckel .ions, ;on.the other ha are unable to
pase. | RPSEOREHEm R BeE Rl ok Sh eBoag Bt S Benihene AP e S sRaieal n i
t he bat22 thloegh the mynescldtilve atlibh BEchahge? menibarRaAtwitit RNodabd vewpephosphi t e and
ort hophosphite igns,. on the other %and can freely pass through the anion

exchané’émpﬁ‘_%rﬁﬁ‘?t%%%a‘ﬂ%?’@ff‘%‘&?@é‘ieénfh?é’aﬂ’oﬁl?%@_béc-corrpartrrent on the opposite
side. |n thiggyIEH BRhopHoSHR ibRNSn e deder hilk, BRIHNRANE td\shss HREGANKE at €

conpartnments 13. Fromthe nei ghbori ng concentrate conpartnents 13, no other
i ons  amanosgléctive gnipn grthangdr waambranerrpAranddnis rarain injregbnesatidneeldsiiolyte 23.

| ect | h | cal i hanger rane. on the one
nand, i gpitelnkBSoTRREaR 25 Wnldhortfe nilte SHETERBRRRIBTRE Bl 10,07 R Che

1;] irst hebmﬁamditaédoylmns' ihdnsl'rn;vmichgyaglbhgﬁeb%h rghmg_rftﬂnytlﬁ bath dllanlﬁlo_l_h g&eﬁke@étml-nectl _
ophosphite and orthophosphi i ons and, sodjumions. These accunulate in
the Peg%ﬁ@rbaﬁx %Wﬁogﬂ%&tlgalsyfoemfi? toctcosir il SXAIRIS NRkE LB AR { ment s 12
of the fdiieinerl BF Fl{e%gérﬁgﬂ/cibf? tdffik BatiiQlecir@l?tet(%ﬁho%h‘;r‘gﬁlgeiﬁfﬁgﬁﬁgﬂ,l}ﬁe

regenerated is collected by collecting ITnes 313 an annel ed in
over f | dwpophospld ions pdsdingtheough thrameonnseleetive 2nivh exblimngerooendbrshenty auibel ysi s

it 20, ' h DUt | i 3 the bat.h el ectyol yte i,s, di vi ded
b 2ty Bogdleh SRRkl AR Ao e PR BELR ol
t ihrre, Itulﬂig 1Pew@eaﬁti iﬂ?ls@%)mtbﬂd)foyﬂfbsé liyﬁobbosbﬂi:ctémtoﬁi to]B@I’iaitld \elllich ?wtte(s]lgtlfele&yrs IS

annel e r.o concent,rate CQ ar (0] L r el ectrodl a SIS
ﬁ_ni t 1GTFR N r&%l TPRRETAHigT FiorEaly e fgé %i‘pfﬁ@& Br 4 I hath elgctrotiaintidut i ng
lines 4&lmséddfink RRn&MNGEPbERL. A s sUMRAREE %ﬁh@%@&sgg&g‘ﬁcéﬁﬁﬁé}ﬂlgtxﬁckel ions

el ectrodi al ysis unit 20." Between anode An and cath Ka2 o e second
el ect r edédedys the nigkiel b2l as will ahhypopliesphite ipns, thesg ions can dexbbhgdded direatly to

el ectrqgi al ysi ni t 10 _and .20, _another .potential gradient..is applied,
o on S0 estRiste BPUred af ot nuR S5k 187 R xou FikeT Buphs oRRE
](cal ectr (blg}]i;@hyosﬂ}gteurﬂ sodiath hypsphdsphite A(faﬁpas@églettlfil@u% ﬂ’n@'fsédoﬁ&eleﬁi:r@diglyhi uhifle
ot ' . . el cal fi St
e: reit r (Slgq rgg?pie?agelcﬁ?ﬂ%lf ngq:tgtg;lt& éigcggd gfaﬁg qr:ch(g:lg(l}ﬁesl 3e43,34I4Qnto reetuxsnet%)\{'] line 35 and
via heat exchanger 36 back to storage tank 30. In heat exchanger 36, the bath electrolyte is again

heated to a higher temperature, preferably to near its operating temperature. For this purpose, it is
possible to use as the heating medium, for example, the cooling water in cooling water line 60
which had been used to cool the electrolyte in the first heat exchanger 33.

