I  Method and device for the purification of process

sol utions The present invention relates to a nethod

as well as a device for the purification of a

process solution that can be used in the surface

treatnment, in particular an electrolyte for the

gal vani ¢ or autocatal ytic deposition of a nmetal or

netal alloy layer on a substrate, which are adapt ed
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filtration, which filter cake can lead to an increased flow resistance in front of the filter

and finally to a clogging-up of the filter. It is possible to maintain the flow resistance of
the filter device on a constant value by means of extensive industrial instrumentation,

for example by using band filters.

The contraries that can be removed by means of filtration depend on the design of the
filter with respect to the size of the pores and the selection of corresponding filter aids.
One embodiment of the filtration relates to the micro- or ultra-filtration using suitable

membrane filters. The membrane filters used herein have very small pore sizes with a



The contraries that can be renoved by neans of
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Another possibility of the process solution purification is the liquid-liquid extraction with
suitable liquid extraction agents. Herein, impurities are removed from the carrier liquid,
for example a galvanic electrolyte to be purified, by means of a liquid extraction agent.
The transport of substance from one fluid into the other that takes place herein resuits
from the different solubilities of the substance in the fluids and the prevailing

concentration gradient.



Anot her possibility of the process sol ution
purification is the liquid-liquid extraction with
suitable liquid extraction agents. Herein, inpurities
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The intersection between aqueous and organic phase can thus be immobilised in the
pore mouth. The driving force of the substance exchange is here also the concentration
gradient. The liquids are passed along both sides of the membrane. Herein, the flow
rate of both phases can be varied in a wide range. Advantageously, also systems
having the tendency to form emulsions can be treated with the hollow fibre supported
membrane liquid-liquid extraction. Furthermore, a corresponding device for the hollow
fibre module supported liquid-liquid extraction clearly requires less mobile parts in

comparison to the extraction according to the mixer-settler principle.
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One embodiment of the dialysis is the electrodialysis which is an electrochemical
process, in which ionic components are removed from a solution or exchanged and, if
necessary, concentrated by means of ion exchange membranes and the driving force of

an electric field.

Herein, the created electric field can reinforce or also reverse the substance transport in

the direction of the concentration gradient.
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With respect to the method, this aim is achieved by a method for the purification of a
process solution that can be used in the surface treatment, in particular an electrolyte
for the galvanic or autocatalytic deposition of a metal layer on a substrate, by means of
a polymer resin which is able to receive impurities from the process solution and thus to
at least partially remove the impurities from the process solutioh, characterized in that
the process solution is successively brought into contact with at least two polymer
resins or partial flows of the process solution are in parallel brought into contact with at
least two polymer resins, wherein the polymer resins differ from each other with respect
to their physical-chemical properties. Herein, the use of the adsorbent polymers is not
limited to a bath. They can also be connected to the stand rinsing unit or the most

concentrated rinsing unit of a rinsing cascade and the purified rinsing water can be
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accommodating units by contacting the polymer resins with the regeneration solution.
Advantageously, the polymer resins can be regenerated independently from each other
by means of different regeneration solutions. In one embodiment of the method
according to the invention, the polymer resins are at least partially regenerated by

means of the same regeneration solution.

In another embodiment of the method according to the invention, the process solution is
at least partially transferred from a process bath into an adsorption device, wherein the
adsorption device at least comprises three accommodating units for accommodating at

least two different polymer resins, such that the process solution is successively brought
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The BblyBESEIANGEd insthe method according to the invention can be regenerated by
means of one or more regeneration solutions of the group comprising water, an alkaline
aqueous solution, an alcoholic aqueous solution, an alkaline alcoholic solution, an acidic

solution or an acidic alcoholic solution.

Furthermore, the regeneration solution can comprise an oxidizing agent or a reducing

agent for the regeneration of the polymer resin.

