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C 385 autsche MEIHGRVAND APPARATUS FOR PRODUCI NG AN ELECT

| nverlbsniPeleal8omeds @ Method for producing a coating ?u L%%r ode
accorEdiongdematkl Adforreds and t o an appar at us for producing %f‘g {

el ectrode according to the preanbl e of claim 15. Battery and battery
systens are becomng increasingly im portant for primary and secondary
energy supply purposes. This increasing relevance is greatly influenced
by the ever i ncreasi ng denmands for environnmental conpatibility of the
energy supply systens in the sense of em ssion protection and reusability
or recyclability of raw materials and ener gy. Thi &£ f3i85stly applies to
the end user and consequently pri- vat e househol ds and secondly al so
public installations, where in particular infrastructure and traffic is
bei ng equi pped with nore environnmental |y conpati bl e energy sour ces.
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vehi cl €5, especrally road venic- €S Or rail Or water Venicles are

equi pped with environ- netally friendly, reusable or rechargeabl e energy
sour cehe iinvdret o relatesutnl atmsshod battprodscihg addoatdng such
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used in 1 mo device Fond"e al so as
ener gerfar poetucingl & egeating for an electrode accordlng to the

preamble of claim 15,

Battery and battery systems are becoming increasingly im-
portant for primary and secondary energy supply purposes.
This increasing relevance is greatly influenced by the ever
increasing demands for environmental compatibility of the
energy supply systems in the sense of emission protection
and reusability or recyclability of raw materials and
energy.

This firstly applies to the end user and consequently pri-
vate households and secondly also public installations,
where in particular infrastructure and traffic is being
equipped with more environmentally compatible energy
sources. Already mobile equipment, such as e.g. portable
mini-devices, as well as vehicles, especially road vehic-
les or rail or water vehicles are equipped with environ-
metally friendly, reusable or rechargeable energy sources
in the form of accumulators or batteries. In addition, such
energy sources in the form of battery systems are being in-
creasingly used in immobile devices, such as e.g. stand-
alone equipment or also as emergency power supplies.



- 2- In conjunction with the private end user and al so public

I Astal | ati ons increasing use is being made of netal/air de- polarized
batteries as rechargeable prinmary batteries, e.g. in hearing aids or heart
pacemakers, as well as in tele- coqupications engi neering and signal

i nstal | ati ons. In the further developnent of existing electrode systens
for batteries, battery systens and in particular for re- chargeable

accurul ators or batteries, increasing inpor- tance is being attached to the
factor of being able to control in a clearly defined, predeterm ned nmanner
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el ectrochem cally active coat- ing. From such prinmary characteristics of
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charac-_teristics such as plia I y density, ‘i.e. the ratio of
t he avdiQREtEERE, (RATIRCY oI%FLoRS sand hin aPRT i eBlRRfRr ERmpatibility,

the posHdtgedyIdeicAimENStEss Br thettesias Jepitrédyind empdehani cal and/ or
chemcal stabj- lity of th%vggtter and in i.cu] ar el ectrodes in the

oper at i RS iF KpIHRYATRRA st Bhe (17t ?é '?‘F‘F”?ﬁ\r@be h&? physical and

chem cadorcthasti isstclosarly defined, predetermined manner the
characteristics of the electrochemically active coating of
such electrodes during their primary production. As a
function of the intended use, very specific demands are
made on the electrode or on the electrochemically active
coating of an electrode and in order to fulfil the same
specific conditions must be respected at the time of pro-
duction.

This firstly applies to the surface structure of the elec-
trochemically active coating and secondly e.g. to the
specific composition of the electrochemically active coat-
ing.

From such primary characteristics of the electrode or the
electrochemically active coating result secondary charac-
teristics such as the suppliable energy density, i.e. the
ratio of the available energy to the total mass, the en-
vironmental compatibility, the possible number of cycles of
the rechargeability, the mechanical and/or chemical stabi-
lity of the battery and in particular the electrodes in

the operating or also inoperative state, together with many
other physical and chemical charcteristics.



- 3- In the production of the electrochemcally active coating of an
efectrode, which is generally carried out in an ele- trolytic deposition
process, with respect to the possible characteristics of the

el ectrochem cally active coating of_ the electrode very considerable

i nportance is attached to the tiﬁ%:$éftern of the current and voltage.
These el ectri- cal paraneters determ ne the deposition and growh rate of
the el ectrode coati ng. However, decisive inportance is also attached to
the com position of the electrolyte, in which the electrolytic de-
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concenttihe iedeatirade: ¢ra¥in@onsti- tuents of an electrolyte or the

el ectrolyte additives, hitherto use has essentially been made of nechani cal
ad- m xi ng nmet hods, , whi ch, were ai ded, by i nme-spaced_ sanpling operations and

cor r es PNRVRF « ARSI TR | HRPORERRFR Rt LSO attached to the “com-
-4-  positidh coh v | eledtrelyess inrwidihsthegeldeteongedtrde~-tions of
t he i ndividual eIectron{e con tltqfnts and add{:
position process’is performed and in particular the change
to the electrolyte composition. During electrolytic deposi-
tion specific substances are used from and/or delivered to
the electrolyte, so that there is a permanent change to the
electrolyte composition during the deposition process. In
certain circumstances this can considerably influence the
quality of the electrochemically active coating of the

electrode.