Similarly, the regeneration electrolyte exiting from concentrate compartments 23 of the
second electrodialysis unit is channeled via collecting lines 423,424 to return flow line 43 and
finally into storage tank 40. Reference numerals 44 and 45 indicate that both withdrawals 44
from and additions 45 to the regeneration electrolyte can be made in storage tank 40. As to a
withdrawal, this can be, for example, the "waste product" orthophosphite which accumulated in
the regeneration electrolyte and which can be removed from the regeneration electrolyte, for
example, by means of precipitation or in another manner. In addition, a base, for example,
sodium hydroxide, can be added to adjust the pH value to pH 7.8, which value is favorable for

use in this process.

13



. of ions, with the anions mgrating into the direction of the anode and the
cations into the direction of the cathode. In the second el ectrodial ysis
unit 20, the menbranes again selectively determne the mgration of the
various ions. Thus, nonoval ent hypophosphite ions pass from 12 concentrate
conpartment 21 which, on the cathode side, is |located next to diluate
conpartnment 22 through the nonosel ective ani on exchanger nenbrane A which
is located between conpartnents 22 and 23 and accunulate in the bath

el ectrol yte,. Bival ent orthophosphite ions, pon the _other hand re not able
Co pass. 1 hr SHEAMERHE e RS Patimbe P T 1 e BRaHEE FombnmEn B0 SHd s
renai N [ind 51 GREHE ddtrele BBFdrininys B, 2824, IMdPIN. tPihe RRANATe §11EsaaRa, theBRding 3
whi ch on the anode side is adjacent to the diluate conpartnent, sodium
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passing thr h the, nongsel ective ani on exchanger ane mA.can. b
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hypophekptrolyte. i ons, these ions can al so be added directly to the

el ectrol yte way of co nds containin uch Jions, for ex | e, nickel
cul Tat o, nt JRERIH oRorFRE R wresear By s SRR wisa0Lsate age

t hr ougRokfieireesonst tReySeintlQtifiky/si dedhiddt (in thd\RadtREESQMPIEToRNA] dhodb AY," Ol Yt e
is added via collecting IiTnes 343,344 into return flow line 35 and via
heat exeakanprssibire eoamact construstion ef amglrctdialysis sysigm vhieh gangeamasifactyred hat h
el ectr ; L Nl t ly to near
its opﬁ%ﬁ%ﬁgé%}gnpg;hgf {%gﬁgggﬁg}t’lﬁpgﬁ gﬂ%@g@ﬁﬁ&{ ngg{sﬁgﬁ@? 0 use as the
heat i ngompatiments 1 hi4,24ahireyghtwidclc adhsingjelecttadyte ican bodiannged\basahe effeve 60

L oRTFRFBE B b L el b il

conpar imgeithined3 of the second electrodialysis unit is channeled via
collecting lines 423,424 to return flowline 43 and finally into storage
tank 40. Reference nunerals 44 and 45 indicate that both withdrawal s 44

List of reference numerals

[=.
—

10 Electrodialysis unit

11 Cathode compartment

12 Diluate compartment

13 Concentrate compartment
14 Anode compartment

20 Electrodialysis unit

21 Cathode compartment

22 Diluate compartment

23 Concentrate compartment
24 Anode compartment
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fromand additions 45 to the regeneration electrolyte can be nade in
storage tank 40. As to a wthdrawal, this can be, for exanple, the "waste
product” orthophosphite which accunulated in the regeneration electrolyte
and which can be renoved fromthe regeneration electrolyte, for exanple,
by neans of precipitation or in another manner. In addition, a base, for
exanpl e, sodi um hydroxi de, can be added to adjust the pH value to pH 7.8,
which value is favorable for wuse in this process. 13 Throughout the

