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METHOD FOR ELECTROLYTIC SEPARATION OF METALS

FROM ELECTROLYTES WITH PROCESS ORGANICS
Description:

The invention relates to a method of electrolytic
separation of metals, using soluble or insoluble

anodes.

The physical properties of the separated metal may be
varied within wide limits by the addition of materials
to the electrolytes. For this purpose organic additive
materials, also called process organics or additive
compounds, have become widely used. For example they
determine properties of the separated coatings such as
brightness, expansion and hardness. This process
organic material is known in the technology of printed

circuit boards as a brightener and leveller.

During electrolysis, the process organic material is
continuously consumed in small amounts. This occurs in
all areas of the electroplating system, i.e. at the
cathode, at the anode and in the entire volume of
electrolyte. The consumed amount of process organic
material must be replaced, this as a rule being
effected discontinuously. Howéver, due to this,

increased amounts of decomposition products and

t he
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conti nuously consune frh smal | anmpunts. This occurs in all areas of
the electroplating system i.e. at the cat hode, at the anode and in
the entire vol une of el ectrolyte. The consuned anount of process

organi c 25 nat@epekitdsbeber| ephaceect hbscassa ofil ehdecogsumptiehf ect ed
di sconti nuously. However, due to this,

due to separation of the process organics and also due

to the excess amount of organic material located at

least intermittently in the electrolyte.

Becauge of the extremely complex method of determining
process organics in the electrolyte, there are used for
subsequent dosing indirect magnitudes such for example
ag the converted ampere-hours of the electrolytic

10 process. Erroneous dosages cannot be excluded. The
resultant quality shortfalls in the separated coating
often become apparent extremely late, i.e. great damage
can be caused. An example of this is the appearance of
errors due to process organics in printed circuit

15 boards, such as splitting at the edge of perforations,
which makes its appearance felt only during subsequent

soldering of components or even later.

The decomposition products of process organics are

20 distributed in an uncontrolled manner in the entire
amount of electrolyte in the eiectrolytic system. This
distribution is supported by electrolyte movements due
to the process and air insufflations in the
electrolytic cell as well as by the generally widely-

25 distributed circulation of electrolyte through
accessory sections and particle filters. These filters

are not capable of separating the decomposition
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products. The presence of the decomposition products
can only by indicated analytically with a high Outlay.
Due to the multiplicity of materials involved and to
the differing concentrations, their effect on the
material for treatment in the electrélytic cell cannot
be foreseen. The necessarily continuous
supplementation of the consumed process organics means
that the concentration of decomposition products in the
electrolyte also increases. Attempts to counteract
this damaging concentration by filtration have met with
only limited success. Due to the extensive
distribution of the process organics and of their
decomposition products in the entire electrolytic
system, the material for treatment cannot be protected
from exposure to irregular concentrations. Thus in the
region of the material for treatment, the concentration
of process organics conditional upon dosing and the
amount of decomposition products fluctuates.
Consequently, the quality of the metal coating
deposited on the material for treatment is subject to
uncontrolled fluctuations. For example, when
electroplating printed circuit boards, the sporadic
formation of so-called pimples is observed, which form
at the point of deposition of the decomposition
products. Treated material with these dot-shaped
increases in coating thickness is generally scrap.

Likewise, formation of grit on the deposited coating,
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as the converted anpere hours of the electrolytic 10 process. Erroneous

dosages eﬁHﬂﬂh d. The resultant quality shortfalls in the
dep05|ted en becone apparent extrenely late, i.e. great
damage d. An exanpl e of thq“~1s the“appearance of

cracks at the edge of perforations, ich nmakBEsALES appejarance felt
only during subsequent sol deri ng of conpdnen reTrat er . The
deconposition products of process organics are 20 distributed in an
uncontrol |l ed manner in the entire amount of electrolyte in the
el ectrol yti c syghegh IBi 8ccasioflailyi bhséepneds Sap@srtedsbyapbingr ol yhe
novenent s due to the process and air insufflations in the

addition, the ultimate elongation of copper coatings on

errors due to pr rganics in printed gi fioi I5-boards, %such as

printed circuit boards decreases as the residence time
in an electrolytic bath continues, although the

5 concentration of process organics, which may be
determined by analysis, lies within prescribed limits.
In order to avoid an unacceptable accumulation of
impurities in the electrolyte, the latter is
continuously circulated through filters. Cartridge

10 filters, which can separate particles at less than 0.2
um, are widely used. As a rule, the organic
decomposition products pass unhindered through such
filters. The same applies also to the unconsumed
process organics. The return of circulated filtrate

15 into the cathode space is used in order to cause the

electrolyte to flow over the material for treatment.

If the acceptable minimum limits of physical properties
of the separated coatings are not achieved, although

20 the concentration of the process organics is
sufficiently high, the electrolyte must be cleaned. 1In
a new electrolysis system, with a newly-used
electrolyte, this point in time can be reached after
about 3 months, independently of the current density,

25 especially if.standards of quality of the electrolytic
layer are high. This is for example the case in the

technology of printed circuit boards. Further cleaning
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pr oduct e of the deconpositiog 5r6dﬁdﬂswﬁ?ﬁﬁ§:Q; """ nfy by
i ndi cated ana y with a high outl ay. l@b Due’:t:o g;he; mul tiplicity of
materials involved and to the differing concentrarionss=their effect on

the 5 material for treatnment in the electrolytic cell cannot be
foreseen. The necessarily continuous

of the electrolyte and of the electrolytic system
thereafter become necessary at shorter intervals. This
is caused by the fact that it is not possible entirely
to remove the decomposition products from the process

5 organics which are not only present in the electrolyte
but also on all the Walls, tubes, anodes and further in

bath inclusions, units and apparatus.

Cleaning of the electrolyte of organic decomposition
10 products is effected by an activated carbon treatment
and by flushing of all containers and surfaces which
come into contact with the electrolyte. For this
purpose, toxic solvents are to some extent necessary.
In addition to the disadvantage of incomplete cleaning,
15 there is the fact that electrolytic operation must be
interrupted for about one day. Further, a part of the
electrolyte, together with the activated carbon, must

be disposed of in a cost-intensive manner.

20 When insoluble anodes are used, the metal content in
the electrolytic cell must be continuously supplemented
to correspond with the separation of metal. Suitable
fbr this purpose are metallic salts which are added to
the electrolyte. This may be more advantageously

25 effected with a redox agent as an additive to the
electrolyte. This involves a material which is

reversibly electrochemically convertible. Such a
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concentration of deconp05|t|on products in the el ectrolyte al so

[ ncreél§t§§heeﬂﬂase ﬁoed count eract 10 this damagi ng concentration by
f||trat only limted guccess. Due t o -tdre; ext ensi ve
distrib rocess organi cs and of} their - ~decohAposi tion
products in t e en ItTe electrolytic system thé ﬁatérlal gor treat nent
cannot be protected 15 from exposure to irregurar concentrations. Thus in
t he region of the material for treatnent, the concentration of

process organi cs conditional upon dosing and the anount of

deconposi tion pmetholds ikl deseatibed by PE&esaeqDBNRLy, 58BeAfgual Thyg of the

metal coating 20 deposited on the material for treatment is subject to

uncontrol | ed fl addi&tivensatEeriadxaxpldseshen the anodes of an
electrolytic cell. 1In a regenerating chamber, this
oxidised stage of the redox agent dissolves the metal

5 to be electrolytically deposited in an externally
currentless manner. Thus the additive is again reduced
to its initial condition. The oxidised stage attacks
process organice present in the electrolyte extremely
intensively, but not the reduced stage. Furthermore,

10 the presence of the oxidised stage of the redox agent

at the cathode reduces the cathodic current yield to

uneconomic levels.

This method thus only operates satisfactorily in

15 electrolytic processes which operate without process
organics. This for example is the case in dull copper
plating. If however the deposited metallic coatings
must have specific physical properties which may only
be achieved by the addition of process organics to the

20 electrolyté, then the method described before is
unsuitable. This is caused by the presence of the
oxidised stage of the redox agent, destroying the
process organics, in the entire electrolytic system.
Similarly, in this electrolytic method, the process

25 organics are distributed in the electrolyte in the
entire electrolytic system. The result is an extremely

rapid decomposition of the process organics by the



electLopIating pri-nted circuit boards, the sporadic formation of

S0 caII ﬁm Igwnls oQ;erved whi ch forn1 at the point of deposition of
t he de products Treated material with these dot shaped
I ncrease hi ckness is general{y scrap,.«:~-t¥kexn formation
of grit ed coating, F whit.ch SESHM ca5|onally
observed, Igads to scrapping. In addrFlon - £headkRi mat el el ongati on of
copper coatings on printed circuit boards= décréﬁhﬂrTErthe resi dence
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oxidised stage of the redox agent, causing a rapid
enrichment in decomposition product.
The object of the invention is therefore to find a
5 method and a device for metal deposition from
electrolytes which contain organic additives, and which
enables continuous operation with uniform quality of
~ the deposited coating under conditions which are
environmentally friendly and cost-effective. The
10 method is intended to enable the use of soluble and
insoluble anodes.
This object is achieved by claims 1 and 12. Preferred
embodiments of the invention are indicated in the sub-
15 claims.
" The solution to this problem encompasses a method and a

device for electrolytic deposition of metals with
specific physical properties on the surfaces of

20 material for treatment.

The method is characterised by the following features:

- a treatment solution containing additive compounds

25 (process organics) serving to control the physical

properties of the metals, set in motion and circulated



of an electrolytlg bath continues, although the 5 concentration of process

ganiTs, mhlch detern1ned by analysis, lies within prescribed
I|n1tqms$maﬂ o avoi d an unacceptabl e accumul ation of
|npur|t ctrolyte the latter is_..._continuously circulated
through rldge 10 filters, mh@fhﬁ§ém"sébagafg.partlcles at
| ess.th um are w dely used. As a:rule,plhé&qr“dn|Ch
deconp05|t|on products pass unhi ndered throumh—auéh;mem14te~s The sane
applies also to the unconsuned process organi cs. The return of
circulated filtrate 15 into the cathode space is used in order to cause
t he el ect r obyt €1t0df Fdewovés bheughteintp fontackaviehtthe I f the

acceptable mnimumlimts of physical properties
material for treatment and anode,

- the additive compounds are added to the treatment

5 solution at a point in the system where they can pass
rapidly on to the material for treatment by means of
fluid flow, i.e. at a pbint where they are relevant to

the process,

10 - the treatment solution is guided fluidically in the
deposition chamber in such a way that it does not mix

with solutions from the region of the anodes, and/or

- the solution present in the vicinity of the anodes
15 (anode chamber), and the solution present in the
vicinity of the material for treatment (cathode
chamber) are separated from one another by ion-
permeable means in such a way that these solutions do
not mix, and
20
- consequent decomposition products and unconsumed
additive compounds in the solution are removed by means
of filters from the treatment solution present iﬁ the
anode chamber and/or flowing away from the anode

25 chamber and/or from the cathode chamber.



of tm%}s are not achi eved, although 20 the concentration

of "t heThe rSdJebeHa?sBag suffici ently hi gh, the electrol yte nust be
cleaned Eﬁﬂm/electroly5|s system with a new y-used

el ectro in time can be reached aft “apoug 3 nont hs,
dependent on ent density, 25 especgiaHy* Fad } f quality of

t he electrolytlc | ayer are high. This iis, arﬂexahb¥é e jtase in the
technol ogy of printed circuit boards. Further'“ eani ng
5 of the electrolyte and of the electrolytic system

Treatment solution is subétantially understood to be
the solution continuously circulated, if necessary
dharged with additive reéidues and decomposition
products, which serves for treatment of the material.