The deposition or growth of the electrochemically active
coating can also be influenced by specific material addi-
tions in the electrolyte, said electrolyte additions only
participating slightly or not at all in the actual depo-
sition, but control the latter.

In order to adjust the concentration of the basic consti-
tuents of an electrolyte or the electrolyte additives,
hitherto use has essentially been made of mechanical ad-
mixing methods, which were aided by time-spaced sampling
operations and corresponding concentration measurements.



tives, a significant problemis that such a concentration adjustnent can
only be performed in an extrenely inprecise manner and often with a
significant tine |ag. Thus, in the conventional adjusting or regulating
proces- ses, undesired and often_pQPLydicial concentration fluctua- tions
occurred, which in particular in the case of deposi- tion nmethods perforned
in acritical concentration limt range, can often |ead to i nadequate
surface structures or other characteristics of the electrochemcally active
el ec- trode coating. The object of the invention is to provide a nethod

and an IapFack ¢erventEiaficinjirdn fonpdivisdnethe ancat@ectrol ytic

dep?si ltallngs 553 Wé{;ﬁﬁﬁ;@iﬁﬂéflf&ﬁdﬁ&@kdﬂ&f&ﬁ%ﬁ% i) amgn:hosen and

controlled in a particularly si e,, precise a redet er m ned nmanner
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further "devel opne € I nve e aratus formthe subject
matter of subclai ns. The net hod according to the invention for the
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i ntroduci ng a deposit support electtode Imto an [ space, which
is fillS&fnwwHlefzaed m%era@r%sdlsp%hrﬁ%%ﬁwc%mq@mation, t he
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deposi t,_ support e] ectrode to the counierelectrode confjguraiion by neans of
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subsequent r enov coa posi
trode coating.

The object of the invention is to provide a method and an
apparatus for producing a coating for an electrode by
electrolytic deposition, in which the characteristics of
the coating can be chosen and controlled in a particularly
simple, precise and predetermined manner.

From the method standpoint, the invention achieves this
object by a method according to claim 1. From the apparatus
standpoint, the invention achieves the object by an appa-
ratus having the features of claim 12. Advantageous further
developments of the inventive method and apparatus form the
subject matter of subclaims.

The method according to the invention for the production of
a coating for an electrode comprises the successive steps
of introducing a deposit support electrode into an electro-
lyte space, which is filled with an electrolyte and has a
counterelectrode configuration, the electrical connection



support electrode fromthe el ectrol yte space. The el ectrol ytic deposition
of- the coating on the deposit support electrode takes place by supplying
for a predeter- mned tinme a current and/or voltage to the deposit support
el ectrode and counterel ectrode confli gurati on. According to the invention,
the conposition and/or the structure of the coating deposited on the )
deposit support electrode is controlled by adding electrolyte additives and
that the concentrations of the electrolyte additives are tine-controlled by
means of additional electrodes in the el ectrolyte space, through which the
addi t i 9&s thendBeosiite Suppoatd edeci@adeeited the Tountegredestrgdse dea of the

et hodca3ae9hdragibs bhe meRvaN ofl 10 —urent)Q A tRdeCdRrcf, &npating for an
el ectrode i S conse uentlﬁﬁ;o ermanent|ly control the concentrations of the
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conseqdepbky tadapboattd elegitraide iahd thes isephraviesy dfhamorddtdgms under

whi ch t.he deposition, prqcess | rforoged. The el ectrol yte addi,ti ves are
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el ectr LN | i é%y; ' i%aa@ el ectrodes or fromthe
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concentration, particularly of the electrolyte additions, can be preset
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t he demaskeli eimeordicira@ht and/or voltage to the deposit support
electrode and counterelectrode configuration.

According to the invention, the composition and/or the
structure of the coating deposited on the deposit support
electrode is controlled by adding electrolyte additives and
that the concentrations of the electrolyte additives are
time-controlled by means of additional electrodes in the
electrolyte space, through which the additives can be taken
up and/or delivered.

The fundamental idea of the method according to the inven-
tion for the production of a coating for an electrode is
consequently to permanently control the concentrations of
the electrolyte additives and/or constituents during the
deposition process and consequently adapt and regulate in
a8 desired manmmer the conditions under which the deposition
process is performed. The electrolyte additives are ad-
justed by means of additional electrédes located in the
electrolyte space, in that said additives are transferred
from the solution of the electrolyte into the solid phase
of the additional electrodes or from the solid phase of the
additional electrodes dissolve in the electrolyte. Thus, a



such a way that the coating is deposited on the deposit support el ectrode
by dendritic growh, in the formof a porous coating or in conpact form

A particularly sinple control of the conditions in the electrolyte occurs

i f the deposit support electrode,_the counterel ectrode configuration and/ or
the additional electrodes are controlled and adjusted relative to a re-
ference el ectrode configuration with respect to their electrica

paranmeters. Thus, such a reference el ectrode configuration forns an

i nvariabl e reference system which has substantially constant

char actR¥3rned 20 rRRRY led ceppboRrenbnand oderketEgancan P@ere shoul d be
a changgrdwghbeas®mposi tion of the el ectrolyte. In controlling and
checki ng the deposition process and the electrolyte characteristics, it is
particularly appropriate and advantageous for there to be a central control
and redrhe | sttavting ddecerttatiionf paetiepbarlysoppthé electroligre

counterelectr C I,qur at i apd. addi t i onal S lLatiye to one
another?éé%%}éﬁgiIﬁ%ﬁgég%ég%%ggﬁiggégﬁg%% ggn?%%ﬁga% g?eﬁﬁ?ﬁ??é is al so
i ncl udeair tdesinge sequence of deposition, use nore particularly being nade
of a central control and regulating device. The latter can have a m cro-

processor, which permts a particularly rapid control and regulation, so as
to substtnts REVeRRIWEE UEPUSELBRE Hhe deposition conditions in