process, a rinsing electrolyte is channeled from storage tank 50 via ring
line ;a1 t RgQHgHamt ectrode conpartments 11, 14, 24, and 21. In the exanple

illustrated, the rinsing electrolyte is an aqueous sodi um sul fate sol ution

whi ct81 on Rerélishe hand, makes it possible to conduct current through the
el ect 2ode faﬁﬁ’&f@fﬁt&ents and, on the other hand, does not have a detrinental
ef fect” on t'he el ectrodes, cathodes Kal, Ka2, and anode An. This net hod
accor g ng Heatehahapgesent i nvention makes it possible to renobve, in a sinple

and efficient .manner, an undesirable reaction product, for exanple, in the
f or m &4 an8v ﬂPﬁ'gﬁ%

osphite, froman electroless bath electrolyte, wthout
the | gss OReidl fibligei ons, such as nickel ions, and without in any other

way ifpairing the usability of the regenerated bath electrolyte. The setup
accor dbng Heattexehde&sent i nvention, in which electrodialysis units 10, 20

are %g?fi?'f{cﬁﬁlut ifeat they jointly utilize an electrode (in the practical
["e* shown,

exanp anode An), nakes possible a conpact construction of an

el ect radi alDjstributingdinem whi ch can be manufactured inexpensively. And
finall

i/’ th 1cotnfi ration of electrodes Kal, An, Ka2 in el ectrode
conpardident lpgting it "5 q t hr ough which a rinsing electrolyte can be
channejpd hagiiebtiy ifef ect that the life of the electrodes is increased

whil e a high degree .of electrodialytic effectiveness is maintained. List
of refd4lencRisHibVEPKI 10 Electrodialysis unit 11 Cathode conpartment 12

D | uat §4F O"BRIYTRRE lia@ Concentrate conpart ment

343  Collecting line
344  Collecting line
40 Storage tank
41 Feed line

42 Overflow line

43 Return flow line

44 Withdrawal

45 Addition

411 Distributing line

412  Distributing line

413  Collecting line

414  Collecting line

421 Distributing line

422  Distributing line

423  Collecting line

424  Collecting line

50 Storage tank

51 Ring line
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14 Anode conpartnment 20 Electrodialysis unit 21 Cathode conpartnent 22
~Diluate conpartnent 23 Concentrate conpartnent 24 Anode conpartnent 14 30
Storage tank 31 Feed line 32 Particle filter 33 Heat exchanger 34
Overflow line 35 Return flow line 36 Heat exchanger 311 Distributing
line 312 Distributing line 313 Collecting line 314 Collecting line 341
Distributing line 342 Distributing [ine 343 Collecting line 344
Collecting line 40 Storage tank 41 Feed line 42 Overflow line 43 Return

flowl i6rae %%owlgt‘ggtrer inel 45 Addition 411 Distributing line
Kal Cathode
Ka2 Cathode
An  Anode
A Anion exchanger membrane
K Cation exchanger membrane
mA  Monoselective anion exchanger membrane
mK  Monoselective cation exchanger membrane
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- 412 Distributing line 413 Collecting line 414 Collecting line 421
Distributing line 422 Distributing [ine 423 Collecting line 424
Collecting line 50 Storage tank 51 Ring line 15 60 Cooling water line Kal
Cat hode Ka2 Cat hode An Anode A Ani on exchanger nmenbrane K Cation
exchanger nenbrane mA Monosel ective ani on exchanger nenbrane nK

