19 NOV 2004 1 Cathode for Electrochem cal Regeneration of Pernmanganate
Etching Solutions Description: 5 Field of the invention The inventilohNOYV 2004
relates to a cathode for an el ectrochem cal arrangenent for regeneration of
per manganat e etching solutions, a nethod for the manufacture 10 t hereof and
a device for electrochemcally regeneraqing per manganate etching solutions.
Background of the invention 15 Al kaline permanganate solutions are utilized
for etching plastics naterial, for exanple in the manufacture of printed
circuit boards but also prior to netallization of machi ned parts nmade of

pl astics for sanitary appliances, for the autonotive industry, for

preci sion nechanics industry or for furniture nountings. These solutions
usually contain 30 to 100 g al kali pernanganate and 30 to 20 100 g al kal

hydr oxi de I . .an. e _pgtassi um pe nganat e bei ng
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bel ow aboSigfiogs! and the considerably better sol uble sodi um permanganate
is used at a higher concentration than 65 g/l. Typically potassium and

sodi um hydroxi de are used as al kali hydroxi de source. In 25 general these
sol utions ?? %gerated at a tenperature of from60C to 98C. Normally the

pl astics 9 PPRPAOY o treated with an organic swelling agent prior to the
actugl etching process in order to facilitate etching. Due to the etching
treatment of the plastics surfaces permanganate species are 19 NOV 2004 2

pri mari | yFieddio€the tnvemtioganat e speci es, the manganate species on their part

The invention relates to a cathode for an electrochemical arrangement for
regeneration of permanganate etching solutions, a method for the manufacture

10 thereof and a device for electrochemically regenerating permanganate etching
solutions.

Background of the 'invention

15 Alkaline permanganate solutions are utilized for etching plastics material, for
example in the manufacture of printed circuit boards but also prior to
metallization of machined parts made of plastics for sanitary appliances, for the
automotive industry, for precision mechanics industry or for furniture mountings.
These solutions usually contain 30 to 100 g alkali permanganate and 30 to

20 100 g alkali hydroxide per 1 liter aqueous solution. The potassium
permanganate being less expensive than sodium permanganate is normally
used at a concentration below about 65 g/l and the considerably better soluble
sodium permanganate is used at a higher concentration than 65 g/l. Typicaily
potassium and sodium hydroxide are used as alkali hydroxide source. In

25 general these solutions are operated at a temperature of from 60°C to 98°C.
Normally the plastics surfaces are treated with an organic swelling agent prior
to the actual etching process in order to facilitate etching.

Due to the etching treatment of the plastics surfaces permanganate species are




Bei ng di sproportionated to permanganate species and to nmanganese dj Ehﬁz.
During this reaction considerable anounts of nanganese di oxi de slu g @4
be produced in the etching solution. A continuous operation of the nethod is
5 not possible due to consunption of permanganate. Moreover the nmethod is
very expensive since permanganate salts,nust be added to the solution and
waste material nust be disposed of permanently. In order to solve these
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such a wiliereRyfolRBccRemanganate. Inorganic bromates, hypochloriteg, chiorites,

15 chlorates, peroxodisuifates, monopersulfates as well as the mixtures thereof

are proposed as oxidizing agents. The oxidizing agents are reduced during the

regenerating reaction and due to this reduction reaction are consumed.

This method has however proved to be complicated. Moreover additional

20 substances are formed in the etching solution due to replenishment of the
oxidizing agents. As a conseguence the solution must be discarded. For this
reason an electrochemical regenerating method has been developped, no
undesirable reaction products being evolved due this method. Such a method
is described in EP 0 291 445 A2. This method is utilized to regenerate

25 permanganate etching solutions serving to the roughening and cleaning of
plastics surfaces, especially of printed circuit boards. The method consists of
oxidizing manganese having an oxidation number of +VI to manganese having
an oxidation number of +VII by electrochemical oxidation. This reaction is
carried out in an electrochemical device and comprises an anodic reaction. For

30 this purpose a cathode and an anode are arranged in an electrochemical
device having a diaphragm preferably lying in between thereof. The anode and

the cathode are connected to a current source in such a way that the cathode is



19 NOV 2004 3 pol arized cathodically and the anode is pol arized anodically.
It has been explicitly pointed out in this docurment that optinmumi 3NOV 2004
regeneration results are obtained with a device which is provided with two
el ectrolyte conpartnents being separated from one another by a di aphragm
However, sufficient 5 regeneration night also be achieved if a device would
be used which is provided with one electrolyte conpartnent only, into which

both elputripgdscahediciiyemsethe Fuodd e ﬂ@fa@m@d@r%tﬂéa!lg? iegeHehed for etching
epoxy resin with an alkali 10 perma tg\anate etching solution with an etching
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‘electrd |y regenerating chem cal oxidizing agents that are used in
gal vanot echni cs has been described by WP. Innes, W H Toller and D.
Tomasello in Plat Surf. Finish., 1978, pages 36 - 40. This nethod rel ates
to t he eyeerenate emethochisafescribeddoeidthing egixytriesimswithrert blkeli case too the
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utih Zen('lje%h%ddilncludes the following method steps: a. stabiiizing the permanganate

etching sclution by electrochemical anodic oxidation at a2 direct current voltage
15 of from 0.5 to 25 V and &t a direct current density of from 0.1 to 20 A/em?; b,

adjusting the vermanganate and OH™ ion concentration by electrochemical

and/or Phdm{ne'rric measurement and appropriate additional dosage in the event

of a2 deviation from the desired vaiue.