- 7- dii6n e 6fdy | €At PeRaNBbEtEngf 15h@epBdi vedUsh €hecaepesieon-
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deposi tparous occoetingror nknocompastr orine concentrations of the electrol yte
constituents and in particular the electrolyte additives. For this purpose
use is nmade of e.g. sensitive sensors, which separately respond to
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counterelectrode configuration and/or the additional
electrodes are controlled and adjusted relative to a re-
ference electrode configuration with respect to their
electrical parameters. Thus, such a reference electrode
configuration forms an invariable reference system, which
has substantially constant characteristics throughout the
deposition process, even if there should be a change to the
composition of the electrolyte.

In controlling and checking the deposition process and the
electroiyte characteristics, it is particularly appropriate
and advantageous for there to be a central control and regu-
lation of the setting of the deposit support electrode,
counterelectrode configuration and additional electrodes
relative to one another. Within the scope of this central
control and regulation is also included the time sequence of
deposition, use more particularly being made of a central
control and regulating device. The latter can have a micro-
processor, which permits a particularly rapid control and
regulation, so as to substantially avoid fluctuations of



trations, which can be used for the feedback control and regul ation of
déposition and particularly the setting of the concentrations of the

el ectrolyte constituents and additives. There is also an indirect
.determ nation of the concentra- tIO?S by neans of the Nernst equation. In
this connection, particularly for ectrolyte additives, the potenti al
changes at the netal electrodes of the particular addi- tives are

determ ned and evaluated and this is advanta- geously carried out in the

m Cr opr ocessor. The met hod proves to be particul arly advantageous in the
product@Qﬁl%ﬁe%¢%%$¢bdéa§?@§§ﬁﬁsf6f Feealrdividupdl alestgcsat EeRres,
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It is K Vﬁﬁt%ﬁtt?%aﬁ BFtrRL¥tRoARBURUSCatiBReURIB¥Fte additi ves,

particularly lead salts, influence the deposi- tion of zinc durlng an
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during termine or measure the concentratiogs of the gépggrpﬂymeof zinc, if
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additional electrodes, is constituted by ad, Tead conmpounds and in
parti cUf@¥ tk® Barpese “$ﬁei§oﬁééﬁt95t?oﬁ oﬁep§&§18? EBR§OZSmpounds is so
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trations, which can be used for the feedback control and
regulation of deposition and particularly the setting of
the concentrations of the electrolyte constituents and
additives.

There is also an indirect determination of the concentra-
tions by means of the Nernst equation. In this connection,
particularly for electrolyte additives, the potential
changes at the metal electrodes of the particular addi-
tives are determined and evaluated and this is advanta-
geously carried out in the microprocessor.

The method proves to be particularly advantageous in the

production of electrode systems for metal/air depolarized
batteries, particularly zinc/air depolarizated batteries.
In this case from the electrolyte at least zinc is depo-

sited on the deposit support electrode.

It is known that lead or lead compounds as electrolyte
additives, particularly lead salts, influence the deposi-
tion of zinc during an electrolytic deposition process with
respect to dendrite formation. Thus, the dendrite struc-
ture can be appropriately controlled and regulated during



ticularly lead salts, is so adjusted and controlled that the formation of
dendrites is substantially not inhibited during the deposition of the

coat i ng. The case frequently arises that on a specific, preferred support
Is desired a specific electrochem gally active el ectrode coating and that
in addition the desired support is unsuitable for participating in the
deposition process. It is possible to renove the deposited, in particular
den- dritically gromm coating fromthe deposit support electrode and to

transfer and apply the renpved coating to a separate support nanely the
desi red ﬁrﬁﬂ‘-{)’%@q PHh&EMGuIEE PreLlestrpitie adiifdye Tkich
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applie y SS| es pport eilt her thin the ectrolytic
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separa&eadrﬁalﬁ&&deposrt support electrode. Fundanentally, the appar at us
according to the invention for the production of a coating for an el ectrode

by electroly- tic deposition, particularly in accordance with the above-
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during the deposition of the coating.

The case frequently arises that on a specific, preferred
support is desired a specific electrochemically active
electrode coating and that in addition the desired support
is unsuitable for participating in the deposition process.
It is possible to remove the deposited, in particular den-
dritically grown coating from the deposit support electrode
and to transfer and apply the removed coating to a separate
support, namely the desired support and in particular pres-
sing takes place. Thus, dendritically grown zinc can be
knocked off, collected, washed and then applied by pressing
to a desired support either within the electrolytic bath or
following the production of the overall coating after the
separation of the deposit support electrode.

