28-Feb-07 5 The invention relates to a device and a nethod for regenerating
an electroless netal plating bath, said netal plating bath nore
specifically containing hypophosphite. The invention nore specifi cal8¥eb-07
serves to regenerate baths intended for the electrol ess deposition of a

ni ckel |ayer, nore specifically of a 10 nickel - phosphorus |ayer, by

el ectrodi alysis. The electroless plating on substrates of netals and all oys
is an autocatal ytic process by whichlmetal ions in solution are reduced to
metal by neans of a reducing agent contained in the solution and are
deposited onto a suitable 15 substrate. O her conponents such as phosphorus
are often incorporated in the layer. Usually, such type of nethod is used
for depositing netals such as nickel, copper, cobalt, palladium platinum
and gold onto a substrate. In nost cases, 20 the reducing agents used are
sodi um hypophosphite, sodi um boron hydride or dinethyl am no borane. As
conpared to the conventional netal electroplating nmethods used for
depositing nmetal, the el ectrol ess deposited |ayers offer a series of

advant ages 25 that include honbgenous coating distribution, advantageous
mechani cal properties and high corrosion resistance. 28-Feb-07 2 By way of
exanpl e, the nmethod in accordance with the invention will be described
herein after for depositing a nickel-phosphorus |ayer using hypophosphite.
5 The nethod can also be utilized for other electroless netal plating
processes, though: The essential process in electroless nickel plating is
represen%fd by the follow ng equation: 10

The invention relates to a device and a method for regenerating an electroless
metal plating bath, sald metal plating bath more specifically containing
hypophaosphite. The invention more specifically serves to regenerate baths

intended for the electroless deposition of a nickel layer, more specifically of a
10  nickel-phosphorus layer, by electrodialysis.

The electroless plating on substrates of metals and alloys is an autocatalytic
process by which metal ions in solution are reduced to metai by means of a
reducing agent contained in the solution and are deposited onto a suitable

15  substrate. Other components such as phosphorus are often incorporated in the

. layer.

Usually, such type of method is used for depositing metals such as nickel,
copper, cobalt, palladium, platinum and gold onto a substrate. In most cases,

20 the reducing agents used are sodium hypophosphite, sodium boron hydride or
dimethyl amino borane.

As compared to the conventional metal electroplating methods used for
depositing metal, the electroless deposited layers offer a series of advantages
25 thatinclude homogenous coating distribution, advantageous mechanical

properties and high corrosion resistance.



Nit++ 2 P2 + 2 H2O - ---------- >N + H2 + 2 H + 2 H2PG3 (1)

Accordingly, during electroless nickel plating, dissolved nickel ions and
the hypophosphite reducing agent are permanently used up with the 28-Feb-07
concentration 15 of the oxidation product orthophosphite (H2ZPO3 , HPO3 )
increasing. In the bath, the nickel and hypophosphite concentration nust be
kept wthin a narrow range. These constituents nust therefore continuously
be repl enished. The netal ions are reple%ished in the formof salts,
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reaction pr@gkitived HeréiA Gfteh forklepokiitlgzemekd Phospidrils 18aFUsHY Product s
accurul at i nﬁ in the .ggleatl ng bath, the useful life of tthe bath is inevitably

limted. QPACRPRIR i s usually indicated in Metal Turnover (MIO). 1 MIO
is achieved 25 'once the entire amount of the normal initial netal
concentration has been deposited fromone unit of volune. After usually 6 -
10 MIO, & heThatrethied cay alssuiesutdized Jothather electrdless saddl patiigybrocessssnt r at i on
that the quality and deposition rate of the netal are no | onger within
tolerable r ﬁﬂgﬁi According to prior art, these baths nust then be

di scarded and a new bath nust be 30 prepared. The need for discardi ng baths
and for preparing new ones involves high costs Il 28-Feb-07 3 and increases
the envi r onhehessentigppocess/Hy ¢laclEolaas AEke! Maling isrepresepteddaethie proposed for
extendi ng thgopeRidtuatibhe of electrol ess netal plating baths. U S. Patent
5,221, 328 descri bes’ a nethod by neans of which, in a nickel 5 phosphorus

pl ati ngObat h, orthophosphite is caused to precipitate in the formof a

userul "1t of Nin*d EEEPeI 2090 thar Balh Ha t 2t BHER e hani dds may be
enpl oyed as precipitating agents. The chemi cals used for the purpose are
Accordingly, during electroless nickel plating, dissolved nickel ions and the
hypophosphite reducing agent are permanently used up with the concentration
15  of the oxidation product orthophosphite (H2P03_, HPOs_ _) increasing. In the
bath, the nickel and hypophosphite concentration must be kept within a narrow
range. These constituents must therefore continuously be replenished. The
metal ions are replenished in the form of salts, leaving the bath enriched in
interfering anions such as sulfate.
20
Since the reducing agent and the salts containing the nickel ions also form
reaction products during the plating reaction, said reaction products
accumulating in the plating bath, the useful life of the bath is inevitably limited.
The bath age is usually indicated in Metal Turnover (MTO). 1 MTO is achieved
25 “once the entire amount of the normal initial metal concentration has been
deposited from one unit of volume. After usually 6 - 10 MTO, the interfering
subs.tances have reached such a high concentration that the quality and
deposition rate of the metal are no longer within tolerable ranges. According to

prior art, these baths must then be discarded and a new bath must be

30 prepared.

The need for discarding baths and for preparing new ones involves high costs



qui te expensive, though. Furthernore, constituents of these additives, which
10 remain in solution in the bath, may affect the quality of the netal
coatings. In "Plating and Surface Finishing", Septenber 1995, page28-F&b-07
82, C.D. |acovangel o suggests to prevent the nuisance of nickel

ort hophosphite precipitates by addi ng conpl exi ng agents. The concentration
of dissolved free 15 nickel ions is reduced as a result thereof. In the

ENVI RO CP nethod of Martin Marietta, U S.A the interfering constituents

are renoved by. adsorpt,ion onto ion.exch e.resins. [Far Lete renoval
and regener@t B}?r%?s‘{)shtbeﬁng&rgawaeg{ﬁ H"fp%&{:\%ﬂ%cmsc'gteﬁ'@dﬁ&a%gﬁ%f?@g’@%i tating
several di fpepestd forexsding gt eIfuNITe ofBRctraldiss ridtal plafin@bathsPr ocessi ng
fluids is performed. Another passibility for regenerating el ectrol ess nickel

bat hs consists in a nethod nmaki ng use of electrodialysis. In the nethod

using el ECttﬁﬁiFﬁ;céﬁﬂ' §,ﬁ21%@8"0@%6{@@@&1irﬁélﬁo@'ngrﬁ(ﬁélflls&%ﬁi% ity Rpedierred) in an

electric fie rough a pernsel ective 10n ange nenbrane so that the

i ons of Sactphaesphobss plabeg battawribepbosnhiliel iy caeget tot dcipitata inlike famsofof

~interferin . Y ' i hi t escs i he hod usin
el ectrodi a%zri%s%g# %dl}tcgrz%vqnﬁ?éggé b%ﬂ%"ﬁr\’&é?&ﬁ%ﬁlpéﬁ%(gﬁel'ngf(r:%ﬁg'?cﬁpgﬁi S ’
ggggct rol eamldémlillfelﬁfanm;i]@ctmnmfs w r‘ﬂi@l&é),batrﬁmmeﬁdén@émnﬂ?md?s Eialyil:lﬁi'li ng !VaEaIZi ne,
, pages -1 through, 16- ) this nethod, the el ectroless nicke
bath is pas%’@ﬂ'qyﬁp&?g‘?fg‘é‘ﬁ?f%m&%gﬁﬁéﬂ%P'%e"E'@PS %@ﬂﬁebtf@wura%%af%e f or m of
what is terc‘ﬁﬁﬂa éxpSHHsli’b%t, @hodgﬁf thhémﬁ’él’bl F@éf?stitdé?\té Bﬁh@@@%ﬁdﬁh@@,,wﬁ@ﬁ’ di luate

conpartnent '1n the electrodialysis ce IS separated fromthe anode

conpar thent regeain die seikton iretharstie, ey aifeaiihe mualiyred the mesaltnoatiogeind on  the
cat hode side fromthe cathode conpartnent contacting the cathode by a 5
cation exchange nmenbrane. These |ast two conpartnents are al so terned
concent r at eincPhgtang avehSarfadeh Einisides', Sabteentsarl 1086epaget B t BRpGd@Xphite ions in

the plating bath are transferred into the anode, co rtment and the
inGent obl Jagatamans sHEGoa LRy En B SSar B oL ORRAAP B RPN phi ¢ ¢
precipitates by adding complexing agents. The concentration of dissolved free
15 nickel ions is reduced as a result thereof.

In the ENVIRO CP method of Martin Marietta, U.S.A, the interfering

constituents are removed by adsorption onto ion exchange resins. For

complete removal and regeneration of the plating bath, a complicated method
20 necessitating several different ion exchange columns and tanks for various

processing fluids is performed.

Another possibility for regenerating electroless nickel baths consists in a

method making use of electrodialysis. In the method using electrodialysis,
25 “charged ions are transported (transferred) in an electric field through a

permselective ion exchange membrane so that the ions of active substances

can be suitably separated from the ions of interfering substances.

Y. Kuboi and R. Takeshita describe a method using electrodialysis for removing
30 the undesirable bath constituents (Electroless Nickel Conference 1989,

Proceedings, Prod. Finishing Magazine, 1989, pages 16-1 through 16-15). By

this method, the electroless nickel bath is passed through an electrodialysis cell



utilized, into the cathode conpartnent. Laboratory tests however showed that
10 not only the undesirable sulfate, orthophosphite and sodiumions are
transferred to the concentrate conpartments, but the bath constitued8debHbt
are inportant for the plating method as well, nanely the nickel and
hypophosphite ions and the organic conpl exing agents (nostly carboxylic
acids or the anions thereof). 15 DE 43 104366 Cl describes a nethod for
regenerating el ectrol ess nickel - phosphorus baths by el ectrodial ysis. For

thi s purposein thaefoRnak evhap omphed wsdilued. derthb@uh%h%n@théénbée BRES BHé
t hrough a conpartnent ip an electrodialysis cell, said &.&Bartrrent bei ng

separat ed fr Gfvateeompaliaent it inaleciediplsiscelds sebamieshirendhamged ﬁenbrane
both on the %bﬁ%aﬁ%éﬂi‘%ﬁf#&ﬁ war%ué ?faﬁ gﬁ )f]chfahge@?érﬂﬁf%e(é?'ld

conpartment). applying an electric ypophosphi te i ons
are transfer trwcatbodﬂétdeofmﬁhe a@@odarepmna:mntm@omm the cathote byreode si de

the cat hodle CaIRETHAreR e ERPARL TERe M\ S splhaRrRR oo i Yo 1

hypophosphi teomclserﬂi'dt@\medwﬁiaﬁnﬁwts rmeimqsadg(basﬂﬁatma% bhﬁrﬁ_ﬂhcbsm&e lcrnlns in hod
conpar t ment ile.or osphi ce osphi at the cat hode,
with the thui}/{1 FHP%%’E%@%&W& Qf%s@'%g@gnﬁﬂpﬂys ﬁ}eansferred next
into the dil uaaésum%am%nsmﬁbﬁ ohgmv&fmﬁhﬂ%@dmh bbprospRfigct i on
reacti on does not happen as a natter of fact. ur t her sug gsts to connect

in 30 paral | étlhzazdp!rﬁ@ éhle ¢gthede Fﬁ@P@éfﬂ%ﬂ rkﬂhqr@iﬁadtestﬁhw@eerl pweddbatcapabl e
o ueroRT oo 45 R QNGRS AR ok DEOUELBRSHRRT kRERLPY 1 oS, o
i ons. 28- Febtrﬁﬁsfe&ed.t&.th@abmﬁntﬂéte c&np_ﬁ:ﬂnﬁaﬂs busthedesth rcohetﬁuents that are
oot o S PAS8 el e SRR AL O i Bk e R, 2
ggtn ng)z PQI IhsarR heldrgasit @bRALXINY agetts amodtly @é}b@%ﬁi&m JErRraMishst 0 a
thereof).
15
DE 43 10 366 C1 describes a method for regenerating electroless nickel-
phosphorus baths by electrodialysis. For this purpose, the nickel-phosphorus
bath to be regenerated is passed through a compartment in an electrodialysis
cell, said compartment being separated from the adjacent compartments by an
20 anion exchange membrane both on the side of the ancde and on the side of
the cathode (diluate compartment). By applying an electric field, ortho- and
hypophosphite ions are transferred to the concentrate compartment located
with the anode side turned towards the diluate compartment. Next, this solution
is delivered to the cathode compartment which contacts the cathode. From
25 Tthere, hypophosphite is allowed to be fransferred back into the diluate
compartment while orthophosphite is reduced to hypophosphite at the cathode,
with the thus obtained hypophosphite being described to be transferred next
into the diluate compartment. Tests however showed that this reduction
reaction does not happen as a matter of fact. It further suggests to connect in
30 parallef a plurality of the cells mentioned. This cell is not capable of overcoming
the drawback inherent to the method described by Y. Kuboi and R. Takeshita.