20 - Asimilzr application for electrochemicaily regenerating chemical oxidizing.

agents that are used in galvanotechriics has been described by W.P. Innes,
W.H. Toller and D. Tomasello in FPlat. Surf. Finish., 1978, pages 36 - 40. This
method relates to the regeneration of chromic acid etching solutions. In this
case too the anode and the cathode of the regenerating device are sepaiated

25 from one another by a diaphragm, the diaphragm being a long porous ceramic
cylinder. |

A turther application is disclosed in US-A-3,470,044, The method described in

this document relates to the electrochemiclregeneration of spent ammenium
30 persulfate etching solutions. These solutions are inter alia utilized to dissolve

metals, such as for example copper, cobalt, iron, nickel, zinc and the ailoys

thereof. For the regeneration reaction the etching solutions are passed through



netal s, such as for exanple copper, cobalt, iron, nickel, zinc and ;h% 2004
alloys thereof. For the regeneration reaction the etching solutions‘apg
passed t hrough 19 NOV 2004 4 an anode conpartnent in an el ectrochemni ca
cell, an anode being arranged in this4conpartnent. This conpartnent is
separated froma cathode conpartnent by a diaphragmthis di aphragm being a
cat hodgni Hn@X CRANBEIRIH AN el cteiHOHR 4| %emﬁhtar@w@ behd Bfradickone
conpartnent. During operation of the 5 elctrochenical device perSulfate is
pr oducgds lmoropedmbéon Tdfis Do permant iheepanatdel foch aeisthodehmpertment
transferred to the cathode conpartnment the nmetal ions being reduced to
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15 designed as rods. The rods are only covered with the layer on certain sections.

These sections alternate with other sections that are uncovered.

It has proven that the known methods for etching surfaces of piastics materials
are complicated since either a large amount of chemicals is consumed for

20 reoxidizing manganese species having an oxidation number of less than +VII

" being formed due to the eiching reaction or a large amount of energy is

consumed. Especially it has turned out that a large amount of manganese
dioxide sludge is formed in spite of continuous regeneration of the
permanganate etching solution. This sludge must be isclated and discarded

25 continuously. Moregver this sludge is blown up in the solution through the
hydrogen evolved at the cathode so that this sludge possibly reaches the
treatment container used for etching the plastics parts. Furthermore it has been
cbserved after a long time of regenerating operation and connected herewith
after a considerable sludge production that roughening of the plastics suriaces

30 becomes uneven so that the degree of roughening of the plastics surfaces

fluctuates.




observed after a long tinme of regenerating operation and connected qinemﬁth
" after a considerabl e sludge production that roughening of the plasﬂi KOV 2004
surfaces 30 becones uneven so that the degree of roughening of the plastics
surfaces fluctuates. 19 NOV 2004 5 Furthernore it has been observed,
especially in cases in which large plasgics surfaces per unit tine are
etched, that the efficiency of regeneration of permanganate gradually
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this process. Up to now a plurality of regenerating devices have been arranged
- in parallel in manufacturing plants in order to keep the concentration of
permanganate in these solutions at the desired level at all. These devices
15 require large floor space so that problems arise when the individual units are to

be arranged side by side (treatment container and regenerating devices).
These problems cannot be easily solved.

The problem of the present invention therefore comprises avoiding the
20 disadvantages of known devices and methods and especially comprises finding

a device being suitable for regeneration of permanganate etching solutions with
high efficiency.

Summary of the invention

25
The present invention comprises a novel cathode for an electrochemical
arrangement for regenerating permanganate etching solutions.
The present invention further comprises a novel device for electrochemicaily
30 regenerating permanganate etching solutions.

The present invention also comprises a novel method for the manufacture of a



The present invention conprises a novel cathode for an el ectrochemn chfl Ny 2004
. arrangenent for regenerating pernanganate etching solutions. The present

i nvention further conprises a novel device for electrochemcally 30
regenerating permanganate etching solutfons. The present invention al so
conprises a novel nmethod for the manufacture of a 19 NOV 2004 6 cat hode for

an arr aggensie fooanerestgacikenicat kytroedeRaEaly RSqELE R iteg
sol utions. The cat hode a%cordi ng to the presenﬂt( H}g%ventig%aggfrﬁlg ti iged in

an 5 el etchiogretutiansdevi ce for regenerating pernmanganate etching sol utions
I's characterized by a porous, electrically nonconducting |ayer on the
surface thereof. This layer is forned in such a way that electric current
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r egener thensgf.debisdayepifpidrsmd it sidastwapéhanedetriacurreadtis atie dodlavat hode
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is provided™with a porous, electrically nonconducting |l|ayer, b. further the
cat hodeobthly phesernt ipventice dulialso cathddeseveing dateghwith ra fabréontagetiahi t h an
al kal i nﬁ'l per manganat sol ution containing manganate, c._ an anode i s brought

C .
into cofaPPrS PRINhESHINBISHRCSSHFHNESM hesi Fribesfabsie: ai ni ng manganat e

and d. by neans of an electric current source an electric

The electrochemical regenerating device comprises at least one anode, at least
i5 one cathode according to the present invention, a current source for the at least

cne anode and the at least one cathode as well as eleciric conducting lines

between the current source on the one hand and the at least one ancde and

the at least one cathode on the other hand.

20 The method according 1o the present invention comprises the following method
steps: a. a cathode body is provided with a porous, electrically nonconducting
layer, b. further the cathode body being provided with the layer is ‘brought into
contact with an alkaline permanganate solution containing manganate, ¢. an
ancde is brought inte contact with the alkaline permanganate solution

25 containing manganate and d. by means of ae electric current source an electric
current is produced in a current circuit being formed by the cathcde and the
anode in such a way that an insoluble layer is formed on the surface of the
cathode, the layer at least predominantly containing manganese having an
oxidation number of +IV.