Advantageously at least one regeneration solution comprises hydrogen peroxide as

oxidizing agent.



deconposed or consuned in the course of the surface
treatnment process and has therefore to be conpl eted
in the process solution, such that during contacting
the process solution with the charged i on exchanger
resin the substance is transferred into the process
sol ution on the understandi ng that the anmount of
substance that has been decofiposed or consuned in
the surface treatnent process will be at |east

Eatlr ehé’ratx&rpr@hﬁabﬁd &o%n@é ORES Sxididhy T blor}edl.;r | agent in a
met accor di ng Invention Is In part
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@dvantag@ﬂuslnnsw $eyerahdmeb dustiod fegergshiian efrthe anlyaer thsins, which is

SRbHET LBnOhicindaebidhie a8l R4 df theSREHbE QBcording to the invention.
Furthernore, the regeneration solution can conprise

an oxidi zing agent or a reducing agent for the
ITRE RInedxaharfer efsirl that el wWed i fleMeth6y aé&oa@ﬁ@tbsdhy iMention can

st one regener tion solution conprise dro
bE PeskeRa ot AGe-Rain booand SENar bl RSRrpgon and before
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nmass, et wee
nagmgammﬁewpﬁ@ﬁgﬁﬂbly bet ween 1.5 and 396by mass. Due
to the treatnment of the polyner resins charged with

organic contraries with a regeneration solution that
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thee adxisdttzi awg fillgeon, dalysis, electrodialysis, UV-H;0,, UV.H;0: oxidation,

extraction, crystallisation, precipitation.

With respect to the device, the aim is achieved by a device for the purification of a
process solution in the surface treatment, in particular an electrolyte for the galvanic or
autocatalytic deposition of a metal layer on a substrate, comprising at least two units for
accommodating a polymer resin, that is characterized in that the units for
accommodating a polymer resin are in fluidic communication such that the process
solution successively flows through the units for accommodating a polymer resin or
partial flows of the process solution respectiVely flow through the units in parallel,
wherein the units accommodate polymer resins that are different with respect to their

physical-chemical properties.



advant ageously used several tines for the

regeneration of the polyner resins, which is another

econoni ¢ and ecol ogi ¢ advant age of the nethod

according to the invention. The ion exchanger resin

that can be used in the nethod according to the

i nvention can be brought into contact with a

sacchari ne bearing solution affer regeneration and

before contacting with the process solution mherein
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urthernore, the adsorbent |ns can a so char

Whalyme Pt BEwMEedatehy 'O@(ﬁxpwg%%mances. Pr ocess

sol utions can be continuously purified by nmeans of

t he met hod according to the invention. Furthernore,
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0 t Wth respect to the
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purification of a process solution in the surface
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gal vani ¢ or autoc ytic deposition of
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fdw.nwwﬁgmsi@hb%ﬁ@yra@mssé@r resin, that is
characterized in that the units for accommodati ng a

pol ymer resin are in fluidic comunication such that
tAeoplirgcte e irsehtidn, the mﬂt:foeasjowed\qdaﬁh@mebﬁ bxchag@‘ertrbﬁ'n receives
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€SS SO r éspec
trhrpdm@thlytahlé mde@telmbm alehke beid owwealebaan lhe exiapger resins.
accommopdat e pol yner resins that are different with
respect to their physical -chem cal operties. 9 In
drie TerhwaicAEmbosimenief e geriee aceuting {‘)?gth? Bvesfion.
invention, a unit for accommodating a polyner. esin
rther more.

d t h E
5@ Trar cabedmehal e B ke Mt et s oesented. A
|meexcsbanqe|to be ggirified &nwittedrawn froon allmocressrmam aat bupplied via a

Hs\%/l oth {%%S&%\}?t e ; % q?rg{hgﬁhé'atr%ntaof M8 ed?gd'e@g 'sgmlﬁon The device 14