This solution is furthermore enriched in sulfate and sodium ions.



conpartment | ocated on the anode side and are renoved as a result thereof.
In this case as well, the concentrate solution on the anode side is
transferred to the cathode conmpartnent in order to all ow hypophospl8tEeh-67
return fromthere to the diluate conpartnent. By addition of nagnesium or
calciumsalts to the 10 solution that is circul ated across said
conpartnent, orthophosphite is precipitateds thus being renoved fromthe
overall process. The di sadvantage thereof however is that interfering
sodi um and sul fate ions cannot be renobved fromthe nickel bath solution. 15
In an effort to overcone the drawbacks of the nethods described herein

above, EP 0 Y487PgtentMo. fudia8Rs alsordassibed an elapdndiahticrijoedssdor ol ess

ni ckel - phos ' S i utilized
" two i1 ardeeralib ah QolIEs Rt Bafbetih hafincRiien B3, 11 ¢
perfornmed didesonbediroDEl 43 171366 e hvao;blwﬁphdermmmﬁtoehoaomwmet age net hod
by which t.he 20 %:fg@latln sol ut i Bnls I rst conducted | tothe di luate
Conpar t mefit GETSIEITEY HEOPYPL APENOXSBANOE ANt &6 PrEORCRE RSt t wo
concentrate GOMArMENT6catEdh the Rinele SiRNARDEre Feftved s rdsOR tisdrdsf. freci ng
the anode and by a nonosel ective cation exchange nenbrane on the side

facing the cé’f"ﬁ(?@ée asl\)ﬁﬁ'bsl@@ é@ﬂ‘FWalt%ﬁOfé%%Qﬁé’ée aeedy sideds Hansferred tom nor mal
i on exchange ¢ ﬁorrcl%? a.a'llb\ﬂ"ﬁy? %%@E%@?{q A£G th8rePaSS

t hr ough, not owever arge i ons I rst s age of the
process, iongo tie ddlmatarqompwmgﬂolp addidion of tiegoesisiphot eglciam éaﬂsdom&j

carboxyll aci d . ani ar.e ransferred into the.nei,ghhour conpartnents
whereas thie- wet@P Rafis MBS RTOR 858 Bty S RREPRREIS ¢ e
respective s@m&.pm&daﬂmwmeldm@nahe 8%@@@%Ués§|?ﬁéﬂﬁddﬁém5@]§ cell
acconmodatin bet ween t di luate conpartments, a concentrate conpartnent

that is sepag}é‘?@ﬂ hPWﬁY?Wéé'éatdFEUQf'BQ éa%m@?ﬁaﬁ'ﬂfﬁa e IRNSLANPRbRR FFBPY&E ani on

exchange ”E”Wo%‘ﬁqé)ﬁmkﬁpoéiﬁ%gﬁmﬁhde thereof and 28-Feb-07 6 by a cation
exchange menbrane on the cathode side thereof. In this event, the anions of

hypophosphi te and carboxylic acid and the cations of sodiumare
15 In an effort to overcome the drawbacks of the methods described herein above,

EP 0 787 829 A1 suggests a method of regenerating electroless nickel-
phosphorus baths by electrodialysis, with the method being utilized in two
different variants. In either of the two variants, this method is performed
discontinuously. The one variant constitutes a two-stage method by which the

20 spent plating solution is first conducted into the diluate compartment of an
electrodialysis cell that is defined against two concentrate compaﬁments by an
anion exchange membrane on the side facing the anode and by a
monoselective cation exchange membrane on the side facing the cathode.
Monoselective ion exchange membranes differ from normal ion exchange

25  membranes in that they allow singly charged ions to pass through, not however
muitiple charged ions. In the first stage of the process, ions of sodium,
hypophosphite, orthophoesphite, sulfate and carboxylic acid anions are
transferred into the neighbouring compartments whereas the nickel ions remain
in the diluate compartment. Next, the respective solutions are conducted into a

30 second electrodialysis cell accommodating, between two diluate compartments,
a concentrate compartment that is separated from these diluate compartments
by a monoselective anion exchange membrane on the anode side thereof and



transferred back into the diluate conpartnent, not however the ions of

ort hophosphite and sulfate. As a result, the ions of orthophosphite and of 5
sul fate are renmoved, not however the sodiumions. Since charge bal ad8dfabT
be ensured in either of the various stages of the process, it is not
possible to renove the total anmount of the ions of orthophosphite and
sulfate since the portion of anionic coupter ions that corresponds to the
sodiumions renmaining- in the diluate con%artmant nmust also remain in the

di | uat t : ' t.j. al f f efficigncy.
the second LA Ton gutiafoe bibribtanb BihEethcle 88 R SRITk oo 6875  on
of the bat hanbnkidf hgdopimisphitbendatanboliglic acidaridntbrtcatibnaf ebdiatr adi al ysi s

|1 I sti f,.th | yt t t th tral t t
Cher cof 15 FEPRGSH RaPkiag e G CoqmAE e RaRNEE 15 RS inosel bt i ve.

ani on  exchapBEphEpMitaMdOLIfats AP eRulti Bhe i8RsloPYrtRopRItphRk&Fliore cation’
exchange nenbrane on its cathode side. The solution contained in the anode

conpart nent Siiate e gemered .M howeverniha seeiuen igng: Sifas charge balangeirakstof t he
bath is fir ' ’ ' : toe s ; ophosphite
20 and of o?%#ggkgﬁlﬂ%egregmisCIP?EEE’%% oggqgt)?g&ncgsg'rlF Eslﬂmoggltbp%gcent ral
conpar t ment rerfibwss thectetad anmguos of teciond ofigtthaphusphite @adi sulfatxsiheamtfee nenbr ane

i s di sposed_bet ween the two conpar, nts. Fo LS reason, it is not clear
how t . e ROGODE Aiee RS EE IR sab M 0hg iR ondfomdladE! nee
met hod and @& we\dilaatd @jmpﬁhm@hf eiisphlys rerahinyin ey gMestatdoRtp At EMET kIOl ess
nmetal plating bath contalning a, reducing agent in the form of hypophosphite

ions thi® efdbstantiglyattacks el efficlement age of interfering ions in the netal
plating bath. The user of this invention can extend alnost ad fib the
useful life of the baths. In practice, far 30 nore than 200 MIO have been
achi eved hetrethelssicond variantadiahi isiconceieed andiong-stabe rosthbd| thei sodytionhey al so

crsur e et ofh S Bl B PR P BRB R o o0

consisting of three electrolyte compartments, the central compartment thereof

15  being separated from the other compartments by a monoselective anion
exchange membrane on its anode side and by a monoselective cation’
exchange membrane on its cathode side. The solution contained in the anode
compartment is conducted into the cathode compartment. The solution of the
bath is first introduced into the cathode compartment. lons of hypophosphite

20  and of orthophosphite are described to be transferred into the central
compartment. This seems impossible though since a cation exchange
membrane is disposed between the two compartments. For this reason, it is not

clear how the method can be performed.

25 “DE 198 49 278 C1 further describes a method and a device for .
electrodialytically regenerating an electroless metal plating bath containing a
reducing agent in the form of hypophosphite ions that ensure a constant low
percentage of interfering ions in the metal plating bath. The user of this
invention can extend almost ad /ib the useful life of the baths. In practice, far

30 more than 200 MTO have been achieved heretobefore. In addition to extending
the useful life, they also ensure that consistent high quality coatings be
deposited. The suitable arrangement of the anion exchange membranes and of



t he nonoval ent pernsel ective ani on exchange nenbranes described in DE 198 49
278 Cl1 permits to renove the nonoval ent anions (nore specifically the
hypophosphite) fromthe circuit of the waste substances and to reci 28t eht@&7
them back into the circuit of the active substances. DE 198 51 180 C
describes a nethod and a device for the regeneration of an el ectrol ess

pl ati ng bath conprising an electrodialysiz,unit, an ani on exchanger in the
concentrate circuit and a cation exchanger fed by a side stream of said
circuit whigh efflu rged in the dllube conpartnents of the

el ectrodi al %‘%‘H"t"e“‘rﬁ%ﬂ‘ﬂ%@?%ﬁ’%@&%ﬁw"gﬁéﬂ%@ fAneR&tescePRI o t he

processi ng DEVO849TTs emwmﬁet@%iﬁomedﬁanmrﬁ%tcﬁfs (Hd?@s}éééﬁtéﬁ!l?
di fferent di sadvant ages; endi ng on the type menbrane used, the

amount of rrﬂt%hymﬂt@sph&ed fr@'Wethélctrélﬂﬂ tJf t5e waste eebea%eqstamb@ reairculalee) | ost
to the circyid %facKVﬂﬁB éléﬁéﬁt!l@lapﬁé afc‘t\vé@ﬁ’ﬁ%tﬁﬂé Qate) can be as nmuch as 10 %
of the armunt ep05| te plating ath Active substances get

[ ost as'.a resuj’t thereof 2. The drop-out current contains a considerable™ '!

amount HE /94 81 189 frdeswrivega mﬁﬂlﬂ%’eﬂ“q BAsvigaiferthgaegerrratipy of enelecdeoless t her
vast e t (faingaiath SxABASMgaNblectRodiAAIS uAIL ah%.&%mhhgm lﬁtheﬁc&e%ﬁfr‘ g@gﬂ 9nd |

anount of netal slurry, 3. The rral or drawback known net evi ce'

i s that AfRHOH ‘?"&BF‘Bge'hfﬁdaPy gradde pireamf spig W‘W't thhﬁfﬂueefgémtﬁcaatgsd infbei ce. |
On the eiBteToffpartiidngs of tRélXeEFodiAIpsis Uik, Imelct.t.&ve)ehaﬁg&s bgﬁ% niReGBns to the .

i nevitably has to be subjected to 20 cl eaning cycle strippl ng and_ i

on the drResssiafiawidyses damages and an effici ency Ioss to the plant. i S|
th f t f
(e or”an b bt AR BERL LGB R 2

25 *device permtting to regenerate rretal pI at| ng bat hs nore specifically
conprising ophosphite . redu ent e inven nis.nore
specifically Bgﬁ?’iﬂﬁ%&”ﬂheé&?ﬁ Bﬁ g H%Edag?ef 9@°§Ug9{)@ﬁ@§)rﬁﬁﬁ'ﬁl i ons,
reduci ng agﬂt@ctrcuﬁ%cﬁ%e BObSAABES (dnaaﬂeatceetd/thevduehnlot*%stéﬂsdﬂsearrdegCuIt of
. active substances and that the interfering substances (reaction products,

i nerts)ibe (coRsoRERIE) CERDEFP MULhEst Ophithe amexnkaerasitemin e wetadui t of
active substafGce$ath. Active substances get lost as a result thereof.

2. The drop-out current contains a considerable amount of metal ions such as
nickel ions which accordingly requires further waste treatment expense and
15 leads to the formation of a corresponding amount of metal slurry.

3. The major drawback of the known method and device is that undesirable
metal precipitates form within the regeneration device. On the one side, this
reduces the availability of the plant which inevitably has to be subjected to

20 cleaning cycles (metal stripping) and on the other side causes damages and an
efficiency loss to the plant. |

It is therefore an object of the present invention to avoid the disadvantages of
the known methods and devices and more specifically to find a methed and a
25 device permitting to regenerate metal plating baths more specifically
comprising a hypophosphite reducing agent. The invention is more specificaily
intended to achieve that the active substances (metal ions, reducing agent,
complexing agent) be largely maintained in the circuit of active substances and
that the interfering substances (reaction products, inerts) be removed to the

30 largest possible extent from the circuit of active substances.

In overcoming the problem, the invention provides the device for regenerating



In overcom ng the problem the invention provides the device for
regenerating a 28-Feb-07 an electroless netal plating bath according to
claim1 and the nethod for regenerating gn el ectrol ess netal plating8&=bH7
according to claim8. Preferred enbodinments of the invention are recited in
t he subor danateztroless neetaPpiptied bathrapdo@ingstosclany hapd e tlethodifor uat e

conpart nen concentrate ., cO rtpents, main cation exchanger/s, anion
exchanger/ gég%r‘g\%%@% aﬁﬁ‘ét%lﬁ%srﬁ%l@ ng gﬁ*%ﬁﬁf@f@?g%g@éﬁa E’E‘%?F@it suppl y/ s,
col | ecti ngetnbolinsents bERIBVEonfdrerebited %5 e/ suboséindiecsalser voi r/s, safety

cation exchanger/s or the |like is to be construed in the follow ng
description of the invention and In the patent clains as one or several

such el emephy eleﬁhﬁdi@%i@eﬂ‘r@i%nﬁé?@sﬂﬁﬁub@c&rﬁp@:@rﬁ@hﬂ@i%c%ﬁ'ﬁet he Invention
mainly serve to. regenerate by el ectrodialysis an el ectroless nmetal plating

bath that AYPBAEERET.MRIRIGEYOR SXERANGS hARIMOKhANOe!s ioR exghansiee a bath for
deposi ti ngrﬂeﬁgﬁéﬁe@f catRb@78] andeeiRa 'c&vrer?t%@ﬁ@!ﬁ, %llé&ﬁ\pqg}ny&' atinum or gold.
nd the a e or

The device a method are nore speci Iy sur Te
el ect r odl aregenegint jluidvgsneifsasenvipegreeveiv/s esafelyi aitioh exbhanger/sMsribe

e o e AR SORTE S P RS RR R, 1" 1

phosphor uspatant claisres deode poseverdl sush alemomds.i t uent conponent of the |ayer.
Al'l  of the hypophosphite salts and the free acid H3PQ2 may be enpl oyed as
hypophosphite. The salts utilized may nore specifically be utilized in the

form of aTrkaleviegkhd titd kidkhdiEinertbiiafcd with b RVERMGHMaFAY kendlie device in
accordance with the inventjon conprises a) electrodial ¥SI S arrangenents,
each havi n(F98NeRRR BY elseHarehsisan elseiraigtsamats! platingdath thadmareng bat h,
concentr at ‘ | f Il | : rtments

t hrough i oﬁ?égglgﬁ%g@ﬁgﬁﬁb@gﬁggﬁlﬁg&??ﬁrﬁ@ﬁtﬁéﬁpﬁﬁ%@f Sgﬁi?g%ﬁ%?r@at e fluid
servi ng t onickalsealt erruercpaliagivniatianorer gaidt The deviee Bad thawelod r om t he

exchanger s EanRheBfichfy cuih rof BREANAMCAF IR Al eBholf ekl 21 1 on
exchanger sbatbs.dorospsicifidaliy titd bathe mdepied 40 becogpreratesiinsaccordsuct a manner
that the with the invention may comprise a hypophosphite reducing agent. Therefore,

phosphorus can also be deposited as a constituent component of the layer. All

of the hypophosphite salts and the free acid HyPO» may be employed as

hypophiosphite. The salts utilized may more specifically be utilized in the form

of alkali sait, alkaline earth salt and ammonium sait,

' The device in accordance with the invention comprises

a) electrodialysis arrangements, each having diluate compartments for holding the metal
plating bath, concentrate compartments that are separated from the diluate compartments
through ion exchange membranes and are intented to hold a concentrate fluid serving to
adsorb interfering substances that are to be removed from the metal plating bath as well as

anodes and cathodes, and

b) m'ain cation exchangers for removing metal ions from the concentrate fluid, said cation
exchangers being coupled to the concentrate compartments in such a manner that the
concentrate fluid is allowed to be conducted through the main cation exchangers and to be
recirculated back into the concentrate compartments by allowing the fluid to be circulated in
a first circuit between the concentrate compartments and collecting tanks and in a second
circuit between the collecting tanks and the main cation exchangers.