20
When using conventional cathodes and regenerating devices, working up of the

etching sclutions caused problems since manganese dioxide sludge was




current is produced in a current circuit being fornmed by the cat hodg ﬂ;ﬁ{ hﬁe
" anode in such a way that an insoluble layer is fornmed on the surfac 4
cat hode, the layer at |east predom nantly containi ng nanganese havi ng an

oxi dation nunber of +IV. 30 When using conventional cathodes and
regenerating devices, working up of the 7etchi ng sol utions caused probl ens
si nce manganese di oxi de sludge was . 19 NOV 2004 7 produced in excessive
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to decomposition of water being used as a solvent in the etching solution. Due
to generation of hydrogen the aforementioned electrochemical reaction was
15 depressed. Therefore a further decrease of active cathode surface would
actually had to lead to a further increase of efficiency of the regenerating
reaction due to accumulation of manganese dioxide sludge at the bottom of the
regenerating cell since in this case reduction of permanganate at the cathode
would have been depressed in favor of hydrogen generation due to a further
20 raise of current density and hence of overvoitage. Surprisingly just the opposite
) was observed when conventional devices were utilized, namely a decrease of

efficiency when manganese dicxide sludge accumutated. The reason for this
effect has not been found out.

25 Furthermore it has turned out that uneven etching with permanganate etching
solutions was attributed to the fact that the composition of the etching solutions
could no more be held constant easily due to the high material turnover in the
solutions. Frequently the etching solutions could not be regenerated completely
because an electrochemical regeneration was only possible if the maximum

30 capacity of the devices being at the disposal for this purpose and being
arranged in parallel was made use of. Therefore under these conditions the

permanganate concentration was below the nominal vaiue and the manganate




was observed when conventional devices were utilized, nanmely a decreiafﬁlﬂ&ﬂ[]&
" efficiency when manganese di oxi de sl udge accunul ated. The reason for

effect has not been found out. 25 Furthernore it has turned out that uneven
etching with permanganate etching solutions was attributed to the fact that
the conposition of the etching solutiong could no nore be held constant
easily due to the high material turnover in the solutions. Frequently the
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t he cat hode according to the presen
cathodes according to the present mventlon are utilized in the electrochemical
regenerating device. Due to the layer on the cathode surface the area being
15 effective for the electrochemical reaction is decreased for example to the fifth
part. However, the local current density raised as a result of this does not lead
to the advantageous properties of the cathode according to the present
invention. This may be easily seen from the fact that reduction of the surface
area of the cathode due to reduction of the size of the cathode body does not

20 have the same effect as the layer being deposited on the surface.

At the same time much less manganese dioxide sludge is generated as
compared to the situation when conventional devices are used. Interestingly it
has been observed that manganese dioxide being formed at the cathode

25 according to the present invention sticks fixedly to the cathode surface as a
dense coating and does not come off. Already for this reason much less sludge
is generated. Therefore the further problem is also solved that hydrogen being
evolved at the cathode of conventional devices blows up manganese dioxide

sludge which could come into the treatment container for the plastics parts and
30 there could cause problems.

The advantage of the cathodes according to the present invention and of the



I Ny ion. This may be easily seen fromthe fact that reduction of tE '
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body does not 20 have the sanme effect as the layer being deposited on the
surface. At the same tine much | ess nmanganese di oxide sludge is generated as
conpared to the situation when conventig@nal devices are used. Interestingly
it has been observed that manganese di 0xide being formed at the cathode 25
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igrggfgsl Zdedescrr ption of the preferred enbodi ments The nmain issue of the
p iLelaed slesception of the preferredsmbedinténmsl | y nonconducting | ayer on
Le surface of the cathode of an el ectrochen cal regenerating device. 15
The cathode is preferably entirely coated with the |ayer. The |ayer is

desi gned The main issue of the present invention relates to a porous electrically

nonconducting layer on the surface of the cathode of an electrochemical
regenerating device.

15
The cathode is preferably entirely coated with the layer. The layer is designed

such that electric current can flow therethrough even if the cathode is covered
entirely with the layer.

20 Preferably a layer is used which is resistant to acid and/or alkaii, and which is
g for example made of plastics material or of ceramics. In a preferred

embodiment of the present invention the layer comprises and is preferably
composed of a fabric especially fitting firmly to the cathode surface. In this case
electric current can flow through the layer because gaps are formed between

25 the meshes of the fabric. In another embodiment of the present invention the
layer has small pores essentially or completely extending through the layer so
that electric conductivity is ensured and is not made of a fabric but of a

relatively dense material completely covering the cathode body.

30 The layer may especially comprise and preferably be composed of a material,
selected from the group comprising polyalkylene und polyperhalogenalkylene

and especially is composed of a material, selected from the group comprising




such t'hat electric current can flow therethrough even if the cathodp Wﬁ
covered entirely with the layer. 20 Preferably a | ayer is used mhic% gZW4
resistant to acid and/or alkali, and which is for exanple nmade of plastics
material or of ceramics. in a preferretd( enbodi nent of the present invention
the |l ayer conprises and is preferably conposed of a fabric especially
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pol ytetrafTuor ethylene. Especially- preferfed s a llayer esSentially

consi sttgenggcg‘uigatg@qgqso,nﬁ@epo,frjlgrmeﬁglrlyt etrafluor ethylene having a nesh size
of from70°to 100 pm It is further favorable to use porous HDPE. In

principle also porous ceramcs nay 5 be used. Consequently in the neaning

according to the present invention all materials in which electric current
may f| éW&ita thRAlRerechpmical derctien @f d3e Baragnsartad@es &t the maha@e ous

A8 RoudVind i, PRIERIRRAUTEHE! isTiRrBEn HROHAENLR! M-l oPrRhe -
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oxi dation nunber of "+IV and being adsorbed on thé cathode surface. This
coat i ndesspetadomitarilytdmniaining manganese having an oxidation number of +1V

and being adsorbed on the cathode surface. This coating together with the
15 porous electrically nonconducting layer forms a jeined coating by the
manganese dioxide coating if necessary filling out a gap between the cathode
surface and the layer as well as the pores of the layer and the empty space in
the fabric. It will be understood in the present case that manganese dioxide is
defined by the reaction products being formed both due to electrochemical
20 reaction and due to redox reactions taking place in homogenecus solution or
heterogénousiy. Probably this material is pyrolusite but may also be any of the
manganese dioxide minerais. A cathode containing this manganese species is

also comprised in the scope of this invention.