Suc regeneration
rcgmpngeqw@ qar@@eh@pgﬂ, fon asesIMmedsAting an adsorbent resin and a unit 3 for

accommodating a ion exchanger resin. The supply 4 is in fluidic communication with the
units 1, 2 and 3 such that the process solution withdrawn from the process bath can
flow through the units 1, 2 and 3 at least partially in parallel and/or successively and can
then be returned to the process bath via a return 5. The units 1, 2 and 3 comprise a
feeding pipe 10 for an acid regeneration solution as well as supplies 11, 12 and 13 for a
solution that contains an oxidizing agent, an alkaline regeneration solution and rinsing
water. Furthermore, the units 1, 2 and 2 comprise returns 10a, 11a and 12a for the
corresponding regeneration solutions. Hereby, the adsorbent and ion exchanger resins
in the units 1, 2 and 3 can be brought into contact with the regeneration solutions and/or
the oxidizing agent solution independently from each other for regeneration and the

solutions can be separately collected after contact with the adsorbent resin and/or the



successively flows through the units or partial flows

of the regeneration solution respectively flowin

paral l el through the units. The unit for

accommodat i ng an adsorbent resin at | east receives

one adsorbent resin of the group consi sting of

pol yacryl ate, pol ystyrene, héacrylanide and

di vi nyl benzene/ st yrene copol yhreri sates. According to

the invention, the unit for acconmodating a ion
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resin of roup consisting of strongly aC|d
SR9e5RGN BH%"IB dsCrRgif e éPS’/O‘é‘EPé”’Wﬁa%"rrﬁ%‘@I y basic,
weak acid or weak basic ion exchanger resins. Fig. 1

hovvs an enbodi nent of the device according to the

‘?/'3 ion. In fig. 1 an enbodi nent of the device
accordl ng to the invention is represented. A process
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the paragtic @g@n@aaa'reonreserhtuhi the esctibitd, swhsamplumésurlipns, and
Jeéla%@gth%l?h &QIEQ"%’ SQbdition that contains an oxidizing

ent, an al e regeneration solution and rinsing
water. Furthernore, the units 1, 2 and 2 conpri se
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ener at | on sol utions re
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adsorbent resin and/or the 10 ion exchanger resin.

Thus, the regeneration solutions can be used several
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B datdve | @B cRBEN aAR@AEr KL TbResponding reservoirs of different regeneration
solutions. The adsorbent polymer can be regenerated by means of the following

regeneration procedure:

1. rinsing with water
2. regeneration with a 2.5% H,0,/2.5% HCI solution for about 2 hours

3. regeneration with a 6% NaOH solution.

In a last step the alkaline regenerated adsorbent resin can be acidified with a weak
sulphuric acid solution in order to prevent a precipitation of nickel salts. After the steps

2. and/or 3., rinsing steps can optionally follow.



Exanple: An electrolyte for the currentless

deposition of nickel layers on substrate surfaces is

wi t hdrawn fromthe coating bath and supplied to a

devi ce according to the invention. The device

according to the invention conprises a colum filled

with divinyl benzene/ styrene copol yneri sat e adsor bent

resin as well as a colum fillked with an acid ion
exchanger resin. The nickel electrolyte w thdrawn

fromthe process bath is successively brought into

contact with the adsorbent resin and the ion h
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about 2 hours . ‘regeneration with a 6% NaCH
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adsorbent resin can be acidified with a
$£an ﬂﬁ@rhch%.?éufar %‘SleLﬁqtrSWtﬁsﬁobF‘S&ePPﬂt‘%} ‘éfvlé(ﬁf‘z%that are known from
mreckpd 14t Aon of nickel salts. After the steps 2.

and/or 3., rinsing steps can optionally follow 11

“Since the method aécording to the invention and the device according to the invention
are realized as multi-column system, it is assured that the individual adsorbent polymers
and the ion exchanger polymers can be regenerated separately from each other and
can thus be widely adapted to the electrolyte with respect to their adsorption or ion
exchange properties. Furthermore, smaller volumes of regeneration solution and rinsing
solution are required due to the use of the method according to the invention and the

device according to the invention.



