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WD 2004/ 020698 PCT/ EP2003/ 009030 Devi ce and Met hod
for Regenerating an El ectroless Metal Plating Bath

woSpegiRemat i on: 5 The invention relates to a de/ErR0@NT9030

a method for regenerating an el ectrol ess netal
plating bath, said netal plating bath nore
specifically containing hypophosphite. The invention
nore specifically serves to regenerate baths i ntended
for the electrol ess deposition of a nickel |ayer, nore
specifically of a 10 nickel - phosphorus | ayer, by

el ectrodi alysis. The el ectrol ess plating on substrates
of netals and alloys is an autocatal ytic process by
which netal ions in solution are reduced to netal by
means of a reducing agent contained in the solution
and are deposited onto a suitable 15 substrate. O her

ceyBe 37, gBhod B mRRGBLN of ebhoibes HAAEkG B
for depositing netals such as nickel, copper, cobalt,

pal | adium plati numand gold onto a subst rate. In nost
cases, 20 the reduci ng agents used are sodi um

%Egﬁhgxsagl sodi um boron hydride or dinethyl am no
conpar ed to the conventional netal

el ectropl ating nmet hods used for depositing netal, the
el ectrol ess deposited |ayers offer a series of
TdtWameratgnsrelanesttha devies add awm@ﬂmﬁugegeaeraﬁgg an electroless

el s, A5 8P ARSAH RS FEAD RS SbeRgar Loty
hyEdpRESSHIR. %%Qﬁ@ent?orﬁy\o\“@xep@ém@éw@ér@es&@eeg"@té?gté baths

accordance with the invention wl be descri bed
intended fort thereleetrolgapdepositign &f i mRI@IJ@ms piese seriigally of a

R R L T R

processes, though: The essential process in

el ectrol ess nickel plating is represented by the
The electroless plating on substratés of metals and alloys is an autocatalytlc

process by which metal ions in solution are reduced to metal by means of a
reducing agent contained in the solution and are deposited onto a suitable
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,

‘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
that include homogenous coating distribution, advantageous mechanical

properties and high corrosion resistance.
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followi ng equation: 10 Nit++ 2 H2PO2 + 2 H20
----------- >N + H + 2 H+ + 2 H2PG3 (1)

wadeaoandiaagl y, during el ectrol ess nickel plati nBCT/EP2003/009030

di ssol ved ni ckel ions and the hypophosphite reducing
agent are permanently used up with the concentration
15 of the oxidation product orthophosphite (H2PC3 ,

, . , | .
B, BE ERABR” (R melflod B actdnod WRYIHE el wil be
descrilpsd hessigaftell fersiepositisigi 4 tiekesphasphorbe ko using
contj nuqusly be replenished. The netal ions are
hyegp W@H@d in the formof salts, |leaving the bath
enriched in interfering anions such as sulfate. 20
Since the reduci ng agent and the salts containing the
Tieokethadocen alse def utiliredfencthico elqutmiksst methiplating precesses,
'}?I ating reaction, said reaction products accunul ating
thoHghe plating bath, the useful life of the bath is
inevitably limted. The bath age is usually indicated
in Metal Turnover (MIQ. 1 MO is achieved 25 'once
Thieecssentiakpranessin electrolesaoiokel platingiisrepresahted by the
f@&ncentrat{.on has been deposited fromone unit of

IH@ SaRpH}- usually 6 - 10 MO the interfering
subst ances have reached such a high concentration that
the quality and deposition rate of the metal are no
| oridier + i M4 Qe tof dhibt-e-rangddi. + Medo? ti ng2ttePQuw i or (1)
art, these baths nust then be discarded and a new bath
must be 30 prepared. The need for discardi ng baths and
Alcebrdifigipadiirityy slevtrelees nim@gmmghuﬁbow@atrﬁcmions and the
2004/ 020698 PCT/ EP2003/ 009030 and increases the _
hypophesphiletraducing aoent gee peimanenthorechan ithtbeafomcentration

- ' f trf.e of .
of L oyp B8EPRE P rREPRP I FePAs"dPBy, orificasing. e
bt thé hiskehand hypdpiyspriternsonebntratich must ba KeptkethiPa narrow
phosphorus pl ati ngs bat h, orthophosphite is caused to

rHIge| hesaconsHiuents mushihsrefose sentinuaugly baraplesished. The
LS o A STBLST e BHSPRR6 R AR RS
intariétiag adiehs saghless sulfate.

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 (MTQ). 1 MTO is achieved

“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
substances 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

prepared.

The need for discarding baths and for preparing new ones involves high costs
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enpl oyed as precipitating agents. The chem cal s used
for the purpose are quite expensive, though.
woaelthescadr e, constituents of these additives, PehER0L009030
remain in solution in the bath, may affect the quality
of the rret al coatings. In "Plafing and Surface
Fi ni shi ng", Septenber 1995, pages 77 - 82, C D
ahauaget %é LAGRSIAchtI REYATValibs %tﬁ@&l&ﬁa% thi ks been
ort hophosphite precipitates by adding co exi ng
peqpavses] foT leatarulingetiter @sdfohlifefof ehlexﬂmjlaﬂjnfentm e)léiﬁwgwbaﬂhel
ions is reduced as a result thereof. In the ENVIRO CP
nmet hod of Martin Marietta, U S. A the interfering
SnPbtérHWﬁ 8bg d'é%HﬁH@éjaWet‘?ﬁﬁ%e)pHe%Hs RUWhi¢n a nickel-
exchange resi'ns. For conplete renoval and
phegpln@watplaﬁrngabathhertpbahosqntmnsmauaeddumre@antme imién frm of

20
aaBe B ReR o leBH 55 et 7 bne: Blrrgs et #iending the
uBeful ffeBtan ARtBRIssRAsKS] Hdth tyitdah afr@ﬂ@ﬂﬂfa%‘idé&ma%

el ectrol ess nickel baths consists in a nethod in

employsd as peecipitingagents| hhe kbemicaipdsediferghe purpose are

BB AL P, RS o el RS BRGNS, i

rérBIBR RALtorIn A8 b Ay affERitHaq8alRp of it mehd doafifigs.
of active substances can be suitably separated from

the ions of interfering substances. Y. Kuboi and R

) E0a RS Tice EinflR SRe Pl FofEiidtiint2 b2, €B.

|ddovee él@i ﬁﬁ%éﬁtsiﬂoepbre@@ﬁf BreemiiSad B8t mcl?élQS?ﬂﬁﬂjmg hite
Pr od. gF| I ng Magazi ne, 1989, Ea ges 16- through

presinitgtes By addingcorapirying paentsi & @rcanégatrﬁlcvk@f diggelmed free

"l ah B Sn e e 308 BB "4 T Fe form of wha

is termed a diluate. For this purpose, on the anode"

e, A el Man Babmis. gy

ta n nd
BRI el SITRATY FUepIRT oA e rEn e For®
compietetrempvahend atderbratign af thecplating bakit, leacgmaplicated method
menbr.ane. Thes onpartnents are also ferned
e e Be i aHOD, SPRENaR GOl a5 ABC Jamr4cs varaus

8 {Lpetindd) the plating bath are
transf rred |nto t he anode conpartnent and the

Another possibility for regenerating electroless nickel baths consists in a
method making use of electrodialysis. In the method using electrodialysis,

“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
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
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undesi rabl e sodiumions, which originate fromthe
sodi um hypophosphite utilized, into the cathode

woconpasdgent . Laboratory tests however showedPpCnar28/009030

not only the undesirable sulfate, orthophosphite and
sodlun1|ons are transferred to4the concentrate

npartnments, but the bath constituents that are
'nﬁb@ﬁ@r@hpf poAt tSnterrpeata difiate herthisspusiose, @antee pnede side, the

&],L&lf(?eX| & YRR ﬂfeogfeEFrodla%s 8&? Qegvcaﬁé %er&{nhtge anode

agent's

wmpaﬁmehheomaf:blng fife Sfodd b}’k%nf:’&ﬁoﬁibxdﬁé & hfsmBrane and on
tggt hod for regenerating el ectrol ess nickel - E)hos phor us

19hede gidedta dhaicstiiosde qusppammenpappigsting theecathode by a
é’éﬁﬂﬁeemo%ﬂée '?ﬁéMErar@t'lji‘F\ re*s%%?% t&@?ﬁ;ﬁﬁpgﬁﬁgn@a %6‘5@8 fermed

rou art ment al'ysi's
céntrateaemmpanmeluds Nhesepdesitabie Subaetdrel adhasiesEphite ions in
tﬁ}s by an_20 ani on exchange menbrane both on
FRSTRinmban arralREeARHO She PB0S FAETRATMeRARGiRode

dril (—Js‘d%bﬁe ﬁrlbgﬁ Nhich BYgARRE ¥ 138 SSH gﬁoéﬁ(ﬂtp%te

ort ho- ypophosphite~ ons are trans err
Ldthzeénmtcathe cathpde comparinoerdt bdbonsitody tebis foveslershdwed that

d,,t d t t th
iy e e Sab R sillase L v E R L R R are
tYdHs3Err6@ 1S Bfd éoﬁ&é‘ﬁtl%?é BORartihetts; 2I.L*:}ut thb:b%gﬁ conﬁtltuents that are

hypophosphite is allowed to be transfer Into
intporigint ferttbe platingamethmact amenlenamehpmmmeltamd lsypophosphlte

bt h e reAe T B sdrs bl dee g the anions

thegidgf.erred next into the diluate conpartnent. Tests
hovvever showed that this reduction reaction does not
happen as a matter of fact. It further suggests to

GRARCE 20 ChrgRies ohild I pahtelin g ReStitss nicknl
phoaphanls bathetsrdledteodifigsiREFBP thisl pEEIdSRE thdMicKel-fhbihorus

and R Takeshita. This solution is furthernore
kaih te hedepaneiatedhisepagseddbenuah @ eampanmeoa /apeiegigodialysis

NI T

atiore bechardeesemtrbat botibhnbe isiieof the @ndtenasd ofithe lsiie of
to that described in DE 43 10 366 Cl, hypophosphite
the #afadeoiskuaiensarapantment). 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

“there, hypophosphite is allowed to be transferred 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
parallel 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.
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5 transferred through an ani on exchange nenbrane to a
concentrate conpartnent |ocated on the anode side and

woanes/s0ep3ved as a result thereof. In this ca®eTaP2003/009030

wel |, the concentrate solution on the anode side is
transferred to the cathode conpartnent in order to
al | ow hypophosphite to return fromthere to the
di l uate conpartnment. By addition of nagnesi um or

G AR B0 I SR B o2
FH ‘Fm'ePéﬁr?ﬁrﬁﬁ’e f&ﬁe%@%lr%ﬁﬂatb ﬁ{%%r%\f%'irﬁt]értto that

oCcess sadvant age owever 1s t
de$cmb‘e&irmri@Es4c8d1GnBﬁﬁm ﬁypbahespmtesam:)rtboph@sp’mwcared

the bath solution. 15,In an effort
batekng Preidh an abaeesangs merwEms Tha cpbealer e n

BBV &rtmert I&ca?@c? o%zcﬁe%'no‘é@%@ébﬁd %rg‘?ér'%de@fas a result thereof. In

regenerating el ectrol ess nickel- phosphorus baths b
tlizcaseds algls i concantrdtie soktibodbrbieranads sitde éxltransfened to

ther o e O g%%gqamefromthere

;
(hE0% shRTdt ot h Bede’ B Ao pyRiRlasRy
oAl %0 BB hipanRént B WRIIRIORGSK HRBLGSLAYorEH Gl 4128 the

spent plating solution is first conducted into th
shlutian éhatdapieulated agbsasaiceteppadaieat mfppct@rsphttm&

e R S iR RO FLe BulP AR LS difga@Btace
HefleGVhGwe Va9 Setapterféeping &lodfim @nehanfte rtyaanet B8 removed
the side facing the cathode. NMbnosel ective ion

Eeenibeguckelataselitiant f er from nornal ion exchange 25
menbranes in that they allow singly charged ions to
pass through, not however nmultiple charged ions. In

Irh@n feiffosttto&i\@g@mé thddrawissckssof themsethbds ddkceribed herein above,
é gh ite, orthophosphite, sulfate and carboxylic
Q@ 78R Aaﬁéggwta@sm@ hadjof RIS NEFAiNges|gFEIasS Righkel-

gﬁmdrﬂg%ﬁé"?ﬁ% ohehaq’)(é“é ‘Vgnfﬂ tHePRRt ﬂ@élﬂg'u@i{&&?m two

e conpar e respec Ive S I ons

differentndrizings! |h rithenof B@ teecaTiants etbisrmdimldysperfoehbd
acconnodat i ngr bet ween two di | uate cog;{artnents

disreBiRYQUSY-cifHane Marign tmst'ttge%@ayp 83 Mot Rydhich the
GBS0 SBRTLATE St cBNIGERHBAECH 4R AithBitiment of an

nge Trenbrane on the ano e Si ereo
2lectrod20EIS ceICTHER2 08fdidibagaiast Bvdgorcerdrtat® nompearteregds by an
gﬁig?lreax% aﬂgetrﬂgm%?gnheogr? tﬁé gl%etfggi%g%é angdtehalnsd t()ayvg nt.
monoselective cation exchange membrane on the side facing the cathode.
Monoselective ion exchange membranes differ from normal ion exchange
membranes in that they allow singly charged ions to pass through, not however
multiple charged ions. In the first stage of the process, ions of sodium,
hypophosphite, orthophosphite, 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
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
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ani ons of hypophosphite and carboxylic acid and the
cations of sodiumare transferred back into the

wdkodar@gonpart nent, not however the ions of PCT/EP2003/009030

ort hophosphite and sulfate. As a result, the ions of
ort hophosphite and of 5 sulfatg are renoved, not
however the sodiumions. Since charge bal ance nust be