5 Otherwise the term solution is substantially only used
in order to identify a solution which has a composition

different from that of the treatment solution.

It is also possible according to the invention to add

10 to the solution intended for the anode chambers
additives which have an effect on the anode action, its
solubility behaviour and gas formation at the anode, in
order to counteract negative operational conditions.
These in part superfluous additives and on occasion

15 further decomposition products, anode sludge and
gsimilar, are again filtered out of the solution by
correspondingly selected and equipped filters in the

circuit.

20 A further development of the invention consists in
removing the additive compounds frém the treatment
solution present in a cathode flow circuit connected
with the cathode chamber and from the anode flow
circuit connected with the anode chamber and separate

25 from the cathode flow circuit,_by means of filters

associated with the individual circuits.
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fact thafs bfleet s Bh REARSA Dl € entirely to renove the deconposition

products 5 organics which are not only present in the

el ectrol mm“ E!ﬂo on all the walls, tubes, ‘anodes-andgd=ftift her in
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organi ¢ deconposition 10 products is effected by an-e
t r eat ment and by flushing of all cont ai ners and Surfaces which come
into contact with the electrolyte. For this _ purpose, toxic solvents are
to sonme extent necessary. In addition to the di sadvantage of inconplete
cl eaning, 15 tmheecbﬁceherha¢bntbﬁtthéeaddmtyVeccompoandsnanShebe
interrupted for about one day. Further, a part of the

treatment solution may be maintained by continuous

addition of the compounds in the amount corresponding
at least to the continuous consumption of said additive
5 compounds. If the additive compounds in the treatment
solution conveyed to the material for treatment are
entirely removed by filters, the supplementary amount
— for maintaining the prescribed concentration of the
additive compounds in the cathode chamber may easily be
10 determined by calculation. As a result of an imminent
lack of additive compounds in the treatment solution at
the point where the compounds are added to the
golution, the amount of additive compounds to be
subsequently dosed is substantially derived from the
15 wvolume of circulated treatment solution, and need not

be determined from the results of analysis.

In a further embodiment, the solutions are'passed and
filtered out of the cathode or anode chamber via

20 separate circuits. For example, the solutions may be
passed separately through filters and thereafter

returned in common into the individual chambers.

In a further embodiment, the treatment solution is
25 circulated in a serial circuit from the material via
filter and anode and from that point back again to the

material for treatment.
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Filters such for eiample as wound cartridge filters,
rotary disc filters, pre-coated filters, gravitational
separators, activated carbon filters, osmotic filters,
molecular screens and ion exchangers are used as

5 filters.

The additive compounds may also be removed by
— additional filtering by meéns of activated carbon in an
additional electrolyte container serving to receive the
10 filtered treatment solutions. 1In order to prevent the
activated carbon from being flushed into the solution,
it is housed in suitable vessels, bags or sacks,

through which the solution flows.

15 If insoluble anodes are used for electrolytic
depogition, the loss of metal ions caused by deposition
in the treatment solution may be compensated for by
chemical dissolution of metal particles by means of
compounds of electro-chemically reversible redox

20 sgystemg added to the treatment solution.

In this case it is extraordinarily advantageous if the
metal particles present in a separate regenerating
chamber have an effective surface which is so large

25 that practically all the metal-dissolving compounds of

the redox system circulated to the regénerating chamber
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oxi d e anodes of an electrolytic cell. In a regenerating
chanb tn&tﬁasBeen Tised stage of the redox agent di ssol ves t he net al 5
to be ehl B ﬁ deposited in an externally - eFeci 10l 65s manner.
Thus th

galn reduced to i3S imitiaETcdhdPtron] The

oxidtse attacks "+ process organics presenbmthﬁt%ﬁ elegirol yte
extrenely i ntensively, but not the reducéd™stage. Furthernore, 10 the
presence of the oxidised stage of the redox agent at the cat hode
reduces the cathodic current yield to uneconom c | evel s. Thi s

met hod t hus onl arepehemésaddyi sedutedi wythnsimultaneous dissolution of

the metal particles.

The method according to the invention is carried out by

5 means of a device comprising:

- a deposition chamber, anodes, supply of current for
— polarising the material for treatment with respect to
the anodes, and pumps and lines for conveying the

10 treatment agent in the device,

- means of supplying current to the treatment solution

and/or ion-permeable means for avoiding mixture of the

solution present in the vicinity of the anodes and the
15 solution present in the vicinity of the material for

treatment,

- means of dosing the additive compounds, these being
so placed in the system that the additive compounds to
20 be dosed can rapidly pass fluidically into the vicinity

of the material for treatment,

- filters for removing consequent decomposition
products and superfluous additive compounds from the

25 circulated treatment solution.



15 el ectrotytic—processes which operate w thout process organics. This
for. exaqm;gw&§h§@£nﬁ gedi N dul | copper pl ating. If however the

dep05|te i ngs must have specific physical prqperties
whi ch ma E ‘l
20 el ectr

chieved by the addition of process orga ics to the

e method described pgfioreis unSU|tque This is

caused by the presence of the oxi di sed stiage Qﬁf;he_redﬁ% -agent ,
destroying the process organics, in the ehflré'electrolytlc system
Simlarly, in this electrolytic nmethod, the process 25 organics are
distributed in the electrolyte in the entire electrolytic system The

result is an exThemmkyhod araprdidgcoopobet inmentiohewpibckeserplanned by
t he
in the following with reference to a drawing, which

shows specifically:

5 Figure 1: diagram of an electrolytic system;

Figure 2: diagram of an electrolytic system without

e electrolyte container;

10 Figure 3: diagram of an electrolytic system with

insoluble anodes;

Figure 4: diagram of an electrolytic system with
insoluble anodes for plate-shaped material

15 for treatment.

The schematic view of an electrolytid gystem in Figure
1 shows a bath container 1 with the anodes 2 for the
front and rear sides of the cathodic material for

. 20 treatment 3.

The bath is supplied with current by means of the

current sources 4. The bath container 1 is subdivided |

in a fluid-tight yet ion-permeable manner by diaphragms
25 8 into a cathode chamber 6 and to anode chambers 7.

The treatment fluid/the electrolyte 8 in the cathode

chamber 6 can flow through an outlet 9 here indicated



REPL ACEVENT—SHEET 7 oxi di sed stage
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pr oduct Ject of the invention is therefore to finda 5
et hod m mugj metal deposition from . -electrolytes which
contain ves, and which epgbles contlnuous operiation with
uniforn1quallty of _ the deposi ted coating under. comdltlons which are
environnmental ly friendly and cost-effective. UFFig - 10-pethod-i S i nt ended to
enabl e the use of soluble and i nsol ubl e anodes.
as an overflow. The electrolytes in the anode chambers
7 have the outlets 10. Conveyed by the pump 11, the
electrolyte in the cathode chamber 6 passes into the
particle filter 12 and into the activated carbon filter
5 13, and thereafter into the electrolyte container 14.
Similarly, the.electrolyte from the anode chambers 7,
conveyed by the pump 15, passes through the particle
~— filter 16 into the electrolyte container 14. A further
pump 17 conveys the electrolyte back into the cathode
10 chamber 6 and into the anode chambers 7 through multi-
way valves not shown. The process organics are added
in a metered fashion to the electrolyte flow in the
cathode chamber 6. These process organics are conveyed
by means of a metering pump 18 from the storage
15 container 19. The electrolyte flow in the cathode

chamber 6 is distributed by the pipe 20.

Figure 2 shows diagrammatically an electrolytic system
similar to Figure 1, yet without an electrolyte

20 container. 1In this case the electrolyte is circulated,
serially from the cathode chamber 6, through the
filters 12 and 13 into the anode chambers 7, and from
that point back through the filter 16 into the cathode
chamber 6. Otherwise the electrolytic system in Figure

25 2 corresponds to that in Figure 1.



This object is achieved by clains 1 and 12. Preferred enbodi ment s of

t'he |nvent|on are |nd|cated in the sub- 15 cl ai ns. The solution to
this pr® a nmet hod and a device for electrolytic
dep03|t| |H ﬂ speci fi ¢ physi cal propertles on the surfaces
of atnent The ngd hod'i's characterlséd by the
omﬁng features: - a treatnent sol utilon_cohitarnihg addifive

conpounds 25 (process organics) serving to control the physical
properties of the netals, set in notion and circul ated

Figure 3 shows schematically utilisation of the method
according to the invention using insoluble anodes 21 in
a third embodiment of the electrolytic system, whose
electrolyte is enriched in a separate regenerating

5 chamber 22 with the metal to be electrolytically
deposited. The regenerating chamber 22 is filled with
metal particles 23. This metal for dissolution is

“ stored so as to be permeable by electrolyte.

Circulation of the electrolyte corresponds to the

10 procedures as described with reference to Figure 2.

Figure 4 shows the theoretical procedures of the method
according to the invention in an electrolytic system
for plate-shaped material 24, using insoluble anodes
15 25. The material 24 is transported horizontally
through the electrolytic system. Electrolyte flows
o over it in the cathode chamber 26 by means of flood
= tubes 27. This electrolyte is again separated in a
fluid-tight but ion-permeable manner by diaphragms 28
20 from the electrolyte in the anode chamber 29. The
circulated electrolyte, conveyed by the pump 13, passes:
from the cathode chamber 26 into a particle filter 31
and an activated carbon filter 32, and from this point
into the.electrolyte container 33. The pump 35 conveys
25 the electrolyte from this container into the flood

tubes 27, to the cathode, and into the flood tubes 36

to the insoluble anodes 25. The electrolyte, conveyed



REPLACENMENT SHEEF - by fluid flow, is brought into contact with the

mat eri Mced anodes, - the additive conpounds are added
to theq% et §$ cIeutlon at a point in the systen1mhere t hey can pass
rapidly rial for treatment by neans..of - quid flow, 1i.e.
at- a poi are relevant to ide: process 10 - Lhe

tr eat ment solutlon is guided fluidically in the L :“1

by the pump 39, passes through suction tubes 37 and
through the outlet 38 into the regenerating chamber 40,
which is filled with the metal which is to be
dissolved. The electrolyte, enriched with metal ions,
5 1is again passed through the following particle filter
41 to the electrolyte container 33. In this container
34 there may be located replaceable bags or sacks for
W, holding activated carbon 42 for receiving any process
ofganics still present in the electrolyte. The process
10 organics in the storage container 43, conveyed by the
metering pump 44, is mixed with the electrolyte, which
is introduced into the cathode chamber 26. The
electrolytic system shown schematically in Figure 4 may
also be operated with soluble anodes. In this case the

15 regenerating chamber 40 is omitted.

The particular features of the method according to the
invention usable in all the electrolytic systems
illustrated, will be further explained in the

20 following:

The region of the electrolyte relevant to the process
for the process organics, is kept spatially small by
one or a plurality of diaphragms. During electrolysis,

25 this region is as a rule only the cathode chamber. At
this point the process organics are present at a

concentration not greater than that necessary to



deposition chanber in such a way that it does not m x Wi th sol utions
fron1theﬂmaﬂk&ﬂh§§ the anodes, and/ or - the solution present in the

Vi Ci ni ty W 081.15 (anode chanber), and the sol ution_.present in the

vicinity for treatment (cathoge ) chanber) ar el separ at ed
fromone a per neabl e neaRg ijn ch 8, \ay ; ,fhat it hese

sol utions do not n1x and 20 - conséquent - ‘d dE;QﬂpﬂSL$$€ﬂ products
and unconsuned addi tive conpounds in theSolution are renoved by neans
of filters fromthe treatnent solution present in the anode chanber
and/or flow ng away fromthe anode 25 chanber and/or fromthe cat hode
chanber . achieve qualitatively perfect metallic coatings. At

least one diaphragm S divides the electrolytic cell in
Figure 1 into two electrolytic regions, i.e. into the

anode chamber 7 and the cathode chamber 6.