25 The compesite ceating comprises both the porous, insoluble and electrically
nonconducting layer and the coating formed in the gaps and pores of fhis layer.
This composite coating is electrically conductive. This conductivity may be due
to pores and gaps in the layer and peres in the coating but may alsc be due to
pores and gaps in the layer and a certain electric conductivity of the coating

30 itself. Electric conductivity of the coating may for example be due tc a
nonstoichiometric composition of the manganese dioxide which might be

described by a formuia such as MnQ.,.,, X being a number between 0 and 1.




1 porous electrically nonconducting |layer forns a joined coating by the

" manganese di oxide coating if necessary filling out a gap between t ﬁgthode
surface and the layer as well as the pores of the layer and the enp 9 bﬂwé

in the fabric. It will be understood in the present case that manganese

dioxide is defined by the reaction proggcts bei ng fornmed both due to

el ectrochem cal 20 reaction and due to dox reactions taking place in
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t he Boati frigelfidmnRig f%r%brﬁfﬁcﬂHg Iéﬁ{' pores and gaps in the |ayer and a
certain electric conductivity of € coating 30 itself. Electric

conductivity of the coating may for exanple be due to a nonstoichionetric
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provi ded ug .cal |y, conductive surface and is preferably conposed
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compartment because copper exhibits poor resistance if the material is
15 polarized anodically.

Depending on the type, the layer may be mounted to the cathode body or be

deposited as a fabricated material, the porous layer then being formed by an

appropriate film forming method in this case. For example in the former case a
20 tube is first manufactured from the layer material which is then mounted to the

| cathode body. If necessary a material is selected for the tube which may be

shrunk onto the body. In case of the Iatter_ alternative for example a powder of

the material is deposited on the cathode body and subsequently is sinter-fused

thereto, the porous layer being formed during this method. In this way porous
25 layers may also be manufactured made from ceramics for example.

Subsequently the cathode body provided with the layer and an anode are
brought into contact with an alkaline permanganate solution containing
manganate. For this purpose the permanganate solution can be identical with a
30 typical permanganate etching solution. The conditions for generating the
manganese dioxide coating may also be identicai to the conditions being
applied for etching plastics surfaces. If the cathade body provided with the




copper’ since a cathode body made from copper woul d have to be di smantl ed
" fromthe regenerating device on the occasion of cleaning the regenergbi ngﬂ
" conpartnent because copper exhibits poor resistance if the materi all ¥ 04 €04
pol ari zed anodically. Depending on the fype, the |ayer may be nounted to the
cat hode body or be deposited as a fabricated material, the porous |ayer
t hen bei f ppropri.ate filmformng nmethod in this case. For
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mapuf act ured_ made from.ceram cs for exanpl e. Subsequently the cathode body
provi de@%e’cWrtrt?éqr?ﬁféF'ngﬁgeé?ﬁrmrﬁé etghinggs@iutiano contact with an
al kal i ne pernmanganate sol ution contai ning manganate. For this purpose the
per manganat e sol ution can be identical with a 30 typical pernanganate
et chi ng ~Hlcirqh- @i | TR | Qxi de
coati ng “ﬁgjyﬁglrgg p{éﬂ?géﬂp i cﬁglbﬂggntéﬁée %@ﬂg%ﬁdﬁgig%ﬁﬁ égg{éﬁzg’c}g‘bg et chi ng
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order t&UChegavRy dhal the masganessrdididegcaatedy fsopratudsichet thestdtesdsur f aces
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produce the manganese di oXi I ng _ Sénerated I n
an el ecswitchihgan bf beiingrdayeteslebyric hereat gavinpd %@%L@Hﬁ%déésédmh a way
t hat the manganese di oxi de coating is produced orb the cathode

until the typical manganese dioxide layer formation speed is achieved.

Surprisingly depoesition of manganese dioxide on the cathode surface does not

15 proceed during normal operation of the regeneratmg device.

Preferably the cathode is formed as a rod, especially being made from a metal,
preferably from steel. The anode is preferably designed as a perforated
cylinder, the cathode being arranged axisymmetrically in the centre of the

20 anode. Preferably the cylinder as well is composed of metal and especially is
made from steel. Due fo this arrangement an even current density distribution is
achieved at the surfaces of the cathode and of the ancde due to a symmetrical
electric field in the space between the two electrodes. Because of that the
electrochemicai reactions may be set reproducibly at the electrode surfaces so

25 that defined conditions are adjusted in the device.

Especially the anode may be made from expanded metal. Such ancde
embodiments may be manufactured very easily. Above all V4A steel may be

utilized as material for the anode.