B ARSh EXcRidRemeRibrbhe oYmEthé Ruthsigige tﬁéréd?eln this event, the

process, it 1S not possible to renove the t
aminsnef yfpophespbite anél carbdxypib asishand the datwnsf at sod;umces‘e
ions,that co res

e iaEd bt SR CfRE AR Enant Aet hppeyFetie oS o1

&@lﬁbﬁbwﬁ@ aﬁ@'%hlféies As’ £ FERjult, tH?a foRe dfidrindipRosphite and of
artnent. This 10 substanti al ly affects renoval

a ecarawr@mowaﬁi nRéheweuertheaadium, ionhi Bince shergr bakaede must

RooruioF T bt e el S HefE roflags. & 8t posible to

r@.lnaote tieglitsthy smduBiebf theCiBAS bf bitABpRbspHIteean & kaRAteddiNEE the
conpartnments, the central conpartnment thereof 15 being

pogtin at %Oﬂmﬁttfﬁ%f i A dhatconespondate tg sadium ions remaining

IRREOEl e o AhER E AR PEnRLIY ARSIRA on Bl . T
s@bstafnﬁany?\taﬁedte rehitval éfficienelyut i on cont ai ned in the

anode conpartnent is conducted into the cathode
conpartmsnt The solution of the bath is first

e SRRy M TG BRCA ET AR bAEHage Andd, e golution
df thdbattr isrfifitdrintecthe wathddeecarapartalent o apasiéctesdialysisi cell
seens |n?055|ble t hough since a cation exchange

ﬁ'éF'%é’ thregielegiid e ampariments, t%cgaﬁﬁﬁaﬁqrﬂe@ﬁ@entmereof

TR R Lo B b, R R bY R B3GR Rl 9on

erxehalmgb avambratevorcits Boode eld@carnd)dyai mbnoaelley:tlve cation

enerating an el ectrol ess rret a
QB e aneiu S FataGE o i sobpREgREined in the anode
t ntl
o e
bath Is. firshintrodlecedintoihe cathoset ¢ampadmeaktions ohhypsphesphite
lib . th efu li fe,of the bat rac e, far, 30
anrl PhabSsbhi e aSrcnae e FansBrdBle Bs earifal
REHdriREnt ThRxd&dtds ﬂﬁpoésh@IeLtﬁSugﬂl slrickea chfidy eﬁéﬁéhge
ensure that consi sten hi g qual I ty coati ngs
niespbeanecig. disprsesubetuisies the rtwng:@nmartmentShanthlameason it is not

RN TRARLANES, B HorfiBy2004/ 020698

“"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
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
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7 the nonoval ent pernsel ective ani on exchange
menbr anes described in DE 198 49 278 Cl permts to

wWo emaeodd®ie nonoval ent ani ons (nore specifi cal PET/EPE®3/009030

hypophosphite) fromthe circuit of the waste
substances and to recircul ate 7them back into the
circuit of the active subst ances. 5 The known net hods

T PR i Bloc B § bl B RAngs desasiosndn

DE&QB 4QIE7&m1up5érnﬂfs tmateahoveome rhoedvalémeartions (mbre)épemﬂcally
active substances (diluate) |ost to the circuit

of
th@ Sy eoRRipsRilge fom ] @'&#ﬁ@ftthﬁt"éﬁ)ﬁ% &H bgf@nggs dHo secingylate
f t pl ati ng bat h.
t g |%%&§UW§R%%CS&%%%%@ lvé‘agugﬁ?]g‘é% 't thereof. 2. The
drop out current contains a considerabl e anount of

tal ions such as . nickel whi ¢ch accordin
The Metnaves meihe ?”ﬂé’ﬁV@e{Srf(y&g@ﬁBﬁm lé%fb%ﬁsé'%&ﬁ%ﬂt 0%%?4@&&@9333
to the formati on of a correspondi ng amount of net al
slurry. 3. The mjor drawback of the known nethod and
1d®dpeadirgg ométe typdeshi mabibeanerased, the ernguntadfesetabiams from
within the rege eratlon e. one |de t hi
th i Ot ReE e e (TlaHte) fost P R CHtIEer vsie: substanoes
(Eﬁﬁzetn‘?ra ééfpbé%tserﬂ tR a§0| 0%% hé%ﬁdﬁt%%go@ﬁéélln th metal
strip on t e ot her s e causes mages an
p@tfngcbaihcﬁ\ctlm; substanbes getlost as & result Harebbre an
obj ect of the present invention to avoid the
di sadvant ages of the known nethods and devi ces and
2MThe EBEtictiteny cbAtdind'd cBnskFtie aRtbuht o??netgﬁbh§ 8uch as
permtting to regenerate netal plating baths nore
nigket idnisoahich assapdinglyrgquires,/fusihies waiste treatraent expense and

n invention is more spec C tended to

R ot R B oL B o< BRn S Bialndimsta) S5
reduci ng agent, conplexing agent) be largely '
mai ntained in the circuit of active substances and

3: Hae maieridnewbaek Phipeskneymmedzod aeaslevies i thatugidssirable
e i e L ety B

rédhecay thlel pmilabliiey ommlammmbhvm@l&@btwlﬁasim/b@ Gub}éﬁted to
regenerati ng WO 2004/.020698 PCT/ EP2003/ 009030 8
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 method and a

"device permitting to regenerate metal plating baths more specifically

comprising a hypophosphite reducing agent. The invention is more specifically
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

largest possible extent from the circuit of active substances.

In overcoming the problem, the invention provides the device for regenerating
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an electroless nmetal plating bath according to claiml

and the nethod for regenerating an el ectrol ess netal
w@bauiongobat h according to claim8. Preferred PCI/EP2003/009030

enbodi nents of the invention are recited in the

subordinate clainms. 5 Any el ectgodi al ysis

arrangenent/s, diluate conpartnment/s, concentrate

exchgﬁbggg%é’f Epdtlﬁghanli] %C%w % i 10%9%emethod for

ragederfaﬂngcan elentromlspph@'tblsplamg Ibatt eogo:ﬁargdcsclalm 8. Preferred
enerant id vessel/s, service reseryoir/ safety
empegments ﬁghgeewentwn affafedtpRdn flae tseb%ré*"a%ﬁé’ja'ued in

the foll ow ng description of the invention and in the

10 patent clains as one or several such elenents. The

AsnweIeetradidal;tsl’rsaarran@ex@ehbfsadihuatejaama\nﬁrmentfsheohneeﬁnaﬁeon

ve to nerate(k} eectrog ialysis an
it aRElE mausate e naar, SHED Sxehafodiedef Rxghange
rﬁ@ﬁ%ér‘i@shé’ét%ﬁ@léoahbéelsf BlirrEnes i fy/8 @éﬂé&tlﬁgrtank/s

depositing | ayers of 15 nickel, cobalt

rpgemer@mﬂwdp\resasneﬂamenncgdeelervmh/e safaty eaam euhleamrl‘so@lr the
e spe uited,for. el ectrodial yt.ica

Fega TEPE RRGTPHET I el uerrinifint Rikfiehtion andin the

peRest diaiedd by onbhs 9bRa sadRRIGAeh@. be regenerated in

accordance wth the invention nmay conprise a
hypophosphlte reduci ng agent. Therefore, phosphorus

{TREaRUE2 2R 1B E3h o RRoRBARR bR ERE BRin Y grve o

refeserate dy R diatysibarcsetryiess asetahyBaRG BaphiH mdriee
salts utilized may nore specifically be utilized in

snesificallyrconring hmopfmphltea‘pkaxamleearhahh i@n depnsifing layers of
G0N dHHuS %h% IIQ8 lét[hu‘?ﬁ %Ppg@g‘?\e%éﬂcé B&q the method

|nven 1 on’'co €s e od|al arrangenent's

a8 phorecsadifiially sditbd %reelectrrmﬁatyﬂeauwre‘geheratr@ 8liedolebs nickel
met al pl ating bath, concentrate conpartnents for

baé%ﬂ\oi)ﬁgseﬁ% 'é!nth%%thﬂa&’aateds@rbﬁ FRgenerated in accordance
LRI IR STABRTANCa AR, HheBtore
;:ﬂrmsbhba.isngarsatsartm éelpdsnmm dshe codsiituehtecomppaehiefithe layer. All
[ nenbr anes d ano, d cathodes 30

gfipe E§$g8‘5]$ﬁ9%@\ﬁ%§ Seihe fﬁﬁaﬁwaﬁ-i maydeaMmpleyad 2
I'%)%EHBQ&MFB e §§{§Dd’tili9_%d & Rloré %EECI%QW b8&tilized in the form

entrate sal d cat’lon exchangers
of(aikahmaﬂataikagnewarﬂn sdieandamemomiatresalbnpar t nents in
such a manner that the concentrate fluid WO
2004/ 020698 PCT/ EP2003/ 009030

The device in accordance with the invention comprises electrodialysis
arrangements each comprising diluate compartments for receiving the metal
plating bath, concentrate compartments for receiving a concentrate fluid
serving to incorporating the interfering substances removed from the metal
plating bath, said concentrate compartments each being separated from the
diluate compartments by ion exchange membranes, and anodes and cathodes.
Further, the device additionally comprises main cation exchangers for removing
metal ions from the concentrate fluid, said cation exchangers communicating

with the concentrate compartments in such a manner that the concentrate fluid
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9 is passed through the nmain cation exchangers and nay
be circul ated back to the concentrate conpartnents.

waooo04ebmes r odi al ytic treatnment, the netal platPOEPD@&s/M030

may be passed through the diluate conpartnents in the

el ectrodialysis arrangenents and the concentrate

fluid through the concentrate conpartments 5 in the

iseF§§§écP ré{:%ﬁh% A AR BYBOE BkSha rgé@%%%ﬁy btacaﬂcnfated back to
ectro si's arrangenents ar 1 on exchanger system

tmemonceraieatemnmarhneg’&sr For slectrogiatytiepreatment; the metal plating

ventive rmnn neratin
oA Gtevcienteinronet e HETE S irA BugRe hdNearer todialysis
a?@dg@%ems anahne %hceﬂ_ﬂ@teofﬁji'@ ﬁﬁl’bh%ﬁ@hé 'cHh@'eht?até%%;b:ﬁﬂnents
to One or several main columms in cation
irfvhalegtrogialysimprrasgements i on exchanger resin. The
ion exchanger resin is a cation exchanger resin. Such
type resins are commercially available, for exanple
Ih GaAltBANe the @%d!ﬁﬁ@l%@%ﬁdrfgeh@?ﬁé‘rhn la'rli‘%xéﬁéhg?é”r system (main
exchanger resin binds the netal ions, for exanple
catier @xchangerp jsethuisqesiplethin the ll@V@mBlﬁg'Géaneﬁ@l therreggmrating

Fatsh? 5028 Yo bieTRET 1R EIRFERTARR ulsthe faton
e&bhéhk{;@'t Q'ﬂebﬁmlsehﬁatdﬁmmQ@@Gﬂbﬂdda&)%rwﬁpgé\mmnm&lrﬂéolumns
the electrodi al ysis arrangenent. Due to the invention,

(mpainsatien em%ngeirs)r@mpaﬁng e m @mnanser gesinvEne ion

e§<3ﬁ r%§|n @% é&'i ! ata—;an\t%%{ not (Se;rggfp orfetsﬁﬁsérg commercially

es (ConcCen
a@bﬁﬁ%aﬁrﬂﬁﬁﬁl‘@%ﬁ Bader, @eﬁT?dH%NQL@Q/a‘tltPet BEE?'THeOth?lon
fromthe concentrate, the follow ng advant ages are

exchary&desih b|B§zls tisgrmetagiohs fomekampleoniskér omedpper | |ons and
concentrate by ans of cation 25 exchange, the neta

qxehér,\g%meé& @t‘f?é far sq@ilm igRs. OB@%&%PP%@@tfﬂetﬂH@ has
b.'é%'n?as%%'t b gﬂ@qﬁgﬁecﬁ%naeicﬁ%g&r iETh ﬁl’até(PSa {éﬂhe

ions transferred to t concentrateé can recyc

candebieateccimpartmeats dfdthie élmtmdialeslslarrangenméntt he

active substances. The | oss of active substances is

thus mnimzed. 30 2. By renoving the netal ions from

ﬂdbetoct?l'é%{?éﬁtﬁ)tne a 1b8§ o? Aidtalabn¥ARhEtHALIFdUIt & aﬁﬁﬁ/@’s@fbstances
be reduced as well since the treatment using t

(dmate):tmt hhermrce)tcdiawayée substances (exxentmafs)iwilnetl Ietadam the

dﬁ%ra/ vap | on/wggg ytrgrrnotvlrneg gerﬂttataY\%ns lc')o4r<1qgg%%ncentrate the

following advantages are achieved:

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

”exchange, the metal ions, for example the nickel ions, concentrate in the main

cation exchanger. As a result 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.