concentrate fluid is allowed to be conducted through the nmain cation
exchangers and to be recirculated back into the concentrate conpartnents by
allowing the fluid to be circulated in a first circuit between the28-Feb-07
concentrate conpartnents and collecting tanks and in a second circuit
between the collecting tanks and the main cation exchangers. 28-Feb-07 9
For electrodialytic treatnment, the netal plating bath may be passed through
the diluate conpartnents in the electrodialysis arrangenents and the
concentrate-fluid through the .concentrate conpartnents 5 in the

el ectrodi al ysis arrangenents. In addition to the electrodialysis
arrangements an i on exchanger systehwé&mnbqumbﬂ@muﬁéﬁhangﬁﬁﬁmwmnm@us

coupled in i nventi ner re enerat| n ystemsqg as to all ow
concent r at ehfiﬁhméyt Bﬁﬁ? Hg C% gé‘ é&@&iﬁ%&'a lysise _
concent r at eaf'rngQm'eﬁtsSéHW{Heeébﬁc@n&Q% Mlid %’r%@ﬁ.’;@{hé%rﬂ:eﬁ% prfRERiscat i on
exchangers) conprising the ion exchanger he i on exc anger resinis

a cati on5ex¢fhﬁlr$ge§60ff EIMS|SS§|J'Eﬂmgﬁth$ esins are comercially available, for
exanple from Bayer, Gernmany (Lewatit types). The cation exchanger resin
binds the netal ions, for exanple nickel or copper ions, and 15 exchanges
them f or H3Gradditiof éo treoelectrodielysis aﬁ'm'rgetrfwts:armdmne)t’cﬁraagér s&stﬂerhé(malrbeen
passed throug@wbhe mai n ca i on ex Is circulated back

concentrate® SX¢hANgED 18 hqsh%o %‘?tnrg@a.'%‘reyﬂé'r’% magh & s Eegepe@ 'f‘% the

i nvention, gydieassdhs iEhRdw cBRSeritrA8YiLIAgo FlohCthtdughfthaGhaiM@aBURSt ances 20
(diluate) to the circuit of waste substances (concentrate) will not lead to

the di $&dvaxehanaerdeie comeantraty fividio suprjiedde oretaiIsevera nain aolurws
| h
concent r at e}(m&fﬁ caﬁlfoﬂ éﬁ%ﬂ%@fg&@@ﬁ%@%@é b&?{gérig% e iGroving the

metal ions tromthe concen exc ange, the netal
i ons, for eraciEnrger Inmrniis:kehtid:mazchmgrecmﬂm a&ue:hltnpe hesimaare caratmiemmielly
exchanger As a result thereof, the netal ions transferred to the

concent r at eavailpbl feeexamels feara Bsyer, &?"F’lﬁﬁ‘b’ak—%‘ﬂa@a&quﬁﬂ.@ﬁ R rcuit of the
active substanceder FOSn bR AL rAshl ¥hs SHPELANSEhitket bM¥SpsR b, 25d

15  exchanges them for H3O"- or for sodium ions. Once the concentrate fluid has
been passed through the main cation exchanger, it is circulated back to the
concentrate compartments of the electrodialysis arrangement.

Due to the invention, a loss of metal ions from the circuit of active substances
20 (diluate) to the circuit of waste substances (concentrate) will not lead to the
disadvantages described. By removing the metal ions from the concentrate, the

following advantages are achieved:

1. By removing the metal ions from the concentrate by means of cation

25 ”exchange, the metal ions, for example the nickel ions, concentrate in the main
cation exchanger. As a resuit thereof, the metal ions transferred to the
concentrate can be recycled and be recirculated back into the circuit of the

active substances. The loss of active substances is thus minimized.

30 2 By removing the metal ions from the concentrate, the cost of waste water
treatment may be reduced as well since the treatment using the main cation

exchanger is much less complicated than a conventional waste water treatment




30 2. By renoving the netal ions fromthe concentrate, the cost of waste
water treatnent may be reduced as well since the treatnent using the main
cation exchanger is nmuch |less conplicated than a conventional wast e28\Bte07
treatment 28-Feb-07 10 which additionally needs considerabl e anounts of
chemcals for precipitating the netal ions fromthe bath. In many cases, it
I s absolutely inpossible to renove the neg@l ions fromthe concentrate
solution as they may contain considerabl e anounts of conpl exi ng agents.

Renoval of t MIcmaﬁ@dltubmihy Hesdgconsiderabisn agniungs 6f chigmighazdass bﬂ‘é@l;ﬁaﬂmg onment al
i lons fromthe, conc ate, tal is

:‘lrjnr) ? ﬁfar preé?ﬁ]w”ga[f’?&rfrﬁ%tgf%éﬂaf}btmHbarb’faﬁleét'?l‘ﬁgati’?iﬁ't'tﬁ 'F’H{j@ﬁ@fea i on devi ce.

The avai |l abpdmbye e frefalRbdfromnhé BEESHFAS SYILKDRRABEH Nty drit@iRul t  ther eof
as 10 otherw se inevitable cleaning cycles (nmetal strippindg) wll be

necessary. TReNsigewabie AROWDiY \omBexingageats: Bemayeal olthe. metal lsas figgen t est ed
whet her tge Wén%%ﬁ%ﬁpfes%é'emﬁgn Bntd %éém ng agents in order to
t

at | east del ay Ing o | 'ectr odi yS| S arrangenent s. 15 Usually,
such type st abi I I zi ng agents are added to electroless netal plating baths in

ffort t t net bl ting.ip the"bath tank
and on the | AoBv{empKEBhs meiToR? HRE (8 oheBRFRT tstivell S BBWE of lead
conpounds ar gréiepted RoOmexreBpitgtingBy platingh ﬂ%ﬁ@géﬁé%oﬁl&evh@‘@ﬁér t hat

stabilization is disadvantageous because part of these substances gets into
the diluate Avaiabiitye]thedplanidggonsidetabltineteaseds ayrauititherpefiagepositi on

per f or magge gfqe}\n%et}ﬁé\%]tabws&ahﬁgF?:gﬁﬁab h’)'ef’é! 3Yr53t u‘@ &lﬁ@ﬁeﬁe%ar&h%% r;ah i gh

stabilized at l'ow l'evel s an erv

phosphor us cpiahérstmofléweusebpbtedhesb%sswmnl izing agents is al so 25

- di sadvant ageous because they nmake waste water treatnent nore difficult. The
I nvention also permts to profitably regenerate baths with | ow t hroughput as

they are cur fiavsl bedastedtddnwigthst theedpyen®aia TaafbeebRidheadhaitasilising As a resul t
thereof the quality of the |layers can be kept on a constant and opt i onal
| evel in agents in order to at |east delay plating of the electrodialysis arrangements.
15 Usually, such type stabilizing agents are added ta electroless metal plating
baths in an effort to prevent metal from undesirably precipitating in the bath
tank and on the inserts therein. For nickel baths, low concentrations of lead

compounds are used for example.

20 It has been found out however that stabilization is disadvantageous because
part of fhese substances gets into the diluate where they can negatively affect
the quality and deposition performance of the bath. This is particularly true for
baths that are stabilized at low levels and that serve to deposit nickel layers
with high phosphorus content. The use of these stabilizing agents is also

25 Tdisadvantageous because they make waste water treatment more difficuit.

The invention also permits to profitably regenerate baths with low throughput as
they are currently used in practice by means of electrodialysis. As a result
thereof the quality of the layers can be kept on a constant and optional level in

30 these cases as well.

Preferably, the method can be performed continuously, i.e., regeneration is




30 these cases as well. Preferably, the nethod can be perforned
continuously, i.e., regeneration is 28-Feb-07 11 carried out w thout any
interruption for maintenance works for a very long period of tine, 2Bdieb-07
exanple for one or several nonths. The concentrate fluid in the

el ectrodi al ysis arrangenent is conducted through 5 the ion exchanger in a
manner in accordance with the invention ip order to renove the netal ions
that have entered the concentrate fluid. ﬂ%e nmetal concentration that

vol um st AR GRS Bhy ribSilcn G Reliphd R Pbie eVl e Ton

exchanger. beribthebtime, & exvanglle iomhearseperaaamitid.y transferred fromthe 10
diluate fluid to the concentrate fluid, an infinitely |large volunme stream,
X 1S needed in order to cause the concentration of the netal ions in the

concent  at eThblddndohGatoTiem he diafiokial i Sraffahehas eonhlieganeags rati on of

the metal ions is adjusted so as to re Erevent netal fromplating the
el ect r odPal Y OnHxchagesnta m‘aneerrfn@ré@wdiabﬁew dbainvention in erdesds t han 800

O/ 1 e URAed I et S o by B Pl SHRSRBE 211 00

dependlng o] erature o concentra
el ect rodi al yem&amnatlangbakalmudsmp it lifee pdrhoeatrate cicuittdam be cagubated dyitien of t he

[ ohe ot oy b BAR AR RRT Noch] CoPCeuttisle MBS Sohiss S Mt pogamant
i N\ accor danggtiod &kcHdmger. |R\RESH; 04k et tis alerp@rmanbh@y frensrairb@froff thewo f 1 ui d
circuits that can be controlled i ndependent of each other. On the one hand,

the vol life dtyatafyid o theicegcaairatedyid: ﬁé ifinitelyt lgmmaygiyme stieeanYeient s and t he
i ncat | on S aran e Bl B Encdlyfh AR, RSk, FRELRIPE AR ao v,
X, can be aﬂwdstbeddmc&fenmmmermﬁheeemre cbmaeoncantvatlmayofftm mestalriphseisbe
adj ust ed Soa%s&ed soaf ot If%gﬁ/lplrg\rfer%t%a Itfpoem plating the electrodialysis

arrangement. The nickel ion concentration is less than 800 mg/l, the upper limit

15  of the still tolerable nickel concentration depending on the temperature of the
concentrate fluid in the electrodialysis arrangement, on the pH value, on the
concentration of the reducing agents (hypophasphite) and on other parameters

and being adapted to be determined separately by way of experiment.

20

25
The arrangemen‘t tmaccordance with the]
mventlon furtherl permits the formation of two fluid circuits that can be
controlled independent of each other. On the one hand, the volume streams
flowing between the electrodialysis arrangements and the collecting tank on the
30 one side and between the collecting tank and the main cation exchanger on the
other side, the latter being referred to as Viy, can be adjusted independent of
each other. Vix may for example be adjusted so as to be much smaller than the



28-Feb-07 12 volune stream fl ow ng between the el ectrodi al ysis arrangenents
and the collecting tank. The concentration of the netal ions in the
concentrate fluid can be directly influenced in a sinple manner by28-Feb-07
adjusting the ratio of these volune streanms. On the other hand, if
necessary, the tenperatures of the volume 5 streans can also be set to
different values. A device in accordance yth the invention that has the
foll owi ng features has been found to be vant ageous: 10 a) a first

el ectrodi al ysi s arr n |t ernatingl rising first cqpcentrate
conpart nent \églgﬁr}]e %tf%ﬁ%%”ﬁ%ﬁ%{%e@ﬁﬁé?F%S(rf’g%ﬁs%ﬁ?'q%%meeﬁt%&ﬁ@% and anodes,
each of sai doltdtingttenicoracsmmentratibeoinihe raealonisad the oohdent@spfiuil icee

nei ghbouring concentrate c artn@gtg@(loc%t ed.on the cathode side of the

di luate conp&diteshy infireqeeding sk MNEE DY AAjusting 1oe s3tet et Y AH@®and from

a respect i VetreARkIDRAHE IONGerARIMIS FicBb s P TR e MBBEatlRG etk Odlufge anode side
of the diluate conpartnent by an ani on exchanger nenbrane, b) a second

el ect r od® al yeamaceardiepbasehia éiffaent Mlesconpri sing second dil uate
conpartnments and second concentrate conpartnents 20 as well as cathodes and
anodes, each of said concentrate conpartnments being separated froma
respecti ve Adieytidmwinracvgrdahdeusitrethednypantiondhat hascileddlioming Heatomdshede si de of

the concentfate_ co rtmﬁnt bé an_ani on exchanger nenbrane and from a
respective %?@P‘-Fﬂﬂtiﬂfﬂgea YA ™M part ment | ocated on the anode 25 side of
the concentrate conpartnent by a nonosel ective ani on exchanger nenbrane.

The nmetal plating bath is concurrently conducted through all the first and
second 1 uate cehfiishelectodiglysiscarrangeniant eltomatinglyicomprisingfésent s that are

SR e B

cathodes and anodes, each of said diluate compartments being
separated from a respective neighbouring concentrate compartment
located on the cathode side of the diluate compartment by a

15 monoselective cation exchanger membrane and from a respective
neighbouring concentrate compartment located on the anodé side of
the diluafe compartment by an anion exchanger membrane,

b) a second electrodialysis arrangement alternatingly comprising

second diluate compartments and second concentrate compartments

20 as well as cathodes and anodes, each of said concentrate
compartments being separated from a respective neighbouring
diluate compartment located on the cathode side of the concentrate
compartment by an anion exchanger membrane and from a
respective neighbouring diluate compartment located on the anode

25 side of the concentrate compartment by a monoselective anion

exchanger membrane.