The electrolyte in the cathode chamber 6 is circulated
by a pump 11. Directly after the electrolytic cell

N there are located, as an example in Figures 1 to 4, a
particle filter 12 and an activated carben filter 13

10 for removing the organic components of the electrelyte.
The activated carbon filter is of such large dimensions
that practically all the process organics still present
in the electrolyte and their decomposition products are
continuously removed.

15
When there is a high loading of impurities on the
material for treatment, an additional electrolyte
circuit for the cathode chamber may be passed through a
further particle filter. Similarly, in the case for

20 example of a heavy occurrence of anode sludge, an
additional filter circuit with separate filter may be
set up for the anode chamber. This has the advantage
that the amount of circulated.electrolyte in the
circuit through the particle filter 12 and through the

25 activated carbon filter 13 may be adapted to the
consumption of process organics of the electrolytic

cell in a more precise way.



9 - Tr eat ment—solution is substantiall y understood to be t he

sol ut 'ﬂﬁséﬁ@ L QPRdphacdal rcul ated, if necessary charged with additive
re5|due tlon products whi ch serves for treatpent of the
mat er i a E{quﬂ the termsolution is gabstanti. aI | Y only ;used in
order-t | ution which has a Qg§p05|t|on - dlffenent from
t hat of the treatment sol ution. It is also pOSSIb|e accarlding to the

invention to add 10 to the-solution intended for the anode chanbers

For the filters 12, 13, 16, 31, 32, all known means and
methods known in practice can be used, such for example
as wound-cartridge filters, rotary disc filters, pre-
coated filters, gravitational separators, molecular

5 gcreens, activated carbon treatment, osmotic filters,
ion exchangers and other physically or chemically
operating separating arrangements. It is further

- possible to use electrical potentials in order to
generate electrical and magnetic fields in filters.

10 |
After the filters, the elect:olyte in an electrolytic
gystem according to Figure 1 passes into an electrolyte -
container 14 and only from this point back into the
electrolytic cell. The electrolyte in the electrolyte

15 container 14 is, according to the invention,
extensively free of process organics. Thus
decomposition products of organic origin cannot form
here. Thus none of the disruptive organic deposits
already described can occur here. A further pump 17

20 conveys the electrolyte free of process organics back
into the electrolytic cell. Generally only the
electrolyte fed to the cathode chamber need be enriched
with new organics by continuous metering. This is
appropriately effected before the electrolyte passes

25 into the cathode chamber 6. In exceptional cases, a
specific organic material may be metered also into the

electrolyte which is introduced into the anode chamber.



addi ti ves which have an effect on the anode action, its solubility

behav%our Eﬁa‘gas-%eenailon at the anode, in order to counteract
negat i S éﬁﬁB*&ﬁ acSONdi tions. These in patt. superfuots~addi ti ves
and on 3rther deconposi tion prodiyctss; : aﬂode sludgel

simla | tered out of the solfgloﬂ by  riis

selected an d filters in the C|rcuu&:::==26*

devel opnent of the i nvention consists in renDV|ng.the addi tive
conpounds from the treatment solution present in a cathode flow
circuit connected wi th the cathode chanber and fromthe anode fl ow

circuit connectedeWrbhiftiglaaneenthasbagadndf separadedut 26nfthen t he cat hode
flow circuit, by neans of filters
electrolyte circuit after the electrolytic cell. For
this purpose individual filters designed for the
organic material may be used. This situation is not
5 sgshown in the Figures. It is of advantage in the
invention that these metered amounts can always
originate from an equal concentration of the process
— organics in the electrolyte, i.e. from concentration
zero. That is to say that this corresponds practically
10 to a new use of the electrolyte. For this purpose the
metered amounts of process organics per component and
per unit of electrolyte volume are known and thus may
be extremely precisely supplemented without great
technical outlay. Permanent subsequent metering is
15 therefore not based on analysis of the process
organics, a factor which is technically extremely
complex, such for example as cyclic voltametry.
Intermittent monitoring procedures are restricted only
to the indication of process organics in regions which

20 according to the invention should be free of organics.

The subsequent metering of process organics is effected
continuously, or so to speak continuously, in such a
way that precisely the required concentration is re-

25 established in the electrolytic cell and there only in
the chamber relevant to the process. A suitable

metering point is an injection point in the pipeline



circuits.

REPLACEM?,&H;e&;E - 10 Th_(_a_____,.

concentr i tive conpounds in the_.....treatWemnt |

be mai nt Hﬁ" ﬁ)ﬂnuous addi tion of th§ ﬂpmrpounds |n the .anmount
correspa east to the continu Cl nsun‘ptldn"of S@iA@,Jaddltlve
5 conpounds If the additive conpounds |nQHﬁe EHEMt . sol ution
conveyed to the material for treatnent are entlrely renoved by filters,
t?et ﬁuppl enmentary anount for maintaining the prescribed concentration
o] e

system for the electrolyte circuit in the vicinity of
the electrolytic cell. The consumption of process
organics is also small in volumetric terms. Because
thelmetering of larger volumes is technically simpler,

5. the process organics may be pre-diluted as far as the
removal of the electrolyte from the electrolytic cell
by the material for treatment will permit. Suitable

e liquids, or the electrolyte itself, are used for

dilution. Continuous metering of these process

10 organics into the injection point and their mixture in
the pipeline ensures their uniform distribution in the

space in the electrolytic cell relevant to the process.

In a further electrolytic system according to Figure 2,
15 the electrolyte is removed from the cathode space 6

and, after filtration, is passed into the anode

chamber 7, free of process organics. From this point

it is then pumped back into the cathode chambexr by pump

15, this electrolyte, as described, being enriched with |

20 process organics by metering.

The use of diaphragms in order to avoid admixture of
the electroiytes in the anode chambers with the
electrolyte in the cathode chamber may also be omitted.
25 1In this case the current supply of the electrolyte
returned to the electrolytic cell should be so selected

that no admixture takes place. This may be achieved



addith@“COﬁﬁ@Uﬂd§\LﬂN;?? cat hode chanber nmay easily be 10 deterni ned by
cal cul ahis gf, a resu of an i nm nent | ack of additive conpounds in
t he tre et the point where the conpounds.are added to
t he I anDunt of additive conpounds to .be ... ;stbsequently
dosed |s derived fromthe L@rvolune of . C|rculated t r eat ment
sol ution, and need not be determned frgmthe. results of+anal ysi s.
In a further enbodi ment, the solutions are passéed and filtered out of
the cathode or anode chanmber via 20 separate circuits. For exanple, the
sol utions nay be ~ passed separately through filters and thereafter
returned in comyBhi ohe ahd bfdElbddatubbanbtigned in a controlled

manner in the theoretical separation of the chambers.

In an electrolytic system according to Figure 4, the

anodes 25 are flooded with electrolyte in a controlled

5 manner by the flood tubes 36, and the cathode by the
flood tubes 27. .When there is a sufficient circulating

quantity of electrolyte and thus a corresponding flow

— speed, the diaphragm 28 may be omitted.

10 When insoluble anodes are used, the metal content in
the electrolyte may be supplemented with the aid of a
suitable redox agent. Care must however be taken-that
the process organics required in the cathode are not
mixed with the oxidised stage of the redox agent. This

15 requirement is precisely fulfilled by the method
according to the invention. The process organics are
located, separated by diaphragms 5, 28, only in the
cathode chamber 6, 26, which is free of the aggressive
oxidised stage of Ehe redox agent. Thus the organics

20 are protected at this point. The anode chamber 7, 29
and the connecting regeneration chamber 22, 40 is free
of process organics, but contains the oxidised stage of
the redox agent, necessary to dissolve the metal in the
regenerating chamber 22, 40.

25
When in addition, through the availability of a

sufficiently large effective surface of the metal to be



In a fur

25 circulated in a

the treatnment solution is
serial - (ﬂmimwéH&&pn1the material via filter and anode and fromt hat
p0|nt bac material for treatnent.
’mm” HB’ exanpl e as wound cagpt¥id e
dISC filte d filters, gravitati aaﬁﬁi 'separat rs,,actlvated
carbon filters, osnotic filters, nol ecu a} si eves 'and-ion.exchangers
are used as 5 filters.

.dissolved in the regenerating chamber 22, 40 all the
ions here present in the electrolyte of the oxidised
stage of the redox agent are reduced, the electrolyte
to be conveyed from the regenerating chamber into the
cathode chamber is free of aggressive materials which
could attack the process organics at that point. Thus
the invention enables enrichment of the electrolyte in
metal, with the aid of a redox agent.
10 The method according to the invention ensures a
permanent high-quality deposition of metallic coatings
from electrolytes which contain additives of process
organics. In this respect the use of soluble and
insoluble anodes is possible. The method further
15 ensures that the metered addition of the process
organics which are decisive for quality, takes place
under conditions which are to be ascribed to simple
initial conditions of the concentrations of the process
organics. The result is a technically very simple and

20 reproducible process procedure. Complex analytical

determination of the actual value of the process

organics in the electrolyte is not necessary. This
includes the fact that any optional process organics
may be used in any optional, particularly minimum

25 éoncentration, without the necessity of frequently and

in a complex manner analysing the electrolyte.



The Lve conpounds may al so be renoved by additional filtering by

neans of actlva on in an addi tional electrolyte container
serV|n Lhe 10 filtered treatnent sol utions. In“orger to
preven 4t ed car bon from being flushed-i-nto*th

it is able vessel s, bags or ggcks;ius ¢ ifhrowgh mhlbh the

sol ution floms 5 | f |nsoluble anodes areégsed f.or-éf

deposition, the loss of netal ions caused by depesFtion™ _ _
treatment solution nay be conpensated for by chemnical dissolution of
netal particles by nmeans of conpounds of electro-chemcally reversible

redox 20 systens added to the treatnent sol ution.

N, Patent Claims:

10 1. Method for electrolytically depositing metals of
specific physical properties on the surfaces of
material for treatment by means of a treatment solution
set in motion by fluidic flow and guided in a circuit,
to which are added additive compounds serving to

15 control the physical properties of the metal, in which

- the additive compounds are added to the treatment

solution at a point in the system from which they may

rapidly pass by flow on to the material for treatment,
20 |

- the solution is brought into contact with the

' material for treatment and anodes,

- the treatment solution is passed into a deposition
25 chamber, and/or the solution present in the vicinity
of the anodes (anode chamber), and the solution present

in the vicinity of the material for treatment (cathode

* c L M S *




I n thls—ease—+L—+s_exLijud|narlly advant ageous if the netal particles

presentﬂngS rate r eneratlng chanber have an effective surface
whi ch |s e t practically all the netal-dissoetyi=-rg=gonpounds
of ' n1C|rcuIated to the reg&ﬁﬁf“tJHQ chanb@rM

12 y reduced with sinul an%ous dggsolutlon of t he
netal_partlcles. The net hod accordlng t o it he-t-nAvention s carried out
by :

chamber), are separated from one another by ion-

permeable means in such a way that the solutions do not

mix,

5 - consequent decomposition products and unconsumed
additive compounds are removed from the solution
present in the anode chamber and/or flowing away from

[ the anode chamber and/or cathode chamber.