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
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10 which additionally needs consi derabl e anpbunts of
chemcals for precipitating the netal ions fromthe

womb41020698 many cases, it is absol utely i nmpossiAUTEER2003/009030

renove the netal ions fromthe concentrate solution as
they may contain considerabl el@nounts of conpl exing
agents. Renoval of the netal ions from5 the )
wiicte addtlitiahallymheeds zerssitérmabésamoumbe of ahernigads far (Becipifating

ol o SR EiS bl 5, EESFRRA Rt
rg.lfn%phgﬁ% infethNBNnS §9AA B Eb Ak fath SBiutibias ey hé?:c'tcmfaln

l'ant” I's considerably Increased as a'result
cbheidesdblasanMous loé campiexing ageats. Kerhewalof ghe yretakions from

metal stripping) will be necessary. The plant is
t F@BQ%’P”@GHFM%@S#EBGIegggowgpfaqll%pﬁgg been test ed
whet her the concentrate can be enriched in stabilizing

agents in order to at |east delay plating of the
3e Bycrenualing (s metaliang) oamthe. conentistesl the metatis fugtper

i Sete) T ek aginel BEIRG b et &rafar oBFER, he
HBI8siifyaH the PIARIP cbASiHBERDIN indieadt s atraslilt Bsteanas he

Inserts therein. For nickel baths, |ow concentrations
offieivésel inayitapleusiganing syalesd masal sixapipoe wilbbe necaasary. The

een found out h abilization is _
pg?'gtdﬁ\%?ﬁe%%ﬁ'éb‘gé%§ﬁééé%a\&??ﬁof t hese substances gets
into the diluate where they can negatively affect the

gquality and deposition performance of the bath. This
It Bap heen destadwhetherthegionceairate eambeAHicheddn staibzing

| ow,l ev \Vi Sl L Gkel.:

RS koo RS, HOBL B Pl SERoPb Bl Y8R Goments
(S$ulyl bacheypeostabitizing ajents 2fe dddeditmeloatiolmss rhetahplating
t hey make waste water treatnment nore difficulft. _Tge _
hatbein AoTRrEls pEVeRt seial TorsrndssrablY peesielaling Babpoath
thhk Bk {1 RYGAOHerdh FLPRIIBI Baffd! WbbNcAtEAlid of lead
prac{'l ce by neans oef el ectrodialysis. As a result
domepenidd &e uped for exefmpldie | ayers can be kept on a
constant and optional level in 30 these cases as

well. Preferably, the nethod can be perforned

IE@% E%%ggg%%«a 88& gowﬂ@rgtﬁ%? salbiiRAtiba i\ @sd804n 24688 because

part of these 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

"disadvantageous because they make waste water treatment more difficult.

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

these cases as well.

Preferably, the method can be performed continuously, i.e., regeneration is
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carried out wthout any interruption for maintenance
works for a very long period of tine, for exanple for
wone4meoegver al nont hs. The concentrate flui d POT/AERE03/009030
el ectrodi al ysis arrangenent is conducted through 5
the ion exchanger in a manner §yn accordance with the
invention in order to renove the netal ions that have
AP
EMIEL R Ao SOMRARt G Rlioh it el BfiaEs florks fora very long
perioduf tinog rfobexaragld far edelyy seheral snaghef the vol unme
stream V; x of concentrate fluid flow ng across the
main cation exchanger. In theory, as netal ions are
TR CBHreRtraYe ilANATtRE g%trﬁﬁ s.ti§1§rréﬁ dinleisLedidiicted through
the concentrate flurd, an infinite 9 arge vol une
thse fara@xdianges in aeealweriin accdmiante wtiuthe inkention in order to

SRF8TE ot (00 Sl Rt g SBORER T rea
cBABERPALIGH 11 bofid$ U? i boh@Merats cir?ﬁg B8h 8@ reguRsted By the

reliably prevent netal from plating

sizleceftthediciimeistream Xn@écencentreie flvid Rewingoacross the main

concentration is less thap,800 no/l. the er lLim
SHORENCRENGTH 1 el ansma il iR echsriatia b iinstérted from the
dileaeniliiagdo e EORcerRrAE Flaldian iffinitdle larg@NeRIME atreaf] Vi &

in the electrodialysis arrangenent, on the pH val ue,

neederdn osdercdernauseitbe concenteationdelidthagnelgéians in the concentrate

R RATEE Yk Bop 2P BBl R AR B Fag B R Adtations i

agljUeed 8BRS todBlidly Proddrtintetabfrby HlEURE tHRgerRdsodialysis
enbodi nent, the device in accordance with the

arapeRmai. Eerpickebionceanceptraiien isiers thamB0Q sreithe apger limit
o‘@%@%‘gﬁlf‘@ SABREACKEE concBATRAGA %Qéﬁdiﬁﬁq}n"ﬁhﬁﬁe%%r%'ré‘ of the
gers 1 n such a nmanner a e

convestrateaiiad i thedelestradiblysidartangdment, ahehée pHavdluestn the
circuit between the concentrate conpartnents and the
cepreeisationot tewedypngiagents typpahesphits)anskometierinasameters

o 594 S o o b O o

circuits that can be controlled i ndependent of each
ot her ,. t he one hand, the, vol streans fl

B @URAtiRU I 0 SEBOBEP PTCCHR A Tae AEHCE B AGOPRIEnce with the
irgxio%%ritﬁﬁtdd?ﬂpﬁ%%kcd?l'égfiﬁtﬁ@(s%@t &Brﬂ%lﬁﬁ&tﬁ Withepe Mﬁ%ﬁgtrate

ecting tank an e nmain cation exchanger on t
cotipartreéents, andhwith e eraimeation exdreangeds irosach ¥;manmanthat the

ceRsarati iy i RE Bocudiats 5.8 Hrak Aripethesing Songentrate
cHREAE AR AGRBINBCHIIEERAP BIMRAUM30in a second circuit between the

“collecting tanks and the main cation exchangers.

This arrangement 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
one side and between the collecting tank and the main cation exchanger on the
other side, the latter being referred to as Vix, can be adjusted independent of

each other. Vix may for example be adjusted so as to be much smaller than the
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12 vol une stream fl owi ng between the el ectrodial ysis
arrangenents and the «collecting tank. The

wa@oneemsysniti on of the netal ions in the concent@BEPR2003/009030

fluid can be directly influenced in a sinple manner

by adjusting the ratio of thesqovolunme streanms. On

the other hand, if necessary, the tenperatures of the
VORIrHERtRaPh AIBMIRy Batledste ke @Rdi4I9sEi 4rF ﬁﬁ |

A device in_accordance with the i n\%ntelfroéri{ aetzmﬁgs',l‘%tstng
codecing tepki daewsansentistionebthe metal ions rethedsenceatrateufuid can

0, Fhr el ectrodial ysis arrangenen .
Bt PG Yo2u s PG airder B SRBEIRG ineuratio of these volume
stieEPed. L0 T ottt HandS if riicksSdrg, MR deTRRlres aF tNeldluA

cat hodes and anodes, each of Said diluate conpartnents
ey cak placab@ get foofiffarandyphiessi ve nei ghbouri ng
concentrate conpartnent |ocated on the cathode side
of the diluate conpartnment by a 15 nonosel ective

Acdevios i ucbom@eice VEtOhaNAV@THbrT thefthas tee RSIIWING features has
nei ghbouring concentrate conpartnent |ocated on the

beesdeusd de beradvandagequsat e conpartment by an ani on
exchanger nenbrane, b) a second el ectrodial ysis
arrangenent alternatingly conprising second diluate

conpat a¥instselactdodialysiztareagrenétad|feraatimgly coRPrisingditst
as well as cathodes and anodes, each of said

concent FAREENIGHB LPMRatineMsiang shdiuatecomparirents as well as
respectj [ ' j :1C .

on T, e SRR, ploh URLEICATRAS LA ERS Bl

an aﬂibose@mrat?wlg'em aredpentiee aiet'nbf‘ftlrcmir'nn@ cddrmepﬁﬁté d@ngartment
nei ghbouri i luate conpartnent | ocated on the anode

25 oi delogAtathen E%E@W&Séd%gﬁﬁm'#@w cg{npartment by a
nmonosel j ' ; a%}% :

pl at i ng%o‘ﬁ@légﬂggﬁgﬂﬁf%gt Iy Cegﬁgfg{bg%% ﬁﬁ%ﬁ@dﬁ%ﬁfs?%@we
first aneighbeutng cdhteritaie congzartment Iscatedt drethenanode side of
el ectrogi

hydr aul TEHIPE SAECREaeTtbYGaR Anion Sxahaggar Siembrige.

e BB S HF e Gk e REHEAG rRbSing

t he t wosesqst dibfitalcpsiparimenta gndesecondneancantrate compartments

hydraul é\g "\’}Jelllyas 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
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
hydraulically connected in parallel. Likewise, the concentrate fluid is
concurrently conducted through all the first and second concentrate

compartments in the two electrodialysis arrangements that are hydraulically
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WO 2004/ 020698 PCT/ EP2003/ 009030 13 connected in
parallel. The concentrate conpartnents and the diluate

woconpeosssent s are alternatingly arranged in tPoa/EP2003/009030

el ectrodial ysis arrangenments. 5 Further, c¢) current
supplies for the cathodes and tf® anodes of the first
and second el ectrodial ysis arrangements are provi ded
fconnectedlin padaidice. 10 In a very sinple enbodi nent,
the electrodialysis arrangenent is provided with the
foll owi ng arrangenent features: a) a first

qHecddrR@nirais ESmBEHATRGESER th&&@?éth%o?ﬁpr%rpggﬁis{] r{eealternatingly

concentrate 15 conpartnents and one _

eoiepged i ithe tWwa pestddidhsmisamangetents), said
conpartnents bei ng enpl oyed as el ectrol yte
conpartnents, with the diluate conpartnent being
seppeated on the cathode side thereof fromone of the
concentrate conpartnments by a nonosel ective cation
exchanger nenbrane and on the anode side 20 thereof

f ] trate conpartnent by an anion,

exchapba ity BREES By 6o EelbdRRS andtinecatiosp<tihe frst and

arr anger@@bnd@@afdcﬁélpgistaﬁﬁén?%ﬁws dré g?é\ﬁded for in this device.
conpart nment

conpartments and one Second Concentrat _
di sposed therein between, said conpartnents being

ctr.ol 25, ¢C artnents, with the )
R vanFshnftle EotEldifielh fng 21k OB BT pEanoBmankis brovided with
trat folidewirgy sleanderhent febfurgsone of the diluate
conpartnents by an ani on exchanger nenbrane and on

the anode side thereof from the other diluate

e N L AT i Rp—

anode beonpaptmehidethd one A dilehtecddrapardneépt 8isposed therein

art angertr)%rt]vtvegrrl],dsaid compartments being employed as electrolyte -
compartments, 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
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
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,

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

d) a current supply for the cathodes and the anodes.
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d) a current supply for the cathodes and the anodes.
WO 2004/ 020698 PCT/ EP2003/ 009030 14 | nstead of but

w0 toeeedect rol yte conpartnents (dil uate conpardTEP2083/009030
concentrate conpartnents), nore than three electrolyte
conpartnments may be provided fi@r in each
el ectrodi al ysis arrangenent, the respective ones of
the 5 diluate and concentrate conpartnents being

di sposed alternatingly and being separated by ion
'Bﬁfaégr@é%utﬁ%r@@r%lﬁéféolyé compartments (diluate semapdments,

dﬁf&bh&ﬁf@c%@@?hé@g}? té rr]ncy%ttnartl BrebUled ﬂ??c?)ﬁ%%r?mgnts may be

menbr anes i'mensions, a s
pravigeddzcimeeash slecfradialysis atrbrgement, thetedpastias iongs of the

Cﬁ@tg%i s .thus made avail able in the nmenbranes. The _
PR RANE FOECRNERHETRMAR RGN tsRINg i osgs alieraatinghyaed being
Sk S8 By b bCRARGE! ficrtabe b Samplaiqwiitfe above
menféorechtaquirearardy \WVith thietioalexchiandger embaameshaving given