The metal plating bath is concurrently conducted through all the first and
second diluate compartments in the two electrodialysis arrangements that are
30 hydraulically connected in parallel. Likewise, the concentrate fiuid is
concurrently conducted through all the first and second concentrate
compartments in the two electrodialysis arrangements that are hydrautically



conpartments in the two el ectrodi al ysis arrangenents that are hydraulically
28-Feb-07 13 connected in parallel. The concentrate conpartnents g@%,bgg
diluate conpartnments are alternatingly arranged in the two electr &PyYi s
arrangenments. 5 Further, <c¢) current supplies for the cathodes and the
anodes of the first and second el ectrodialysis arrangenents are provided
for inthis device. 10 In a very sinple odi nent, the electrodialysis
arrangenment is provided with the follow ng arrangenent features: a) a first

el ectrodi al y§jrhedfdBRGRABIN ., conprising two first concentrate 15
conpartments ang one first diluate conpartnent disposed therein between,

sai d conpartnents being enployed as electrolyte conpartnents, wth the

diluate co ' d a i er.eof .from one of
t he concen??giéeg@ggr?ﬁgé k%%@?ag@%h& arrﬁoyr}tggeﬁ%g@% %Hggqﬁgﬁ%eé{g t?étﬁg'[earﬁé&nbr ane
and on the asvoateeslideh@ o blectobiafyssrartangenidnés. concentrate conpartnent by
an ani on _ exchanger nenbrane, b) a second el ectrodi al ysis arrangenent,
conpri si r?g two second diluate conpartnments and one second concentrate
conpart nent mlirgfepsed therein between, said conpartments being enployed as
el ectrolyte 25 conpartnents, with the concentrate conpartnent being
separated on the cathode side thereof fromone of the diluate conpartnents

by an anion exchan rﬂes”% | t fram the
ot her diluate coggagﬁr%nt y @ﬁ%?%ﬁg%gﬁg%@v%ﬁﬁoiﬁé%&ﬁﬁégﬂﬂr?éir]rbr ane, 30
c) at |east one cat$emmdaaldctaididlgsis Brrangeraantdearbgiragded éorideds idevieach
10
In a very simple embodiment, the electrodialysis arrangement is provided with

the following arrangement features:

a) a first electrodialysis arrangement, comprising two first concentrate
15 compartments and one first diluate compartment disposed therein
between, _said compartments being employed as electrolyte
companments, with the diluate compartment being separated on the
cathode side thereof from one of the concentrate compartments by a
_ monoselective cation exchanger membrane and on the anode side
20 thereof from the other concentrate compartment by an anion
exchanger membrane,

b) a second electrodialysis arrangement, comprising two second diluate
compartments and one second concentrate compartment disposed
therein between, said compartments being employed as electrolyte

25 ° compartments, with the concentrate compartment being separated
on the cathode side thereof from one of the diluate compartments by
an anion exchanger membrane and on the anode side thereof from
the other diluate compartment by a monoselective anion exchanger
membrane,

30 c) atleast one cathode and at least one anode being provided in each
electrodialysis arrangement and

d) a current supply for the cathodes and the anodes.



el ectrodi al ysis arrangenent and d) a current supply for the cathodes and the
anodes. 28-Feb-07 14 Instead of but three electrolyte conpartnents (diluate
conpartnments, concentrate conpartnents), nore than three eIectroIﬁ@%Fd*07
conpartments nmay be provided for in each electrodialysis arrangenent, the
respective ones of the 5 diluate and concentrate conpartnents bei ng di sposed
alternatingly and being separated by ion1§xchanger menbranes in conpliance
with the above nentioned requirenent. Wih the ion exchanger nenbranes
havi ng gi ven dinmensions, a sufficiently |arge exchange surface for the
spent netal platin bath is thus nmade available in the nmenbranes. The

| ar ger t hi s istearhatjeutibresueleakelyte ¢rmparbnentsdditlate comgaftmants)t t he

regeneratio f h ere e, Lh an optimimconfiguration of
the 1 egener Spe RS imeaRidy mod SRR Capbtallt ARhATRaeInaeEar ¢ nent <
i s di sposedpraviddd for hatadlgelketudizbgis ArrafipiniertBefressdction dnebef grcond

el ectrodj al yﬁi s arrangenent. Two stacks of el ectrol %/t e cells through which

the di | uat edfY@IPENdCRGRANRICPBRFGBENSIReNg ¢igResedi3leRANAlY ARHPENENd t he
concent r at e sbbaatb PEY RpSedi@ngeNFRIIHIaAES FRBARIBRES it tRE @bbid!s obtained. In

principle, the two electrodialysis stacks not have the same nunber of
el ectr ol yt e maniipaced requicment. Vith therior R¥ehsingebmemirangs hgwoagiven provi de t he

first el ectrqodialysi ] i d
Concenty ot o U, S QIFARMEERe Ydibode J1RBEE Ry HutBeh Ahefbitify S a0

Thr ough t hebatheisitialis madera_yai‘mhrjlie i?_the hﬂn?mannghalri@@e_ r trdsrbxelnege Ehe first
concent te c art nts 1N, the St ect r odi SIS alr e n are

Gor i mod 0 by Saem tag TAser A (ve elfivnt S1e (agenestnb pEocsg st ahe bafte

conpar t nent TABgfafe, Y aBRATRhEEHIRIrSRtIN ShE ¥edtnaesion aidy aﬂﬂéraﬂgr dthe anode

side of this conpartnent. The anode and the cat hode are di sposed on the end

faces of thédiluaipapdresarcanijatescomparkmenislis Kispesrd igiafiemalingrasyenes imenbr anes
separating pﬁ@ th(e%@%ﬁag{d fhE RBRA LR Ry S Sl Rrt ! Y6 £RHRYt ment s

contacti ng cat
electrolyte cells through which the diluate fluid is conducted across the diluate

15  compartments and the concentrate fiuid across the concentrate compartments
are thus obtained. In principle, the two electrodialysis stacks need not have the
same number of electrolyte compartments. it may for example be
advantageous to provide the first electrodialysis arrangement with a greater
number of diluate and concentrate compartments than the second

20 electrodialysis arrangement.

Through the special arrangement of the ion exchanger membranes, the first
concentrate compartments in the first electrodialysis arrangement are defined
by anion exchanger membranes on the cathode side of this compartment and

25 Tby monoselecﬁve cation exchanger membranes on the anode side of this
compartment. The anode and the cathode are disposed on the end faces of the
electrodialysis stack. Unlike the given sequence of membranes separating the
respective compartments, the electrolyte compartments contacting the cathode
and the anode are separated from the adjacent electrolyte compartments by

30 cation exchange membranes. These outer electrolyte compartments hold an
electrochemically inert conducting salt solution that is delivered across the two

compartments in the circuit, for example a sodium sulfate solution. Undesirable




and the anode are separated fromthe adjacent electrolyte conpartnents by 30
cati on exchange nenbranes. These outer electrolyte conpartnments hold an

el ectrochemically inert conducting salt solution that is delivered 2807
the two conpartnments in the circuit, for exanple a sodium sulfate sol ution.
Undesi rabl e 28-Feb-07 15 el ectrode reactions, which would destroy the

el ectrodes or lead to the formation of further undesirable reaction
products on the el ectrodes, are thus prevgﬁr’lt ed from happening in these

conpartnments I kewi se, the second concentrate co rtnments jn the second
el ect rodi al F%‘?"gmlaﬁrr ?ﬁﬂﬁ’éﬁewp’cgr‘%o@glﬁiﬁagﬁy %{ﬁ?t&ffeé@ﬁﬁﬁ%éo FAAEM on the
cat hode si def fiirfiire@Hesirsbi® Yo AtRI0A TROQMS BE 1R bRRrBIEL G EPRIVEARY On the
anode side _thereof. Again, one anode and one cathode are di sposed on the

end si des ofToM ARPeNRS KHthere cOPPartaIgds.s stack. Unlike the given sequence
of menbranes 10 separating the diluate conpartnments and the concentrate

conpartnents, the electrolyte conpartnents contacting the cathode and the
anode ar® séjavasedhe secmd duncedfrateetumpdréoenisliy the seaqrar ¢laetnodialygiscat i on

exchange nmenbranes. |n ' ond s .well. suited, iner olutions are
contai ned | %?ﬁaﬁggﬁ'gptﬁ@e&mﬂ&%ﬁ% qmg@%@@ggdnﬁgp{qpeeﬁtorgm?ﬂ@o %ﬁ@éi rabl e
el ectrode r égarbebbard by echpspleetanisidn foxohampomenRibignesToe tisaahadesidat i o of

t he normal ani on_exchange nenbranes to the nonosel ective ani on exchange

menbr anes i AREL ARSIN0BEAGHP ANGGNE Gthedaarediaresed gtirerdsiges ohe
sol ut i on_coRgybeshd eHallalSs SAKLMikS 1 d0ef QBRI fekBEAH&Y Dl v about

8.5) determne t egree o oss of ani oni actrve substances, neaning of

hypopho$®hi sepanating hrerdiiyate compadmentoard theltancentrate edropartments, fss s

one common. ERRPHaPARFaRReRl LR SRR A8 Sl FROR e e e RS e

that one catroatitha sdjadctt eketiofite owpancheh&csy Qétionté)&h@ﬁ?mnﬁembﬁhfeépmi alysis
stack and that one anode is ?i sl‘@oaed on the other end face thereof. For
this pur pos#lS fRECTHKESHECTT yell.suiter dneft goltipnssqregantaied yn the cathode

and in the ancde compartment so that undesirable electrode reactions are

15  prevented from happening.

The surface ratio of the normal anion exchange membranes to the
monoselective anion exchange membranes in the two electrodialysis stacks
and the pH value of the solution conducted through the concentrate

20 compartments (preferably about 8.5) determine the degree of loss of anionic
active substances, meaning of hypophosphite and carboxylic acid anions.

The first efectrodialysis arrangement and the second electrodialysis
arrangement can be combined in one common electrodialysis stack and may

25 “be disposed in such a manner that one cathode is disposed on one end face of
the common electrodialysis stack and that one anode is disposed on the other
end face thereof. For this purpose, the respective stacks are not electrically
isolated from each other. For this purpose there is rather provided an anion
exchange membrane on the interface between the two stacks for separating

30 the last concentrate compartment in the first electrodialysis arrangement on its
cathode side from the last diluate compartment in the second electrodialysis

arrangement on its anode side. In this case, the cathode compartment provided




I solated fromeach other. For this purpose there is rather provided an anion
exchange nenbrane on the interface between the two stacks for separating 30
the | ast concentrate conpartnent in the first el ectrodial ysis arramgRentd7on
its cathode side fromthe |last diluate conpartnent in the second

el ectrodi alysis arrangenent on its anode side. In this case, the cathode
conpartnent provided 28-Feb-07 16 for on the |ast electrolyte conpartnents
and the correspondi ng anode conpartnent '8 well as the associ at ed

el ectrodes are di spensed. w Accor di ng but one cat hode conpartment and
one anode cfeﬁﬁﬁrﬂﬂ?rg?r% e%:tr% forgparimentsA ’P%ﬂl’@ ¥epspRBJIAEEAed8r e provi ded for
on the end dapgestRbnt eweh a§ttﬁ’§lésédb|ét3¢| 2lch®Bes 5\*5 Hﬁgénséd"wﬁﬁ‘m her

enbodi ment, the first electrodial ysis arrangenent the second
el ect r odi alAeaosdinglvahytormeatbasde b@maﬁmaméanﬂ ene anedecompantmagitast r odi al ysi s

stack 1 SUgl 2 BRRSIndklAlng i SHGS 5 GLERTAA FRILRY obek Beud)

el ectrodialysis arra are t are oriented
t owar d 6hesﬁaﬂpmdhmwmsether stack of electrodialysis cells. One comon
cathode is disposed between the two el ectrodial ysis arrangenents and one
anode is disposed on either end face of the common el ectrodial ysis stack.

This  conbimmHe?Ninhaothdieerbydfient thé Nak e%'triéd%ﬂ%lsséﬁ%éméﬁté?ﬂth@a' i zed. In

this 15 case, two current supplies are provided,” nanely one current supply
for the cdieh‘@ﬂ@eéﬁﬁfoﬁllﬁéy%é”’ﬁ'ﬂ@ﬁféeﬁtrﬁ@fbbﬂ)@@f@bln@drlnf@rﬂﬂestampmnf or the

cat hode andkdifon A E AR et B Bh RS Lhin itk o b RrIctB: 1 tre

el ectrodi al ysi s arrangenents can o course con In parallel so
t hat or@ c@ecﬁrﬁd@wplayrangbmedta thaﬂadertumecbtﬂomm\&ta vathedd ack odertted t he

vari ous el ctro art nt r ed i everse se

Uit s Ccase, ioerkiatesoroite HBrainth et B rdiis cBIS QT gy Slipiangement s
that are tuyg a%@oh@@@éﬂvéémh@m%@dtﬁ;my@@bﬁﬂngérﬂéﬁfsdaﬁd@qé 85RRelsl ve ot her
stack of electrodialysis cells comon anode di sposed between the

two el ect r stisasgsian %‘Fh%?@érf@?@ §f$&¢op%'ﬁf@06@ﬂ%@é“ahé3@§tac i Bgsed on either
end face ofliinSRIREs ﬂe%\faﬂfﬂg%l t5t Sniy bREKstack must be realized. In this

15 case, two current supplies are provided, namely one current supply for the
cathode and the one anode and another current supply for the cathode and the
other anode. The electric circuits of the two electrodialysis arrangements can of

course also be connected in parallel so that one current supply will do.

20 [n an alternative embodiment, the various electrolyte compartments are
arranged in a reverse sequence. In this case, the electrolyte compartments in
the electrodialysis arrangements that are turned toward the anode are oriented
toward the respective other stack of electrodialysis cells. One common anode
is disposed between the two slectrodialysis arrangements and one cathode is

25 T“disposed on either end face of the common electrodialysis stack.

The spent bath solution, which, in addition to the active substances of the bath,
meaning ions of hypophosphite, carboxylic acid and nickel, also contains
interfering concomitant substances such as ions of orthophosphite, sulfate and

30 sodium, is supplied simultaneously to all the diluate compartments of the two
electrodialysis arrangements that are hydraulically connected in parallel. In the
first electrodialysis arrangement, all of the anions are transferred from the




The spent bath solution, which, in addition to the active substances of the
bath, neaning ions of hypophosphite, carboxylic acid and nickel, also
contains interfering conconmtant substances such as ions of orthophgspit-oe,
sulfate and 30 sodium is supplied sinmultaneously to all the diluate
conpartments of the two electrodialysis arrangenents that are hydraulically
connected in parallel. In the first eIecH&pdialysis arrangenent, all of the
anions are transferred fromthe 28-Feb-07 "‘17 diluate conpartnents into the

concentrate [ i on_the anode side of the diluate
conpar t ment sTAGE PRTPaTen hud b, R BRRER PloearteBRRS: Suitisetith

conpart ment ﬁheimmgeraﬁd@bﬁw?&fim?mﬁcdmpaméhﬁwd tﬁbﬁ;@dgfnﬁ idves gHel uat e
conpartments, Wt e.nickel jons remajnin n the diluate 5 conpartnents.
In the jsecon%a'b'if%ré?é gﬂf"zﬁ%@“kﬁ{%%h?mgﬁ*‘?%rﬁé"w & ?Cagﬁ?c{?ns, t hat
is the ions Qe bYHRPMRR cb@paRthched, IRRthe hickel Bns 2E6Matridg H Bk ddatd r om t he
concentrate conpartnents into the diluate conpartnents | ocated on the anode

si de of the EUnReAHDEAEe Nt hieacond siestrogipdysisaairangementd only theemonayalesht r at e
t t Ha] t ' ' f hi t
conpar t ment s, aads thg Ig'ﬂi‘(%lo?nﬁ of%’}?@ﬁn@aslppﬁng%bg c{a%){)ﬁﬂgﬁcﬂ a?&tr%@éfgﬁ?{?osp te

and sul fate, rendinin ese case. i zing, on
t he cat hode fsordéhetonhtentdite catmpactomgnés intethte difuatdeompasmentd lecateddral ysi s

arrangement,,.a nonosel ectjve cation exchange ran odi.umions are

T ruatTy sdnBaoRagRs phhareeatte GHTIRE AT b COApRPERITaS T nto ¢ he
concentrat e &MEBArARESmMpdRReats drarthe MRldlert @k, naRRISIRGLAS of ar rangement
of the nmenbranes does not allow nickel ions to pass fromthe diluate

conpar t iént qriaPhoRRhite AR sHiRtEcrertripiag indpse @ynpatnerts inthis caseg, in  both
el ectrodi al ysis arrangenents, on the anode side of the diluate conpartnent,
an ani on exchange menbrane, not only hypophosphite but 20 orthophosphite
and sul f at e Bysuiiiziig, @andhe rcatixidersidelof thedillbte cirhpatmentoftparfirstent i nto t he

concenty at e SeMRAAER iRl Bk R el AR R iSO ©
di sposi ng, idbdilm isRcaRditlartdedsttioblysizhsRinfcd ONRAE dildate compartment
15 into the concentrate compartment. Except for small losses, the special
arrangement of the membranes does not allow nickel ions to pass from the
diluate compartment into the concentrate compartment. By further utilizing, in
both electrodialysis arrangements, on the anode side of the diluate
‘ compartment, an anion exchange membrane, not only hypophosphite but
20 orthophosphite and sulfate as well are transferred from the diluate
compartment into the concentrate compartment. The loss of ions of
hypophosphite and carboxylic acid lost to the diluate compartment is selectively
compensated for in disposing, in the second electrodialysis arrangement, a
monoselecti\}e anion exchange membrane on the anode side of the
25 Tconcentrate compartment so that these ions are selectively transferred from the

concentrate compartment into the diluate compartment.