10 _2. Method according to claim 1, characterised in that
there are added to the treatment solution passed to the
anode chamber special additives, whose residues,
inclusive of decomposition products occurring in the
anode chamber, are filtered out of the return solution

15 in circuit by means of filters specially designed for

~the components to be filtered out.

L
3. Method according to claim 1 or 2, characterised in
that the additive compounds are removed from the

20 treatment solution present.in a cathode flow circuit
connected to the cathode space, and from the treatment
solution present in an anode flow circuit connected to
the anode chamber and separate from the cathode flow
circuit, by means of filtere associated with the

25 individual circuits.

A



5 nmeans of a device conpri sing: - a deposition chanmber, anodes,
supply*BT“TnT1ﬁﬂ—44m;_____ polarising the material for treatnment with
respectTh@ﬂma}hsﬁaﬁ anodes and punps and |ines_ for conveyi ng=thet 10

treatnent Hevi ce, - neans of’ supplylng a flowipf the
treatnen #ﬂ and/or i on- per neabl ggneans for,;aveiding mxture of

t he in the vicinity of the_@ﬂedeswaﬁd'the 15 sol ution
present |n the V|C|n|ty of the material for treat ment, - means of
dosi ng the additive compounds, these being so pl aced in the systemt hat

the additive conpounds to :
4. Method according to one of the preceding claims,

characterised in that the amount of additive compounds
corresponding to the concentration to be set in the
treatment solution is continuously added to the

5 treatment solution containing no additive compounds and

flowing to the cathode chamber.

— 5. Method according to one of the preceding claimsg,
characterised in that the quantity of additive

10 compounds to be subsequently metered as a result of a
potential lack of additive compounds in the treatment
solution at a point where the compounds are added to
the solution, is substantially derived from the volume
of the circulated treatment solution.

15
6. Method according to one of the preceding claims,
characterised in that filters selected from a group
containing wound cartridge-filters, rotary disc
filters, pre-coated filters, gravitational separators,

20 activated carbon filters, osmotic filters, molecular

screens and ion exchangers are used.

7. Method according to one of the preceding claims,
characterised in that the solution is firstly filtered
25 1in a first particle filter and thereafter by means of

activated carbon.

A



20 b ' pass fluidically into the vicinity of the
mat’er i ar.,.trea nt - filters for renoving consequent _

. de‘conp’rﬁiss eetHas.Eeen nPi G‘bct s and Superf | uous adc_l_l_t.!\_/e- npou_nd‘S.f‘r,()m t he
circul MHHM sol uti on. ‘1"‘( - NG
REPLA | "3

according to the invention will be explaingg h===££2i£;gf:*
reference to a draw ng, which shows specifically:
8. Method according to one of the preceding claims,
characterised in that the treatment solution is
circulated from the material for treatment through
filters to the anode and from this point back in a

5 circuit to the material for treatment.

9. Method according to one of claims 1 to 7,
— characterised in that the solutions in the anode
chamber and in the cathode chamber are conveyed and

10 filtered in separate circuits.

10. Method according to one of the preceding claims,
characterised in that when insoluble anodes are used, a
loss of metal ions caused by electrolytic deposition is
15 compensated for by chemical dissolution of metal
particles by means of compounds of electrochemically
reversible redox systems added to the treatment

solution.

20 11. Method according to claim 10, characterised in that
the metal particles present in a separate regenerating
chamber (10) have an effective surface of such a size
that practically all the metal-dissolving compounds of
the redox system circulated to the regenerating chamber

25 are chemically reduced, with simultaneous dissolution
of the metal particles.

’;’ﬂ,,,_f-’*”"’f~'
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The schenatlc VIeM/Of an electrolytic systenlﬁn F|QULe

cont ai ner

Lagram of an electrolytic system
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Figure 2: diagram of

10

haﬁn electrolytic systemw th e |nsoluble

4: di agram of an electrolytlc systenlmnth
plate shaped material 5515 "

TLArs fug f

1 with the anodes 2 for the

10

15

20

25

12. Device for electrolytic deposition of metals of
specific physical properties on the surfaces of
material for treafment (3, 24) (cathode) by means of a
circulated treatment solution set in motion by fluid
flow, additive compounds serving to control the
physical properties of the metal being capable of

addition, comprising

- a deposition chamber (6, 26; 7, 29) for treatment
material, anodes (2, 25) a current supply (4) for
polarising the material for treatment with respect to
the anodes, and pumps (11, 15, 17, 30, 35) and pipes

for conveying the treatment solution in the device,

- means for flow guidance of the treatment solution to
the material for treatment and/or ion-permeable means

(5, 28) in order to avoid mixture of the solution

present in the vicinity of the anodes (anode chamber 7,

29) and the solution present in the vicinity of the

material for treatment (cathode chamber 6, 26),

- means (18, 19, 43, 44) for metered addition of the
additive compounds to the treatment solution, located
at a point in the circuit from which the metered
additive compounds are conveyed directly to the

material for treatment,

LW L

for 't r gat ment .
.4+ shéws a bath



front and rear

sides of the cathodic material for 20 treatnent 3.

The bath is supplied with current by nmeans of the

The bat Ahie SireetcHanBeen Replsteds ubdi vi ded ina fluid-tight yet ion-perneable

manner byl _ 5 Sinto a cathode chanber 6 and two anode chanbers
7. | - | ui d/ the electrolyt388 in the cathode chanber

can flow through an outlet 9 here indicate

10

15

20

25

- filters (12, 13, 16, 31, 32) for removing consequent
decomposition products and superfluous additive

compounds from the circulated treatment solution.

13. Device according to claim 12, characterised by
filters (12, 13, 16, 31, 32) for physical and/or
chemical separative cleaning, selected from a group
comprising wound-cartridge filters, rotary disc
filters, pre-coated filters, gravitational separators,
activated carbon filters, osmotic filters, molecular
screens and ion exchangers and/or a combination of
these filters, designed to correspond to the type of
additives and decomposition products to be filtered

out.

14. Device according to claims 12 or 13, characterised
by an additional electrolyte container (14, 33) for

receiving the filter treatment solution.

15. Method for electrolytic deposition of metals of
specific physical properties on the surfaces of

material for treatment, characterised by individual
features or all new features or combinations of the

disclosed features.

16. Device for electrolytic deposition of metals of

specific physical properties on the surfaces of

\

R oy mm

current sources 4.

6



as an BMemﬁa "The electrolytes in the anode chanbers 7 have the

outlets labyg t he punp 11, the el ectrolyte in the cathode
chanber t he particle filter 12 and into the .activated
car bon f and thereafter into the el-ectrol yte .container 14.
Simlarly, the el ectrolyte fromthe anode eRaribéers 7, ,.. ., .conveyed by the
punp 15, passes through the particle fI|téW lﬁ,Lnto;the -gleetrol yte
contai ner 14. A further punp 17 conveys thé el ectrol yte back into the
cathode 10 chanmber 6 and into the anode chanmbers 7 through nulti- way

val ves not shown. The process or ani cs are added in a netered fashion
to the eIectroﬂy?%§?+%§/$ﬂrtﬁ€ea mepLy hGHETAFASEdSeE Pvhdddivrisiuads

organl CS are CO

f h
15 cont ai ner ﬁ%ﬁ?%?egfr%}gegeylgﬁpgﬁgg%grgg%ﬁ%§ﬁga§§oﬂgmgé 1§ Storage

disclosed features.

; E101 

METHDD FOR ELECTROLYTIC DEPOSITION OF+ METALS

'{FROM ELECTROLYTES WITH PROCESS ORGANICS

15 ABSTRACT:

ﬁifThe 1nventi§n relates to a method of electrolytic
dep051tlon of metals from electrolytes, which contain
additives or process organics in order to achieve
20 specific physical properties. Such additives are
subject to continuocus consumption during electrolysis,
decomposition products forming from these additives,
which deposit in the'entire electrolYticlsystem and
thus also on thé material for treatment.
25
e ... Thus the object underlying the invention is to avoid
quality shortfalls in the deposited coatings caused by
I —

A



chanberﬂ@
di agra
mnthout
circul at

filters 12 and 13 |n t he anode chanbers 7%
through the filter 16 into the cathode
el ectrolytic systemin Figure 25 2 correspon

15

i

dlstrl y the pipe 20 ‘Figure 2 shows

10

15

20

25

a BamR kﬁ&irolytlc system - - simlar to Figure 1, yet
20 container. In this'case the electrolyte IS
y fromthe cathode chanher..6,:-thfough”t. a
ot hat p0|nt back

: NET \WL.SL: .
=FEt T h B gure 1.

material for treatment, characterised by individual
features or all new features of combinations of the

disclosed features.

METHOD FOR ELECTROLYTIC DEPOSITION OF METALS

FROM ELECTROLYTES WITH PROCESS ORGANICS
ABSTRACT:

The invention relates to a method of electrolytic
deposition of metals from electrolytes, which contain
additives or process organics in order to achieve |
specific physical properties. Such additives are
subject to continuous consumption during electrolysis,
decomposition products forming from these additives,
which deposit in the entire electrolytic system and

thus also on the material for treatment.

Thus the object underlying the invention is to avoid

quality shortfalls in the deposited coatings caused by



Fi,gure .3 shows_schematically utilisation of the nmethod according to the
i nyention u3|ng |nsoluble anodes 21 in a third enbodi nent of the

electrolytic sysh eetmh laced ectrolyte is enriched in a separate

regenerating .5~_ the netal to be electrolytlcally -
deposited. The r nber 22 is f3glled \Mth‘Le ”Ekﬁﬁsf@ft'CIES

23. This netal for dissolution is stored so as to| Heable.by

el ectrol yte. Circulation of the electrolyte corresponds to the 10
procedures as described with reference to Figure 2. Figure 4 shows

t he theoretical procedures of the nethod according to the invention in

an el ectrol yti c ongarsim resifdresl sl shapdd aretegr itad ahieavsd g i nsol ubl e

anodes 15 25. The material 24 is transported horizontally
continuous metal deposition with uniform quality of the
metal coatings. This object is achieved by spatial
limitation of the concentration of the process organics

5 to the electrolyte region in the eiectrolytic system in

which it is relevant to the process. The circulated
electrolYte is kept free of process organics by

S~ filters. Renewed metered addition of process organics

is effected in dependence on consumption directly

10 before the region relevant to the process.

(Figure 1)



thtdﬁgh the -el ectrolytic system Electrolyte flows over pf.i :
Gat hode chanber 26 by neans :of fl ood tubes 27. This elec éﬂ#@E&EEESHEEr

again separated in a fluid-tight but ion-pernmeable manner bggﬂﬁkﬁ}m%&gm .
28 20 fromthe-electrolyte in the anode chanbfr 29. The crrcul ated .
el ectrolyte, conveyed by the punp 30, passes fromthe cathode chanber

26 into.a particle filter 31 and an activated carbon filter 32, and
fromthis point into the el ectrolyte contai ner 33. The punp 35 conVeys
25 the electrolyte fromthis container into the flood tubes 27, to the

cathode, and into the Tl qadriapasoRGiecTRARIRE diabilay BPiesrds . The

el ectrol yte, conveyed
' FROM ELECTROLYTES WITH PROCESS ORGANICS

Description:

The invention relates to a method of electrolytic

deposition of metals, using soluble or insoluble

anodes.

10 The physical properties of the deposited metal may be
varied within wide limits by the addition of materials
to the electrolytes. For this purposé organic additive
materials, also called process organics or additive
compounds, have become widely used. For example they

15 determine properties of the deposited coatings such as
brightness, elongation and hardness. This process
organic material is known in thé technology of printed

circuit boards as a brighteher and leveller.