BRT8RS" R RuERHIN 0K PreiangstTAsedet fiRisport metal pating

wte 6 @i by ia%aﬁ‘étSl@r?Hﬁﬁ@ﬁemﬂ_ﬁé‘ﬁfeﬁt?ggﬁaragr ﬂf%%é@n’étee

cell's through which the diluate I s¥conducte
sacfacesthentastirlanat mord &fftaientdhe megerseratioh preress of the bath.
oncentrate fluid acrc%ss t@e C Pcentrate conmpartnments .
ThReBle A Sptiat Gonteiration, pbthe irgenggtion array, a plurality of
dluats sed lc@hdérhtﬁatétci\ﬁ'ﬂféar'ﬂﬁ@ﬁtsﬁgtdié@é@?tiﬁ %nteﬁ?émgrébéaﬁ%hce in
y e

of electrolyte conpartnents. It or exanpl
bedly the figgd 6ng the spcond edeatradidlysis mrraingemendli By stacks of

with a ar er,. nunper .of djluate and ,
R RAB S i e RERTRS HuAteTES torithick! SordSS the diuate
cohgsdrtradhie! 3t eadorRRaEERs fluid TALres9the dshcepgatébompartments
arrangenent of the ion exchatrg?%ecr menbr anes, the ?I Pst

o iiienebl@ined dmpancipnttbeitwordhectfadialysisistaaks suiedl natihave the
SBHE REAERL RoBeuPhte 5P el i Rl B £)°°

auvanttjeetsity provitie dne frat RERidIREE faﬁraﬂgeﬁfén‘t Wi‘thad‘gl%ter
side of this npartnent. The anode and the cat hode

co
nymdesiof stisate and cRaceMmRtPaosPatments than dee second ysi s
G?é&%i?lwgial{‘r%ntggﬁﬁtyen sequence of nenbranes
ng the

separ a respective conpartnents, the

el ectrol yte conpartnments contacting the cathode and
T&Eﬁxﬁ&? { deﬁ?qic?%l;aerpgr{gaetnsgntfcgfotrrretigr? eggl%a?\%%?tmgrl1gfgnre%|, hteefirst
concentrate compartments in the first electrodialysis arrangement are defined
by anion exchanger membranes on the cathode side of this compartment and
by monoselective 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
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
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30 cation exchange nenbranes. These outer electrol yte
conpartnents hold an electrochemcally inert

woeomdedasg salt solution that is delivered acrPOBEPLI08009030

two conpartnents in the circuit, for exanple a sodium

sul fate sol ution. Undesirable Y 2004/ 020698

PCT/ EP2003/ 009030 15 el ectrode reactions, which would
&{({1&@/ retalagoﬁé,%ﬁiﬁﬁml@ Hegﬁ'@gtﬁé)eﬁalaﬁoagé EE‘éaQﬂo Ak formation
urther undeési'rable reaction products on e

of lfetheradelesirable rfeiction peodudtedn the @rdirpiesnargthus prevented

these conpartnents. 5 Likew se, the second concentrate

f PPREIGIN (e eCBRBBMENES-ect r odi al ysi s

arrangenent are bounded by ani on exchange nenbranes on

the cathode side thereof and by nonosel ective anion

Lekentiaagihersacond mescentrateecampamentiein theeseeohd efectradialysis
osed on the

2GfnGBTGA! 31 PoUBRed Ry 110 B GRS Ded raleR OURFGeghode side
tF&QI%OQ aM8hySRBHESKIEctNe AMBRTXBRENGE nfRBIaREsBh fHEanode side

i luate conpartnents and the conCentrate conpartnents,
théreof sAgains oheg srode @pdraneccatbode mradispoged o thatdrstisides of

e B Ol BRI B S BBt RRES s o
sePardtiHgStheefiltatt Eppafmants hnd hé EB8AcetPite OPhpartiABAts, the
are contained in the cathode and in the anode

efestiolyternampartmentstcantarisior thisl catleode and the ppadeiaseseparated
LTI IR N TAE RS .

thse2eha Ghak¥ saiéIR BUREE Y SolEiBRS ARS Sohtaintditbint the cathode
el ectrodi al ysis stacks and the pH val ue of the

asel intthe anedadenprattrentsiqthat hedesinatiaeleateodeoreactions are
pgg\pmgar@% ﬁaé%'ﬁ‘gr ably about 8.5) deternine the
(o)

égree of 1 0S f &@hi onic active substances, meaning
of hypophosphite and carboxylic acid anions. The -
first electrodi alysis arrangenent and the second
Thecturfand ratipqfdhe Aprraalamen exehange menbianss tPihene
T ANE RS pR TR FeRRaRar iThe b IR HLIRATR siglis
dnalctbeqfH value af dhesolutibacionadctEdythreugtt thekcanmentiate one

anode i s dispgsed on the e end face thereof. For, .
COMRATTFHSSBIETorDIY @em-gigeérm% 8g76€ of 108 of anionic

SARESLbRhEL, HASIRLRA EREMSARNI LIRS arROn B anicns
The first electrodialysis arrangement and the second electrodialysis
arrangement can be combined in one common electrodialysis stack and may
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
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
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exchange nenbrane on the interface between the two
stacks for separating 30 the | ast concentrate

wooaomaacdeeent in the first el ectrodial ysis arr angemEeRin3/009030

on its cathode side fromthe |last diluate conpartnent
in the second el ectrodial ysis 1grrangenent on its
anode side. In this case, the cathode conpart nent

for o itigke th (VDI A0 20 AR rdNtERAROBEAR3Dondhdf Modn
the |last electrolyte conmpartnents and the
commraypenbany el rasdbe assppiatechelectradesare dispenked with.

LAtk e ' wi t h.

AREREEhBHE PyPOGE EaE® SlripdimBER3EY ol horieosmearimentas
vesinpsoheeathaie angbhe amodeeareairbvided 30doR fite 8RAGHECE 6F the

rovided for on the end faces of the 5 stack in this
S NtRi$ %388, in another enbodi ment, the first

el ectrodi al ysis arrangenent and the second

el ectrodi al ysis arrangenent can be conbined into one
Fuotinennin arlatioer edbadiysers, #eafirst electrodlalysisranangeieat and the
the electrolyte conpartnments in the 10 el ectrodial ysis
S&P?aﬁéjﬁ%éfmf@'i/ﬂﬁtar@.nsemﬁrﬁ@ammrabm@ iptet prRIEOAIRON
IR G SR A o FRRZEL INR 6 BEcTAAE bofinartments n the
ehatroskalysib @rtang eetends thati sak ysinedaonang ene odthods cire deiented
anode i s disposed on either end face of the common
'GP sciesPy e ShetRiaCkint SledlimiR st oS Ha3e CREMoN cathode
isf‘ﬁl‘ééagé&l Behiidén HY tvPBRCEHAR s'i@*'ﬁ?‘rah?eﬁ%ﬁlé %rgﬂgané "node is

is 15 case, two current supplies are prov

disposed ameitherrerehface gfphg coommom electradialyisis atatkt Mhisone

d d th t |y for the cathode and . .
BRI LS5 YRS YRR e i 5% Read™ e
cab&Ctwaslirrémsduppiies aRIBFRRINE, T & oneiridht %hﬁely\%@f fhe

connected in parallel so that one Current supp
cgihodepancthenore espde endeanatihemdéureent, supply foatheoaathode and the

C C rtnents e ., arranged in.a reverse

o rlele! TR FRRBESTEINS pplk el fRE el Bt akidRmeats can of
cborset 4160 Beasnmediat] MparanéI'NGREBAL Tutrdat sapsly Wil Bed

toward the anode are oriented toward the respective

ot her stack of electrodialysis cells. One cormmbn anode

' ' two. el e ialysis

Ma?? %A%Q? rratzt ﬁ/%s&ﬁ[r%@@ﬁ}berh{:@te h%%@%isseqéé%ﬁﬁes &%ﬂi@ﬁng fier
afrargédde aokveive suyuente clnably eabiealtlys efectioBf& colpartments in

spent bath solution, which, in addition to the active
thg plecpeialyshs atrgag@ments that are turned toward the anode are oriented

toward the respective other stack of electrodialysis cells. One common anode

is disposed between the two electrodialysis arrangements and one cathode is

“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
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
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meani ng i ons of hypophosphite, carboxylic acid and

ni ckel, also contains interfering concomtant
wouwbsbtAaRgses such as ions of orthophosphite, sudRErREEN®IO30

30 sodium is supplied sinultaneously to all the

di l uate conpartnents of the twwy el ectrodialysis

arrangenents that are hydraulically connected in

diatal dophpartriehfantd iHesdorRleptrhtebmbrfhiens tratgreriposed on
all of the anions are transferred fromthe WD

tr@am@eﬁewgmfnm/dﬂpa@ommmntw@mea aPAIUEDIAREraRent s
npferiede BB GERGR e BREAMERRITIORY Bl AFDoRhgREe céhode

sl iUk idinateas emphrtasits; withdtHeit kel ioos cemaindtigein the diluate
conpartnents that are di sposed on the cathode

i d f
com@aginerds <l ncfbmcpﬁﬂ ,ﬁl%qtrqgiqmsi§ [REranaeeent; only tﬁle n?onoovalent

i Qi i > . ot
SR, el S o Ebfosprera AR b I, eden
fref tscorideatrate coimparmante intbthe dilostencdarapartichents located on
carboxylic acid, are transferred L{vgﬁ%t hg coBcEjnt rt@te
thioapadt misa el hatcoTeRBIal SRTRARBRBL tHeAPLoTs Ran B
céﬂ?er‘ﬁpé)tgecq?ﬁﬁrﬁrﬁ%gfs%&@%%%lbﬁ% SniASPAAMERMNR iohd ©f

ations he e concentrate conpartnent’s and the
ofthvphesphitnand sulfatemredpaining indhssefcomrpastroéntstindipaicase.
and sulfate, remaining in these conpartnments in this
case. By utilizing, on the cathode side of the
BS/ thi2iy, SARE dafdte SiHelofthd tNSdte RInGSAtACHROY Bleirst
rrangefrent, a nonosel ective cation exchange nenbrane,
etamfifadialysis @aramgewniartuanonaselantive watipn texghange membrne,

SR SR TR ebr g RS ARE Bl qqrpermen
iRbtAS %H@Bﬁtr&t;e 6d?ﬁp%@t%hﬁ@@e6@ﬁﬁr Ml llskeyy theadpekial

lons to pass fromthe diluate conpartnent into the
acangemendtod the membranes dogg raillaernigkelipns kypasnhfrom the

SAl oA 3 e BT R i AR g,

Umfe%ﬁ%dié!%is@Naﬁﬁbmm]@pﬁhiet@dﬁdsiaé ofthérdjpratephi t e
and sul fate as wel are transferred fromthe dil uate

coomzattmenian anion exehangrcERMRIERe cRARIMY RYRPPNaFRIIERY
of_ion § sphi j [ t to
Phoritrefie ABURDEAELAR el AL el 3iertey ok SR AR
dopipartmehsipes tHegcondentrate sempadtn@rtcThe thsa gfsoes of
arrangenment, a nonosel ective ani (%ﬁ exchange rren‘?ranq .
hywophesphitriand icaebasylie geid lost to the diluate compartment is selectively
compensated for in disposing, in the second electrodialysis arrangement, a

monoselective anion exchange membrane on the anode side of the

“concentrate 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
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
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25 "'concentrate conpartnment so that these ions are
sel ectively transferred fromthe concentrate

wocoopeosesent i nto the diluate conpartnment. As PECTVERRM31009030

with the solution being continuously passed through

the two electrodialysis arrangdrents, the ions of

sodi um orthophosphite and sulfate 30 are mainly

patrovanstityents thies pwdlggd{n]msmohomtmgrdﬂml athélﬁmﬂentlon aimed
s are retained therein. Accordingly, the

%@é%d the device in accordance wth the

invention permt to achieve the optinmal efficiency in

r enovi ng%wl nterfering WO 2004/ 020698 PCT/ EP2003/ 009030

Pmoedha @rﬁéectr%ab@lsmfwgmmntdlang hyHeasichily operaméd in
resol ving, Sin

AR AFAFEL P S S e B S oty o oS repster o
iope vwithaal thdﬂ ehtiRAaRbh@dmantoRPMEANHE! tRSamount of anionic

el ectroneutral ity must be preserved for the transfe
Hbstansrs PRIsNG acrssdheimemiaranesgerteatanodio/dirédtiani magads only

{ ' th
oL M0 ot 28R G BT PR B3R Mrmpransnathe
¢dthodiculirgctioh vaith regjaird tS tRSAPAERSMBASSS BWRAE. The metal plating
cathodic direction with regard t

gbranes in the
b3{h 13, PerRgasetly 289 cantipeously Fasserthabugh the twp etecnadialys.s
d, through t
B e e ] bl R B B aian e pminizged
whiehdhe anterferibglsabstanices @wé beaignaydlyrembisd t he
interfering substances are being largely renoved. The
concentrate fluid flows through the concentrate
THETESH LA riche
FRCCP RS AukrhBwe PR ThE EBhEorhatb ol oB i
gomcahtrpteafliidgs leatibhedth tt@nnte%@nﬁgtsersmeéabﬁ{overfrom the
nce tration of these interferi n%
e

Fert metalalbfifo e 878 setties anainedimaren e ordardor
c@ﬁ\'@éﬁﬂéf ah Bf fﬂéﬁedin{e?rféiii ngLﬁ)@ta‘?ﬁ'é t@?&%{%xgée@ta (!rﬁl?gfvalue the

fromtime to (rntermttent
gensentiate ﬂwdasldllls@dlamtmstqrtﬂllymnaﬂmasb ftamh sinfd t0i time 20

(R BRBLbh RbrBRLT: s Bhoeibls ToradkEisSmcoKighdo ths fuid.
TH? t

LR sotenitt s TR RS oL R B oy
fyypoph@wmtﬁeloa@vm éleatstharpﬂtObt}hermcentratmmldas optimiailpadjusted

tg)é'ﬁgﬁpg% Goth&ticiaf BBS,™ Lt of H,PO, ).