O her exanpl es of surface treatnent processes for

whi ch the nmethod according to the invention and the
devi ce according to the invention can be used, are
for exanple the deposition of a bright nickel |ayer
or a sem -bright nickel |ayer on substrates as they
are known fromthe Taschenbuch fur Gal vanotechni k,
13th edition 1988 or pul se rel\erse plating copper
bat hs as they are known from EP 05009183. The

I Y 8NelcPhce 32k si9 be applied to an acid tin/silver
bath Tor the electrolytic deposition of |ead-free
silver alloy layers, which is operated with an

I nspol ubh®oanedeoluli@r ei n, deconposition products are
ge erat%qc‘is whi ch have to be renoved. A cation
exc¢hang®SORIREEOMEN sed i n conbi nation with adsor bent
pol3ynerisn eathdageqsobinrous| y or afterwards

per,j odi cal | v [ Lth tin. The acid tin bath

el Ut es ?LipﬁlyffFog#nﬁogggsc%tﬁg on exchanger which otherw se
had t o fetirnltspdcesgdiath Thanks to the elution fromthe
catd on ggéanger no additional contrary anions are
introduced, i.e. the anion load is not increased. The
addor betiPe resi n can be regenerated with H202 and
Na@H, aspd n the other exanples. The nethod according
to the invention as well as the device according to
thé i nRP&ion can also be used for the electrolytes
f or1ot hesuppperid regénevhtidorsonzien t hat are known from EP
1 4@8 141 Al ..dSi necerttltggsgﬁwnod according to the

i nveAt i G RRGRETEERICE 88 or di ng to the invention
ar € 1r eadupplycbxaiizingddent bedrogsolefist em it is assured
th the, {.ndiyi gp@e%(r- lymers and the ion
exghgng'%}drgg}('élzng‘p?ggan _e'pgg&g%gr ated separately from
eadR otheplyaiiding genergiorbluiiclel y adapted to the

el aghr Ofeyitrh aWalidt fegsmestontRikibei r adsorption or ion
exchange properties. Furthernore, smaller volunes of
r egener®PPYN&Y ution and rinsing solution are

requi r edbvibedoit the pheficaien ofa irbeesasbibtich according to
the invention and the device according to the
invention. 12 List of reference nunerals 1
adsorption colum 2 adsorption colum




3 ion exchanger colum 4 supply from process bath 5
return to process bath 6 bypass 7 pipe 8 pipe 9

pi pe 10 supply acid regeneration solution 10a return
acid regeneration solution 11 supply oxidizing agent
bearing solution 1la retugfy oxidizing agent bearing
solution 12 supply al kaline regeneration sol ution
12a return al kaline regeneration solution 13 supply
wat er 14 device for the pupgﬂﬂ%ation of a process
solution 13 Cdains 1 A nethod for the purification
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bsequéen
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€ process so In para
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with respect to their physical-chemical properties, and wherein the polymer
resins are brought into contact with the process solution in individual separated
receiving units of the polymer resins, characterized in that at least one polymer
resin is able to at least partially remove organic impurities from the process

bath and at least one polymer resin is an ion exchanger resin that is able to at

least partially remove inorganic impurities from the process solution.

A method according to claim 1, characterized in that the polymer resins are

regenerated by means of at least one suitable regeneration solution.