20 During electrolysis, the process organic material is
cqntinuously consumed in small amounts. This occurs in
_all éfeas of the electroplating system, i.e. at the
cathode,lat the anode and in the entire volume of
electrolyte. The consumed amount of process organic

25 material must be replaced, this as a rule being
effected discontinuously. However, due to this,

increased amounts of decomposition products and



16 = by the punp 39, passes througH‘suction tubes 37 and t hr ough

the outlet 38 into the regenerating chanber 40, whi ch i

the netal which is to be di ssol ved. The el ectrol yte, enﬂEguGMN[mlrgsgl;EET .
metal ions, 5.i-s agai n passed through the foll ow ng particle Efﬁpgr .
41 to the electrolyte container 33. In this coftainer 33 there may be

| ocated repl aceabl e bags or sacks for hol di ng activated carbon 42 for
recei ving any process organics still present in the electrolyte. The

process 10 organics in the storage container 43, conveyed by the

metering punp 44, is i ' he el Webaudy i Sord d

into the cathode ch‘g %%%%él%ext' e e%é&'l =il CJE the 'condtnifthine
due to deposition of the process organics and alsc due
to the excess amount of organic material located at

least intermittently in the electrolyte.

Because of the extremely cbmplex method of determining

process organics in the electrolyte, there are used for

éubsequent dosing indirect magnitudes such for ekample ,
as the converted ampere-hours af the electfolytic ’

10 process. Erroneous dosages cannot be excluded. The
resultant quality éhértfalls in the deposited coating
often becéme apparent extremely late, i.e. great damage
can be caused. An example of this is the appearance of
errors due to process organics in printed circuit

15 boards, such as cracks aﬁ the edge of perforations,

which makes its appearance felt only during subsequent

soldering of components or even later.

The decomposition products of process organics are

20 distfibuted in an uncontrolled manner in ﬁhe entire
amount of electrolyte in the electrolytic system. This
_distribution is supported by electrolyte movements due
to the process and air insufflations in the
electrolytic cell as well as by thelgenerally widely-

25 distributed circulation of electrolyte through
accessory sections and particle filters. These filteré

are not capable of separating the decomposition



el ectrolytic system shown schematically in Figure 4 my = also be
operated with soluble anodes. In this case the 15 regenerRgpi MENTTS 0
is omtted. The particular features of the nethod aCHL(E‘EI(}))!J(S‘,%E ol tF‘l} E]A

i nvention usable in all the electrolytic systens iIIustrat@g? w il be
further explained in the 20 foll ow ng: 3 The region of the electrolyte
rel evant to the process for the process organics, is kept spatially
smal | by one or a plurality of diaphragns. During electrolysis, 25
this region is as a rule only the cathode chanber. At. this point the

process organics are present at a concentration not greater than that
necessary to products. The presence of the decomposition products

can onl? by indicated analytically with a high outlay.
Due to the multiplicity of materials involved and to
the differing concentrations, their effect on the

5 material for treatment in the electrolytic cell cannot
be foreseen. The necessarily continuous
supplementation of the consumed process organics means
that the concentration of decomposition products in the
electrolyte also increases. Attempts to counteract

10 this damaging concentration by filtration have met with
only limited success. Due to the extensive
distribution of the process organics and of their
decomposition products in the entire electrolytic
system, the material for treatment cannot be protected

15 from exposure to irregular concentrations. Thus in the
region of the material for treatment, the concentration
of process organics conditional upon dosing and the
amount of decomposition products fluctuates.
Consequently, the quality of the metal coating

20 deposited on the material for treatment is subject to
uncontrolled fluctuations. For example, when
electroplating printed circuit boards, the sporadic
formation of so-called pimples is observed, which form
at the point of deposition of the decomposition

25 products. Treated material with these dot-shaped
increases in coating thickness is generally scrap.

Likewise, formation of grit on the deposited coating,



REPLACEMENT SHEET - 17 achi
gualitatively perfect netallic coatings. At | east one':mmm §HEET

divides the electrolytic cell in Figure 1 into two eléctrelyty -
regions, i.e. into the anode chamber 7 and the cathodde chgn% Arlﬁ-‘é.1997 5 -
The el ectrol'yte in the cathode chanber 6 is citcul ated by a punp 11.
Directly after the electrolytic cell there are | ocated, as an exanple
in Figures 1 to 4, a particle filter 12 and an activated carbon filter
13 10 for renoving the organic conponents of the electrolyte.

which is occasionally observed, leads to scrapping. In
addition, the ultimate elongation of copper coatings on
printed circuit boards decreases as the residence time
of an electrolytic bath continues, although the
5 concentration of process organics, which may be

determined by analysis, lies within prescribed limits.
In order to avoid an unacceptable accumulation of
impurities in the_electrolyte, the latter is
continuously circulated through filters. _Cartridge

10 filters, which can separate particles at less than 0.2
um, are widely used. As a rule, the organic
decomposition products pass unhindered through such
filters. The samé applies also to the unconsumed
process organics. The return of circulated filtrate

15 into the cathode space is used in order to cause the

electrolyte to flow over the material for treatment.

If the acceptable minimum limits of physical properties
of the deposited coatings are not achieved, although
_20 ﬁhe concentration of the process organics is
sufficiently high, the electrolyte must be cleaned. 1In
a new electrolysis system, with a newly-used
electrolyte, this point in time can be reached after

about 3 months, dependent on the current density,

25 especially if standards of quality of the electrolytic
layer are high. This is for example the case in the

technology of printed circuit boards. Further cleaning



The attivated carbon filter is of such |large dinensions t hat

practically all the process organics still present I n thdiEEUkﬂﬁMENTySHEET
and their deconposition products are continuously renoved. % e 1
When there is a-righ |oading of inpurities on e mat eri al % a9 .
treatnment, an additional electrolyte circdit for the cathode chanber

may be passed through a further particle filter. Simlarly, in the

case for 20 exanple of a heavy occurrence of anode sludge, an s
additional filter circuit with separate filter nmay be set up for the

oot rolyia in the oL ERkPEABRNERIORE ang bECnL F1EFEOLYRLSCEREER: ugh
the 25 activated cgph8g@atteiChedémbiebEsddep!t &€ éﬁoiﬁér intervals. This
is caused by the fact that it is not possible entirely
to remove the decemposition products of the process
5 organics which are not only present in the electrolyte

but also on all the walls, tubes,_anodes and further in

bath inclusions, units and apparatus.

—

Cleaning of the electrolyte of organic decomposition
10 products is effected'by an activated carbon treatment
and by flushing of all containers and surfaces which
come into contact with the electrolyte. For this
purpose, toxic solvents are to some extent necessary.
In addition to the disadvantage of incomplete cleaning,
15 there is the fact that electrolytic operation must be
interrupted for about one day. Further, a part of the
electrolyte, together with the activated carbon, must

be disposed of in a cost-intensive manner.

20 When insoluble anodes are used, the metal content ih
the electrolytic cell mﬁst be continuously supplemented
to correspond with the deposition of metal. Suitable
for this purpose are metallic salts which are added to
the electrolyte. Tﬁis may be more.advantageously

25 effected with a redox agent as an additive to the
electrolyte. This involves a material which is

reversibly electrochemically convertible. Such a



consunption of process organics of the electrolytic cell .in a nore

preci se way. For the filters 12, 13, 16, 31, %PLMHMWQ]‘ e
nmeans and net hods known in practice can be used, such for eRRRphED W

as wound-cartrirdge filters, rotary disc filterg, pre-. coated Tilters, -
gravitational separators, nolecul ar 5 sievesS, activated carbon

treatnent, osnotic filters, I on exchangers and ot her physically or .

chem cal ly . operating separating arrangements. It is further

method is described by Patent DD 215 589 Al. The

additive material oxidises at the anodes of an

electrolytic cell. In a regenerating chamber, this

oxidised stage of the redox agent dissolves the métal
5 to be.electrolytically deposited in an externallf

electroless manner. Thus the additive is again reduced

to its initial condition. The oxidised stage attacks
.process organics present in the electrolyte extremely '
intensively, but not the reduced stége. Furthermore, '

10 the presence of the oxidised stage of the redox agent
at the cathode reduées the cathodic current yield to

uneconomic levels.

This method thus only operates éatisfactorily in

15 electrolytic processes which operate without process
organics. Thié for example is the casé in dull copper
plating. If however the deposited metallic coatings
must have specific physical properties which may only
be achieved by the addition of process orgénics to the

20 electrolyte, then the method described beforé_is
unsuitable. This is caused by the presence of the
.oxidised stage of the redox agent, destroying the
process organics, in the entire electrolytic system.
Similarly, in this electrolytic method, the process

25 organics are distributed in the electrolyte in the
entire electrolytic system. The result is an extremely'

rapid decomposition of the process organics by the



possichl e to use electrical potentials in order to generate el ectrical

and magnetic fields in filters. 10 After the filters, thcREPLAGEMENT SHEET
in an electrolytic system according to Figure 1 passes intO'?# AUG 1997
el ectrolyte - .container 14 and only fromthis point back into e
electrolytic cell. The electrolyte in the ele@trolyte 15 container 14 is,
according to the invention, extensively free of process organics. Thus
deconposition products of organic origin cannot form here. Thus none of
the disruptive organic deposits al ready descri bed can occur here. A
further punp 17 20 copveys the electrolyte free of process organi cs_back
“into the el ectrol WR¥t3+38¢ stagr of |the Wedensagent, o RYFHRY 1R FaRAd o t he

cat hod.e charber neeergral.)&tt?g:{tl_ Ca{lne ddecomposition product.

The object of the invention is therefore to find a

5 method and a device for metal depbsition from
electrolytes which contain organic additives, and which
enablés continuous operation with uniform quality of
the deposited coating under conditions which are
environmentally friendly and cost-effective. The

10 method is intended to enable the use of soluble and

insoluble anodes.

This object is achieved by claims 1 and 12. Preferred
embodiments of thé invention are indicated in the sub-

15 claims.

The solution to this problem encompasses a method and a
device for electrolytic deposition of metals with
specific physical properties on the surfaces of

20 material for treatment.
The method is characterised by the following features:
- a treatment solution containing additive compounds'

25 (process organics) serving to control the physical

properties of the metals, set in motion and circulated



mﬁth?neM/organics by conti nuous netering. This S appropri at el
effected before the electrolyte passes 25 into the cathode CBEPMEKMENTISHEH
exceptional cases, a specific organic material nmay be netered alsogpn? -

into the electrolyte which is introducedg nto the anode chanber.~ .
19 The residual amount is again filtered out in the electrolyte
circuit after the electrolytic cell. For thi s purpose i ndividual

filters designed for the organic material may be used. This situati’on
is not 5 shown in the Figures. It is of advantage.in the

by fluid flow, is brcught into contact with the

material for treatment and anodes.,

- the additive compdunds are added to the treatment

5 solution at a point in the system where they can pass
rapidly on to the material for treatment by means of
fluid flow, i.e. at a point where they are relevant to

the process,

—~

10 - the treatment solution is guided fluidically in the
deposition chamber in such a way that it does not mix

with solutions from the region of the anodes, and/or

- the solution present in ﬁhe vicini;y of the anodes
15 (anode chamber), and the solution present in the
vicinity of the material for treatment (cathode
chamber) are separated from one another'by ion-
permeable means in such a way that these solutions do
not mix, and
20
- consequent decomposition products and unconsumed
_additive compounds in the solution are removed by means
of filters from the treatment solution present in the
anode chamber and/or flowing away from the anode

25 chamber and/or from the cathode chamber.

et



I nvention that these netered anmounts can al ways driginat%;fron1an ﬁgual
concentration of the process organics in the electrol yte EPLAGEMENTSHEET

concentration zero. That is to say that this corresponds pm?%th alfyy -
10 to a new nmake-up of the electrolyte. For t@:s pur pose the ‘né?ére .
anounts of process organics per conponent and per unit of electrolyte
vol ume are known and thus may be extrenely precisely suppl enented

wi t hout great techni cal outlay. Pernanent subsequent netering is 15

t herefore not based on analysis of the process .organics, a factor which

i's technically extpegBlyent s6QURiBH: i8UslibbLhneXaTRYCuR8e¥Ebbl to be
vol tanmetry. | Intermttent nonitoring procedures are restricted only

to the indication phePEetAEScAr B8ALEAUbISLPILOREUIELEH, 28 neeessary tO the
i nvention should be free of organics.
charged with additive residues and decomposition
- products, which serves for treatment of the material.
5 Otherwise the term solution is substantially only used

in order to identify a solution which has a composition

different from that of the treatment solution.