When the device starts operation, the main cation exchangers are charged with

"H30" 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
from the concentrate fluid. If necessary, operation must therefore be halted to

regenerate the main cation exchangers.
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25 ".H30 + or with sodiumions, depending on the type
of cation exchanger used. In operation, the main

wa@aduomeexchangers are gradual ly charged w t h per/aP2003/009030

ions. Once a certain charge, which may vary as a
function of the type of exchanggr used, of the main
cation exchangers is achieved, the main cation

%@@%%Eenétdté tHhe rﬂeﬁrﬁ‘ %foﬁeﬁeﬁéhdérgt fret ré@ér@rahmd
so that these can no | onger be rempbved 30 fromthe

vesselsrare previded ifer. hwlﬁln@ereggeaqunt flojskintendsd teuregenerate the

B SR oba e ol s SRS n LB AR B R Hhor

exdhahgérs. AR dordianereésedificallfRiulfusidtacR) i€ pedTarify employed as
first regenerant fluid vessels are provided for

AEIENREAN dyichdising anlafid thareain«@tion exsganepes avhisteare
o edboc\%h tg?(%l?u@'ngg%g%aﬁ%h%r%%?@?hg—lamirggs?méoﬁwggalﬁcﬂws

mai n ca 1 on ers.

bejireriiberatdd nts tHe wgahemtdluid.s preferably enpl oyed as
5 a regenerant fluid. Using an acid, the main cation
exchangers, which are charged with netal ions, are

'grB ér%g\%(/gﬁ féf\d gé@géﬂg?faémm@r @ﬁt% o‘?@ﬁ’ed RyefHégcollectmg

tarﬁ@alaw%)thesnfagn Cailt[a? emiwrgerra,taeffuithdr prgtwdﬁéd .Bafety cation
coupled to the collecti 10 tanks and the main
eégt\%g\eréxwhm.escougj@ tutherBaInsAreXChaggess §orRast-on

trest@nd6f the %Hc%htr%f&ﬂﬁﬂt’t@aqu 'ir? He a'Wthn&r?Ek&?angers are

exchangers for post- treatnent the concentr at
aﬂéwpxbvideseia&zéntuallyhmermlane pm\ndmd s&cdradh wga]eranEﬂurdlvsssels

rovided. Eventually, .ther re pr vi ded second
forIAGRoeT PN Tyi bisraded foF Usgaithe Fedssrenam of iesafety
cafbsReeHahgdrsuse in the regeneration of the safety 15
cation exchangers. The figures, which are indicated as
foll ows, serve to explain the invention in closer -

etail. 20 Fig. | ves, an. qver al | hemati.c vi e
98- Ry 3o e DA b RS e ffjeRbon in
ke detmischematic view of the partial processes in a
preferred electrodialysis equipnment. 25

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.

Fig. 1 illustrates a metal plating bath tank M that holds for example an
electroless nickel 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.

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
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Fig. | illustrates a netal plating bath tank Mt hat
hol ds for exanple an electroless nickel bath

woeoi4arewsg a hypophosphite reduci ng agent. R RPEEERZIDED09030

can be transferred froma rinse water tank S to the

netal plating bath tank Mto ggnpensate for

evaporation loss. 30 The netal plating bath is
circlRteRbetvaat thaedliuahe td i, Mhanm éie@'ﬂrédiat ist @cﬁlhpM@nt E,
The vol une stream anounts to 100 I/ h for exanp e.
coaprising two ale@tromlmarreagemsntso‘m ER2OPSF Gb@tm}umostream
Ci rc ed bet i Lluate,tank VD and

ameyn Pgér %ﬁ}gpl 8&1 ﬁq s%paragg%p? gBH aﬁeams flowing from
118 atH BMHKINS itise anu@@qgﬁﬁ lwt[,Sarfooffroncﬁxtﬂta,rm.l@a@tarhkv\svéE e
stream anmounts for exanple to nB/h. In separating
elegirotialysie astangamerits Gyiting) nfe*taxlrplatlmgabaﬁt whichkn mosbcases is

VEREng! UPEerartBiRar 7 ECd, can desaii b elcgidhieg With e
cBbﬁlt\n% ngmg?é Qchnl@@é&hw fHAt %t’o'ﬁﬁﬁﬁgﬁg% ‘g’lggfif/ng%"eétv&céé?{ the

exa 0C), can already yzed Wwth
dilugatd tankdtmiamch@t)e glecrodmlystharargementshiats ruehwrhaltar than
streans flow bet ween t he ilyate tank VD and the

tR¢ Be buing Pehiee e aneark Meand B Bedsrie Vot nan

the one flow ng between the bath tank M and the

diluate tank VD. 10 Diluate and concentrate

Dilwapa e deonsenindieciorapartmbotan vxehdnd‘ream shoalh gchematically, are

Freted oriarbe elpavaiaSS sgosments B, EdF dpabied - 1 by
th&VeHRA| ngsﬁlt.aﬁfﬂﬁﬂ&@g%&'s%hém%%@ :?r‘?év!?r?@l redidlysis

arrange E, saird partition ng I nten
artdngemextts B, Isaid parditias beirerinterdieal tpsilt&tmte iﬂn@ethe nts E

ota'qastack of er al dlluat entrate
ei%@?ﬁ%d@ M%’ﬁtaé’am&f“ S Eidhinia S ek of naver Ajuate mcher
c%ﬂ@e r@t‘crjl %?tﬁtghgﬂe éHSné’é“t?aﬁér‘?\% & RORhER MY hode

on t e stack®
|$d1$@dse®nm tbé oplecside addajnﬁsa:aihade anghmealtimr 3|Se shthvnstack. A

atbire) mbodimant ol RSsIRRUASTS SlaRORMENG & Siov In e 2 (it il
ROTBRHHEB HeteRdE

The bath flows simultaneously through all of the diluate compartments as the
diluate compartments are hydraulically connected in parallel. Concurrently, a
concentrate fluid, which is preferably weakly alkaline and contains, in operation,

transferred substances originating from the diluate fluid (for example ions of

‘"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.

In the electrodialysis equipment E, ions of orthophosphite, sulfate and sodium

in particular are removed from the metal plating bath and enter the concentrate
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di luate conpartnents are hydraulically connected in
parallel. Concurrently, a concentrate fluid, which is

worekmeebs y weakl y al kal i ne and contai ns, in OpPET/&P2008/009030

transferred substances originating fromthe diluate
fluid (for exanple ions of 25 g¢§thophosphite, sulfate,
sodium, flows sinmultaneously through all of the
tTHE V!
Al S uR BRI bl ophRE 60 SRS o e,
concentcatediuich parallel as well. The concentrate fI UI d
al so contains small anounts of transferred nickel ions
originating fromthe netal plating bath. 30 In the
Tﬁb%ﬁc@ﬁtr@lé’ﬁun@ iSOt PaRM beﬁwelemﬁecgne&%msweg%ﬁrﬁeements E
fate and sodium in particular are renoved fromthe

andtaadzolkﬂcangrhqﬂbvkh and enter the concentrate WD
2004/ 020698 PCT/ EP2003/ 009030 21 fluid. Small anounts
of nickel and hypophosphite ions also pass into the
Tﬁ@%ﬁf&bﬁﬁ'ﬁ?eﬁ it fidwirl ﬁ"ﬁ\t&%@@ﬂécﬁﬁw tfahH'\ﬂK |]'s:_%irghlra‘fé&§ R &tbther
bet ween t ectro ysi s arrangenents and a
fluinil ¢|muiti tnghe amdin \¢tio lexchangemi tiedtds prefedalily @onfiguredtto be

Lﬁ {3 |ngftank VKis circulated in another fluid
u{ﬂ U 'ﬂﬂleo qrﬁbor?aPWUEHt)r on exchanger Ix that is
preferably configured to be tubular (in the formof a
colum). 10 The nmin cation exchanger colum Ix is
Thelrhaih egtion exchabgencaunimalxde filledvithi satationTexchariger material.
Tﬁatl on exchanger Ix is charged with nickel ions

RrBaation exchargsi kit Eh@i%dow K BWkﬁb'oﬂﬁéh@m@Ggh
c ex%Fét@ M ﬂomg*lhlefénﬁrf)u@g‘ ?ﬁ@c%@ élht?.ga ! e&?? from the main

nger 1% are~rel eased
cSiore exd:Hmmgﬁrl Ix ateueeledsetbtot the ceceatratafleid! Binak the pH value of

er manent | owered as a result thereof, a base such
tesco aﬁ%yuwsm&@an@m WRTEG\@he rewt beseel @ base such as

Nfa@jmlpﬁ;; B?%Hbgﬁd 20 The concentrate fluid can be

t enpor y stored in a separate service reservoir
VZK. For this purpose, the service reservoir VZK is

Tﬁel%ghowmg dev?ceescaorlalfl?r%tw(lern gro dqed

The concentrate fluid can be temporarily stored in a separate service reservoir
Vzk. 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 collecting tank Vg into the service reservoir Vzk and from there into the

main cation exchanger Iy.

The main cation exchanger Iy is further coupled to a first regenerant fluid vessel
Vrs1. The first regenerant fluid tank Vrsy 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.

The main cation exchanger Ix is further coupled to a safety cation exchanger Is.

Both the safety cation exchanger ls and the main cation exchanger Ix contain
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VK and the main cation exchanger |x. The concentrate
fluid can be conducted fromthe collecting tank VK

WO 1he0106¢8 servi ce reservoi r VZK and from t her eedTiEP20037@®9030

mai n cati on exchanger |Ix. 25 The main cation exchanger
Ix is further coupled to a firsi2regenerant fluid
vessel VRSI. The first regenerant fluid tank VRS1
salioreexchangdranategaher ant fluid. If necessary, the
regenerant fluid can al so be conducted directly into
the metal plating bath, for exanple if the pH vallue
dj T AP
TR Ry Eelloh =Cfaideaps Bhiled 17 s WeolBuBoeRbirbauia vessel

¥reh8agksedand rdgenbrartdluibfaekV Gatbissenes a9 asld ﬂegeﬁaﬁ’ant
he main cation exchanger Ix contain WO 2004/ 0206

{ EP2003/ 009030 22 cation exchanger material. The
safety cation exchanger Is is coupled to a second
regenerant fluid vessel VRS2. Said second regenerant
Wa,ﬂl’dwamwaw!@cm&mte@bu&smtcotﬂwiné!rr egireertHanger I and into
f wag 9@3 can be conducted both into the main
the SRt angenlsd Net Sisyashswatarcapsig tsansferred into
tﬁéqh@fg atln this wash water can be transferred
into n@tﬂ’e\? platlng bath. 10 In renoving the
n| ckel i ons fromthe concentrate fluid fl ow ng through

mai.n  cati excha t he i on exchanger :

l ? n ff] I X,
Eﬁg%vw%’%%"ﬁ glians froptthergpriceptrate flekdlayeng nqughéb@ main

ééllo*i’\ee%cg%?@gf'gé fife m‘é&(cﬁﬁﬂgﬁe&%g?f‘%@d"%th Iznezfcfneslé'he ion
englameeawubha\m tepbd régbrephtadeaipmnt ca;faditbeexhgnsﬁéﬁ frtr8of. This

5'1 rst eneration step, the concentrate
?%fh%’a P H{@eﬂé@th%fq|lﬁg/'%m§”6§fl on exchanger Ix is
di spl aced by the regenerant fluid stored in the first
regenerant 20 fluid vessel VRSZ. The concentrate
Reaeneration istere b displeicenenhbé thebearicantitate fibiel):

In a first regeneration step, the concentrate fluid contained in the main cation
exchanger Iy is displaced by the regenerant fluid stored in the first regenerant
fluid vessel Vrs1. 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 Vs into the main cation exchanger Ix. This way of
proceeding makes sure that the least possible amount of concentrate is

introduced into the regenerant fluid. This method step can be automated by

”controlling the volume streams flowing from the first regenerant fluid vessel

Vrs1 to the main cation exchanger Ix and from there into the collecting tank Vg
through automated valve switching for a set time or for example through
measuring the pH value at the output of the main cation exchanger Ix to the
collecting tank Vk. In the latter case, pH sensors detect whether the pH value of
the concentrate fluid flowing from the main cation exchanger Ik into the
collecting tank V is lowered below a predetermined lower pH command by the

regenerant fluid ,breaking through* the main cation exchanger Ix when the
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collecting tank VK. For this purpose, the regenerant
fluid is transferred fromthe first regenerant fluid

wo/Bp$e10698RSZ i nto the main cation exchanger | xeCTiRre03/009030

way of proceedi ng nakes sure that the | east possible
amount of concentrate is intrgduced into the
regenerant fluid. This nmethod step can be automated by
centrateofllidng thé I
e sonar At e gHln Skpea Rk B0l dilfaced by the
regenaiagéfluidc and fromthere into the collecting tank
VK through automated val ve switching for a set tine
or for exanple through neasuring the pH value at the
Redengratidn step Midoyepatdtpn)exchanger 1x to the
collecting tank VK. Tn the latter case, pH sensors
detect whether the pH value of 30 the concentrate