A method according to claim 2, characterized in that at least the ion
exchanger resin is charged with a substance contained in the process
solution before being contacted with the process solution, which substance
is at least partially transferred into the process solution when the process

solution is contacted with the ion exchanger resin.



receiving units of the polynmer resins, characterized
in that at |east one polyner resinis able to at

| east partially renove organic inpurities fromthe
process bath and at |east one polyner resin is an

i on exchanger resin that igsable to at |[east
partially renove inorganic inpurities fromthe
process solution. 2. A nethod according to claim1,
characterized in that the polyner resins are

- egdnlP :erﬁwﬁ%ﬁ%{ﬁﬁﬁ?%ﬁ? 4% 2. BB b o rpceseasyton
2,
resimen Sediab oty ha'§5@€%§eaﬁeatafyﬁwaﬁwgﬁ. § SRS win 2

proc | uti on before being contacted with the
pr oé*éei’g' Igy&?uti on, which substance 1is at |east
partially transferred into the process sol uti on when
the process sol ution is contacted with the ion
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aracteriJedrn rocess solution
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according to one or nore of the clalns 2 to 4,
characterized in that the regeneration solution
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A method according to claim1 or 2, characterized in

t hais ddnniiRFaRMifiSPbHinkas ofitfe MRfHoynuously purified
by neans of the nethod. 7. A nethod according to

claiml or 2, characterized in that the nethod is
conbined with at | east one other nethod for the

. pur iaf meeiodosccafdiny & eRfin S0l 2 ichadicteBized\irtl @it CtRe frthod is
the purification of a process solution in the surface

t r eabmbinkd With apagdst @nbastham nedtteset fool the epdrificationeof process
gal vanic or autocatal ytic deposition of a netal

| ayeolutishsa substrate, conprising at |least two units

for accommobdating a polyner resin, characterized in
that the at least two units for accommodating a

pol ymer resin are in fluidic comunication such that

.t heApdeywedsr thelpurification of a process solution in the surface treatment, in
particular an electrolyte for the galvanic or autocatalytic deposition of a metal
layer on a substrate, comprising at least two units for accommodating a
polymer resin, characterized in that the at least two units for accommodating a
polymer resin are in fluidic communication such that the process solution
subsequently flows through the units for accommodating a polymer resin or
partial flows of the process solution respectively flow through the units in
parallel, wherein the units for accommodating a polymer resin accommodate
polymer resins that are different with respect to their physical-chemical

properties, wherein at least one unit for accommodating a polymer resin

accommodates a ion exchanger resin, and at least one wunit for



10.

11.

subsequently flows through the units for
accommodating a polyner resin or partial flows of
the process solution respectively flow through the
units in parallel, wherein the units for
accommodating a polyner resin accommodate pol ymer
resins that are different wmth respect to their
physi cal - chem cal  properties, wherein at |east one

uni @CFQiPma%B'%oO&!V”??d 1§SIPORGFREIMQdatESna RAbERMTER: Which is
a ion exchan e and at | east pne unit for 15
acc&ﬁﬂ%%\‘%ﬁgeaét Bﬂﬁ?‘&é?mf"é%?rﬁaﬁ'ﬁgﬁﬂqu@ﬁt es a pol yner
resin which is capable to at |least partially renove
organic inpuriti es 9. A device according to claim8,
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erel acco ti ng an Sor

resgemean ¢FARk é%ﬁowﬁ\tﬁa?al Fﬁ\r&@h%@ﬂmfses' n of the

group conS|st|ng yacry ate pol ystyr ene,
pol yacryl am de and d|V|nbeenzenetstyrene
copol yneri sates. 11. A device according to one or

nor @ @dvickRcSHRL 18 ofle bPmMbR oMRE RIS 8 BAd Wiwheled the units for
accommodating a i on exchanger resin receives at |east

Oneab&%nﬁi&%hgﬁé}? bdsofRs irékirPht [bASR 2BEPMROERRSHE! pdMIndHresin of
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nmodeieat gbip b@érls%tmg\/eak Q&yéi:r)ﬂﬁteV\BéﬂfysE@&IeC ipBIpacrylamide and

exchanger resins.
divinylbenzene/styrene copolymerisates.

A device according to one or more of the claims 8 to 10, wherein the unit for
accommodating a ion exchanger resin receives at least one ion exchanger
resin of the group consisting of strongly acid, strongly basic, moderately acid,

moderately basic, weak acid or weak basic ion exchanger resins.