As a result, with the solution being continuously passed through the two

electrodialysis arrangements, the ions of sodium, orthophosphite and sulfate
30 are mainly removed from the spent solution whereas the active substances are

retained therein. Accordingly, the method and the device in accordance with

the invention permit to achieve the optimal efficiency in removing interfering



nonosel ecti ve ani on exchange nenbrane on the anode side of the 25
‘concentrate conpartnent so that these ions are selectively transferred from
the concentrate conpartnment into the diluate conpartnment. As a r 34 Feb-0F; t n
t he sol ution being continuously passed through the two electrodialysis
arrangenents, the ions of sodium orthophosphite and sulfate 30 are mainly
renoved fromthe spent solution whereas tfg active substances are retained
therein. Accordingly, the nethod and the device in accordance with the

i nvention péath tonditeais ewes prlogidmy ﬂna@bmﬁﬁimr@ﬁwbilémrt@érmaeﬁgoﬁ Bingsd eri ng
28-Feb-07 18 bath constituents thus providing the solution of the problem
the inventi Gh'e§ -at resolving. Since the two el ectrodial ysis
arrangenents are hydraulically operated in 5 parallel and not in series,

el ectroneutrality nmust be preserved for the transfer of ions within the
entire arraSiecthe tool glectmdialysiy amangemanisrare diydrmilioallycoparetestinances passi ng

across the r Lp. t he. anqdi ' ' eed nl equal the gnount of
cationi cgsug‘é@ﬁg@& ng'gl %g"et%hggﬁe%@élgﬁﬁg ﬁnsttrb]eeprseggm%of%ﬂmay%ﬁ?roﬁ W th
regard to t femsawittdn dedrentireasrangaindnt onllhleaming, the amoogt dladiadib 1S

per mnent |y ag% cont i nuqusl % pazsed t hrough t he two, el ectrodi al ysis

ar r angermrent SURBE2PERS PAFHNG RIGSA HoRi T 0% Brihe angdicaHitastips ngad# ealYned i n

whi ch the i fsRR 1 | " concentrate
f1uid fIowsB?ﬁé’otﬁgmﬁﬂﬁﬁggﬁfﬁﬁgﬁgﬁﬁgﬁgﬁg{ﬁ?@%@%ﬁ LA e

i s enri chedcathodieedirgationfvdih regaslissthamresgement agl afwhnie.t The mepal platingt al

pl ati ng,bat Ll | or. 1t copncentration of
Phose 18 or Paff's ¢eRiRLBIE Bhe BoitboSlh Bassed b nle el PEar6gREse

concent r at eafrangemiatsdid thia¢,dncontnwanis opecationt al edaricef is onaihiairedia ti ne |
(intermttentl Moreover, it is possible to add sodium hydroxide to this ‘
fluid. 20 TW&'&‘}QABSH?F‘?B‘%”BQPH#’?@“E‘?%D?E?]‘?—E’Hg @EIelY F8MBYPDf the ort hophosphite |
ions fromthe hypophosphite ions in that the pH of the concentrate fluid is ‘

optimally adjusted to about 8.5 (formation of HPG3 out of H2PQ2 ).
e cancentrate fluid flows through the concentrate compartments. Said

15  concentrate fluid is enriched in the interfering substances removed from the
spent metal plating bath and carries entrained water. In order for the
concentration of these interfering substances not to exceed a critical value, the
concentrate fiuid is diluted constantly or at least from time to time
(intermittently). Moreover, it is possible to add sodium hydroxide to this fluid.

20 This addition permits efficient separation of the orthophosphite ions from the
hypophosphite ions in that the pH of the concentrate fluid is optimally adjusted
to about 8.5 (formation of HPOs; outof HzPOZ—).

When the device starts operation, the main cation exchangers are charged with
25 “HaO" or with sodium ions, depending on the type of cation exchanger used. in
operation, the main cation exchangers are gradually charged with metal ions.
Once a certain charge, which may vary as a function of the type of exchanger
used, of the main cation exchangers is achieved, the main cation exchangers
will no longer adsorb further metal ions so that these can no longer be removed
30 from the concentrate fluid. If necessary, operation must therefore be halted to

regenerate the main cation exchangers.



When the device starts operation, the nmain cation exchangers are charged
with 25 ' H30 or with sodiumions, depending on the type of cation
exchanger used. In operation, the main cation exchangers are graduz8-Fgb-07
charged with netal ions. Once a certain charge, which may vary as a
function of the type of exchanger used, of the main cation exchangers is
achi eved, the main cation exchangers wl]_ no |onger adsorb further netal
ions so that these can no | onger be renov 30 fromthe concentrate fl uid.
| f necessary, .operation st, therefore be halted.t regenerate the main
cation exch% 6’%&3.{(’ rfgppgggﬂsshe W‘%ﬁ?tf%?’f‘:hﬁ‘fig?@gQﬁg(%ﬁfﬂﬁt 'ﬁ’ﬁ‘?n cation
exchanger s, védsehi areqrevieed fibr hidlding rey@ssrahisiuid ttendad dekdenerdiolts ng
regenerant fluid intended to regenerate the main cation exchangers, said

vessel s bei W@"b%iﬂ”&?‘#‘@_”gﬁ@_r saldvesgels beingsaupiel &y e maingatign nore _
speci fi cal | f¥xc'?1‘é|nEHFs'. Arosdid, mbie BESIREMPLIfEIEARY 88 pRSfePaldly bRERIRHAR! f1uid.
are charge

Using an acid, the main cation exchangers, which th netal
i ons, ar®e agsegensmantdbdd. W sing EB@Eid, dives Mairheatian exchiangers, wdicigarel ber at ed int o

are coupl odo Thoet Wil ool lnkS S35 Shites i B RS BhBLierianger s, are
further probgidgtibe@tddino tied reyeneeant flaidger s, which are coupled to the nmain

cation exchangers for post- treatnment of the concentrate fluid treated in
the main cation exchangers, are also provided. Eventually, there are

provi ded segemfte r;%géﬂ@fréfﬂérthle%@ﬁc;&@t?&@'f@id.chh@ﬂed&dt%lé&ﬂﬂ&%rc%'ﬂéctfdgm d
intended for use in the regeneration of the safety 5 cation exchangers.

The fi g estantmipod the eaimgatien exchangers, Rond!rthes previded. Sgietlyiaatione i nventi on
in closer i 2 i l..Qi : 9@“ ' f the device
in accor dan%gc%\%hbﬁrsf ﬁ/g %’?%r$ecn Ip\éeﬁo?toﬁﬁa%%ﬁ gf“\'/%'i 821 sC e?r%ﬁrg)\g\??ew of the
partial progestamntiohtre orekeatratdfiuie treatedaditle yedis cetion premdngers, are

also provided. Eventually, there are provided second regenerant fluid vessels

for holding regenerant fluid intended for use in the regeneration of the safety

15  cation exchangers.

The figures, which are indicated as follows, serve to explain the invention in

closer detail.

20 Fig. 1 gives an overall schematic view of the device in accordance with the

invention;

Fig. 2 gives a schematic view of the partial processes in a preferred

electrodialysis equipment.

25
Fig. 1 illustrates a metal plating bath tank M that holds for example an
electroless nicke! bath containing a hypophosphite reducing agent. Rinse water
can be transferred from a rinse water tank S to the metal plating bath tank M to
compensate for evaporation loss.

30

The metal plating bath is circulated between the tank M and a diluate tank Vp.
The volume stream amounts to 100 I/h for example. The bath is further




25 Fig. | illustrates a netal plating bath tank Mthat holds for exanple an
el ectrol ess nickel bath containing a hypophosphite reducing agent. Rinse
water can be transferred froma rinse water tank S to the netal pl28-Felkr07
bath tank Mto conpensate for evaporation |loss. 30 The netal plating bath
is circulated between the tank Mand a diluate tank VD. The vol unme stream
anmpunts to 100 I/h for exanple. The bath is further 28-Feb-07 20 circul ated
between the diluate tank VD and an el ectrodi al ysis equi pnent E, conprising

two el ectrogi | g%rr? X | : . anounts for
exanple to g“%%?%b%le%é%gara t|n'}nagje %%\’)’o u%ﬁgfﬁéﬁi@%ﬁ%@éhﬁ‘% the bath
tank M to téemgdrisingtheotetedtrodialyeislafrangerhérs dod exdneple dmlis Wiutne dtheand

el ectrodi al ysi s_aryrangenent s sl he netal .pl ati ng bat which in_nbst cases
s very hotPHBR BkaREPEIeo. toky I Sensrait i Rlume sepsdicuyS B ¢
little coolgath thmieM © 1R ldileXtedahk Vi il ffdie thedkilmRe tan)  fHeOW Ng bet ween
the diluate tank VD and the el ectrodi al ysis arrangenents I's much snall er

than tHe oglectrodialysis paangestents &, b metad platingdath,twhickiin mestcaseskis Vo. 10

D | uate and C ar t i r 0 schemmt.i.cally, are
provi ded fo\r’g&wq‘?ﬂ@@@@ﬁr%o i'aé@’s(’saéﬁ}%ﬁég@n@ga%%@ﬁ%&}”ﬁﬁhkﬁot ed in Fig.
1 by the vesdlingaThigds achieosd imthat gtk tdiems clreanisiflolihy befaeh eect rodi al ysi s
arrangenents  E, said partition being intended to illustrate that the 15

b

el ectrodi al Jiade faaVgand Hia eleckariplisis aranoaments Ede miichr srapliaidban and
concentr at eth%%ﬂ%ﬁ&ﬂﬁgtb%nkgéﬂ t@&tﬁﬁéwﬂﬁﬂ’%b%@%}?ﬂkﬁ"o Furt her, one anode

I s di sposed on the ong side and one cat e ont si de of the stack.
A prefdrred enbodi mrent of electrodialysis arrangenents is shown in Fig. 2
(it wil bBilL?aetha'rnidbceo%cgg rggenco%fl;%aerfr'}léntgp which are shown schematically, are
provided for in the electradialysis arrangements E. This is denoted in Fig. 1 by
the vertical partiti.on through the schematically shown electrodialysis
arrangements E, said partition being intended to illustrate that the
15  electrodialysis arrangements E contain a stack of several diluate and
concentrate compartménts that are arranged alternatingly. Further, one anode
is disposed on the one side and one cathode on the ather side of the stack. A
preferred embodiment of electrodialysis arrangements is shown in Fig. 2 (it wili
be described herein after).
20
The bath flows simultaneously through all of the diluate compartments as the
diluate compartments are hydraulically connected in parallel. Concurrently, a
concentraté fluid, which is preferably weakly alkaline and contains, in operation,
transferred substances originating from the diluate fluid (for example ions of
25 '"orthophosphite, sulfate, sodium), flows simultaneously through all of the
concentrate compartments in the electrodialysis arrangements E, said
compartments being hydraulically connected in parallel as well. The
concentrate fluid also contains small amounts of transferred nickel ions
originating from the metal plating bath.
30
In the electrodialysis equipment E, ions of orthophosphite, sulfate and sodium

in particular are removed from the metal plating bath and enter the concentrate




The bath flows sinultaneously through all of the diluate conpartnents as the
diluate conpartnents are hydraulically connected in parallel. Concurrently,

a concentrate fluid, which is preferably weakly al kali ne and cont a28Feb-0f
operation, transferred substances originating fromthe diluate fluid (for
exanpl e ions of 25 orthophosphite, sulfate, sodiun), flows sinmultaneously
through all of the <concentrate corrpartrrezrr]!ts in the electrodialysis
arrangenents E, said conpartnments being“nydraulically connected in parall el

as well. The, ncentrate fluid al sq contains, small amounts of transferred

o ckel || onduic SR AN pleEsl 2 EBRPs e Chaels Br Rt e

el ect r odi algesiceneatd fur@nt E, ions of orthophosphite, sulfate and sodium in
particular are renoved fromthe nmetal plating bath and enter the concentrate
28-Feb-07 21 fluid. Small amounts of nickel and hypophosphite ions al so

pass into t ST fia i Ll [ ed

bet ween theﬁ% %ctro?iag‘{ f/hé'l%slé gﬁlg?]té%%rt]\? g@@ﬂ%&g&g@h%ﬁ%@;ﬁ?ﬁ at% VK. The
concent Bat earfd aicdllddtiogitagk Mat o t he collecting tank VK is circulated in i
another fluid circuit to the main cation exchanger Ixthat is preferably '
configured to be tubular (in the formof a colum). 10 The main cation
exchanger CrHal@hdentriate flliklfeding ity MeC@ilieBing fRKNANE RirciRt&] indnothekhe mMai n |
cation exchanger Ix is charged with nickel ions through the concentrate

fluid f|owfh@:?cin@:ibtqthem@'n.catb@lmemhameryxthaBi@pr;efmablvrconﬁguredﬂmiba cation

exchanger | : oncentrate fluid. Since the pH value of 15
t he concent@%@éﬂ'ﬁ%%ﬁ?ﬁi&r)ﬁ%{gﬁﬁ% y lowered as a result thereof, a base
such ag40 NaOH may be added. The foll ow ng devices are further provided. 20
The concentrate fluid can be tenc*ﬁor arily stor,%d in_a separate service
reservoir 1he main cation exchanger column Ixis filled with a cation ‘exchanger material.