'Iereu %Illé’Pé‘% Fguﬁﬁ ?&i&@kn&gﬂfﬁﬁ@é P%l%gf&ﬁnr%am cAtion’ exchanger

lp el etisomedesy mvvegenétawm%mf ibhS, wﬁn@ﬁ%‘i‘é'b%ﬁhd to the
fluid "breaking through" the main cation exchanger Ix

CatieR exqBangsnIEsin 0dpsodf theTnetbows, 0oogmothedkage sites of the
BB O R s B BReREIRRR e o Brant i

caagme.r@nam @ic%oorZSé\Ie@élQﬁﬁé@tthU@h the mdi cGRIrﬁrH u WWhile the
bound to_the ion exchanger resin of the main catio

regenerAgefuidicoriads dae eatieniesghangermagieniat mrﬂwefmamobolumn Ix,

| C re.b o the at | nexc

LS8 o€ PR G B B o v
nsaih&itioh dxhﬁang@rnlx%(ﬁhéﬁgﬁt"edmérda@lbnf@(c ge ca%
ions. For regeneration, the regenerant f 10 ca

heated ingrégr énaehieve Saster eagenienatiort of tb!@ghairhtmm exchanger Ix.
colum Ix. Wile the regenerant fluid contacts the
cation exchanger. material in the main colum Ix, the
Regeieratidrostepfa Idi%lé@érﬁéﬁi 6ethe rtebéhérabﬁtﬂ@n the
collecting tan maln cati on exchanger |x

is interrupted. The cation exchanger resin can b;e

t e eneratl on, of t

R, 0ehBrfiels cofyFte R RbBaaRIT K AR Bgan olf ot the
céhbcﬂmig&aﬁﬁw bypthd tsndepgratefigiat tHd #é%eré?ﬂcfﬁud bel ing

regeneration is conpleted, the regenerant fluid
regdsiulatad ibask infertheflirstfegenerant fluid vessel VRs1 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 steps, this method step may also be automated in that the volume

stream of concentrate fluid flowing from the collecting tank Vg to the main

cation exchanger Ix (Vi) and from there into the first regenerant fluid vessel

Vrs1, 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 Vgss. In the latter case,
pH sensors may also detect whether the pH value of the regenerant fluid
flowing from the main cation exchanger lx 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 I is
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collecting tank VK by the concentrate fluid, the
regenerant fluid being 20 recircul ated back into the

wo peogi2eeegener ant fluid vessel VRSI. The advanpem&Pmi3/009030

this manner of proceeding is that the pH val ue of the
concentrate fluid is not wunnecgssarily |owered
t hrough entrai ned regenerant fluid. Like the other

8&hbrdely td%;ﬂacédtbsitﬁ@t:m@brﬁta@@ﬂtw al so be automat ed

in that the vol une stream of concentrate fluid
flowing fromthe collecting tank VK to the main 25

PRI SERBIER o it R, BshSin cation
EXatngRraly rﬂﬁ?tbéobr’é@id‘éa §M\héé}htaﬂ8 filiRy flwmgtthtd@ &id cation

for exanple through nmeasuring the pH val Ue at
@xczh@gtgers)at @Iﬁﬁmmmeﬁe Tabugh the main eatmaagmarlgerahdthrough

flujd
WS the ShrbEREREU R pLErBRE s o diohTathd T Medeisaant
mjldtfbﬁrdgéﬁéféikﬁlﬂﬂwefédﬂ ﬂwe?»é)octdeoweﬂﬂofﬁé@mét%d SRS 1, 2 and 3

cation exchanger Ix is rai sed above a predeterm ned
beiperrefaranpeniormed: Ascerdingiyttwatreainl catidn’ éxabaiigacs Ix may

L58HB B E  aA LAeHe ce
HHOS e BLdndriRP 93/ PR3Ny thAneembes fovh tHetbrmetrate

e concentrate fluid. In order to achi eve a
fMﬁtWht'@db@ qfeeiene t5fbgine ceaenargteds dlpenatomaletioofi on

EERBRARTS oblioiarB R ey ate Pk Padia dh Faid serond
merresatuommm geh§ aadordingttb PRethya s 8! frahferfii@H Mo the

whi ch t he concentrate fluid is not circulated i s now
first tageaesanttfivid veggrel étmntConqumamtlvotherregenerant.fmm can

, ti t hod st . 2 and 3 .
HSPRES e PEF RS AR B3 TreortraiEir Sxancig Pydccording t
athaste) cihed gt Sald eREange? taf brTelhenB/ted fekeed for,

the concentrate fluid being constantly circulated 10

t hrough the one exchanger for renoving the netal ions

| i iy b he. '
FAMADEAEREEIE Biciosh! Hiipblh 6 R n 30 o Eppoentete
fada cantbedbwveréd futthigrsothapit 28R Deedirsriyaad intoWffluém collecting
said second main cation exchan%er I x according to

lestvdhout havingstodie syljected ﬂtf@rtttqarewasterwater treatment.

THRORRAADN cditeean B i TetaltOhT He 8 e i Burmpsg must
generaiy be betowrdippm.aT he follewimafigtier loptispaomethiat §teps serve

this purpose.

"Method step 4 (washing):

As water and ions are permanently transferred from the diluate compartments
into the concentrate compartments of the electrodialysis equiprrtent E and as
the concentrate fluid is dosed with NaOH solution, the volume of the
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 Iy is
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method step | so that said exchanger can be
regenerated next. To further optim ze the process, the

woralab206gsn concentration in the concentrate fprQI/EHP6371009030

be | owered further so that it can be directly fed into
effluent collecting 20 assenbldses w thout having to

be subjected to further waste water treatnent. The
beingrahar geuh (resthoat step 6)fandhegerérited pRetiRESRAs 10D and 3).
hj S pur pose nust general ly be below 1 he

8ld 'ﬁs reseRvRiVarg$ coHaledteithe ¢olieeting é@k\)é( andiethe main
P PSEehahde thod step 4 (washing): As water and ions
are pernan n ’S/ transferred fromthe diluate

conpartnents into the concentrate conpartnments of the

el ect rodj al gsn S equi Euarrent E and as the concentrate
i endar fastreasg sandentiateflwieineld imthe: srrvicsi reservolr axen such a

AAEEPRRIEET o AR e ABEARGR PSP, e
metamgan’enm’atlﬁ nmscoblleﬁ eni ’ﬂPpmSQ-’ﬁ‘ thieCdriceperaieofilid stored in

ZK at least to the extent of this increase in
the1 spece fpservol Mexvgre teaatedin mecm@ﬁg@atlomex@amer Ix directly

o nde R ebs) g oA B8 eteit® 1 Pl A% theoyyetal

&ncenBatidn of lessctbaneisppmaeyuived besagss! R hali chtigh exchanger
col l ecti g tank VK and to the main cation exchan(%
Ixis stl gontgmipatedyvith eapcanieate Sriskeriginating frontheetallecting tank

v he]n%‘?&%r: t?):cétﬁé\?% ff‘% IE)WVI%Etél X B#é@ﬁ?ﬂ rgqﬁgg:gaphgnattraté fluid in the

masea:dildneéxcﬁalmger s aisplasteEny abh atBH ahd RRanshsfed fAthe
pm |f the concentrate fluid stored in the service

M@éﬁ*%t&nk\)ﬂ(aﬁéf eeganesatian phthermairesatiaraexahanger Ix (method

d
s%? Iﬁggﬂggasffse)fktﬁé ??@éAéf Pf;]{!}?lg rhgg%t % dSt F pléi\’l\pflnth? aWa%:atlon
echaager &tb;omeafodo@a&atéwﬁwidl(nmmd Sty 3)9d because the

mai n cation exchanger [Ix is still contam nated with
concentrate fluid originating fromthe collecting tank

i d i,on,
i waBn 5" ohdindfily i, bt nfY Rhef B4 SE0EH IR EF
électdilegd amtal distingpbthiat c&fmpl@mdrﬁaﬁéﬁlardn@éitﬁé?ebh@r be
col | ectl n ank VK after regeneration of the main
qoapbiggd é‘kgTﬁ.\H@%‘? waters fet fisther pragassing durirg apew@tionhe
regenerant fluid has been driven out of the main

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

After method step 4, the concentrate fluid stored in the service reservoir Va is

passed across the main cation exchanger Ix. Metal ions from the concentrate

fluid are exchanged for H30" 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
Ix, are further provided. After the concentrate fluid has been passed through
the safety cation exchanger ls, it contains metal ions in a concentration of less

than 1 ppm so that it can be directly fed into effluent collecting assemblies.
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exchanger Ix by the concentrate fluid (nmethod step 3).

The wash water originating fromwashing nay either be
woendecot9s t he el ectrol ess netal plating bath HQI/EP2003/009030

conpl enent the volunme thereof or be 20 conbined to

the rinse waters for further p2@cessing during

operation. Method step 5 (final treatnent of the

concentrate fluid): After nmethod step 4, the

concentrate fluid stored in the service reservoir VZK

Nﬁﬁﬁgﬂsﬁﬁggééééﬁﬁﬂgss the main cation exchanger I|x.

Metal ions fromthe concentrate fluid are exchanged

for H3O+ ions in the process. Safety cation exchanger
Afser thiincsinanation @xphangerdy thias besinreganemiedxit han dercaqupled

i e SABEAAE Bt SRS Gt el e aer
rﬁ%ﬁ]‘éﬂﬁjgﬁg? A it fle SPOrEPREAALE lehs 4 Bhd Ha% REEIErRFRFRD- or

he safety cation exchanger |s, it contains
aferahethodsstém SaVitimcenendnate fluidf beieg eigairheirculategiiyers the

) ST g k) BT 5814884

d}@rﬁé’é’ vv‘f‘therﬁel%}l1 (drRamai arging (PPEcdJ88a8RI fBr 6BHLOM - 12 hours. The

exchanger |x has been regenerated, it can be coupled 5
tagaineetied depends$ lbadhe migsigmdf thig. mJini catioptéxstasgeplxcan
be perforned either after nethod step 3 - if the
optional nmethod steps 4 and 5 are not performed - or

Hé?fl’ SthoMidelueppeent pate- pl.@ debei Bg, as an
-gg%?gog?r cu Igtﬁggprf]ro% tgﬁgu coll'ecting tank VK t hrough
dlternative; .cabi-oh- 2xéhahgér- 6 x,.. ishreriastically repeatgs) fior as many

RS 830 oo B 8 kBBt R AL TS AR B p ot o
lggﬁefié*r%@mz@f th&é@g@n@?édt@lﬁicﬁ?égélﬁn:‘lﬂ\% nl% ¥netal baitados ¢o its

tioned nethod sequence ... - -0 - - 3-6-... .
repeatad aiilization dnithisi aase, the highgst passiblg metal iorycanggniration is

6 - . i odi I i

i duts PR Gl SBER 55 ool oo PRt i bor of
ERISNEF By nddngidl o suitedsdetaotot Ssuthages photpsthior azeH nieter.
t'he regenerant fluid is enriched in netal salts due to

its repeated utilization. In this case, the highest

Q5% ol Frliflim, R EERL S RHBR 2 Tea R, 6 FraeRiaip fuia s
whnsfeetes part drin s tofhearegentesht dietdevdssel Mashfras where it
photocell or a pH neter. . o
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.

"The safety cation exchanger Is merely serves to make sure that the conditions
for feeding the fluid 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 small amount

of ion exchanger resin only is needed in this column.