It is also possible according to the invention to add

10 to the solution intended for the anode chambers
additives which have an effect on the anode action, its
solubility behaviour and gas formation at the anode, in
order to counteract negative operational conditions.
These in part superfluous additives and on occasion

15 further decomposition products, anode sludge and
similar, are again filtered out of the solution by
correspondingly selected and equipped filters in the

circuit.

20 A further development of the invention consists in
removing the additive compounds from the treatment
‘solution presént in a cathode flow circuit connected
with the cathode chamber and from the anode flow
circuit connected with the anode chamber and separated

25 from the cathode flow circuit, by means of filters

associated with the individual circuits.



The subsequent netering of process organics is effected conti nuously,

or so to speak continuously, in such a way that precisely REPEACEMENT: SHEET
concentration is re- 25 established in the electrolytic cell aanigﬁkp1gg7
only in the chanber relevant to the process. A suitable ering
point is an injection point -in the pipeline 10 ' system for the
electrolyte circuit in the vicinity of the electrolytic cell. The

consunption of process

The concentration of the additive compounds in the
treatment solution may be maintained by continuous
addition of the compounds in the amount corresponding
at least to the continuous consumption of said additive

5 compounds. If the additive compounds in the treatment
solution conveyed to the material for treatment are
entirely removed by filters, the supplementary amount
for maintaining the prescribed concentration of the
additive compounds in the cathode chamber may easily be

10 determined by calculation. As a result of an imminent
lack of additive compounds in the treatment solution at
the point where the compounds are added to the
solution, the amount of additive compounds to be
subsequentiy dosed is substantially derived from the

15 wvolume of circulated treatment solution, and need not

be determined from the results of analysis.

In a further embodiment, the solutions are passed and
filtered out of fhe cathode or anode chamber via

20 separate circuits. For example, the solutions may be
passed separately through filters and thereafter

returned in common into the individual chambers.

In a further embodiment, the treatment solution is
25 circulated in a serial circuit from the material via
filter and anode and from that point back again to the

material for treatment.



organics is also small in volunetric terns. Because t he nﬁE rt@@EﬂfSHEET
IFarger volunes is technically sinpler, 5 the process organics may be

pre-diluted as far as the renoval of the electrolyte fromthe: s
el ectrolytic celt
liquids, or the electrolyte itself, are used

by the material for treignent wll pernit. ‘Suitable -
r di lution. Continuous

metering of these process 10 organics into the injection point and their
m xture in the pipeline ensures their uniformdistribution in the
space in the electrolytic cell relevant to the process. In a further

el ectrolytic syst e@ﬁ%%rsdigw:% gcﬁi Uit akd woulbtl @aetilitig i1t eraoved

fromthe cathode space

after“tiltration, is passéd into the

anode  chanber %otlarge difedPFAARET 0" pel-coatedOPiflltiesrshoigtlavitational

10

15

20

25

separators, activated carbon filters, osmotic filters,
molecular sieves and ion exchangers are used as

filters.

The additive compounds may also be removed by
édditional filtering by means of activated carbon in an
additional electrolyte container serving to receive the
filtered treatment solutions. In order to prevent the
activated carbon froﬁ being flushed into the solution,’
it is housed in suitable vessels, bags or sacks,

through which the solution flows.

If insoluble anodes are used for electrolytic
deposition, the loss of metal ions caused by deposition
in the treatment solution may be compensated for by
chemical ‘dissolution of metal particles by means of
compounds of electro-chemically reversible redox

systems added to the treatment solution.

In this case it is extraordinarily advantageous if the

" metal particles present in a separate regenerating

chamber have an effective surface which is so large
that practically all the metal-dissolving compounds of

the redox system circulated to the regenerating chamber

et



it is then punped back into the cathode chanber by punp' 1 '
el ectrolyte,. as described, being enriched with 20 process o?Sg |§§”Fﬁg SHEET

nmet eri ng. The use of diaphragnms in order to avoid adm xtur! OAUb 53{,

the electrolytes-in the anode chanbers with th electrolyte in the .

cat hode chanber may al so be omtted. 25 In tHﬁ% case the fluid supply of
~the electrolyte returned to the electrolytic cell should be so

sel ected that no adm xture takes place. This may be achi eved s

21

are chemically reduced with simultaneous dissolution of

the metal particles.

The method according to the invention is-carried out by

5 means of a device comprising:

- a deposition chamber, anodes, supply of current for
. polarising the material for treatment with respect to
the anodes, and pumps and lines for conveying the

10 treatment agent in the device,

- means of supplying a flow of the treatment solution

and/or ion-permeéble means for avoiding mixture of the

solution present in the vicinity of the anodes and the
15 solution present in the vicinity of the material for

treatment,

- means of dosing the additive compounds, these being
so placed in the system that the additive compounds to
20 be dosed can rapidly pass fluidically into the vicinity

of the material for treatment,

- filters for removing consequent decomposition
products and superfluous additive compounds from the

25 circulated treatment solution.

(5



with:the aid of flood tubes aligned in a controlled manner in the

theoretical. separation of the chanbers. In an el ectrol yti

according to Figure 4, the anodes 25 are flooded with gl QEE%?W&T,S#EQ
control |l ed 5.-panner by the flood tubes 36, d the cat hode bf"ghgu 199
flood tubes 27. Wien there is a sufficient ci gulating quan1|ty %f- 7

el ectrolyte and thus a corresponding fl ow speed, the diaphragm 28 may
be om tted. 10 Wien insol ubl e anodes are used, the metal content in”

the electrolyte may be supplenented with the aid of. a sui t abl e redox

agent. Care nust hqyev t hie ipvereisnoWdanl b epliaiskat
the cathode are no?ﬂgl%kﬁgggd%%?Pﬁbgﬁg g?igiseé st age gf t he redox agght.
This 15 requirenent, irhePFRA1SM NG Withl redebrncle terahdtawing, which

shows specifically:
S Figure 1: diagram of an electrolytic system;

Figure 2: diagram of an electrolytic system without

electrolyte container;

~

10 Figure 3: diagram of an electrolytic system with

insoluble anodes;

Figure 4: diagram of an electrolytic system with
insoluble anodes for plate-shaped material

15 for treatment.

The schematic view of an electrolytic system in Figure
1 shows a bath container 1 with the anodes 2 for the
front and rear sides of the cathodic material for .

20 treatment 3.

_The bath is supplied with current by means of the
current sources 4. The bath container 1 is subdivided
in a fluid-tight yet ion-permeable manner by'diaphragms
25 S into a cathode chamber 6 and two anode chambers 7.
The treatment fluid/the electrolyte 8 in the cathode

chamber 6 can flow through'an outlet 9 here indicated



accordi-ng to the invention. The process organics are | ocat ed, separ at ed

by di aphragns 5, 28, only in the cat hode chanber 6, 26lﬁﬁ%jﬁkls free
of the aggressive oxi di sed stage of the redox agent. ammaa
20 are protected at this point. The anode chanber 7, 29 andwrhe¢r 1997
connecting regeneration chanber 22, 40 is frke of process organlcs but
contains the oxidised stage of the redox agent, necessary[err]to

di ssolve the netal in the regenerating chanber 22, 40. 25 When in
addition, through the availability of a sufficiently large effective

surface of the netal to be .
as an overflow. The electrolytes in the anode chambers

7 have the outlets 10. Conveyed by the pump 11, the
electrolyte in the cathode chamber 6 passes into the
particie filter 12 and into the activated carbon filter

5 13, and thereafter into the electrolyte container 14.
Similafly, the electrolyte from the anode chambers 7,
conveyed by the pump 15, passes through the particle
filter 16 into the electrolyte container 14. A further
pump 17 conveys the electrolyte back into the cathode

10 chamber 6 and into the anode chambers 7 through multi-
way valves not shown. The process organics are added
in a metered fashion to the electrolyte flow in the
cathode chamber 6. These'process organics are conveyed
by means of a hetering pump 18 from the storage

15 container 19. The electrolyte flow in the cathode

chamber 6 is dlstrlbuted by the pipe 20

Figure 2 shows diagrammatically an electrolytic system
similar to Figure 1, yet without an electrolyte

20 container. 1In this case the electrolyte is circulated,
serially from the cathode chamber 6, through the
filters 12 and 13 into the anode chambers 7, and from
that poinﬁ back through the filter 16 into the cathode
chamber 6. Otherwise the electrolytic system in Figure

25 2 corresponds to that iq Figure 1.



22 - " dissolved in the regenerating chamber 22, 40 all t '
here present in the electrolyte of the oxidised . st age ﬁl%’*ﬂ%‘!?%g?‘“

agent are reduced, the electrolyte to be conveyed fron1ﬂ@t59AU@ !,

regenerating chanber into the 5 cat hode chaqﬁfr is free of :aggressive
mat eri al s which could attack the process gani cs at that point. Thus
the invention enables enrichnment of the electrolyte in netal, with the
aid of a redox agent. 10 The nmethod according to the invention ensurés a
per manent high-quality deposition of metallic coatings . from

el ectrolytes which gontain; adflhhl VESnOhaPiOSEPY utilisation of the method

according to the invention using insoluble anodes 21 in
a third embodiment of the electrolytic system, whose
electrolyte is enriched in a separate regenerating

5 chamber 22 with the metal to be electrolytically
deposited. The regenerating chamber 22 is filled with
metal particles 23. This metal for dissolution is

stored so as to be permeable by electrolyte.

—~—

Circulation of the electrolyte corresponds to the

10 procedures as described with reference to Figure 2.