Monosel ective cation exchanger nenbrane 16 Cains 1. A systemfor the

el ectrodi al ytic regeneration of an electroless bath electrolyte with a
first ectrodialysis unit (10) and a second el ectrodialysis unit (20)
altern having diluate conpartnents (12,22) through which the bath

el ectrol yt e1j & sgdiani e tBel cleerebdidyieccrepérdtation caammaéétrméb@ %a«}xle%ecaaiyté witkegh
whi ch a regeneration electrolyte is channel ed and w el ectrodes, an

anode (st Hadlalyelavwwé)) erchp sqearz} elestrpdialysig wab@Pbelre@FﬁtWﬂihwg&ﬂauate
el ect r%B‘fn Lﬁ&ﬁérﬁs ?hrod@ M@bl?ﬁle'bgthtéi'é%t%g&éfs cﬁélﬁ%feagﬂa 2behFaeni t (10),

the dil ua e corrp are separ at fromthe concentrate
conpar tcomparemért8{1 3023) tlhlalghaﬁlhdde regenkratinn elestiohydnmisshémmigledtand withrtero

oo ot o BCLTRRA G TR Sh SR R b e A R, 1),

t he seq@id i€aikh ﬁ@ﬂieﬁr&tsdléi:trumhlym@ 28k (10) e diluate compartments (12) are separated
from the concentrate compartments (13) on the cathode side by membranes (mK) that are
selectively permeable to monovalent cations and on the anode side by (A) membranes that are
selectively permeable to all anions, and in which in the second electrodialysis unit (20), the
diluate compartments (22) are separated from the concentrate compartments (23) on the cathode
side by membranes (mA) that are selectively permeable to monovalent anions and on the anode
side by membranes (K) that are selectively permeable to all cations, with the diluate
compartments (12) of the first electrodialysis unit (10) being serially connected to the diluate
compartments (22) of the second electrodialysis unit (20) via first lines (313,314,34,341,342)
through which the bath electrolyte is sequentially channeled and with the concentrate
compartments (13) of the first electrodialysis unit (10) being serially connected to the
concentrate compartments (23) of the second electrodialysis unit (20) via second lines
(413,414,42,421,422) through which the regeneration electrolyte is sequentially channeled,
characterized by the fact that the electrodes (An, Kal, Ka2) have their own electrode
compartments (11,14,21,24) which are separated from the adjacent compartments by membranes
and through which a rinsing electrolyte can flow via third lines (51) and that one electrode
compartment (14,24) adjacent to the compartments of both electrodialysis units (10,20) houses
an electrode (An) which is shared by both electrodialysis units (10,20).

2. The system as claimed in Claim 1, characterized by the fact that the electrode that is
shared by both electrodialysis units (10,20) is an anode (An).

3. The system as claimed in either one of Claims 1 or 2, characterized by the fact that the
electrode compartments contain a rinsing electrolyte which is an aqueous solution of Na,SO,,
K,S0O, and/or Na,POs.
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di luate conpartnents (22) are separated fromthe concentrate conpartnents
(23) on the cathode side by nenbranes (mA) that are selectively perneable
to nmonoval ent ani ons and on the anode side by nmenbranes (K) that are
selectively perneable to all cations, wth the diluate conpartnments (12)
of the first electrodialysis unit (10) being serially connected to the
diluate conpartnents (22) of the second electrodialysis unit (20) via
first lines (313, 314, 34, 341, 342) through which the bath electrolyte is
sequentially channeled and with the concentrate conpartnents (13) of the
first electrodialysis unit (10) being serially connected to the

concent r at e 4c76h|q:)wstenmstcsl;aimed§ jn Claim Bechamsctenidedebetht fand khak ;lwicsnmh’atic(xﬂﬁ) via

second i 413 2,421, 422) thr u ch the re ner t.i,0n

oFcor 1 ohs AtV wenihd sibilficss i anteaus s B e Bt bE LSRR AR | nar (e
el ect r edmsinedin thl;(@lectré%?aonipaiﬂtﬁleﬁtb@d ih aQMgr?EPrcﬁﬁfl e 9e g/Lconmpart rre nts