Fundamentally, the apparatus according to the invention for
the production of a coating for an electrode by electroly-
tic deposition, particularly in accordance with the above-



for a tine-controlled taking up and/ or delivery of previo- usly defined

constituents and/or additives of the electro- |lyte. As a result of these
nmeasures, it is possible with the in- ventive apparatus for the first tine
in a tinme-controlled manner, i.e. any point in tinme during the

deposition of the coating on the deposit support electrode, to adjust the
concentrations of the constituents and/or the additives of the electrolyte
in a clearly defined and predetern ned manner. Thi s advant ageously t akes
place in that the additional electrode is connectable to a voltage/current

sour ce daflixath mrthehp has ap tplectirlsie spPrrerfibiabie withiaBl ysis, by
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reference el ectrode configuration, particularly with respect to their
el ectrical paraneters. A particularly easily coordinated control of the
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and/ or é%”éeggaégnéh oge gsg egggggétbglgfééggglytic deposition is
characterized in that at least one further additional elec-
trode is provided for a time control of the electrolyte
composition, i.e. the electrolyte constituents and additi-
ves. The at least one additional electrode is constructed
for a time-controlled taking up and/or delivery of previo-
usly defined constituents and/or additives of the electro-

lyte.

As a result of these measures, it is possible with the in-~
ventive apparatus for the first time in a time-controlled
manner, i.e. at any point in time during the deposition of
the coating on the deposit support electrode, to adjust the
concentrations of the constituents and/or the additives of
the electrolyte in a clearly defined and predetermined
manner.

This advantageously takes place in that the additional
electrode is connectable to a voltage/current source and
can be supplied with a current and/or lateral electrolysis,
by choosing the voltage and current, to particularly easi-
ly adjust in time-controlled manner the delivery and/or
taking up of given, desired or undesired constituents



counterel ectrode configuration and additional electrodes can be
ti'me-control |l able and regul atable with respect to one another and
particularly with respect to the reference el ectrode configuration. A
particularly sinple processing oqquﬁ_jf the central con- trol device in

t he apparatus has a m croprocessor, because then the entire control process
can be perfornmed w thout any significant tinme |ag. Al though it is
fundanmental |y possible fromthe tine pattern of all the electrical

par amet er_s, of ,.t.he electrode con- fiqurations in the electrolyte space
and al 88%/CFm thyes 4n ﬂ?p&]ﬁq‘if?]é%?'h@seléﬁ OIRPY/FYet i ve the tine
evol ut tagedfsduite Ac Al RSNt ftd e, gongde tiredachfhse a

additive% of, .th | ectrolyte, it is particularly sinple if measuring

devi ce?oareé’tﬁ“roossﬁag"e’d for neasuring the concentra- tions of specific
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said reference electrode configuration, particularly with
respect to their electrical parameters.

A particularly easily coordinated control of the apparatus
occurs if there is a central device, through which the
voltage and/or current of the deposit support electrode,
counterelectrode configuration and additional electrodes
can be time-controllable and regulatable with respect to
one another and particularly with respect to the reference
electrode configuration.

A particularly simple processing occurs if the central con-
trol device in the apparatus has a microprocessor, because
then the entire controcl process can be performed without
any significant time lag.

Although it is fundamentally possible from the time pattern
of all the electrical parameters of all the electrode con-
figurations in the electrolyte space and also from the
initial composition of the electrolyte to derive the time
evolution of the concentrations of the constituents and



el ectrode by electrolytic deposition in the formof a dia- grammati c,
sectional side view A deposit support electrode A and a counterel ectrode
con- figuration G are introduced into an electrolyte 4 in an electrolyte
space 3. By mans of a central contrp] device C and a current/voltage source
Q the deposit support elec- trode A and counterel ectrode configuration G
are electri- cally interconnected and here the counterel ectrode confi -

guration Gis kept at earth or ground. By nmeans of the central control
dEVICEéadf%&Jggﬂg%(ghéiéfﬂﬂr0| line L1 control, signals are delivered to

t he ectrolyte, it is partiqylarly /sirigelfource Q
whi ch measuminge gevdices tdre orrawidedinfby aldager idhy itk tdshsspesat i on of

th ' ' de, A.. In this enbodi ment

her o Ay SO LHRS AR e SHARMCs QREIAE Gt eydd S b MO0 T

el ect r iSd@ItFAF et dhase messuwing clerides tears Rl caristanuctd] adi ch are

al so r a@H-HAk i v @HdEodan! o) .d%%;%ta%&gt et{aic[%ﬁmtér P1, P2 and
2 , L4 to

P3 are connected by neans of control |1nes , e central

cont r o PHTEASSETE R QTSS (SRS SIS It QT dhee @Resi £1¢ regrer ence

syst emstd taledrtc @IS tdddiited,dy, a reference el ectrode configuration R For
the determ nation of specific electrolyte constituents or additives, there
are three ion-sensitive electrodes ML, M2, MB in this pre- ferred

enbodi Aentoptiniime cosritnadl abrithe | apparatuded ankeslailadd nef ofghet data bus D.

W t hi ' D | ' f t.he, i on- It

ol ect 1 P EA R A L SR A dd Ry HR AT E L i o b1 o
to tapdd@ surRligad Iy cheeimaasuring pleinasrin donresteposiitisuppor t

el ect I et dorkditradidn YRl it folr e AbcGUULP A AL AMS configu-

ration G and .reference el ectrode configuration
of state of the deposit support electrode, counterelectrode

configuration, additional electrodes and/or reference elec-
trode configuration.

The invention is described in greater detail hereinafter
relative to a diagrammatic drawing based on a preferred
embodiment of the apparatus. The single drawing shows an
inventive apparatus for the production of a coating for an
electrode by electrolytic deposition in the form of a dia-
grammatic, sectional side wview.