Figure 4 shows the theoretical procedures of the method
according to the invention in an electrolytic system
for plate-shaped material 24, using insoluble anodes

15 25. The material 24 is transported horizontally
through the electrolytic system. Electrolyte flows
over it in the cathode chamber 26 by means of flood
tubes 27. This electrolyte is again separated in a
fluid-tight but ion-permeable manner by diaphragms 28

20 from the electrolyte in the anode chamber 29. The
circulated electrolyte, conveyed by the pump 30 , passes
from the cathode chamber 26 into a particle filter 31
and an activated carbon filter 32, and from this point
into the electrolyte container 33. The pump 35 conveys

25 the electrolyte from this container into the flood
tubes 27, to the cathode, and into the flood tubes 36

to the insoluble anodes 25. The electrolyte, cqnveyed



organics. In this respect the use of soluble and I nsol ubl e anodes is
possi bl e. The nethod further 15 ensures that the netered acREPLAGEMENT SHEET

process organi cs which are decisive for quality, takes placdh Aub Wﬂf,
under conditions-which are to be ascribed to sinple . initial conditions-
of the concentrations of the process org hics. The result is a
technically very sinple and 20 reproduci ble process procedure. Conpl ex

anal ytical . determ nation of the actual value of the process g
organics in the electrolyte is not necessary. This. i ncl udes the fact

ot 0y e B SSRp preaet e b st ol ena
and - in a conpl @prARGMethanali¥ietd38Nenebeeheokgbenerating chamber 40,
lwhich is filled with the metal which is to be
dissolved. The electrolyte, enriched with metal ions,
5 is again passed through the following particle filter
| 41 to the electrolyte container 33. In this container
33 there may be located replaceable bags or sacks for
holding activated carbon 42 for receiving any process ,
organics still pfesent in the electrolyte. The process’
10 organics in the'storage container 43, conveyed by the
metering pump 44, is mixed with the electrolyte, which
is introduced into the cathode chamber 26. The
electrolytic system shown schematically in Figure 4 may -

also be operated with soluble anodes. In this case the

15 regenerating chamber 40 is omitted.

The particular features of the method according to the
invention usable in all the electrolytic systems
illustrated, will be further explained in the

20 following:

'The region of the electrolyte relevant to the proces$
for the process organics, is kept spatially small by
one or a plurality of diaphragms. During electrolysis,

25 this region is as a rule only the cathode chamber. At
this point the processlorganics are present aﬁ a

concentration not greater than that necessary to



11111111111111111511111111 5 ‘Patent C ains:
10 1. Method for electrolytically depositing netals of REPEAGEMENTC SHEET

physi cal properties on the surfaces of _ material for tre gﬁﬂ@%bﬁn’
means of a treatnent sol ution set in motion by fluidic f d--
guided in a circuit, . 17

achieve qualitativély perfect metallic coatings. At
least one diaphragm S divides the electrolytic cell in
Figure 1 into two electrolytic regions, i.e. into the

anode chamber 7 and the cathode chamber 6.

The electrolyte in the cathode chamber 6 is circulated
by a pump 11. Directly after the electrolytid cell
there are located,  as an example in Figures 1 to4, a
particle filter 12 and an activated carbon filter 13

10 for removing the organic components of the electrolyte.
The activated carbon filter is of such large dimensions
that practically all the process orgaﬁics still present
in the electrolyte and their decompoéition products'are
continuously removed.

15
When there is a high loading of impurities on the
material for treatment, an additional electrolyte
circuit for the cathode chamber may be passed through a
further particle filter. Similarly, in the case for

20 example of a heavy occurrence of anode sludge, an
additional filter circuit with separate filter may be
set up for the anode chamber. This has the'advantaée
thaﬁ the amount of circulated electrolyte in the
circuit through the particle filter 12 and through the

25 activéted carbon filter 13 may be adapted to the
consumption of process organics of the electrolytic

cell in a more precise way.

Kt



to which are added additive conpounds serving to 15 control the

physi cal properties of the nmetal, in which - the achElpr(@EMENT SHEET
conpounds are added to the treatnent solution at a point int
system from whireh t hey may rapidly pggs by flowon to g é@gél'
for treatnent, 20 - the solution 1s brought into cohtact with

t he material for treatnent and anodes, - the treatnent
solution is passed into a deposition 25 chanber, and/or the sol utidn
present in the vicinity: of the anodes (anode chanber), and the

sol ution present gor the If&lfttéesvmzl nipgy ak,tBe,mkerkall kaowh' edbfRNland
(cathode. .. . REPLACENMENT
SHEET _ methods known in practice can be used, such for example

as wound-cartridge filters, rotary disc filters, pre-
coated filters, gra#itational separators, molecular

5 gieves , activated carbon treatment, osmotic filtérs,
ion exchangers and 6ther physically or chemically
operating separating arrangements. It is further

'possible to use electrical potentials in oxder to

-

generate electrical and magnetic fields in filters.

10 |
After the filters, ﬁhe electrolyte in an electrolytic
system according to Figure 1 passes into an electrolyte
container 14 and.only from this point back into the
electrolytic cell. The electrolyte in the electrolyte

15 container 14 is, according to the invention,
extensively free of process organics. Thus
decomposition products of organic origin cannot form
here. Thus none of the disruptive organic deposits
already described can occur here. A further pump 17

20 conveys the electrolyte free of process organics back
‘into the electrolytic cell. Generally only the
_electrolyte fed to the cathode chamber need be enriched
with new organics by continuous metering. This is
appropriately effected before the electrolyte passes

25 into the cathode chamber 6. In exceptional cases, a
specific organic matefial may be metered also into the

electrolyte which is introduced into the anode chamber.



chanber), are separated from one another by ion- berneable neahs I n

such a way that the solutions do not m X, 5 - conse ~ SHEET
FEPACEMENT, SHBT

deconposi tion products and unconsuned addi ti ve conmpound

fromthe sol ution present in the anode cggnber and/ or flow ng away .
from t he anode chanber and/or cat hode chanber. 10 2. Met hod
according to claiml1, characterised in that there are added to the
treatment sol ution passed to the anode chanber speci al addi tives, ”
whose resi dues, .

The résidual amount is again filtered out in the
electrolyte cifcuit after the electrolytic cell. For
this purpose individual filters designed for the
organic material may be used. This situation is not

5 shown in the Figures. It is of advantage in the |
invention that these metered amounts can always
originate from an equal concentration of the process
6rganics in the electrolyte, i.e. from concentration ,
zero. That is to say that this corresponds practically

10 to a new make-up of the electrolyte. For this purpose the
metered amounts of pfocess organics per component and
per unit of electrolyte volume are known and thus.may
be extremely precisely supplemented without great |
technical outlay. Permanent subsequent metering is

15 therefore not based on analysis of the process
organics, a factor which is technically extremeiy
complex, such for example as cyclic voltametry.
Intermittent monitoring procedures are restricted only
to the indication of process organics in regions which

20 according to the invention should be free of organics.

The subsequent metering of process organics is effected
continuously, or so to speak continuously, in such a
way that precisely the required concentration is re-

25 established in the electrolytic cell and there only in
the chamber relevant to the process. A suitable

metering point is an injection point in the pipeline

(A



I ncl usi ve of deconposition products occurring in the

are filtered.out of the return solution 15 in circuit by ne 1 t 3
specially designed for ?Eﬁ'AEEMEM ﬁ@?i .

anade chanber,

t he conponents to be filtered ou

Met hod according-to claim1 or 2, characterisg%hin t hat thFﬁaNUGt@gb
S

conpounds are renoved fromthe 20 treatnent
flow circuit

sol ution present
chanber and separate fromthe cathode flow circuit, by nmeans of filters

associated with theg, epahnghyi gl efbéfibiyte circuit in the vicinity of

10

15

.20

25

ution present in a cathode

connected to the cathode space, and fromthe treatnment
in an anode flow circuit connected to t he anode

the electrolytic cell. The consumption of process
organics is also small in volumetric terms. Because
the metering of larger volumes is techni;ally simpler,
the process organics may be pre-diluted as far és the
removal of the electrolyte from the electrolytic cell
by the material for treatment will permit. Suitable
liquids, or the electrolyte itself, are used for
dilution. Continuoﬁs metering of these process
organics into the injection point and their mixture in
the pipeline ensufes their uniform distribution in the

space in the electrolytic cell relevant to the process.

In a further electrolytic system according to Figure 2,
the electrolyte is removed from the cathode space 6
and, after filtration, is passed into the anode
chamber 7, free of process organics. From this point
it is then pumped back into the cathode chamber by pump
15, this electrolyte, as described, being enriched with

process organics by metering.

The use of diaphragms in order to avoid admixture of

the electrolytes in the anode chambers with the
electrolyte in the cathode chamber may also be omitted.
In this case.the fluid supply of the electrolyte
returned to the electrolytic cell should be so selectéd

that no admixture takes place. This may be achieved

-~

»



4. Method according to one of the preceding clains, ~ characterised in
that the anount of additive conpounds correspondlng to t REPLACEMENT SHEET
concentration to be set in the treatment solution is contlnuou lé ﬁg?ed
to the 5 treatment solution contalnlng no adgﬂylve conmpounds ahd .

flow ng to the cat hode chanber. . Meth

precedi ng cl ai s,

according to one of the
characterised in that the quantity of additive 10

conpounds to be subsequently netered as a result of a potential |ack of
addi tive conmpounds in the treatnent

10

15

20

25

with the aid of flood tubes allgned in a controlled
manner in the theoretical separation of the chambers.
In an eleétrolytic system according to Figure 4, the
énodes 25 are flooded with electrolyte in a controlled
mannexr by the flood tubes 36, and the cathode by the
flood tubes 27. When there is a sufficient circulating
quantity of electrolyte and thus a corresponding flow..

speed, the diaphragm 28 may be omitted.

When insoluble anodes afe used, the metal content in
the electrolyte may be supplemented with the aid of a
éuitable redox agent. Care must however be taken that
the process organics required EE the cathode are not
mixed with the oxidised stage of the redox agent. This
requirement is precisely fulfilled by the method
according to the invention. The process organics are
located, separated by diaphragms 5, 28, only in the
cathode chamber 6, 26, which is free of the aggressive
oxidised stage of the redox agent. Thus the organics
are protected at this.point. The anode chamber 7, 29

and the connecting regeneration chamber 22, 40 is free

of process organics, but contains the oxidised stage of

the redox égent, necessary to dissolve the metal in the

regenerating chamber 22, 40.

When in addition, through the availability of a

sufficiently large effective surface of the metal to be

ek



sol ution at a point where the conpounds are added to the solution, is

substantially derived fromthe vol une of the circul at ed. t HEMM}'MT SHEFT
solution. 15 6. Method according to one of the preceding clains,
characterised in that filters selected froma group . pontalpﬁngU@oH@p
cartridge-filters, rotary disc filters, 2@re-coated filters,
gravitational separators, 20 activated carbon filters, osnotic filters,

nmol ecul ar si eves and i on exchangers are used. 7. Method -
according to one of the preceding clains, characterised in that.the

[ [ [ [ 25 in a first particle filter and thereafter
E;Iz;ggg g? flrst§§§%b %gg?ggrg Iregenerati%g chamber 22, 40 all the

ions here present in the electrolyte of the oxidised
stage of the redox agent are reduced, the electrolyte
to be conveyed from the regenerating chamber into the
5 cathode chamber is free of aggressive materials which
could attack the process organics at that point. Thus

the invention enables enrichment of the electrolyte in

metal, with the aid of a redox agent.

10 The method according to the invention ensures a
permahent high-quality deposition of metallic coatings
from electrolytes which contain additives of process
organics. In this respect the use of soluble and
insoluble anodes is possibie. The method fufther

15 ensures that the metered addition of the proéess
organics which are decisive fof quality, takes place
under conditions which are to be ascribed to simple
initial conditions of the concentrations of the process'
organics. The result is a technically very simple and

20 reproducible process procedure. Complex analytical
determination of the actual value of the process
organics in the electrolyte is not necessary. This
includes the fact that any optional process organics
may be used in any optional, particularly minimum

25 concentration, without the necessity of frequently and

in a complex manner analysing the electrolyte.