The main cation exchanger Ixis charged with nickel ions through the

concentrate fluid flowing there through. Concurrently, HsO" ions from the main

cation exchanger Ix are released to the concentrate fluid. Since the pH value of

15  the concentrate fluid is permanently lowered as a result thereof, a base such as

NaOH may be added.
The following devices are further provided.

20  The concentrate fluid can be temporarily stored in a separate service reservoir
Vzi. For this purpose, the service reservoir Vzk is coupled to the collecting tank
Vk and the main cation exchanger Ix. The concentrate fluid can be conducted
from the céllecting tank Vg into the service reservoir Vzx and from there into the

main cation exchanger Ix.

25
The main cation exchanger Ix is further coupled to a first regenerant fluid vessel
Vrsi. The first regenerant fluid tank Vgrss serves to hold regenerant fluid. If
necessary, the regenerant fluid can also be conducted directly into the metal
plating bath, for example if the pH vallue of the bath is to be adjusted.

30

The main cation exchanger I is further coupled to a safety cation exchanger ls.

Both the safety cation exchanger ls and the main cation exchanger Ix contain



VZK. For this purpose, the service reservoir VZKis coupled to the
collecting tank VK and the nmain cation exchanger Ix. The concentrate fluid
can be conducted fromthe collecting tank VK into the service res@Sabr0%zK
and fromthere into the nain cation exchanger Ix. 25 The nmain cation
exchanger Ix is further coupled to a first regenerant fluid vessel VRSI.
The first regenerant fluid tank VRS, servg§ to hold regenerant fluid. If
necessary, the regenerant fluid can also be conducted directly into the
metal platicBfoRakBhahger RyeFRl e if the pH vallue of the bath is to be
adjusted. 30 The main cation exchanger Ix is further coupled to a safety
cation exchanger is. Both the safety cation exchanger Is and the main

cation exch e ' - Fgb: 07 tLon _exchanger terial,. The
safety cati gﬂgeéag%fé’n(gag&%?égapéﬁ%%ﬁﬁlse%) UP(?)e%é‘Sgae%%?Pd‘ rgggﬁ%@ﬁﬁ&lplvﬁlsgelvessel
VRS2. Sai d 3eerBhid sgetved estjenkrant fuidaakk VRS2aled serveeny &old @gbakehnt egener ant
5 fluid. Wash water can be conducted both into the main cation exchanger |x

and intoVv t Wids o f ety cation exchanger |. Next, this wash water can be
transferred into the netal plating bath. 10 In renoving the nickel ions
fromthe concentrate fluid flow ng through the main cation exchanger IXx,

t he i on exch¥asfewater caabgeanducted botblirio the main Thtion exchangehbhngred it | | have

e e A

concent r at e theé medal plating@bhthr st regeneration step, the concentrate fluid
contained in the main cation exchanger Ix is displaced by the regenerant
fluid stiBred in the first regener ant

In removing the nickel ions from the concentrate fluid flowing through the main
cation exchanger lx, the ion exchanger is charged with nickel ions. The ion
exchanger will have to be regenerated upon capacity exhaustion thereof. This
can be performed in the following manner:

15
Regeneration step 1 (displacement of the concentrate fluid):

In a first regeneration step, the concentrate fluid contained in the main cation
exchanger Ix is displaced by the regenerant fluid stored in the first regenerant
20 fluid vessel Vgst. The concentrate fluid is thereby recirculated back into the
collecting tank Vk. For this purpose, the regenerant fluid is transferred from the
first regenerant fluid vessel Vgs into the main cation exchanger Ix. This way of
proceediné makes sure that the least possible amount of concentrate is
introduced into the regenerant fluid. This method step can be automated by
25 "controﬂing the volume streams flowing from the first regenerant fluid vessel
VRgs4 to the main cation exchanger Ix and from there into the collecting tank Vg
through automated vaive switching for a set time or for example through
measuring the pH value at the output of the main cation exéhanger Ix to the
collecting tank V. In the latter case, pH sensors detect whether the pH value of
30 the concentrate fluid flowing from the main cation exchanger lx into the
collecting tank Vi is lowered below a predetermined lower pH command by the

regenerant fluid ,breaking through” the main cation exchanger Ix when the



20 fluid vessel VRSI The concentrate fluid is thereby recircul ated back into
the collecting tank VK. For this purpose, the regenerant fluid is
transferred fromthe first regenerant fluid vessel VRSl into the #&fgb-07
cation exchanger Ix. This way of proceeding nakes sure that the | east
possi bl e anmount of concentrate is introduced into the regenerant fluid.
This nethod step can be automated by 25 ?gntrol ling the volune streans
flowwng fromthe first regenerant fluid ssel VRSI to the main cation
exchanger | ik |-0%.0. L In onmat ed
val ve sw tc%n%ggvéﬁqun'asgf {r@i rlrnrérno(‘}athp ﬁreggﬁ%rﬁﬁréx Mﬁé‘ﬁ%é@@??gg’ y?'%hé pH

val ue at tregeneraot floifi. t he main cati on exchanger Ix to the collecting tank
VK. In the latter case, pH sensors detect whether the pH value of 30 the
concentrate fluid flowng fromthe main cation exchanger Ix into the

col | ecting Rg@(ev;jﬁidrﬁsﬂegvga(rg@bmmm)a predeterm ned | ower pH comrand by the
r egener ant urd "breaking through™ the nmain cation exchanger |Ix when the
28-Feb-®7 23 concentrate fluid in the main cation exchanger Ix is

conpl et el y #icSiplets sbyoﬁrmaﬁo tﬁ@ﬁ@rﬂﬁi&l&%gé" Histh ofRSASMAH1R &Eﬁé’ngﬁr
(regeneration): 5 The netal 1ons bound™ o the 1on exchanger resin of the
mai n cat i orlx arcadsarbed biytharegemsantiod. 1 liens, aguce nenbotiddiothe H3O+ i ons,

whi ch are bo%lnd to the cati.on exghangey,resin in |ieu. gf th meft | ions,

occupy { he SIARSYENLIGRISERD it He of s TRk e PoivhEankees Staredtifeal i ons.
For regenergt eRthariges nigeragbRie hbtal BnOFsaikgefefdtiotultl Rdefdrant Miidsever al
times through the main colum Ix. While the regenerant fluid contacts the

cat i on 18xcHande ciratiated finceprisguebiimes dirarah the maimeolgmnchy Whilsthef t he
concentr at ' . ol Jsectl ” | tion

exchanger ﬁ%t"%@lérlgﬁ{)@'}ﬁﬁ% (taéaclilse *%eééélgﬁitegﬁlgae'i@%g?\églﬂépgﬁggb%?r(':%ﬂ%@"ﬁﬁéat ed in
order to adhe eireulbtich of theagarenttieduidbetWeenhieollattirytapk Mhamgehel x. 15

Regenerati on step 3 (djsplacepent of t regenerant fl uid);
g main ca?ion eg(char?ger(ix %Einterruptecp %‘he cgation exchanger re%in can be

heated in order to achieve faster regeneration of the main cation exchanger Ix.

15
Regeneration step 3 (displacement of the regenerant fluid):

Once regeneration is completed, the regenerant fluid is again driven out of the
collecting tank Vi by the concentrate fluid, the regenerant fluid being

20 recirculated back into the first regenerant fluid vessel Vgrsq. The advantage of
this manner of proceeding is that the pH value of the concentrate fluid is not
unnecessarily lowered through entrained regenerant fluid. Like the other
method stéps, this method step may also be automated in that the volume
stream of concentrate fluid flowing from the c¢oliecting tank Vi to the main

25 mcation exchanger Ix (Vix) and from there into the first regenerant fluid vessel
Vks1, is controlled through automated valve switching for a set time or for
example through measuring the pH value at the transition between the main
cation exchanger Ix and the first regenerant fluid vessel Vgrs+. In the latier case,
pH sensors may also detect whether the pH value of the regenerant fluid

30 flowing from the main cation exchanger Ix is raised above a predetermined
upper pH command by the concentrate fluid ,breaking through* the main cation
exchanger Ix when the regenerant fluid in the main cation exchanger lx is

i
\




Once regeneration is conpleted, the regenerant fluid is again driven out of
the <collecting tank VK by the concentrate fluid, the regenerant fluid being
20 recircul ated back into the first regenerant fluid vessel VRS1. #&eb-07
advantage of this manner of proceeding is that the pH value of the
concentrate fluid is not . unnecessarily | owered through entrai ned regenerant
fluid. Like the other nethod steps, thi ﬂ?et hod step nay al so be aut omat ed
in that the volune stream of concentrat luid flowng fromthe collecting

. |
First regenEn SR dep SR EEARERR i o) o6 v ovgh aut ommted valve |

swtching for a set tine or for exanple through neasuring the pH val ue at
thetran5|t on bei%égthema cation exchanger |x and the first
regener ant qg“d&r ATUPVERSONUNYPYSBaNGEN Qf preceeding, aVeEs) SR CaiN 4 so

det ect whet B%nén@@rgoi; May Be p%w@&? cbﬁgéﬂ%téﬁhud ﬂudw.ﬁ QHrohgﬁ%mgcétbﬁm the main

cation exchanger "I x 1I's rai sed above a Ere det erm ned™ upp command by the
concent rat eex¢hangersatediferent timesughroughéhermiain camdmﬁxcmheﬁigéiﬂromgh when t he

r egener ant 24 compl etel y
di spl aced b%ﬁqqhggﬁhgﬁ?t@{szlu@ ng)'f' C'? ?gg&ﬂ?\gﬁégﬁ{agde r@%%f'?rﬁﬂ us nmanner
of proceedi figid feeregeabratipnithe@of,dhe absvdhargtioned metiyd bieperioRiteid
concentrate, f] ui d@fr | owi n thr%él Ef:hd cation 5 exchanﬁers at different
times. ThroBgRItAR eﬁ‘ﬂ?)’lp e&@ﬁ By wemain Galigh S¥sNBRIeTRdx B¥Ncent rat e
fluid is ”Ofor%'x‘éﬁ?éj‘ia@‘Eré\ﬁdé@%rcﬂhé%héérﬁpaté id @eﬂﬁ %E:ﬁ@t*antigl:i‘r'é@at%@r

regeneration th bove nentioned net hod eps bei ng
preferatdy {heedgh tmmneaemlﬁgfoy remmmngﬂnmn‘@éalu@ms &Qmmﬁgv@ngentxatﬁay for

exanpl e be [ ntly circul ated
10 t hrough ﬁlﬁlgwﬂlgqgég)&%%rg@% l% ﬁfﬁ?ﬁ%% Atqﬁ Lfbr?et%q‘qﬁ)lgﬁgﬁ#fom t he
concentr at ereg‘dnurailovmmecérimt@ﬂmrmaw]e]splsc@eeg@errameﬂm at eald sbmed conpl etion
of regeneration, concentrate fluid may djs ce re erant Ic;Jimln sai d

S
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15 displace the concentrate fluid in the first main cation exchanger Iy according to i

method step 1 so that said exchanger can be regenerated next.

To further optimize the process, the metal ion concentration in the concentrate
fluid can be lowered further so that it can be directly fed into effluent collecting
20 assemblies without having to be subjected to further waste water treatment.
The maximum concentration of the metal ions needed for this purpose must
generally be below 1 ppm. The following further optional method steps serve

this purpose.

25 Method step 4 (washing):

As water and ions are permanently transferred from the diluate compartments
into the concentrate compartments of the electrodialysis equiprﬁent E and as
the concentrate fluid is dosed with NaOH solution, the volume of the

30 concentrate fluid steadily increases. Therefore, concentrate fluid from the
electrodialysis arrangements E is collected in a service reservoir Vz, at least to

the extent of this increase in volume, while the main cation exchanger Ix is



15 di spl ace the concentrate fluid in the first main cation exchanger |x
according to nethod step 1 so that said exchanger can be regenerated next.
To further optimze the process, the netal ion concentration in t h@8-Feb-07
concentrate fluid can be lowered further so that it can be directly fed
into effluent collecting 20 assenblies w thout having to be subjected to
further waste water treatnment. The maxi rru%concentratlon of the nmetal ions
needed for this purpose nust generally be below 1 ppm The foll owi ng
further opti h

(washi ng) : b%ﬂ‘@a%@ézgﬂ;gnlégﬁgssﬁ@%g?% ent P‘“B??Q‘%é idf?tggﬁh g%nt%hﬁ' di luate
conpar t ment $Said aemictehesemtrémnacwn&edﬁmthemﬂiemrm tankeV e mdt tor thdinadigsi s

equi pnrent E an d as,.the concentrate fluid is dosed with NaOH sol ution, the
vol ume of t 8" %%Wgﬁf?’hte fluid steadily increases. Therefore,
concentrate fluid fromthe eI ectrod| alysis arrangenents E is collected in a
service reservoir VZK, at to the extent of this increase in vol une,

while th8 nl ﬁ@?&ﬁ@ Hﬁabﬂ@r{eﬂﬁg@ﬂtr@t@ fluid beldie B servies geprrgirdraihedrh #ret hod
step 6) and rr'i tlterﬂaf/ 'E%télfé%tl?t = téﬁear%%m caﬂ%ctmﬁgésgeﬁﬂl Gfe r €SEr VoI

VZK i s couple o e cof l'ecting |on exchanger
Ix. 5 1n or Maltamrlcee'aatlmmmusbbe&asrthare1fp|pm df tiel cbricentrate ﬂmdston:@:i ineservoir
VZK in such,a nmanner that col | ecting

be. dj to t ff
Nosenl 1 oo it sERRBGESNAI Vo oY BRI CEtoR sk O Brget b (et o

concentrateaﬁbumétrﬁ;kpétegs it wéd1€ ndEbY bESsibIeI8 rHfbly ygﬂﬁe\r@ﬂ% Ibﬁﬁﬂé@ﬂ in the
mai n cati on exchan di rectly after nmethod step 3, it would not be

possi bl &0 tocwem%m%%ﬁﬂ#%%ﬁ&nmm%&&bef@Ué@H@%mana@amﬂ FChABSE t han 1
ppm requi feﬁ’ .Q%ﬁﬂl u. h#lﬁat'éﬁ'\mtrfi@adc% tr%cdlﬁa;g@gﬁnﬁ 'fr%n'?tH %(ouswga%!?at ed

with concenitate originating rom order to
achi eve t heVIKom mTEEato aanmemtrredbwonetat tenoeatreton rtaee:dhbemtcbtelﬁlutd”la therai n

cation exchan | x is displ r and transferred to the
Col | ect i ng. TR caHonFReliondBy bris Pisplasha oy Wam Walth Apd DR et @S 1%
(et hod collecting tank V after regeneration of the main cation exchanger Ix (method

15  step 2) and after the regenerant fluid has been driven out of the main cation

exchanger Iy by the concentrate fluid (method step 3).
The wash water originating from washing may either be added to the
electroless metal plating bath to ‘complement the volume thereof or be

20 combined to the rinse waters for further processing during operation.