A deposit support electrode A and a counterelectrode con-
figuration G are introduced into an electrolyte 4 in an
electrolyte space 3. By mans of a central control device C
and a current/voltage source Q the deposit support elec-
trode A and counterelectrode configuration G are electri-
cally interconnected and here the counterelectrode confi-
guration G is kept at earth or ground.

By means of the central control device C, by means of a
control line Ll control signals are delivered to the



are read into the central control unit C By neans of the nunerous
measurenent data in this way, it is constantly possible to evaluate the
state in the elec- trolyte and configuration and a correspondi ng feedback
control can take place. The net hod and apparatus according to the

i nvention for the production of afc%%tTng for an electrode are mainly suit-
able for the reconstructi on and fundanental regeneration of

- 13 - so-cal | ed porous el ectrodes, particularly el ectrodes of the
second type. These are electrodes in which a difficultly soluble salt
particﬂqnmrsntwv¢kmageasowrcéa@gimgiehdinrtdtechagglagegrbﬂect For

| b be PbO
Pl or 1 i e"ft?%g GEFaY| BHE, RLBORLELER of | PhE)cobbliar8] 2 arer
i s usePristhecdepesiturepPposh| abeetsade Ap the electrolyte BeS|des t he

so-called zinc eletrode of a zinc/air depola- rized battery, the nethod and
apparatus according.t{o the invention ign al so be_used on_el ectrodes of

Sn/ Pb, Bh/ FTPOd PR, tREFERER P APP nEREPe hYdF T HEOBRL URTPS™ tors or
batt er i €sodes @ppez2pl 28 esh{€EH- @féteﬁécﬂrECQBLYiﬁﬂhﬁﬁfddshftﬁbhﬁsas t he

d t | d - h i
advant B RS EParERBERFE Fhy BFi 2B TRe HBRGR: £8 prafucea dRBedoh] r oou
of theia ¢@mxe¢bcgmntrohldeescet@nc@he;potagtihatdep081t|Bﬁ pnAcEsSs, i.e.
during gl ectrohdstsa bPemS¥REOS §B‘L‘ 2l 11hef LéhenéeF)B&"coS’éHBO”

el ectrode is connected as a cat not as an’anofle, during
di schareentaabr eppEECl hdewice Qe ﬁé%ﬁdﬁsrtéecéarﬁbpﬁﬁdgﬁgubdotect|ve

coati NgzoMi§é€tfoll; S0PELEr&Nce system is also constituted by a
reference electrode configuration R. For the determination
of specific electrolyte constituents or additives, there
are three ion-sensitive electrodes M1, M2, M3 in this pre-
ferred embodiment.

The central control device C has a data line or a data bus
D. Within said data bus D are the measuring lines from the
ion-sensitive electrodes M1, M2, M3 and by means of said
data bus D it is also possible to tap the time-variable,
electrical parameters of the deposit support electrode A,
additional electrodes Z1, Z2, Z3, counterelectrode configu-
ration G and reference electrode configuration R and which
are read into the central control unit C.

By means of the numerous measurement data in this way, it
is constantly possible to evaluate the state in the elec-
trolyte and configuration and a corresponding feedback
control can take place.

The method and apparatus according to the invention for the
production of a coating for an electrode are mainly suit-
able for the reconstruction and fundamental regeneration of



nickel (Ni). Al expanded netals, dross, netal plates and ceram cs can be
used as the support material and/or as the electric tap for such a deposit
support el ectrode. If inthe alternative nethod the el ectrochemcally
pro- duced dendrites are not renov fromthe deposit support el ectrode
after production and are instead conpacted and/or pressed on the support,

then it nust be ensured that the - 14 -
support material has an adequate chem cal inertness, parti- cularly with
respect to anodi c oxidation. The necessary counterel ectrodes can be

f undamSAHI I ebRRPE HHICHRAPEI O ELRIIRY SHFEHeies Of the

elhect lrcg‘étﬁm@a&ﬂpej NEridsd Card %Iékﬁ“:ﬁo@éé dﬁhimﬁlictll Jf'&ihﬁﬂid:x‘ﬂet:ﬂ?t erial | of

t he el ect e to be regeperate i.e, in particular fhe relevant netal,
st naR S TR RESCTRR RS 3t cheptr)EE A hetodsS ARUIThl ar mechani -
cal |y dibksstharginyg tgwodwstn of a salt with respect to the starting
concentration. Alternatively or with regards to an active material con-

centration to be maintained in the electrolyte, a corres- pondi ng netal
el ect r dtter canEleisionl tse tdase cofit 2rBb eelectonde ahtead seheder i al

corresggﬂg§ <3%ﬁ§g ég Eﬁ@ ﬁ%@C'PﬁéodSrtﬁbgﬁ reﬂgn@ﬁgiﬁgo d which for this
e-' ¢ a uring i

reason I's onpose t he regenerafion process, ereas the

el ect r ol ver pei kg ehleeide sebectrodp MPER fespeed 29 the active

”ate”fﬁ1f§1&ﬁltﬁ¥f§$fﬁ$¥@'§a§€”§ﬁaﬂﬁecéﬂé€€£6ﬁ§£éﬂ of active material to
be deposited can be ensured in the electrolyte.” Thus, old, spent netal

el ectrodes, whose elec- trical capacitance has greatly decreased, can be
used asBéfibdEeHUtheISHCAIDEE EDhcCeDethgdéhef nat £ih8)atltrégpblae- lative to

the aCtéfgéémgé%%g%yfotgg gg@ﬁgétgga apparatus according to the
invention can also be used on electrodes of Sn/Pb,
Sn/SnOz, Ag/Zn, Ni/Cd and Ni/metal hydride accumula-
tors or batteries.