30

Preferably the ratio of the geometrical area of the anode to the geometrical

area of the cathode is set to a value of at least 3 : 1 in order to minimize




10 ‘surface. For this purpose the cathode and the anode are for exa
"supplied wth directpcuPrent. Preferably an initially reduced purﬁ§$§DWZMMN
is set. After switching on of an increased electric current this will be
gradual ly increased until the typical manganese dioxide |ayer formation
speed is achieved. Surprisingly dep05|ﬁpon of manganese di oxi de on the

cat hode surface does not i 5 proceed duri*ng normal operation of the

' | Preferabl v _the cathode is fornmed as a rod, especially
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wel |l is conmposed of netal and especially is made fromsteel. Due to this

arrangene eyen cyrrent density distribution is achi _e_ved at the _
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manuf act uE@W épcraasiatyl cusmni @t dhe cathadet will resaly obabout 50 iAzkedatasutat er i al
for the arpdes 30 Preferably the ratio of the geonetrical area of the anode
to the geonetrical area of the cathode is set to a value of at least 3 : |
in order to mnimze 19 NOV 2004 13 generation of manganese di oxi de at the
cathode- Mbst preferably a ratio of at least 10 : 1 nay be set. For the
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naving a SMEREEATE tiaTtoa siex AL trcrripmaelesdn 4 HepaSi comBinEnat  bat h
for abouintdSviithdhé Pleithahyahstd efhird SoiGRSNRASLMbLY HyAhidhhs O s2bout 50 A to
about pumping means via liquid conducting lines and from which the solution is
passed back to the treatment container via other liquid conducting lines, or the
15 regenerating device is integrated into the treatment container. If sufficient space
is available for integrating the device into the treatment container, the latter
alternative is more favorable, since the treatment solution may get to the
regenerating device simply by convection in the container for treatment of the
plastics parts. Moreover ideally no additionally pumps and liquid conducting
20 lines are required. Since a considerably higher effiency of the electrochemical
! reaction is achieved with the regenerating device according to the present
invention than with conventional devices, the former may be realized in a
smaller size than conventional devices. Therefore it is rather possible to

arrange the regenerating device in the treatment container.

25
An embodiment not comprising a diaphragm between the cathode and the
anode is more favorable than a corresponding embodiment comprising same,
since the former is less prone to problems and because a smaller potential drop
und hence a smailer electric power loss in the device results. In principle the

30 regenerating device may also be equipped with a diaphragm separating the

cathode compartment from the anode compartment.



500 A. 10 The regenerating device conprising the cathode according tepgtm 2004
“present invention and the anode may either be acconodated in a separate
container, into which the permanganate etching solution is punped by neans
of a punping nmeans via liquid conducting lines and fromwhich the solution
I's passed back to the treatnent container via other |iquid conducting
lines, or the 15 regenerating device islé#ntegrated into the treatnent
container _ If sufficient space is available for integrating the device into
the treat Mot 'SSGREERtRS devine i$ areferablpitibzedi ¥ @e'rmaﬁgéﬁafeaél&hﬁﬁ}ﬁgnp nce
the treat | . gef .to the regenerating déevice sinp y
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than a covesispbalijmyestiilod s@vdntegaRf isBbA% &&Binatisl 0 |s less
prone to B_{rﬂ(xgens and because a sﬁal I gr p%tentlQatlgbgggmg&nﬁoh%{pg{aﬁ{snal | er

el ectric rgeJRIastiss syidacrs/ ey heetrabted pémunit timei, peeatsetRd r €gener ati ng
device ma | Wi i h | aphragm separating the cathode

conpart nem@@@%@te%@ﬂéﬁg@@ﬁggﬂ@ﬁqﬁiﬁ@ fqaqu{bblgzd'dwrg reilee r egener ati on
devi@e i srqyerfees Hevick! higstalk : tching plant being used to
treat printed ci?lcq:@ui t boards. ﬁ%&’?%ﬁ%ﬁ@?ﬁ%@ ally favorable if a

regenerating device is used in so-called horizontal plants in which the

printed ' It . boards are conyeyed in a horizontal conveying path and
brought i ﬁ%ﬂértto maore clearly déscnbe the present invention the following figures are

presented, showing preferred embodiments of the invention:

15 Fig. 1: schematic drawing of a anode/cathode couple in a
regenerating device;
Fig. 2: cross section through a cathode according to the present
invention in a first embodiment:
Fig. 3: cross section through a cathode according to the present
20 invention in a second embodiment.

v
——

A schematic drawing of a regenerating device is shown in fig. 1. The device

may for example be employed in a treatment container for printed circuit
boards.

25

The device comprises an anode 1 being made from an expanded metal of V4A
steel and a cathode 2 according to the present invention. The anode 1hasa
cylindrical shape. The cathode 2 is also composed of V4A steel and is
designed as a rod. An easy convective passage of treatment liquid through the
30 perforations of the anode 1 is made possible since the anode 1 is made from
expanded metal. Therefore liquid is continuously exchanged between the

anode 1 and the cathode 2 in the inside region of the device and renewed. The




5 'contact thereby with a permanganate etching solution. In this case the

"-printed circuit boards are transported preferably in a horizontal g ppynamt

or in a vertical alignnent. The advantage of such a conmbination results
fromthe fact that large plastics surfages may be treated per unit tine,
because the throughput of these horizontal plants is relatively big.

Ther ef or rggenerating device nust also have a high efficiency. In
or der tocear‘]thagelr%gafﬁ’%ag@g&q | ﬁ?ereﬁﬁﬁéﬁ%'dienm@n@ﬂﬁdethm suthaivay fhagul es

' : d; ' s of the invention: ig. 1:
ehennt 18 PR e R SRR R T HSE | egener at i ng. devi ce. Fi g

2: cross section through a cathode according to the present invention in a
first enmbodinment; Fig. 3: cross section through a cathode according to the

present In20dentenierats therammandtiaghasiilBnte A tHEREMmtd Bofdig of a
ey

1
regenerating device is shown in fig. 1. The device or exanpl e be
err%l oyegathogdiceny aneeiine aoadaihisrpdlarized aedicgiiycuit  boards. 25 The device
conpri ses an anode | being nade from an expanded netal of V4A steel and a
cathode 2 according to the present invention. The anode 1 has a cylindrical