Method step 5 (final treatment of the concentrate fluid):

After method step 4, the concentrate fluid stored in the service reservoir Vzk is
25 passed across the main cation exchanger Ix. Metal lons from the concentrate

fluid are exchanged for HaO" ions in the process.

Safety cation exchanger Is, which are coupled to the main cation exchanger Ix

for post-treatment of the concentrate fluid treated in the main cation exchanger
30 I, are further provided. After the concentrate fluid has been passed through

the safety cation exchanger s, it contains metal ions in a concentration of less

than 1 ppm so that it can be directly fed into effluent collecting assemblies.




15 step 2) and after the regenerant fluid has been driven out of the main
cation exchanger |Ix by the concentrate fluid (nethod step 3). The wash

wat er originating fromwashing may either be added to the el ectrol @8ameial
plating bath to conplenent the volunme thereof or be 20 conbined to the
rinse waters for further processing during operation. Method step 5 (final
treatnent of the concentrate fluid): Aftepgnmethod step 4, the concentrate
fluid stored in the service reservoir VZK1s 25 passed across the nain
cation exchanger Ix. Metal ions fromthe concentrate fluid are exchanged

for H3O ions in the process. Safety cation exchanger |s, which are coupled
to the minmgwg_ﬂéﬂﬁjﬁﬂlgﬂx for post-treatment of the concentrate fluid
treated in the main cation exchanger 30 Ix, are further provided. After the

concentrate fluid has been passed through the safety cation exchanger Is, it
cont ai ns rretl&ﬁeritbemeiincatiwoex@r&ngatlmscﬁedremgenem 1t ppbeogotpatd it can be

directly fed into effl | Feb- 07 hdt
6 ( char yng)2dak fafeaieind Bk e e pifEd slerican S ppdaimed glirnaiesd. 1
can be COUplrﬁdtr@dagabe-tlﬂhéf@neﬁéul:ﬁéﬂmbaeté@wamfs arBirfot MRHBRA=SL 8P Can be

performed either after thod step - if the optional nethod steps 4 and 5
are not per faftersgeth O@ﬁtePa5 t\@ﬁhrﬁ@ﬂ%ﬁfﬁﬁé‘bld@elw ﬂﬁalacﬁﬁ'@ellﬁ*fﬁ%ff@fﬁﬂhﬁl d being

agai n i rculigthild BRIAR B8 A B eXfBEPRO g PROPR At | o

exchanger ain ons char gi ng
process I astcsmai-gned witb metdl lene.Zl' Hmmhasrgm@fpeodsﬁ;stlaste foreststed 4det@®hdersomhé he

desi gn in,cation xch n The .above nenti oned net hod sequence
g 610 rLmQnr—:eréecfldgpen sorbﬁ\ gcg%srg;hofthtnéemé:@i/g%exchanger | - 2 _q3 -4
- 5-6- ... is periodically repeated for as many tinmes as are needed for

the netal salts present in the regenerant fluid to hust no 15 | onger
crystallize. Tfﬁ)abqwee@@w&mﬁthqdlsmuen@e entPced i A-fet-alorsas @8 due to its

repeat ed utidictapian. 1@, khis. sage.s the haheslans sl fodrhals ba

concentration 1s athl hi's ‘maxi nmum ¢ At e senégéd t hr ough
t he nunber dimes as are needed for the metal salls present in the regenerant fluid to just no

15  longer crystallize. For the regenerant fluid is enriched in metal saits due to its
repeated utilization. In this case, the highest possible metal ion concentration is
achieved. This maximum concentration can be sensed through the number of

cycles or by means of a suited detector such as a photocell or a pH meter. -

20 Once the maximum metal ion concentration is reached, the regenerant fiuid is
transferred in part or in whole to the regenerant fluid vessel Vgrsy from where it
is fed to the metal plating bath tank M. The remaining regenerant fluid is
enriched in fresh acid and adjusted to a suited pH value.

25 The safety cation exchanger ls merely serves to make sure that the conditions
for feeding the fiuid into the effluent collecting assemblies are met and is
therefore only charged to a very little extent. As a result thereof, the
regeneration cycles need only seldomly be performed or a quite smali amount
of ion exchanger resin only is needed in this column.

30
The regeneration of the safety cation exchanger ls mounted downstream is

carried out in a manner analogous to that for regenerating the main cation




cycles or by neans of a suited detector such as a photocell or a pH neter.
20 Once the maxi num netal ion concentration is reached, the regenerant fluid
is transferred in part or in whole to the regenerant fluid vessel 2ekeb-9% om
where it is fed to the netal plating bath tank M The remai ni ng regenerant
fluid is enriched in fresh acid and adjusted to a suited pH value. 25 The
safety cation exchanger |Is nerely servesggo make sure that the conditions
for feeding the fluid into the effl uent |l ecting assenblies are net and is

therefore quy.cha |9_€\€i-.et&1;ﬁlcﬂ#‘efr¥né' fﬁ}tbgtbcgrﬁ%ﬁrg h Féﬁeﬁr&ﬁ%ﬂ% o{@ﬁélﬁ’g{i the

regeneration cycfes™need only sel do or a | anount
of ion excHeamgéehe fiest regerErgnti fhiicheeskad Virgy ortfram tiod setond3@géheranefieider at i on of

the safety cati exchanger. Is nounted downstreamis caryied out in a
nmanner anal"é:"g“‘éE@?‘F{‘)"”f1 %f%?msé%%%@@aﬂi PRI VKNS *%HF?‘%nﬁ?B@@@BQW 27

exchanger Ifgig Mefé?éﬁly%ﬁﬁﬁé@ﬂ%!} Snddiro @i el d858) aRER BREMRIHgef 1 d

originating fromthe first regenerant fluid vessel VRSl or from the second
regener ant befatedt isaodsellediREze werbeat ¥rscant fugtheeused faamegempaiing teel ions is

Car oty cat i DA GARR sgepoRectx SLBgRREN et n R FOEk Bto Wi s8Rl celii VRS " ana

further useskchahgérg@ngisplacsd blyveashRater 6Ad o iBXEHIRERtd YessENgrd;egener ant
fluid remaining 1n the safety cation exchan I's is displaced by wash

- v er- "
wat er ‘and al EWesh WetRIS@di fRf griviag Sha regraerant filid ol o thapaletyeadiant or dri vi ng
t he regener I - Of ébe? : ' LS recircul ated
back into t%@hﬁé#%ﬂlgﬁjﬁcfr%lagat é@{)]ﬁt tgtg %}%@QW&:E@%?? ﬁgﬁ%fr{a\?\/&pgte water is
gener atiéd. deuitidnal whste waler engeneratedf t he present invention, the way of
functioning of a preferably utilized el ectrodialysis equipnent Ewll be
expl ai ned by way of exanple. In this regard, the reader is referred to Fig.

2: 15 Fi g. Fordariesredxptadiionidfitve prevensinkBRtidashe wal ol gdndtienidh df e
electrodial p%":seil’esrably utilized electrodialysis equipment E will be explained by way of
example. In this regard, the reader is referred to Fig. 2:
15 '
Fig. 2 schematically illustrates the basic structure of the e!ectrodialysié
arrangements E1 and E2 in the simplest implementation. In the two cases,
anodes An and cathodes Ka are housed in the corresponding anode
compartments AR1, AR2 or in the corresponding cathode compartments KR1,
20 KR2. These compartments contain an exchangeable electrolyte solution,

preferably a sodium sulfate solution.

The anode or cathode compartments are separated from the adjacent
electrolyte compartments by cation exchange membranes K. Such type
25 membranes, like the other ion exchange membranes used, are freely available

and are soid for example by DuPont de Nemours, U.S.A.

The diluate fluid flows through all of the diluate compartments Dixy (Di1a,
Di2a, Di2b) and the concentrate fluid through all of the concentrate

30 compartments Koxy (Ko1a, Ko1b, Ko2a) since both the diluate compartments
Dixy and the concentrate compartments Koxy are hydraulically connected in
parailel. This is schematically shown by arrows.



arrangenments El and E2 in the sinplest inplenentation. In the tw cases,
anodes An and cat hodes Ka are housed in the correspondi ng anode

conpartnents ARL, AR2 or in the correspondi ng cathode conpartnents RERIEeb2@/
KR2. These conpartnents contain an exchangeabl e el ectrol yte sol ution,
preferably a sodium sulfate solution. The anode or cathode conpartnents are
separated fromthe adjacent electrolyte og)%:partments by cation exchange
menbranes K. Such type 25 nenbranes, |ike the other ion exchange nmenbranes
used, are freely available and are sold for exanple by DuPont de Nenours,
U.S.A The diluate fluid flows through all of the diluate conpartnents D xy
(Dila, Di2alnexgjpctzpdialypis acr@ngemenglié schematicsityoshgwreini thefupprepedintent r at e

30 conpartne 0 | [ t rtments
D xy and the%@r‘?ﬁéﬁeg?gé %%?%a%@“n%%?@g%oéﬁqj§88ﬁ)§fger&a‘ﬂﬁi1 %J{r%c’g’g%ﬁ{e}%@ed in
paral | el . Thicsmipartaming Katliac Zhé yws Bomipakiynemts amsse2iatedin0 cafigh | n t he

el ectrodi al ysi s arrangement Fl _schematically shown in the upper portion of

the Figure, €Kkehagsqecohrms Knbhe capgentate dhid; flows hreughecanaestrationcent rat e
conpar t ment %Hﬁad%t%a?%ﬁﬁ%%ﬁﬁbﬁ% s‘?’d{ s%ﬁpﬁr%%@r?cema?ei g&%?gﬁn@n??é‘:h?”ge

menbr ane K. e concentrate ows tHhHrough concentra onpart nen
Kol a. On t hedefindrbide asiaminn sxhdnfe nmbranesht Taviard doapathoderKa,itbe def i ned by
an ani on exchange m?rrbrane concentrate

A T d the. cat hod . th
oy Cmem  RONCETHEE o Paren RATE typriGineD wihs sith e o R a neRt DUBgr whi ch
the diluate {flriigh whichi the\diiasediuid difeelfed ToRhebaRods BRedid diuatd 0

compartnment Dila is again adjoined with a concentrate conpartnent Kolb
t hr ough Wi cRompartawne Bita isragaivadicined With & cpacgritate compartment éoibar t nent s

K. The conciordlf B naRenasiral BRBRIE BIEREU THE NS RobaRER 4021 Rode
conpart nent Eéparajedfromtonenamsticdrenge mommbeleptve<catidn exchange membrane
KS. The concentrate compartment Ko1 b is separated from the adjacent
cathode compartment KR1 by a cation exchange membrane K.
15 _
Sodium ions contained in the concentrate compartment Kota are not '
transferred into the diluate compartment Di1a. In the case of a typical nickel-
phosphorus plating bath, the diluate solution contains ions of nickel, sodium,
hypophosphite (HgPOzu), orthophosphite (HPOS“), sulfate and carboxylic acid
20 (RCOO_). All of the anions of the ion species contained in the diluate
compartment Dita, i.e., the ions of hypophosphite, orthophosphite, sulfate and
carboxylic acid, are transferred to the concentrate compartment Ko1a through
the anion éxchange membrane A and the singly charged sodium and H30" ions
_among the cations thereof, to the concentrate compartment Ko1b through the
25 monoselective cation exchange membrane KS. By.contrast, the doubly
charged nickel ions are not transferred to the concentrate compartment Ko1b
but remain in the diluate compartment. Small concentrations of hydroxide ions
possibly contained in the concentrate compartment Ko1b cannot pass into the
dituate compartment. The same applies to the ions of hypophosphite,
30 orthophosphite, sulfate and carboxylic acid.

Accordingly, the end result obtained with the electrodialysis arrangement E1 is




Sodi umions contained in the concentrate conpartnment Kola are not
transferred into the diluate conpartnent Dila. In the case of a typical

ni ckel - phosphorus plating bath, the diluate solution contains ions28Ffeb-07
ni ckel , sodium hypophosphite (H2PQ2 ), orthophosphite (HPG3 ), sulfate and
carboxylic acid 20 (RCOO). Al of the anions of the ion species contained
in the diluate compartnment Dila, i.e., thedons of hypophosphite,

ort hophosphite, sulfate and carboxylic acid, are transferred to the

concentrat e thabpRof thendnidted arel thaifgied ththeadirRBnARGOMISariRem eeds,and t he
singly charged SO?I um and HO ions armng t he, cations thereof, to the
concentr at e YORPANSERIORPRIYRE SAEWM AR HB" igfvoRrssdbla e C@ﬁf"?@ﬁ‘t%xchange

menbrane KS. .Byeathbasthe ﬁf@ﬁelqgh@w ropar ged ni ckel ions are not transferred
to the concentrate conpartnent b but remain in the diluate conpartnent.