(11, 14,21, 24) which are separated fromthe adjacent conpartnents by

menbranes and through which a rinsing electrolyte can flow via third lines

(51) and thatr ?@ﬁ'sﬁe :fstéié?ﬁil@d i to?@fhtlmg i'?tgéd'%f@hﬁﬁ@tgﬁzetd%afttﬂffac that

conpartnments o el ectrodi a y5|s units ouses rode
(An) who péssithe teittaclecirdbyte bud/br telpasstthomgaﬂleymcm alevirolytd théqugh the diluatthe syst em

as clainmed in aracterized that th eetrdet at is
har ed Dot 24 o B8 BfeRlie Bompagho (325 rOGkestya, A1t icss?

syst emtiseledurdidiais uhite ( 10]20), sunslledfinds! 18ddord a Miaird feefdtainRed Sdidl Z@ﬂpabbfnénlfb? fact
that the electrode conpartnents contain a rinsing electrolyte which is an

aqueous solution of Na2SO4, K2SO4 and/or Na2PGB. 17 4. The system as

claimed in @ ®héRydtentdsalsibice i &bnef Chems a€hrob cthteﬁmlwthafdcomwf
t he above-nenti gned substances in an_agueous SO ution of the rinsing

el ect r &llipesystem dor pagsing g bath sdestrolyte theough dhe diligle %Wﬁmﬁéﬁpﬁn)@fm@ a range
from 1e§e9tr§&a§é§ugﬁ_’ Qﬁ% @ésctl@sga% (‘s akyged in any one of Cains 1 through

4, characteri act t hat pass the bath electrolyte and/or to
pass the regeneration electrolyte through the diluate conpartnents (12, 22)

and the con Zf’é fent A 04 &'?d‘él%rﬁ%parga?c W&l%'f?(cz%nt?%lléﬁn%ﬁ%lﬁgk?f(gne of

t he el ectrodi is units (10 20 I'nes roma eder
l i ne td‘mstachatb@lapuolmmai@atedmfhh@l(zs«;clsloeprilas clainmed in any one of Cains 1
through 5, characterized by the fact that a line systemfor passing the

bath electrolyte through the diluate conpartnents (12,22) of the
8. The system as claimed in Claim 6 or 7, characterized by the fact that at least one heat

exchanger is the located in the closed loop line for the bath electrolyte.

9. The system as claimed in any one of Claims 6 through 8, characterized by the fact that
at least one filter is located in the line system through which the bath electrolyte passes.

10. The system as claimed in any one of Claims 1 through 9, characterized by the fact
that the line system via which the regeneration electrolyte is channeled through concentrate
compartments (13,23) of the first and the second electrodialysis unit (10,20) is a closed loop
system.

11. The system as claimed in Claim 10, characterized by the fact that a collecting tank

(40) is located in the line system through which the regeneration electrolyte passes.
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el ectrodialysis units (10,20) is a closed | oop system 7. The system as
claimed in Caim6, characterized by the fact that a collecting tank (30)
for the bath electrolyte is located in the closed |loop line. 8 The system
as claimed in Caim6 or 7, characterized by the fact that at |east one
heat exchanger is the |located in the closed loop line for the bath
electrolyte. 9. The systemas clainmed in any one of Clains 6 through 8,
characterized by the fact that at least one filter is located in the line

systemthro which the bath. electro S 0., The s e cl ai ned
in any one 3?“@? CAYREMESCIAgER iR 2y °8ﬁ8}f§t?f15$f§l§ jl?ﬁléar‘?%?ﬂzyaﬁ’ﬁﬁ aﬁﬂe line
syst emgita clM@bd?H)o‘p gstérR Gahhdeli mlrﬁﬁingelexﬁslyte% R iR éstirbds ough
concentrate artments (13,23) of the first and the second

el ectr(‘y‘GmPle/@F@S b1t49{11251)2mr°w§ closed loop system 11. The system as
claimed in Caim110, characterized by the fact that a collecting tank (40)
is located in the line systemthrough which the regeneration electrolyte
passes. 18 12. The systemas clained in any one of Clains 1 through 11,
characterized by the fact that a closed |oop system for channeling the

rinsing electrolyte through the electrode conpartnents (11, 14,21,24) is
provi ded. 19
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