P02 L R BRI P D 0L oS e e S
pande Hg A 4D B0 i T 88 FafitloF S rngdn tdvadehe @
The 1 8 RO/ 2004 15 cathege fob 3T oAt st Aoyl v et i a8ed Ao ode
1T@n subarizontsyl meabes 6. Tine faisictisonednaed &y e catiedy Hddy Bafiaadse.
eyl nde&'or example 3 fobric made from polytetrafivor ethylene (for example TEFLON ®
of DuPont de Nemours, Inc.) may be employed. Between the meshes 4,5a
manganese dioxide coating 6 is generated through an electrochemical
- . reduction reaction in an alksline permanganate solution,
15
In order to manufacture this layer the cathode 2 (rod diameter about 15 mm,
depth of immersicn into the permanganate solution about 45 cm) was brought
into contact with a permanganate etching solution having the following
composition:
20
65 g/l KMnQ,
50 g/t NaOH

in water

25 at a temperature of 80°C the reaction taking place in the regeneration device
shown in fig. 1. Subsequently a voltage was applied to the electrodes such that
an electric current of 5 A flowed between the anode 1 and the cathode 2
(voltage of about 2 V). Due to the current flowing an initial manganese dioxide
coating 6 between the meshes 4,5 of the fabric was formed. After about 20 min

30 the current density at the surface of the cathode 2 wes raised to about 10 A
{voltage of about 3 V). After respective further 20 min a current of about 20 A
(voltage of about 3.5 V), about 50 A (voltage of about 4.5 V), about 80 A




In-order to operate the regenerating device the cathode 2 is polarized 5
"cathodically and the anode |I is polarized anodically. A first enbodi nent of

the cathode 2 according to the present invention is shown in fig.13NOW 804
cross section. The cathode 2 conprises a cathode body 3 having a |ayer 7
which in this case is conposed of a fabric having vertical neshes 4 and 10
hori zontal meshes 5. The fabric is mount&d to the cathode body 3 as 'a tube.

For exanpl [ Jro ol ytetrafl uor ethylene (for exanple TEFLON
of DuPont 8%@%@3?@9%%3{})3%#@5 BRHLGNALA (Beltageof abeunBshes werd a
manganese ghrieddah | ' t hrough_an el ectrochem cal

reducti on afh,ep;ct i onéﬁgﬂquﬁaﬁﬁgﬁﬁg?hﬁ%@gﬂﬁf%’gégﬁﬁﬁt&ﬁ?@ﬂd gbtreatroedter to

manuf act urdfifmlysadsorbed mhengaridredsioRidera e dept,h of

| mer si on :{ nto the per mangagri{e sol ution abg%?rcfé \kfj\gstpigrcgm%qe SBHYO
contact with a pernmanganate etching solution having the follow ng
conpasition: 20 65 g/I Ku nO4 50 g/l NaCH in water 25 at a tenperature of
80C the reaction taking place in the regeneration device shown in fig. 1.

Subsequenti hedayet e o Werkb e hBRoSIRRRGIR RIS SaL, an of ectric

current of 5 A flowed between the anode | an

about 2 Vcatimede bady By meanstoffSeaterairalin ik i 0xi oati ng
6 bet vveenQJ&e sh%s 4,5 of the fe;t;gri clvvggnf g%ﬁfﬁ?@????%%oﬂ%ﬁéhaqﬁaﬁgso the
current d ‘f’ﬁ&f YiEe3ns phelainiess aiget alipsdbe Zatmade 2irmey Heofompedt 10 A

(vol tage @hudbauicka ctive further 20 mn a current of about

20 A (vol tageaof a{)ﬁﬁhe@ﬁ% %ﬁg%i%i%wlggoﬁ'ﬁm theymethod indicateds T, about

89 AOL 9 mOrrendedreases to nearly zero within 1 to 5 sec if too high currents are initially
applied during the forming procedure, or the voltage rises very steeply so that

inadmissable values for the voltage are achieved (starting from 8 V stainless
steel dissolves electrolytically).

15 The forming method described is performed only once with a cathode 2.
Subsequently this cathode 2 may be utilized in any way to regenerate

permanganate solutions. Even after a long operation break the nominal electric
current is applicable.

20 A further embodiment of a cathode 2 according to the present invention is
) shown in fig. 3 in a cross section. In this case the cathode 2 is provided with a

porous layer 7 of ceramics 8 which firmly adheres to the cathode body 3.

A manganese dioxide coating 6 in this case is formed in the pores of the layer
25 of ceramics 8 due to treament of the cathode body 3 provided with the layer 7

which has been produced under the same conditions being given for the
cathode 2 in fig. 2.

If the embodiments of the cathodes 2 shown in fig. 2 and fig. 3 are used

30 regenerating devices can be manufactured which have the aforementioned
advantageous properties.