Smal | concentrations of hydrOX|de lons possibly contained in the

t t I Nt Q,.t di | t t. Th
cane. appi oo BB EEeRRYST: o BEHRberR SehdBiialf s IBH BVRRPRATe and
carboxyl i c asfittle Firetikk agbde cohmpattitbnt ARE i idifed@eth\d firbt diliate
el ectrodi al ysis arrangenent El is 28-Feb-07 that all of the anions are

transf er r ed $AMpartmeshRik: On b &%‘i}%ﬁﬁ*ﬁﬁtthﬁﬁé\oé&é?ommtﬂﬁ definadibhs, only

the sodi um h kel
ons. do not -3 5a{Gir pxckRABe FRSSRIIHAG Tho GRRAE Mhdtus FERA i dleate" S, Ol
the |ower posampartmeiit Di2b. Eingtheeatimdeasidd sthe aliipatet comparfif@nt Bi2bdg oi ned with
a first |Iu ar t ment 2b.. On the cat hode si he anod

conpart c?%fe"(‘j’gf Yt agpselgciivg RRIRNEXChaneRe ARG eq<d”r§'§ Qﬂ?h(??% e fluid
f I ows througéidéameddduﬁeé &m?@ﬁﬁ@hi @éﬁndah?rate é&mﬁ%ea@ﬁeﬂstrﬁbﬁ@u t he

di luate conpartnment Di2b is defined by a nonosel ective ani on exchange
menbr ane AS.wingh thhecenganbate ﬂ@ﬂd%CmUIﬂWd afljoinat Seid sopwartmant js a concentrate

conpart ment I adj oi ns.
Sai d conpar t%’g’%?at%g ﬂ%s?'ggé"reﬁ}l ur 'hg%e§8ﬁ(gﬁc%%our P‘Trééi Wé’ﬁ%”é?dfég ébaaﬁ&
conpart nent dXchaniy nemraneA, The diluate fluid is circulated through said diluate
15 compartment, On the cathode side, said second diluate compartment Di2a is
separated from the adjoining cathode compartment KR2 by means of a cation

exchange membrane K.

Cations are not allowed to pass from the first diluate compartment Di2b into the
20 adjacent concentrate compartment Ko2a since the two compartments are
' separated from one another by a monoselective anion exchange membrane
AS. Likewise, sodium ions contained in the concentrate compartment cannot
pass into t.he second diluate compartment Di2a because of an anion exchange
) membrane A that prevents the transfer of the sodium ions. Anions contained in
25 the second diluate compartment Di2a, namely ions of hypophosphite,
orthophosphite, sulfate, carboxylic acid and hydroxide are transferred into the
central concentrate compartment Ko2a. Among the anions that have entered
the concentrate compartment, but the singly charged anions, namely the ions
of hypophosphite, carboxylic acid and hydroxide, are allowed to pass through
30 the monoselective anion exchange membrane AS into the diluate compartment

Di2b.




exchange nmenbrane A. The diluate fluid is circulated through said diluate 15
conpartnent. On the cathode side, said second diluate conpartnent Di2a is
separated fromthe adjoining cathode conpartnent KR2 by neans of a 28&tliebrl7
exchange nmenbrane K Cations are not allowed to pass fromthe first diluate
conpartment Di2b into the 20 adjacent concentrate conpartnent Ko2a since
the two conpartnents are separated from anot her by a nonosel ective

ani on exchange nmenbrane AS. Likew se, sodiumions contained in the

concentrate ¢RERALEERNE omemﬁhiai,e?é%ﬁgé Pakﬁﬁbeptégé W%iQEIeHﬁB&iaﬁ%@ar t ment

D 2a because of an ani on exchange rane ‘A’ that prevents t transfer of

t he sodi um | amangemeniE2 sothehihedateriering batrecarmtituantsiareiselectivelypar t nent  D12a,

nanely ions . ' hophasphi t ul fate arboxylic acid and
hydr oxi de ar@g?ﬁl‘}éﬁgggﬁﬁgﬂé %ﬁ?%erﬁ{gie ¢ @R?ﬁ%ﬁef‘%ﬁ?émeé?és ﬁﬁﬁ%‘r"érrent Ko2a.
Among t he ansuiistatdeatareaseirqndted dck ime teopinené tafutios @mea théeRive edn t he
singly charged anjons, pnanely the ions of hypophosphite, carboxylic acid

and hydr oki deassgdactPsoiierargeptale QOMRAIME™O t he nonosel ective ani on
exchange nmenbrane AS into the diluate conmpartnent D 2b. 28-Feb-07 30 The
end result of the partial processes taking place in this electrodialysis
arrangenent £ayngmbesof corapanmentsdoty (ela Kothjtand@itysDita) wethesrievel y

transferred jnto th t (o t Ko wher ea he activ
Subotances. ab@d abs Reavaieeh ahd oAy Boienobi s Be &t GeBeiribvay e
been 5 passeBe agbAged tdforeonpackagat e conpartnent. Any number of conpartnents
Koly (Kola, Kolb) and Dily (Dila) on the one hand and Ko2y (Ko2a) and D 2y

(Di 2a, [iOZb) on the other hand can preferably be arranged to forma
package. 10 It is understood that the exanples and enbodi ments descri bed
herein are for illustrative purpose only and that various nodifications and
changes in | itghunderstood that the examples and embodiments described herein are for

iflustrative purpose only and that various modifications and changes in light
thereof as well as combinations of features described in this application will be
15 suggested to persons skilled in the art and are to be included within the spirit
and purview of the described invention and within the scope of the appended
claims. All publications, patents and patent applications cited herein are hereby

incorporated by reference.



t hereof as well as conbinations of features described in this application
w Il be 15 suggested to persons skilled in the art and are to be incl uded
within the spirit and purview of the described invention and wit hi#8-Fple-07
scope of the appended <clains. Al publications, patents and patent
applications cited herein are hereby incorporated by reference. 28-Feb-07
31 Listing of nunerals Mnetal plating bath tank S rinse water tank 5 E,

El, E2 el ectrodialysis equipnment / arrang% nts VD diluate tank VK

col l ecting Lagk I>T< mai n ]cati on exchanger is safety cation exchanger 10 VZK
servi ce reselPYBP P I Py st regenerant fluid vessel VRS2 second regenerant
fluid vessel Koxy, Koly, Ko2y Kola, Kolb, Ko2a concentrate conpartnents 15
Dixy, Dily, Di2y Dila, Di2a, D 2b diluate conpartnments An anode Ka cathode
28-Feb-07 Bb, dains 1. A devnetdl patingdgth@nkti ng an el ectrol ess netal

pl ating bath, conprising a) el eg 1 .S arrangenents (El, E2), each

havi ng di l ugte conpartnents (Dﬁﬁ{as’fqu)é%@ku 2b) for holding the netal

pl ati ng Hat B, EdpBE2ent r at e conpeaeledemdislysiKehaipniéitlb arrdngamnents

Vp diluate tank
Vi collecting tank
Ix main cation exchanger
Is safety cation exchanger
10 Vzx service reservoir
Vgrs1 first regenerant fluid vessel
Vrs2 second regenerant fluid vessel

Koxy, Koly, Ko2y

Ko1a, Ko1b, Ko2a concentrate compartments
15 Dixy, Dily, Di2y _

Di1a, Di2a, Di2b diluate compartments

An anode

Ka cathode




that are separated fromthe diluate conmpartnents (Dila, D 2a, D 2b) through
i on exchange nenbranes and are intented to hold a concentrate fluid serving
to adsorb interfering substances that are to be renoved fromthe nm28deb-07
plating bath as well as anodes (An) and cathodes (Ka), and b) main cation
exchangers (I1x) for renoving netal ions fromthe concentrate fluid, said
cation exchangers being coupled to t¥e concentrate conpartnments (Kola, Kolb,
Kota) in such a manner that the concentrate fluid is allowed to be

conduct %.through the main cation exchangers (I1x) and to be recircul ated
back in¢ "he concentrate conpartnents (Kola, Kolb, Kota) by allow ng the

fluidt _Ci | ated i f [ it b t he. trat
compar t T RREEY SOeRBr IS RuYE5HLlsns O R MATS SPREEA) and | o a second
circuit between the collecting tanks NO and the main cation exchangers (IXx).
5 The devi . . , D e . : Ccad of
first o ecbrosroors Srelafefbit!. sl kv U et st bRl PR, @ °
conpar t menPigb) forbolding ke ibptabipldting baliatooncatnpte comgrattsie(Bi (Ka) a, a® 1heKd2ahs

cat hodes (jga) r%’%g Q‘Qﬁ:qgr%n{tﬁg)dﬂ tE'&Smﬁé#Mé’ﬁtggﬁiﬁ’M%ﬁ%rﬁhr% HioRex@hgg each
separ at ed on the Rathode side Yhereor 1T om rel gnbouri ng ctoncentrate
conpar t nenmekesings ar@ kits) infepted torbpld sedoncentrate fiuid saving ko bdaogeintariering ane ( KS)

and, On-{ heu AR0REehdearkliFh <6 o 8 WA BTG B SRS BaEOMRTLIToN!

(Kol a, Kol% an ani on exchange nenbrane a secon ialysis
arrangerrenffeaﬂqcé‘ﬁ (Ravemd al ternating diluate conpartnents (Di2a, Di2b) and
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circuit between the collecting tanks (Vi) and the main cation exchangers (l.).

2. The device according to claim [, wherein said device is comprised of

a) a first electrodialysis arrangement (E1) having alternating concentrate compartments
(Ko1a, Ko1b) and diluate compartments (Di1a) as well as cathodes (Ka) and anodes (An),
the diluate compartments (Di1a) being each separated on the cathode side thereof from a
neighbouring concentrate compartment (Ko1a, Ko1b) by a monoselective cation exchange
membrane (KS) and on the anode side thereof from a neighbouring concentrate
compartment (Ko1a, Ke1b) by an anion exchange membrane (A),

b) a second electrodialysis arrangement (E2) having alternating diluate compartments
(Di2a, Di2b) and concentrate compartments (Ko2a) as well as cathodes (Ka) and anodes
(An), the concentrate compartments (Ko2a) being each separated on the cathode side
thereof from a neighbouring diluate compartment (Di2a, DiZb) by an anion exchange
membrane (A) and on the anode side thereof from a neighbouring diluate compartment
(Di2a, Di2b} by a monoselective anion exchange membrane (AS),

so that the metal plating bath can be conducted simultaneously through all of the diluate




arrangenments (El, E2), and c) current supplies (S) for the cathodes (Ka) and
the anodes (An) of the first electrodialysis arrangenent (El) and of the
second el ectrodi al ysis arrangenent (E2). 3. The device according to2&HRebdle
of the preceding clains, wherein first regenerant fluid vessels (VRS,) for
hol di ng regenerant fluid intended for tjye regeneration of the main cation
exchangers (1x) are further provided, s& d vessels being coupled to the main
cation exchangers (Ix). 4. The device according to any one of the preceding
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5. The device according to any one of the preceding claims, wherein safety cation exchangers
(Is) are further provided, said exchangers being coupled to the main cation exchangers (I,) for
post-treatment of the concentrate fluid treated in the main cation exchangers (ly).

6. The device according to any one of the preceding claims, wherein second regenerant fluid
vessels (Vgrsy) for holding regenerant fluid intended for the regeneration of the safety cation
exchangers (l,) are provided.

7. A method for regenerating an electroless metal plating bath, comprising

a) conducting the metal plating bath through the reéspective diluate compartments (Di1a,
Di2a, Di2b) of electrodialysis arrangements (El, E2) and

b) conducting a concentrate fluid, serving to adsorb interfering substances that are to be
removed from the metal plating bath, through respective concentrate compartments (K61a,
Ko1b, Ko2a) of the electrodialysis arrangements (El. E2), said concentrate compartments
being separated from the diluate compartments (Dil1a, Di2a, Di2b) by ion exchange

membranes,




collecting tanks and the main cation exchangers (I1x). 8. The nethod
according to claim7, wherein the nmetal plating bath a) is conducted through
diluate conpartments (Dila) in a first electrodialysis arrangenent 28gégb-07
conprising alternating concentrate conpartnments (Kola, Kolb) and diluate
conpartments (Di la) as well as cathodes (Ka) and anodes (An), the diluate
conpartnents (Dila) being each separated on the cathode side thereof froma
nei ghbouri ng concentrate corrpartnent (Kol a, Kolb) by a nonoselective cation
exchange nenbrane (KS quf? e side thereof from a ne hbouri ng
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t he process - ." The net hod accor di o claim9, wherein the
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transferr egh,@,pe)tdngng@m@n@aédeqn) exghangers (Ix). 11. The nethod according to
any one of clains 9 or 10, wherein the regenerant fluid is
b) through diluate compartments (Di2a, Di2b) in a second electrodialysis arrangement (E2)

comprising alternating the diluate compariments (Di2a, Di2b) and concentrate
compartments (Ko2a) as well as cathodes (Ka) and anodes (An), the concentrate
compartments (Ko2a) being each separated on the cathode side thereof from a
neighbouring diluate compartment (Di2a, Di2b) by an anion exchange membrane (A) and
on the anode side thereof from a neighbouring diluate compartment (Di2a, Di2b) by a
monoselective anion exchange membrane (AS), and

wherein the metal plating bath is simultaneously conducted through all of the diluate
compartments (Di1a, Di2a, Di2b) in the two electrodialysis arrangements (E1. E2), the
arrangements being connected in parallel, and the concentrate fluid being conducted
through all of the concentrate compariments (Ko1a, Ko1b, Ko2a) in the two electrodialysis
arrangements (E1, E2).

9. The method according to any one of claims 7 or 8, wherein, for regenerating the main cation
exchangers (l,), concentrate fluid contained in the main cation exchangers (l,) Is displaced by a
regenerant fluid and the concentrate fluid is recirculated back into the collecting tanks (Vy), the
main cation exchangers (l,) being regenerated in the process.




di spl aced by the concentrate fluid after regeneration of the main cation
exchangers (I1x) is conplete, the regenerant fluid being recircul ated back
into the first regenerant fluid vessels (VRS1) 12. The net hod accor @B+gbtQy
any one of clains 7 - 11, wherein concentrate fluid flows through several
mai n cation exchangers (Ix) at differed times with the regenerant fluid
being circulated through those main cation exchangers (1x) through which
the concentrate fluid is not circulating for regeneration thereof.

10. The method according to claim 9, wherein the regenerant fluid is drawn from first
regenerant fluid vessels (Vgs1) and is transferred to the main cation exchangers (l,).

11. The method according to any one of claims 9 or 10, wherein the regenerant fluid is
displaced by the concentrate fluid after regeneration of the main cation exchangers () is
complete, the regenerant fluid being recirculated back into the first regenerant fluid vessels

(Vrs1)

12. The method according to any one of claims 7 - 11, wherein concentrate fluid flows through
several main cation exchangers (I) at different times with the regenerant fluid being circulated
through those main cation exchangers (l,) through which the concentrate fluid is not circulating
for regeneration thereof.