EE



8. thhdd according to one of the preceding clains, characterised in

that the treatment solution is . circulated fromthe mat erﬂﬂ%ﬁﬂégﬂ-r ngET
n

treatment through filters to the anode and fromthis point

5 circuit to the material for treatnent. 9.- Method accor dijny 4 qﬁ%
of clainms_1 to 7. characterised in that 2he solutions in the anode

chanber and in the cathode chanber are conveyed and 10 filtered in

>pr2* LN R ) O

Patent Claims:

10 1. Method for electrolytically depositing metals of
specific physical properties on the surfaces of
material for treatmenﬁ by means of a Eréatment solution
set in motion by.fluidic flow and guided in a circuit,
to which are added additive compounds serving to

15 control the physical properties of the metal, in which

- the additive compounds are added to the treatment

solution at a point in the system from which théy_may

rapidly pass by flow on to the material for treatment,
20 |

- the solution is brought into contact with the

material for treatment and anodes,

- the treatment .solution is passed into a deposition-
25 chamber, and/or the solution present in the vicinity
of the anodes (anode chamber), and the solution present

in the vicinity of the material for treatment (cathode

K



10. Me ording to one of the preceding clains, char a ol '
that when i nsol ubl e anodés are used, a | oss- of nmetal ions B§ﬁ§§gﬁgﬂi%“557

) An 40
el ectro’m{mumm' iy is 15 conpensated for by chenical dissol Utd Gt D fiosT
met al b muﬂ%ans of conpounds of el ectrochem cally
reversible ?edox"syﬁteﬂs added to the treatntht sol uti on. 20 11
Met hod according to claim 10, characterised in that the netal particles

present in a separate regenerating chanber (10) have an effective
surface of such a size that practically all the netal -dissolving

conmpounds of X t ' a, to the regenerating chanmber
25 are Chenicallyéﬁgﬁégggf %#%hsg%%%%gééegﬁgmdgggO?B?Fgﬁregy 108
permeable means in such a way that the solutions do not

mix,

5 - consequent decomposition products and unconsumed
additive compounds are removed from the solution
present in the anode chamber and/or flowing away from

the anocde chamber and/or cathode chamber.

10 2. Method according_to claim 1, characterised in that
there are added to the treatment solution paésed to the
anode chamber special additives, whose residues,
inclusive of decomposition-products occurring in the
anode chamber, are filtered out of the return solution

15 in circuit by means of filters specially designed for

the components to be filtered out.

3. Method according to claim 1 or 2, characterised in
that the additive compounds are removed from the

20 treatment solution present in a cathode flow circuit
connected to the cathode space, and from the treatment
solution present in an anode flow circuit connected to
the anode chamber and separate from the cathode flow
circuit, by means of filters associated with the

25 individual circuits.



of the nefal particles. ' i
12. Devitefor—electrolytic deposition of netals of ' speciﬂﬁiAgﬂM§¥E§HEEr

”~

properti t he surfaces of material for treatnent (3, 24 ciiidhdag) -
by msanszﬂﬂwﬂ" m"]mm’at ed treatment solutign set in notion b??l uigc] 9@7)5’
flow, additTy . serving to control the physi cal -properties of
the netal being capabl e *of addi tion, conprising '

4. Method according to one of-the preceding claims,
characterised in that the amount of additive compounds
corresponding to the concentration tb be set in the
treatment solution is continuously added to the

5 treatment solution containing no additive compounds and

flowing to the cathode chamber.

5. Method according to one of the preceding claims,
characterised in that the quantity of additive
10 compounds to be subsequently metered as a result of a
potential lack of additive compounds in the treatment
solution at a point where the compounds are added to
the solution, is substantially derived from the volume
of the circulated treatment solution.
15
6. Method according to one of the preceding claims,
éharacterised in that filters selected from a group
containing wound cartridge-filters, rotary disc
filters, pre-coated filters, gravitational separators,
- 20 activated carbon filters, osﬁotic filters,.molecular

sieves and ion exchangers are used.

7. Method according to one of the preceding claims,
characterised in that the solution is firstly filtered
25 in a first particle filter and thereafter by means of

activated carbon.

&



- a de ion chanber (6, 26; 7, 29) for treatment 10 materfp amﬂe
(2,-25?QZL%GFFEET‘§Upp#y-{4) f.or pol arising the materi al forL?%eaJnﬁﬁgFEr
with rejﬂﬂﬂ" nodes, and punps (11, 15, 17, 30, 35) and“pipes
for convel Jﬂﬂ”"”t”!g nt solution in the device, 15 - neans for flow

gui dance ‘of ‘the twe solution to théématerial for treatnent and/or
| on- per neabl e neans (5, 28) in order to avoid m xture of the solution
present in the vicinity of the anodes (anode chanber 7, 29) and the

solution present in the vicinity of the 20 material for treatnent
(cat hode chanber 18. 1

, 2 - Jbaeans ( , 43, 44) f.or _netered
Lidi tron of the 8- “Bhrhed aceoralfiiol ste 5% 1B piabetdhal FhRIREo ot o
characterised in that the treatment solution is
circulated from the material for treatment through

filters to the anode and from this point back in a

5 circuit to the material for treatment.

9. Method according to one of claims 1 to 7,
characterised in that the solutions in the anode
chamber and in the cathode chamber are conveyed and

10 filtered in separate circuits.

10. Method according to one of the preceding claims,
characterised in that when insoluble anodes are used, a
loss of metal ions caused by electrolytic deposition is
15 compensated for by chemical dissolution of metal
particles by means of compounds of electrochemically
reversible redox systems added to the treatment

solution.

20 11. Method according to claim 10, characterised in that
the métal particles present in a separate regenerating
chamber (10) have an effective surface of such a size
that practically all the metal-dissolving compounds of
the redox system circulated to the regenerating chamber

25 are chemically reduced, with simultaneous dissolution

of the metal particles.



at aﬁggrﬁy~‘*“ﬁé‘trfeﬂut fromwhich the metered 25 additiy

are c to t he material for treatnent,
REPLA 28 - fi eerAliy 4887
62

13, 16, 34, aning consequent deconposition products and
superfluous addltlve conpounds fromthe @7rcul ated treatnent sol ution.
5 13. Device according to claim 12, characterised by filters (12, 13,

16, 31, 32) for physical and/or

10

15

20

25

12. Device for electrolytic deposition of metals of
specific physical properties on the surfaces of
material for treatment (3, 24) (cathode) by means of a
circulated treatment solutlon set in motion by fluid
flow, additive compounds serving to control the
physical properties of the metal being capable of

addition, comprising

- a deposition chamber (6, 26; 7, 29) for treatment
material, anodes (2, 25) a current supply (4) for
polarising the material for treatment with respect to
the anodes, and pumps (11, 15, 17, 30, 35) and pipes

for conveying the treatment solution in the device,

- means for flow guidance of the treatment solution to
the material for treatment and/or ion-permeable means
(5, 28) in order to avoid mixture of the solution

present in the vicinity of the anodes (anode chamber 7,

- 29) and the solution present in the vicinity of the

material for treatment (cathode chamber 6, 26),

- means (18, 19, 43, 44) for metered addition of the.
additive compounds to the treatment solution, located
at a point in the circuit from which the metered
additive compounds are conveyed directly to the

material for treatment,

HePE AR Sueer
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chenmi- caMng, sel ected froma group conpr i SREPGACEMENT SHEET

wound- ca rotary disc filters, pre-coated filt AUG 1997
gravitati j@@ 10 activated carbon filters, osnotic f?T?e .
nmol ecul ar tsi e i on exchangers and/ g a conbi nati on of ' these'
filters, designed to correspond to the type o% addi tives and
deconp05|t|on products to be filtered out. 15 14. Device
according to clainms 12 or 13, characterised by an additi onal g

el ectrolyte container (14, 33) for recei ving the filter treatnent

sol uti on. 20 15.. Wahhaa o qiy 6] aatraleytisg d%@qs'ftdro'}e%\iﬁltgmc%r@equent

speci fic_physi cal propertles on 't he ‘surfaces of
decomposition products and superfluous additive

compounds from the circulated treatment solution.

5 13. Device according to claim 12, characterised by
filters (12, 13, 16, 31, 32) for physical and/or
chemical separative cleaning, selected from a group
comprising wound-cartridge filters, rotary disc
.filters, pre-coated filters, gravitational separators,

10 activated carbon filters, osmotic filters, molecular
sieves and ion exchangers and/or a combination of
these filters, designed to correspond to the type of
additives and decomposition products to be filtered
out.

15
14. Device according to claims 12 or 13, charactérised
by an additional electrolyte container (14, 33) for

receiving the filter treatment solution.

20 15. Method for electrolytic deposition of metals of
specific physical properties on the surfaces of
material for treatment, characterised by individual
features or all new featﬁfés or combinations of the
disclosed features.

25
16. Device for electrolytic deposition of metals of

specific physical properties on the surfaces of

(47



material for treatment, characterised by individual features, of. gll Ci

new f eat ures—or_conbinations of the di scl osed features. 25

Device for electrolytic dep05|t|on of netals of - specific phy5|caP“d‘
propertlesuml m l uﬂfﬁﬁm 29
mat eri al racterised bylrm?V|duaI features or all new
features of conblnatlons of the di scl osed features.

material for treatment, characterised by individual
features or all new features of combinations of the

disclosed features.

" 1.0".'

o ME'mon FOR ELEchOLY'rIc DEPOSITION OF METALS

T FROM ELECTROLYTES WITH PROCESS ORGANICS

The invention relates to a method of electrolytic
deposition of metals from eléctrolytes, which contain
additives or process organics in order to achieve.

20 specific physical properties.. Such additives are
subject to continuous consumption during electrolysis,
decomposition products forming from these additives;
which deposit in the entire electrolytic system and
thus also on the material for treatment.

25 |
Thus the object underlylng the 1nventlon 1s to av01d

quality shortfalls in the deposited coatzngs caused by

i
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10 = METHOD FOR ELECTROLYTI C DEPCSI TI ON OF METALS FROM
ELECTROLYTES W TH PROCESS ORGANICS . 15 ABSTRACT: The BERLAGEMENT SHEET
relates to a method of electrolytic “deposi tion.of metals frod 4UG 1997

el ectrol ytes, which contain additives or process organics in order to
achi eve ' : 29

10

15

20

25

material for treatment, characterised by individual
features or all new features of combinations of the

disclosed features.

METHOD FOR ELECTROLYTIC DEPOSITION OF METALS

FROM ELECTROLYTES WITH PROCESS ORGANICS
ABSTRACT :

The invention relates to a method of electrolytic
deposition of metals from electrolytes, which contain
additives or process drganics in order to achieve.
specific physical properties. Such additives are
subject to continuous consumption during eléctrolysis,
decomposition products forming from these additives;
which deposit in the entire electrolytic system and

thus also on the material for treatment.

Thus the object underlying the invention is to avoid

quality shortfalls in the deposited coatings caused by



20 specific physical properties. Such additives are subject to

-cont i nuous consunption during electrolysis, deconposi t REPLABEMENT tSHEET
formng fromthese additives, whi ch deposit in the entire~eé$ﬁﬁéqéific
system and -- thus also on the materi al fgﬁ treatnment. 25 1 e

obj ect underlying the invention is to avoid quality, shortfalls in the

deposi ted coati ngs caused by

organic residues, and in this way to achieve a
continuous metal deposition'with uniform quality of the
metal coatings. This object is achieved by spatial
limitation qf,the concentration of the process organics

S to the electrolyte region in the electrolytic system in
which it is reievant to the process. The circulated
electrolyte is kept free of process organics by
filters. Renewed metered addition of process organics
is effected in dependence on consumption directly

10 before the region relevant to the process.

(Figure 1)