16-(vol tage of about 5 V) and finally about 100 A (voltage of about 5.4 V)

" “were applied. The current flow was kept constant thereafter. At thel&idVdf

treatment a firmy adsorbed manganese di oxi de coating was fornmed on the
cathode body 3. 5 If the layer nmade friom the electrically nonconducting
fabric is fastened to the cathode body 3 by neans of Seeger circlip rings
accor di g the fekewiy shandangdle HhiNAd | clips,

t he cat hode 2 may be formadg nmuch quﬁgggwﬁ%ﬁ%ﬁégﬁgﬂéﬁztﬁs@ ﬁet?l on usi ng
t he net hteernwdesatibe.thgpsesontimveetivndecr eases to nearly zero within 1 to 5
sec if too high currents are initially applied during the form ng
procedure, or the voltage rises very steeply so that inadm ssible val ues
for the I e are achieved (starting from8 V stainless steel dissolves
el ectro%@#ﬁ@% y). 15 The form ng nethod described is perforned only once
wig h a cathode 2. Subsequently this cathode 2 nmay be utilized in any way to
regenerate permanganate solutions. Even after a long operation break the

noni nal lrebe@érftcﬁ:mmufecnIreI@r@p@hsgéalﬁthége%owfﬁm W%GJT’B%BFéFofOT

cat hode 2 according to the prﬁient invention is” sho in_a cross

sect i onmmrendinsadadiwm M A #wddea coatet avihdedingle H\agaer @bad'LEFU ayef 7 of
ceram c? ,Wpll ch fi rn1 adherﬁz to the cat hode bo%l_y manganese di oxi de
coat i ng’@Pfit ?le@ @d@@ $13%PHER HM- { R Geatiag \was fhed @y@le CEZYQO@IE kedwnics 8

been pr BAJCER SiideY %“?’” erESIIRY PORSTBAPRBEGH Uak ?Bﬁ' GRbEs R 2 i
AICD. 2, whfe W& BBI9 TR 2alodd BB LRSS 202 OUR S [ w2saBfinElity 3 e

used 30 regenerating devices can

_afor enmegtacduadncebanthifeoelechioperthtss defoMidd 2864»9, a manganese

dioxide coating being generated on the cathode body.

The formed cathode was immersed into a permanganate bath having a volume

15 of 350 1. The bath had been heated tc a temperature of 80°C. The cathode was
inserted intc an anode with a diameter of 120 mm in a regenerating device as
shown in fig. 1, the anode being mounted in the bath and being formed from a
basket made of expanded metal of V4A steel. For this purpose the cathode was
fitted to & carrier (not shown} into the inner compartment of the cylindrical

20 anode in such a way that it was positioned axisymmetricaily to the anode.

The regenerating device was connected to a direct current source and
immersed into a treatment container for printed circuit boards containing a

permanganate etching solution comprising 85 g/l KMnO, and 50 g/l NaOH in an
25 aqueous solution.

The current flowing in the regenerating device was set to 100 A st a voltage of
55V.

30 Under the conditions the turnover speed amounted to 2 to 3 g K,MnO, per liter

bath and per hour. Manganese dioxide sludge was only produced in slight

guantities.




17 1n the follow ng an exanple and a conparative exanple are given_ to nore
‘clearly describe the present invention: Exanple 5 In order to manufl &N B
rod- shaped cat hode body having a dianmeter of 15 mm and rmade from V4A st eel
was coated with a single layer of a TEFLON fabric having a nesh size of 70
pm The coating was fixed to the cathode body by neans of wre rings at
spaci ngs of 2 cmrespectively. The di angfer of the 10 wire was 0.6 nm The
cat hode bqgé/mggirag Eé)e(gargd in this way was formed by . gradual increase of
t he el ect , scri bed above, a manganese di oxide coating being
generated on the cathode body. The formed cathode was i Mmersed into a
pernanganz%:theeabath having a volume -5 of 350 1. The bath had been heated to
a t enper atlifeeexperdoent Fivendaithe déorensern j ewith a dianeter
of 120 mMmjn a regenerating device as t?ﬁ?&%ﬂﬁ@l}a&yé‘ﬁk%‘%&egw&@ Bei ng
mount ed | §ODKENGHS) %EO%ilmgw 6RRedavingma cobtisg et tederiate exnaggecthet al

of V4A st ggd i t,he cathode was fitted to a carrier (not
shown) into £ Lée:&for?tréeyf %%%ﬂ{paggﬁ%@ﬁﬁer ?ﬁ‘f@ | GTREF experimental conditionsuch a way

that it waerpasiledtedad xideyiAtbitRAI) 0 The regenerating
devi ce was connected to a direct cur rsclazsr?tég%iépggag’n%%t?qﬁq%Pg‘gdﬁﬂﬁfo a

tr eat ment SEBREANGNER Ganditansgiven in theiatorenmsrdipned xainiplaIURorRHFR) gANAL €
et chi ng sglﬁ]&,ii@euﬁ,gﬁmjt ?Q%GS /1 gy%e and 50 gll NaCH in an aqueous
sol ution. The current f I ow hg PH28H cgma‘ﬁlilﬁ@ddevi ce was set to 100 A at
a voltage of 5.5 V. 30 Under the conditions the turnover speed ampbunted to

2 to 3 g KZMO4 per liter bath and per hour. Manganese di oxi de sl udge was
onl ijopr odHbder the sonditions glesatibed dise tAoMENsFESH amounted onlyto 0.6 g

K.MnO, per liter bath and per hour. At the same time large quantities of
manganese dioxide sludge were produced.

Reference Numerais

manganese dioxide coating

porous, insoluble, electrically nonconducting layer
layer of ceramics

15

1 anode

2 cathode

3 cathode body

4 vertical meshes of fabric
20 5 horizontal meshes of fabric

6

7

8




18 Conparative Exanple The experinent given in the aforenentioned exanple
was repeated using a conventional cathode in this case having no pgqghrm“at
the surface. The size of 5 the electrodes, the materials thereof and the
ot her experinental conditions were selected to be identical to the size of
el ectrode, materials and other experinental conditions given in the
af orenenti oned exanpl e. Upor setting an!9el ectric current of 100 A a vol t age
of 5 V was adjusted. 10 Under the conditions described the turnover speed
anounted only to 0.6 g K2MhO4 per liter bath and per hour. At the sane tine
| arge quantities of manganese di oxi de sludge were produced. Reference
Nunmeral s 15 1 anode 2 cathode 3 cathode body 4 vertical neshes of fabric
20 5 horizontal neshes of fabric 6 manganese di oxi de coating 7 porous,
i nsol ubl gl el ectrically nonconducting |ayer 8 |layer of ceramcs 1 9 NOV
2004 19 &'3ME: 1. Cathode wherein the cathode (2) is entirely coated with
t he nonconducting layer (7). 10 2.. Cathode according to any of the
precedi ng clains, wherein the layer (7) conprises a plastics nmateri al
resistan @ei d and/or al kali. 3 oy @ y..0f. _Lhe.
pr eced?nga‘élﬁgi ms, wherein the Ia;\/%r'e@@ beeles &)Q@eﬁﬂr&&} cooate& with

the nonconducting layer (7).