Copper plates (Cu-plates) are particularly suitable as the
deposit support electrocde, e.g. due to their smooth sur-
face which is advantageous for a scraping off of the
dendrites produced and as a result of their low electri-
cal resistance. During the deposition process, i.e. during
electrolysis, the support material, i.e. the deposit
support electrode is connected as a cathode and not as an
anode, as during discharge. Therefore there is no need for
a corresponding protective coating, here e.g. copper by
nickel (Ni). All expanded metals, dross, metal plates and
ceramics can be used as the support material and/or as the

electric tap for such a deposit support electrode.

If in the alternative method the electrochemically pro-
duced dendrites are not removed from the deposit support
electrode after production and are instead compacted and/or
pressed on the support, then it must be ensured that the



The corresponding el ectrolyte preferably has a concentra- tion of
approximately 3 to 10 nole/l and is alkaline. An electrolyte based on 6
nol ar pot assi um hydroxi de solution is particularly suitable.

- 15 - For inproving e.g. the cqg%osion stability and/or the dis- charge
behavi our, netals can be added as attitives to the anodes or coatings to be
deposited. This addition naturally takes place during el ectrochem cal
deposition through correspondi ng constituents or additives in the

el ectrolyte. These added netals nust in particular be anodically oxidi-

zabl e iSHRRRCGITRTeRE2} R, arhryequate nIchepricall drextreess re@pbhrcal | y
dosed idudd@ly Neieldbéspact €6 eahb@8SoRyaatpghe di ssolving of a
correspondi ng netal electrode. The starting concentration of these
additives can al so be brought about by nechanical charging, e.g. by neans
of cor raspanstagssay t Sountéhel €t ecddes yE&en sbe Uufundanéxtaplestéomeduch

addi tive ls a , Sn, Pb and_ot hers a result of the

et hod Thibtr S RIS e lrarrones i wateRuBre: ofeermectintot Y possible to
very acinegezt ety am-agodidcecoxh@datbomentrati on range of the just described
addi - tives in the electrolyte with respect to the production of |oos

dendrites for the reconstruction of porous el ectrodes, but can also be
ext endéth\etive metaetied pbsthe| elestroddgarPebe TRgeneERESdit possi bl e

for the;fdsintpaPriby18Fi héYrélevati AEthNe ROBECALEAFADDy Obet he
additives beyond the existing. maxinmnumlimts, ularl¥gd|rectly bef ore

I arti
t he sefRreT¥odh ot the efreh lHE%ogP?easd%ﬁdPP E%?uiﬁriﬂ% aBL-t he
frequeneylly tdogbdcint br dhadfotrsopra- sdlcedishersspacat €d 8hd i ncrease

the addifjive.concentra- fion in the active, deposited material and bring
about ﬁ%%%?géﬁgcfggéeﬁﬁﬁé#ﬁ%?ation into the electrode material. It is a
type of surface alloy of the electrochemcally active, deposited material.

(b ) APEEEnAeL ey TBOC0RER: LgarBd (8 BRSLENELL RabheEh i oBhect T odes o
centration to be maintained in the electrolyte, a corres-
ponding metal electrode can be used as the counterelec-
trode and its material corresponds to that of the elec-
trode to be regenerated and which for this reason is de-
composed during the regeneration process, whereas the
electrode to be regenerated is built up with respect to the
active material. Thus, a relatively constant concentration
of active material to be deposited can be ensured in the
electrolyte. Thus, old, spent metal electrodes, whose elec~
trical capacitance has greatly decreased, can be used as
the counterelectrode for closing the material circuit re-
lative to the active material to be deposited.

The corresponding electrolyte preferably has a concentra-
tion of approximately 3 to 10 mole/l1 and is alkaline. An

electrolyte based on 6 molar potassium hydroxide solution
is particularly suitable.



- 16 - I ncorporated in a concentration between approximtely 0.1 and
approximately 5 wt.% in the electrochemcally active coating to be
deposited. The lead concentration in the electrolyte during the
el ectrochem cal regeneration procesggor during the basic reconstruction of
the el ectrode coating is approximately 0.1 to approximately 2 w. %
Perference is given to electrodes with approximately 1 wt.%lead in the
el ectrode material and approximately 0.2 w.% in the elec- trolyte bath
during production, A further advantage of, {he neth and appar at us
accordiPprﬁbr CIRERY I 9 onthe ??ﬁ°§h@gc%5%+£+’%¥i?ﬁfgg‘?rt efet®Fial to be
deposi tatihrge thehatanir Olnyd€als . €an i be paddéed udaraddiet et sl td othe _
desposi ted, can be nrecisely ,set_and i articul ar.can be kept nstant. As
nas ol AP o GRAEEiGT e 5% 100005 Pody T Maf el ndtfitebtlh: olh a
nechanitetesigsiane duing reledtrocheutcabndepasiei@metlrdaghof zi nc
Lot B LS OEaNS TUA O Ale bR 0| BAPLYvds! fn 20RE 01 SBLALY,IQ0 O/ can
articul ar t

be set. good results are obtained wth a concentration of
appr oxiThase yaddedy/metalsy puspeintpretionlas| beranediapbtate¥hédiof the