The regeneration of the safety cation exchanger ls mounted downstream is

carried out in a manner analogous to that for regenerating the main cation
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20 Once the maxi mum nmetal ion concentration is
reached, the regenerant fluid is transferred in part

w0200 € to the regenerant fluid vessel VRECT/EPDNG/009030

where it is fed to the netal plating bath tank M The
remai ni ng regenerant fluid is ggnriched in fresh acid

and adjusted to a suited pH value. 25 The safety
S@hbAgeekChanen dlﬁe@k@llytﬁ;ﬁr frb h'?@%@n il ti
t he andltl ons ryfor feedi ng the Iru?d e?gﬁ ﬂ:BQ)tngma ng
fegrm the first cegereranhjuidsesssl Ves ca'rf&)mdhe ardond regenerant fluid

R e R R %fﬁ@e'%tégghoﬁﬁ\% régenerant
fRfd %OﬁﬂeYerEBIyR%rdecf@:ﬂoﬁFy cfhc%tigk?u X Cgﬁuuéﬁytnlon%cglﬁﬂger Is

exchanger resin onl Y I'S nee
heégr@nlé Isetdlientest intthe veabek Yres atricof rtenec baed éor regenoratingdhe

downst r eam out in @& manner anal ogous to
PR SHeyBReFal T [senasnal T FOmaiana BDMersHeneation
T
RGBSR 8/ SR BT ARBIL o vssel Vi,
Tdne \yasiawiater usfeftbimrtdlmmrfg thetregegemt fold dutuifdhe eafsty cation
or fromthe eggnd re enerant fluid vessel VRS2

eéﬁ ae%%'a.'%rwcpgg Rek "!if spenmetakeiating hath go fatdo
aEHﬁndn%@%@f@Wé er fi §$He+aqe@referabl y conducted only

once through ety cation exchanger Is 5 before
it is collect ed in the vessel VRS, and further used
or regenerating t mai n_cati on exchanger |x. The

el JuHSASRP D criBentpagt 'ﬂvew@%ﬁ?%wyﬁtfvmlonlng of a

pPERRAG RikiliZetd é%cﬁba%ll)%?@R%LPi.}Sn‘@ﬁlE WAt wg@ gl Sz@dw?%r

i ntroduced into vessel e was

edamplegdntthis reggehdhantaddris defeateddd Rige2saf ety cation
exchanger Is is recircul ated back into the netal
plating bath so that no 10 additional waste water is

Fﬁ!@@%é‘ﬁ@rﬂatlgélél i&%’é};&ég?é ftl‘?é( BhaR kit r?fofttll?g regcgrr%gjbﬁlxlsié

invention unctroning o
amnaingepete EdcandBR4h yise singmlestingiemEntation. hetrexiploadcated,

b y. of In t regard, the reader is
aPBHEs A Cafigides. qurq:F@use; Fthelaarasponging anode

€ 8G

CbHdﬁﬁangeﬁgﬁaﬁ Aﬁ?éﬂré} [Z?Ol'ﬂfll’l]igsth% I&eor ne&%r?r‘pééﬁﬁs’l(m
KIRR.tTreesevennopatrsients contam 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

membranes, like the other ion exchange membranes used, are freely available

and are sold 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
compartments Koxy (Ko1a, Ko1b, Ko2a) since both the diluate compartments
Dixy and the concentrate compartments Koxy are hydraulically connected in

parallel. This is schematically shown by arrows.
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anodes An and cat hodes Ka are housed in the
correspondi ng anode conpartnents ARL, AR2 or in the

woooy/@e@sndi ng cat hode conpartnents KR1, 20 KREZI/EPR2es®09030

conpartnents contain an exchangeabl e el ectrol yte
solution, preferably a sodi um28ul fate sol ution. The
anode or cathode conpartnents are separated fromthe
adj acent electrolyte conpartnents by cati on exchange

menbranes K.. Such t ranes, .like th th .
lndhemmy%ma@ﬁsw@ B Q@m@ﬁ?@vlﬁ@w& In4Be dippgr,gortion

ﬁrtﬁﬁzﬁé&e If’ ul edglﬁ?d‘g) Er 0 jﬂéﬁrﬂ QFR‘P' of t Svlwltjgta Firét cofé@ntrate

campantineeh Ko 180 Yhe@@olo@mpdﬁrﬁantsmréts)epamieﬂim/ a cation
concentrate fluid through al he concentrate 30

@@b@@gemmrmgi ka@mn%ﬁr%te fkb‘ézﬁPW§| HEQUIhtNGenerate
ngglttﬁ’le?lf’ rt Bthe cah%(gy Pg ?? fﬁg{‘éﬁ{gernﬁ%?e compartment is
ydraul' ta

artnen OX are y connecte

d@ﬂr@d 8y an Hmicm eﬁcm@@rmémémymﬁ@warbyh@bame K the
2004/ 020698 PCT/ EP2003/ 009030 28 In the

ensentrety aPyoREMent Kejenis adizined evitnadilvate sprapaiimenhDita
tt\gcﬁ%gpﬁ/ﬂrcrqﬂﬂ%ﬂlﬁgte fﬁgd té?%é féroﬁ Or¥ ﬂn%r %{*Rg@% ngjnet rth? diluate

SEparmERnDit® isvagalh @djoded withar tomeriraAs eoRfaiméttdo1b
by a cation 5 exchange nmenbrane K. The concentrate

threugh whmhsthsmooeghtr@f@.ﬁwﬁqrmsecwéﬁ%ﬁaf 1 e Vo reMpariments are

fi r
{45 R85 Qi 5108 By L el ARERE Al SRR T Ghorane
KBeTﬁatdmd@nﬂﬁate ddmepartaBaEKON Btie sepmméﬁ feont tHeohdjacent
lhOI ned with a diluate conpartnment Dila through
ede chaparinientdR1 by@ satian exchangednembrame Keat hode
side, the diluate 10 conpartnent Dila is again
adjoined with a concentrate conpartnment Kolb through

Sbditin (dMe copiginsd irithe serddnitate bsmpianmératma 5h£n¢>tvvo
conpartnents are separated from one anot her

rengfeeeddntovbe diltpiencampadmgat Bitarinite crse Ofﬁetyplcal nickel-

f
PR PP ATRE TR et adtulity SHHRIR Bt o MRKelSodium.
RRSEY R hife (H?@Qt)il@rthopmﬁpmet(m’m%d ), Bulfdite and carboxyllc acid
concentrate conpartnent Kola are not
(RCOO ). All of the anions of the ion species contained in the diluate
compartment Di1a, i.e., the ions of hypophosphite, orthophosphite, sulfate and
carboxylic acid, are transferred to the concentrate compartment Ko1a through

the anion exchange membrane A and the singly charged sodium and H;0" ions

‘among the cations thereof, to the concentrate compartment Ko1b through the

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
diluate compartment. The same applies to the ions of hypophosphite,

orthophosphite, sulfate and carboxylic acid.

Accordingly, the end result obtained with the electrodialysis arrangement E1 is
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transferred into the diluate conpartnent D la. In the

case of a typical nickel- phosphorus plating bath, the
wodiohu@vedssol uti on contains ions of nickel, sodCargP2003/009030

hypophosphite (H2ZPQ2 ), orthophosphite (HPO3 ),

sul fate and carboxylic acid 2@9(RCOO ). Al of the

anions of the ion species contained in the diluate

tbathilaoi: tinerani®ig are trapsfertedeoithe $oof:ehty@t@mm@ipﬁrtm@nt whereas,

ort hophosphi te f at e..and oxylic aC|

PSS T saipriso op e arcfrancE g i fasiyinferd concentrate
ddaﬁ&érahenmeeamkenoﬁécaban@te nmenbrane A and the singly
char ged sodi um and ions anong the cations

t hereof, to the concentrate conpartment Kol b through

B 2 RS S gt e R SR AR Gl Powporton
JfREFiRIrbaRe faﬁoHB%o@r%EfﬁﬂbhﬂARz% ra@grmé@ Mhthkefitat dinute

remain in the diluate conpartnent
aonpatmeat Di2is @i the datbidesidertbe anodeidampartment insigfined by

4 Rl ARG R SRR R ARl BES8  e
3 ar‘E% BARRCO Y. i tt‘?@cé’(hbﬁ@@@é Rhétﬁua@éérﬁpsnm@ﬂt Di2b is

xy Ic aci'd. Accordingly, the end result obtained
dmftdedttk}ea etaisetatitinb yegiicn axckangamemtrane ASM®n the cathode

2004/ 8 PCT/ EP2003/.009030 9 that all
0% Sh e biats SHERETR, 8 CRSeRbAIStamaaRMEDk KRS thrpuah
whigh 8Re con@éFRFéﬂetffﬂJ?d ik Risted HHidink @ala%n%ﬁrﬁﬁént"@o”

Ions pass into the concentrate °conpartnent,
sdpzkatedi foora admecgbboumhg setdred dillmterowmmrysest D|2a by an anion

arrangement E2 s¢h cal | hown i.n

Ssnengs membians & SUPaiuat didde Ceowgiad eidhvaid dluate
FhPalfes défﬁr@éfﬂt“%‘ge%a%%?ai% SEETRIUAED colppanmE Diza i
sepeabiedrfran the adiinegiatined Kcofipartdidni &R2 bly unearfd of\mscation
t hrough said diluate conpartnent D 2b. On the cathode
exchangereedPrang K- conpartment Di2b is 10 defined by a
nonosel ective ani on exchange nenbrane AS. On the

cathode side of the diluate conpartnent, a

Catiorenareanst atiowealr toneass fkoddhe Iilrsttcglmatar\bd)mparthtent Di2b into the
concentrate fluid is circul ated adjoins. Said

adiapenticessenirate cuprRRMent 5023 sinfe thi PR FPMgadaest are

A L

AS8i dikéiwis&atsedium ions contained in the concentrate compartment cannot
pass into fhe second diluate compartment Di2a because of an anion exchange

_ membrane A that prevents the transfer of the sodium ions. Anions contained in
.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
the monoselective anion exchange membrane AS into the diluate compartment
Di2b.



15 conpartnent. On the cathode side, said second

di luate conpartnment Di2a is separated fromthe
wOoapa00698g cat hode conpartnent KR2 by neans ofpCa/Eradi3mn9oo3o

exchange nenbrane K Cations are not allowed to pass

fromthe first diluate conpartd@nt Di2b into the 20

adj acent concentrate conpartnent Ko2a since the two

Twepad resuit of thegpartial pmoe@@@sftabmgmiecarmmlﬁselel@VOQIalySIs

nonosel ect n AS Li
Fantsme o Bk M A 25 s el 2o pdthiy
tﬁé}{b!?&tred A8 $hé BbAcéMteate %ﬁ(ﬁhrﬁhé#ﬁkszﬁ QRAEASEY abhiA
ecause of an anion exchange nenbrane A that prevents
su’mestarrcmgrerreorrculafedémmmq thediluate solstionmngerbey have been
25 the secopd dil co artrren Di 2a, namely ions of

5 WB hgcor&eln %Bg;ﬁﬂﬁft@e ul fate, carboxylic
acid and hydrOX| de are transferred into the central
concentrate conpartnent Ko2a. Anpong the ani ons that

Awaweumbteepédon‘ipﬁénwm KmWa(K@%ﬂﬁm?b)rmﬁt Dity(Did akon the one

SRl K2 BB BT P e g on ooy

8 hAYREed o RAFRPalpALRAGH 30 the nonosel ective anion
exchange nmenbrane AS Tnto the diluate conpartnent

10 D 2b. WO 2004/ 020698 PCT/ EP2003/ 009030 30 The end
result of the partial processes taking place in this
el ectrodialysis arrangenment E2 is that the

ik ¥ @hd S6tded that hecoORmhpibY @ndseribedipmdrits desetied herein are for
transferred into the concentrate conpartnent Ko2a

lumtraia@ puteose enlyecandsiigd variews madifiGations @andghangsadr light

eg%fsag[\ﬁgfl ggﬁgg}ﬁfﬁ%&gs rf{pé;t‘b?%éé §§¥C|ﬂﬁevoelnql?_a1r§5na§p|@§ﬁ§ﬁ%ll be

15 Q@Q@%Eéd@p@rstﬁﬁb)skmlé@hmthé@h ahdedrd tbi Ueyln(:lDldled)W|tmn thee spirit
one hand and Ko2y. (Ko2a) and Di 2y (Di.2a, D 2b) on the

ichpHrviRm @f mdpwft@ﬂaawnh%am Wéthgb@‘et ?PqP@r‘?ﬁth appended
A5 Skt chahs. AR SR RSB SRR are ety
ipooasatedridyredencbat vari ous nodifications and

changes in light thereof as well as conbinations of
features described in this application wll be
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10

15

15 suggested to persons skilled in the art and are to
be included within the spirit and purview of the
woeeandeg i nvention and within the scope of theT/EP2003/009030

appended clains. Al publications, patents and patent
applications cited herein are tgreby incorporated by
reference. WD 2004/ 020698 PCT/ EP2003/ 009030 31
\Lis@id BOnaMmepatger al s M nmetal plating bath tank S rinse
water tank 5 E, El, E2 electrodialysis equipnment /
arrangenments VD diluate tank VK collecting tank Ix

in cation exchanger .ls,safe cat|on exchanger 10
@%K‘service reservoimeﬁiﬁbyq9é¥ﬂw@85nerant fluid
gessel VRS2 second fggehgteitank! ui d vessel  Koxy, Ko

, Ko2y Kola, Kol b, Ko2a concentrate conpartnents 15

Ry, EBi |y, D 2y Dilealectibdia)ysis equipimanit arreogperentent s
An anode Ka cat hode MD 2004/ 020698 PCT/ EP2003/ 009030

difiatads

Y> patent Clainms: 1 MK.e for regenerating an

¢l ectrol ess netal pl %Iié&n?%ﬁk conpri si ng

el ectrodi al ysis arrangenents (El, E2), each having
Idi | uate 5 conpart nenmair{ Datign egEtANgeror hol di ng t he
nmetal plating bath, concentrate conpartnents (Koly,
lRo2y) that are separ%"{‘fgg/?n@rﬂ ¥hanger

Vzk service reservoir
VRgs1 first regenerant fluid vessel
VRrs2 second regenerant fluid vessel

Koxy, Ko1y, Ko2y

Ko1a, Ko1b, Ko2a concentrate compartments
Dixy, Dity, Di2y _

Di1a, Di2a, Di2b diluate compartments

An anode

Ka cathode
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di luate conpartnents (Dily, Di2y) through ion exchange
menbranes and are intented to hold a concentrate

wordood/akoessr vi ng to adsorb interfering substanees/HP2eais/ 009030

are to be renmoved fromthe netal plating bath as well
as 10 anodes (An) and cathodes32Ka), wherein main
cati on exchangers (Ix) for renoving netal ions from
Rdtent Clamosentrate fluid are provided, said cation
exchangers being coupled to the concentrate
conmpartnments (Kol y, Ko2y) in such a manner that the