10 2. Cathode according to any of the preceding claims, wherein the layer (7)

comprises a plastics material resistant to acid and/or aikali.

3. Cathode according to any of the preceding claims, wherein the layer (7)
comprises a fabric (4,5) fitting firmly to the cathode (2).

15
b . Cathode according to any of the preceding claims, wherein the layer (7)
comprises a material, selected from the group comprising polyaikylene and
polyperhaiogenalkylene.

20 5. Cathode according to any of the preceding claims, wherein the layer (7) is
composed of a materiai, selected from the group comprising polypropylene,
high density polyethylene and polytetrafluor ethylene.

_6. Cathode according to any of the preceding claims, wherein the cathode (2) is
formed as a rod.




conprises a fabric (4,5) fitting firmy to the cathode (2). 15 20 1-_

Cat hode according to any of the preceding clains, wherein the |ayer (7&
conprises a naterial, selected fromthe group conprising polyalkylehbg B 2004
pol yper hal ogenal kyl ene. 5 Cat hode according to any of the preceding clains,
wherein the layer (7) is conposed of a,mgaterial, selected fromthe group
conpri sing polypropylene, high density gglyethylene and pol ytetrafl uor

et hyl ene. 6. Cathode according to any of the preceding clains, wherein the

cat hodg - {fkhb8 fof HeTRtbraga@rebf é@am@%ﬂgrrﬁng}eﬁﬁeﬂ%md for the

manufacture of a cathode for an arrangenment for electrochemcally
regeneeh&cﬁnmg:meninaﬂrgae@&reratln@i peFrsahganatesetoblieg edlutiansavderbode body (3)

is provided with por ou ectri nonconducting |l ayer (7); b. the
cat hode bod@-(asyafgp QR,CE (\ﬁejt'ﬁ RTRy! %@@ff’(apor@%reda@waﬂ Mto contact with
an al kal i ne ern%raggpﬁéﬁsolcﬁtél on contai ning manganate; c. an anode (1) is

br ought int i3I ¢ al kal i ne per manganat e solution containing

nganate; angnd. ca@/ocﬁ@BBé}é??Z%r@%@%ﬁr\hﬂp%érl (T Bfo ﬁhﬁf%bhfa urrent

produced 1'n "a current urt bein or e he ca t he

anode (1) IrWItt$uomlﬁaWpémanganat@Qbuhkm t@memlﬁg)maﬁgéna’@d on the
surface of the cathode (2), the_|ayer (6) at | east predom nantly contai ning
nmanganese hax;|argaa¢d@>(m§thr@ugmmcc@f‘act withitbeglkalipg reamangeraiag to

claim7, wher i |l ow current is set, when
Efupon con ammg m%ngana g, and

d. by means of a electric current source an electric current is produced in
) a current circuit being formed by the cathode (2) and the anode {1} in
such a way that an insoluble layer (6) is formed on the surface of the

cathode (2), the layer (6) at ieast predominantly containing manganese

15 % . Method according to daim 7, wherein an initially low current is set, when

method step d. is performed and that the current is further raised gradually.

g . Device for electrochemically regenerating permanganate etching solutions
comprising
20 a. at least one anode (1);
b. at least one cathode (2) according to any of claims 110 8.
c. a current source for the at least one anode (1) and the at least one
cathode (2}, as well as
d. electric conducting lines between the current source on the one hand
25 and the at least one anode (1) and the at least one cathode (2) on the

other hand.

10. Device according to claim 9, wherein the at least one cathode (2) is formed
as a rod and the at least one anode (1) is formed as a perforated cylinder, each

30 cathode (2) being arranged axisymmetrically in the centre of at least one anode

(1).



method step d. is perfornmed and that the current is further raised
gradually. q. Device for electrochem cally regenerating pernanganal &\ey ofi ng
solutions conprising 20 a. at | east one anode (1); b. at |east one cathode
(2) according to any of clains | to 8; c. a current source for the at |east
one anode (1) and the at |east one cathqede (2); as we!! as d. electric
conducting |lines between the current solurce on the one hand 25 and the at

| east o eé:gélode (q%) @nd the at | east one cathode (2) on the other hand. 10.
Devi ce RecdPUFRGECHTENSI 1R @Y @helens (ﬁ)harmitla,aaﬁér@ﬁethéaétheggt &R is formed

as ar j}{gd ._if.east__one, anode (1) is fornmed as a perforated cylinder,
each 3%91ca g&%{%sl{%eﬁﬁd‘pﬁ%wtﬁ’xi symmetrically in the centre of at

| east one anode (I). 19 NOV 2004 21 11. Device according to any of clains 9
and 10 , wherein the at |east one anode (1) consists of expanded netal. 12.
Devi ce |gc @evdtagctording tofars) 6f sRifstP | TW% ipthe ratio of the 5
geonetrical area of the at rﬁjea.st one cgno%(lla"( t?%ﬁ’tﬂ'@ @3’&1‘3{; €cal area of
the at 9gosagiricaharemehtieal Mastonet ahedst(191s tHe geometrical area of the at

least one cathode (2)is at least 3 - 1.