S'eCtrCﬁéﬁﬁbf&ﬁfkﬂé"aIE&IﬁﬁéF%@?bépeﬁhé'Car?Pihny§%%ﬁeﬁﬁéﬂiéifcfanges fan
e appropri.ate is not vital. a tynction o e _agbi en enperature
and on tfzpr%db%{yr%gjg}fy t%%s%‘%ejr%t'fh@ g%ﬂd?-g{‘Fbﬂ’gaﬁuﬂ?ﬁtY‘H e? ePner ati on

pr ocessanddic sd sl vl g npfrat coerespordiag hetdbt ebectapde oxThat el y
-60[err].C and ap | +70Lery 1 C . [ np. limt is
detenﬁ%ﬁ? %Féné§é§%§$%§%% ﬁ%%eﬁ?%feuégglgggg?ﬁé%?i%%?%Fégthe boi l'i ng
poi nt diraughi|akoublhy enethamicabt chargingceedgd. by means of

corresponding salts in the electrolyte scolution. Examples

for such additive metals are Hg, Cd, Ca, Sn, Pb and others.

As a result of the method and apparatus according to the
invention, not only is it possible to very accurately re-
gulate the concentration range of the just described addi-
tives in the electrolyte with respect to the production of
loos dendrites for the reconstruction of porous electrodes,
but can also be extended over the hitherto possible boun-
daries. This makes it possible for the first time, by
briefly increasing the concentration of the additives
beyond the existing maximum limits, particularly directly
before the separation of the already deposited dendrites,
to increase the frequency with which the dendrites pro-
duced are separated and increase the additive concentra-
tion in the active, deposited material and bring about more
effective incorporation into the electrode material. It is
a type of surface alloy of the electrochemically active,
deposited material.

With regards to the regeneration and reconstruction of zinc
electrodes for the zinc/air depolarized battery, lead is



- 17 - The current densities necessary for a dendritic deposition extend
within a range of approximtely 100 mA/cnferr] to a few Alcnjerr],
referring here to the surface area on which the naterial is to be
deposi t ed. The di stance between_t So-cal |l ed deposit support electro- de
or working electrode and the counterelectrode is ad- mttedly of secondary
I nportance, but for high efficiency reasons should be kept as snmall as
possi ble to avoid ohmc | osses. In the production of zinc dendrites for
por ous el ectrodes,_ particul arl ood results are obtained with
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el ect rgﬁh%ﬂﬁq{ ytr?étl!x%(s?' ?Bf&%ﬁétr 6&“6§r{1¥eté‘fe%f’:?§&e d@é‘&'%iﬁg& arée
presse wet ont a Sulta e SUppOft. IS IS refera y carrile out at a
pressuri® @prrgHidatete 9.5 to ppresd nately g%tkﬁl chezfererceci®ode

surf aceyi 2 1 W RS rd 8O Uh POk Cap ok I RSl BYr { aGE5s 21 8a@PIRI BRY rel ative

to porous zinc_electrodes in_the range approximately 100 to approxi mately
200 kgfdFmqde mafRrifl qnd WREREtRRtetY rQde ¥E-Thbn fREdRERGIth a

smal | - prolidrtse ieath dutinl | peedieeion. a | ar ge- pored sepa- rator,
particularly in a cassette. The support material of the deposit support
el ectrode or the correspondi ng ot her, desired support can be masked with a
honeyca@ntfwttthet Ladvantagy ofiethe esatingd odnd happetatus according

to the invention is that the concentration of the material
to be deposited in the electrolyte, i.e. in particular the
metal to be desposited, can be precisely set and in
particular can be kept constant. As has already been des-
cribed, the starting value can be achieved through a
mechanical dosing.

During the production and regeneration of zinc electrodes a
concentration of approximately 1 to approximately 100 g/1
can be set. Particularly good results are obtained with a
concentration of approximately 20 g/l1.

A temperature control or thermostatting of the electrolyte
bath for maintaining specific, optimum temperature ranges
can be appropriate, but is not vital. As a function of the
ambient temperature and on the basis of the operating condi-
tions during the regeneration process, the standard
temperature range can be between approximately -GOOC

and approximately +70°C. The upper temperature limit is
determined by the casing and material used and in principle
the boiling point of the electrolyte should not be ex-
ceeded.



- 18 - dendrites, in order to give the resulting el ectrode a par-
ticul ar nmechanical stability during cyclizing, i.e. during cyclic

di scharging and charging. Naturally with respect to the pressing on the
deposit support electrode, i.e. wth- _out support material change, the
maski ng nmust be applied prior to dendrite production, i.e. prior to
electrolytic deposition, to the support nmaterial of the deposit support

el ectrode. It is then inportant that the correspondi ng maski ng or honeyconb
structure is nmade fromor at |east correspondi ngly coated with either a

noncondf@t FYETRREHPRS1GLCS RECESSAFYefOLt & ithsugePes ity ®oat i ng and
pref erexgbhy eliehtihoahedhgal bf apprioximatelsd AOXmAxtmONto alt is

fund tall ible_t th hod d t di to th
e Y B B R R LR R A
first thpematemdieyl $s- tal beddeplosiiteds] ect r odes. For obtai ni ng

correspondi ngly conpact deposits, correspon- dingly |ower current densities
must be respected, falling within a range between approximately 10 and
approx?ﬁ&téF?tQOGenhﬁ@WF@Pthel§°n§?¥%éa)qg@°ﬁé6@§§§@9rﬁbeﬂ§@tﬁﬁm | - por ed
separ aar erf @orkdRp’ 83acheofke @hdo e dcurtidradlett2dde0 i sA ggant i nuous or