115 CW@@VlEé%Ieré‘de‘rhbgatirﬁg a b@&ﬁ%lés% Hﬁ@ta@ 9[&%? teisth compnsmg

rou h the main cation exch angers
r eci rederttmchdysla(a(rarrgamrhte (E@nEath@h&amwatﬁent S

Wher S hentDiey s Q2 i RIER60RE et flelingicath
el ectd PABAINR] SoRpAARRPIS o{ﬁkoi@v{haga@ $&3Aratddom the

concentrate conpaftnents l uat e
conpatiuancempBrtments dBitye u:z;a)ﬁhwg‘lro@egxcha)\gamnlembranes

anode e Co

noh barinianten 1 hERLE RSt e sptid 1 aiarb Juertering
nei 9'52{5%@%599995@%%@@9@% R %e(rﬁ@{a)l’ éﬂéﬁhgaoath as well as
nonosel ect1ve cation exchange nenbrane and

t he aarmdiesqiAty anderatbddés €a), a nei ghbourl ng

concentrate conpartnent (Koly) by an anion exchange
menbrane (A), b) a second el ectrodial ysis arrangenent

E[E)i2)2y‘§)ﬁ¥+ A rRAneEdidh 3@hdhb el ®) f8PrerAdNAg rhaxal %ns from the

concentrate conpartnents (Ko2y) as wel
cat habeseqitale fuid zae gpdegdédyrgaid chtion @mbamgearsé)emg COUpled to

gg?ﬁ t@ncgﬂtgénvéé?g%%pgﬁmﬁge% gfga%égﬁgggﬂ atrrﬁ%nnerthat the
PCT / QAAROMAA is %ﬁowsa ¢ Be Wondd céid bR BIEDRITAton

y an ani on exchange nenbrane (A) and on the
anodeemhdegetse@@cﬁnd toobe eeairsuged back intodhe ganeentrate

ﬁg%%ﬁ{gp@%@)gasz&d{v K@\ {ngnosel ective ani on exchange

2. The device according to claim 1, wherein said device is comprised of

a) a first electrodialysis arrangement (E1) having alternating
concentrate compartments (Ko1y) and diluate compartments (Di1y)
és well as cathodes (Ka) and anodes (An), the diluate compartments
(Di1y) being each separated on the cathode side thereof from a
neighbouring concentrate compartment (Ko1y) by a monoselective
cation exchange membrane (KS) and on the anode side thereof from
a neighbouring concentrate compartment (Ko1y) by an anion
exchange membrane (A),

b) a second electrodialysis arrangement (E2) having alternating diluate
compartments (Di2y) and concentrate compartments (Ko2y) as well
as cathodes (Ka) and anodes (An), the concentrate compartments

(Ko2y) being each separated on the cathode side thereof from a



5 so that the netal plating bath can be conducted

simul taneously through all of the diluate
woeonpasddgents (D ly, Di2y) in the two el ectredraPy®ss09030

arrangenents (E1, E2) that are connected in parallel

and the concentrate fluid thro83h all of the

concentrate conpartnents (Koly, Ko_2y; in the two
el ect r oneighpeugingiluatgspenpartmeot (DH2y) by pnianan grehange

di | el,, . '
cat nodederiiRE @) e o Bietiadi | 08 MerdP RblrFE pefintblfing
el ectr Ogi'l@étéﬁio%ﬁa"rfrﬁé‘ﬂle(m'tiﬁ?) h\Fh)mamskeddctiveaari®s erchange

el ectrodi al ysi s arrangenent” (E2). 15 3. The device
accor di menloraney(ASe of the preceding clains, wherein

5 fanke. bsh iptaBanel Bigthg pBE EaR Bt ot R RRLEBusly
(Koly, Heddyhandrime biteatERiompsathents (BIt)aiagy k tﬂ'\:@@/vod

i n such a nanner that the concentrate fluid s allowe
to cireldctodidlysimafrangementc(Bt, Edtthalearetgannected in parallel

ol T ect PAg Thé ARBCRRYBIA dtic Todan AR o B bt e
t he COEB%%%@%&%QK%%%Z?P@ thBawBRilECtEalialg8is arrangements

exchangers ). device according to any one of
10  the pre¢@tE2) thaharescondented in paradel, andgenerant 1 ui d

vessels (VRS|I) fqr hol din egen nt uid ipte d

! or S Qn ot Supliesdet Bie cathorss kAT End ind fnddBs it gy ahe
I x) ar ; [ i ' | ed
Lo The fr e RIS dithoeneH{EN FARE Of tRESAGDDUP! ©
accor di e{ectodialysioaerangentent pE2cedi ng cl ai ns, wherein

service reservoirs (VZK) for holding concentrate fluid
are further provided, 30 said reservoirs being

15 £ouplfg ngtcgeac‘&Bl'd&ﬁ;c‘} Qe\bbgg‘b? the/ g}eé@a@hd 8lalrh€, WRefein

Cation exchangers 04/ 020698 _ :
PCT/ ER2IR2EAE BNV 3 4ré proiided] esaiict eoltentiog damis beingrepupled to

one of the preceding clains, rein, .safety. cation ..

exch aWQé?@CFPH?t%?@"PﬁWﬂ?g‘?S %SY’EQ‘BZ,V)%]@%‘QS HaAgdRgion

bei ng I ; ' ' I t

B R A

t he n@idulgtetinenfirekcirangsstsveghxthe concentrate compartments (Ko1y,
20 Ko2y) and the collecting tanks (Vk) and in a second circuit between the

collecting tanks (Vk) and the main cation exchangers (lx).

4. The device according to any one of the preceding claims, wherein first
regenerant fluid vessels (Vrs1) for holding regenerant fluid intended for
25 the regeneration of the main cation exchangers (lx) are further provided,

said vessels being coupled to the main cation exchangers (lx).

5. The device according to any one of the preceding claims, wherein
service reservoirs (Vzx) for holding concentrate fluid are further provided,
30 said reservoirs being coupled to the collecting tanks (Vk) and to the main

cation exchangers (lIx).
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5 7. The device according to any one of the preceding
clainms, wherein second regenerant fluid vessels

wo(6ERpedsor hol di ng regenerant fluid i ntended®dimrP20d3®09030

regeneration of the safety cation exchangers (1S) are
provided. 10 8. A nethod for r&d4enerating an

el ectrol ess netal plating bath, conprising conducting
g.he MHeadevitaicogrdied to ahy onglof tine presyuing claimd] wherein
conpartnents (Di 1y, D 2y) of electrodialysis,

arr arﬁ@é‘h‘é‘rﬁ%’o(‘@@%éﬂsﬁr ) ke fgrdhen W@VQ%ﬁ@%%¥%t@é'gefs
fl ui Ln iaterferd { 154 t of
are (558 EpERekda e Hictoicateh eXphaadis OB By et o
I espepkicoBcenwaeeiiiid aleatadmphet maint catidfoéxchakdazys (1)

the electrodialysis arrangenents (E1, E2), said
concentrate conpartnents being separated fromthe

et Lk 887BR R0 PR opR et e Bled g eliSotnerein
mor e%&bnﬂ&égéderfdm ﬂu@hvé@ieﬁs QAdsh)dior hekdimanggereerghixfuid
and is recircul ated back into the concentrate

conpdntengiedgor te Kegerepstion oithg safely GaticRRKCHapeRE (g are
to c[@in?% wherein the netal plating bath a) is

cond 9?—59 {dhrough di luate conpartnents (Dily) in a

first electrodialysis arrangenent (El) conprising

alternating concentrate con&grtrrents gKoI Zﬁ%nd the . .

& | uah aneibagdet ragenerating 3 elestiprass me 2 plat scomprising

(Ka) ' i | ht%)

bei ng%g%ﬂﬁgzg%ﬁ%%t}p%ﬂﬁg &élﬂég{r %@@E@?F eéi}t:eﬁgf%gml %t)réom

a nei githpatimeats (DiNgeDI2yyiof etevtpaidiysistar(atgeyerity (B1, E2) and

nonosel ecti ve cation exchange WO 200%{%02@698 )

PCT/ EFerehyisting soancestyaie iuidesvipady agsar mterering sylstances

si de ' ' : "

o BRI A TSR e ERT A ougn regpocive
concentrate compartments (Ko1y, Ko2y) of the electrodialysis
arrangements (E1, E2), said concentrate compartments being separated
from the diluate compartments (Di1y, Di2y) by ion exchange

membranes,

wherein the concentrate fluid is moreover passed through main cation
exchangers (Ix) and is recirculated back into the concentrate

compartments (Ko1y, Ko2y).

” 9. The method according to claim 8, wherein the metal plating bath

a) is conducted through diluate compartments (Di1y) in a first
electrodialysis arrangement (E1) comprising alternating concentrate
compartments (Ko1y) and the diluate compartments (Di1y) as well as
cathodes (Ka) and anodes (An), the diluate compartments (Di1y) being
each separated on the cathode side thereof from a neighbouring

concentrate compartment (Ko1y) by a monoselective cation exchange
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and b) through diluate conpartnents (Di2y) in a second
el ectrodialysis 5 arrangenent (E2) conprising

w@idoenzvaed ng the diluate conpartnments (D 2y) BIWEP2003/009030

concentrate conpartnents (Ko2y) as well as cathodes
(Ka) and anodes (An), the concedgrate conpartnents
(Ko2y) being each separated on the cathode side

t her enferhbrames KS3i apithonitHegndlid SidbaheedMPdint BBHHighbouring
(Di 2y) by an ani on exchan menbrane (A) and on% he 10
anodecgnwtfa#ep@mpaﬂrmﬁta{%eéy@ R @ramign éxciange membrane (A),
conpagf gent (D 2y) by a nonosel ective ani on exchange
rrerrbrane (AS), and wherein the netal plating bath is

si mul bpireough wmm@m@mbmq@zﬂl ih @éecdﬁaieelébﬂré@b@ss
conpartments ( ﬁ/ in the two el ectrodialysis
arr an@réﬁﬁﬁ@@e(‘E (E )Ezz)mwrtmg alternating doe diluate qranpdrtreents

a0 IR REIEELERAE Lt Br R o e B gginocs (ka

el eCta@@ilaabM%%Aﬁ? 'thE @8RG tEate FomfeHméhal( Kfi‘fz‘;‘/ bemg each

connected in parallel. 10. The net hod accor di
one oferaratesson the cathodhside thereef fmnca)nelghboaltneg ﬂilumtd

12 pasdtfe bR 9145 in b Aoh e e Klghd or e
The n@ﬁdi@s@‘é&ﬁéﬁ@dﬂrdrﬁa&i&g%mrfh dil@tdBopart tent (Di2y) by

wher ei n for regener atin he main cation
(1x), mepaselective énmnmmhaage membianed(AS), ahd mal n

CPL PSR Bletol Ritind BethliS RN s R e il ictedu rough all of
t anksthe\duaté BEmPRIHIGAS (DA yemiwna 8hS h&ﬁ@de&r%dm)asl

regenerated in the process. he net accor
to claangemenise(Ed, k2 Iﬂmtmg e:penacclledflh piadalled aBA the awn

fromfirst ner.ant fI essels (VRSI) and is

trans‘; é}qeé’ga?%ﬁ ﬂéﬁr%h L%E%Sr?oé‘fgﬂ ﬂ@e‘?&“@?’%'}“enWKmy’

2004/ R8BGPH HETWERAAAUANIOI Urratehie ‘

accor di ngpto any one of ?al rrBrraiﬁ%e nt%@%’%%mgt%e

r egencannected in [@Iaﬂaﬂeldl spl aced by the concentrate fluid

after regeneration

10.  The method according to any one of claims 8 or 9, wherein the
concentrate fluid is conducted through collecting tanks (Vk) from where it

is passed through the main cation exchangers (lx).

11. Thé method according to any one of claims 8 - 10, wherein, for
regenerating the main cation exchangers (lx), concentrate fluid
contained in the main cation exchangers (Ix) is displaced by a
regenerant fluid and is recirculated back into the collecting tanks (V),

the main cation exchangers (Ix) being regenerated in the process.

12.  The method according to claim 11, wherein the regenerant fluid is
drawn from first regenerant fluid vessels (Vrs1) and is transferred to the

main cation exchangers (Ix).



of the main cation exchangers (I1x) is conplete, the
regenerant fluid being recirculated back into the

wo beto2eeegiener ant fluid vessels (VRSI). 5 14. BOEEP2003/009030
nmet hod according to any one of clains 8 - 13, wherein
concentrate fluid flows through several main cation
exchangers (I1x) at different tines wth the

1r3efg¢ﬁﬁfeaf%trﬁdeiaéc&faiﬁggsoqrhﬁ&h@bfsélaimﬁqq%} 12105RefBhhe

cation exchangers (I'x) tHhrough which the concentrate

f 1 ui degenerant fuiddaldiplaced by thel comeardrade dividafte hexgenieration
of the main cation exchangers (Ix) is complete, the regenerant fluid

being recirculated back into the first regenerant fluid vessels (Vrs1).

14.  The method according to any one of claims 8 - 13, wherein concentrate
fluid flows through several main cation exchangers (Ix) at different times
with the regenerant fluid being circulated through those main cation
exchangers (Ix) through which the concentrate fluid is not circulating for

10 regeneration thereof.