Intermttent convection of the electrolyte. The el ectrochem cally active
surfac@%t&edg'ﬁeoé:eﬁ&?f’f‘d?ﬁb’p&?“?oat@@ﬁeudé’u& v E’il b EEEAGEEREYand t he

count ereasbast shdaelghbel debt ak shaldams @podariblle raJAvoide otitiicng t he

el ectr Lcal._r n i . t S.p . Thi I n particular

be achlgégggsby Ig %g(rzér g)é.%%iﬁgﬁ[%%%%na%?l:}%ﬁécog e?‘hcééri%%t%hg e P%rr %g%t aining a

r oughl glegmiticodes!,i pag tilicnd agilyt goedt im@sults are obtained with
timeéconstant current densities of approximately 2

A/cm .

In the further processing of the deposited electrode
coating on the deposit support electrode the coating,
particularly the loose dendrites, are initially washed in
water and soda water, in order to remove residues of the
electrolyte from the electrochemically active material.
Then, the electrochemically active material, particularly
the loose dendrites, are pressed wet onto a suitable
support. This is preferably carried out atza pressure of
approximately 5 to approximately 250 kg/cm electrode
surface. Particularly favourable electrode surfaces are
obtained relative to porous zinc electrodes in the range
approximately 100 to approximately 200 kg/cm .

The dried, recoated electrode is then welded with a
small-pored separator and inserted in a large-pored sepa-
rator, particularly in a cassette.

The support material of the deposit support electrode or ‘
the corresponding other, desired support can be masked with
a honeycomb structure during the pressing of the wet



PCT/ EP98/ 01071 (C 385) ALLOWABLE CLAI VB in

accordance with the Preliminary Exami nation Report NEW CLAI M5 1.

Met hod for the production of a coating for an el ec- trode, having the
successi ve steps of: - intradyg ng a deposit support el ectrode (A)
into an el ectrolyte space (3) filled with an electrolyte (4)

and with a counterel ectrode configuration (G, - electrical connection
of the deposit support elec- trode (A) to the counterel ectrode

configuratiaq nea a curr. t/volta urce (Q, -

el ect r%@?ﬁr&r%&%po&q |°d:ﬁi%ﬁx"é> X SPBH Y quep&iqa Suppor t

el ect r adeulAx Mpchqnﬂqahuptabkaﬂy durlngznyﬂknzﬂngtzxyeitﬂuning

pr edet N . t de (A and
counter elcrlgd dt:"S'rgsf\la&%rﬁ{(?e a??lﬁkbaurrgaltng' %ﬁ%ﬁ'l; “ﬁ se%;‘%saqpél ng q??e coat ed
deposi fthgu;m‘@ﬁmé’#ge&!? dde dmposit suppanh tHeaadsr d @t ldd-

confi gihal isippddat am-.erial -cHRGY) péhé ha H6aIP daP 4 lagibR t el ectrode

A) fromthe electrol te s (3), - controlling the
conmposPEIeF FfyAsna et R PRIRR 1%y FLOCTRPSERd on the
deposi depdizddilors| e the supﬁdﬁdma(t@rm Qiﬁe&rfealaégmwkdiéumt c ha

ract e in,t t.he electral te addItIV are taken up
and/ or &a‘%‘ifé’rdz ﬂ: FIRETGH Y 09}} récgid'f Sional electro-
des (ZimasRing/3r |hmtéye:cedl:ecs1zmiq¢xecspa:ma(d§ ﬁzmin or a'd; Hagagthe deposited

coating, %ég%éfﬂﬁﬁi‘ijg ddBd N th eiGRAOY Iy GHUUHY ?%xfé:trﬁ% {4Y and

transfer resseed on a separate Suppo
-2- or a material electrically insulated by coatlng and prefer-

ably electrochemically inert to anodic oxidation.

It is fundamentally possible to use the methods and
apparatus according to the invention in regenerating
compact electrodes for use as electrodes of the first type,
namely so-called soluble electrodes.

For obtaining correspondingly compact deposits, correspon-
dingly lower current densities must be respected, falling
within a gange between approximately 10 and approximately
100 mA/cm . It may also be necessary to use small-pored
separators for suppressing electroosmotic effects and/or a
continuous or intermittent convection of the electrolyte.

The electrochemically active surfaces of the deposit
support electrode or working electrode and the counter-
electrode should be of the same order of magnitude during
the electrochemical regeneration of compact electrodes.
This can in particular be achieved by a corresponding
masking of the cathode for obtaining a roughly uniform
field line distribution.



2. thhod for the production of a u@ - el ectrode, having
t he successive steps of: - intrjo ﬂ.’l%lsﬂi'&Eﬁ HMDBEHIM support el ectrode (A)

into space (3) flill edRgg n elegtroly
and Qf?ﬁag)gﬂeégetlégX?fode conf i gypation lMMEB 2 eI@@QF( Vﬁﬁ%ﬁnectlon
of the denesdibnishRa t el ec- trode (A) to the coup e9l %ﬁ%@e

% é%;ﬁ%rt

conf iggpetnipafeniAorneys by nmeans of a current/voltage sour

el ecteul ddemattopReield on of a coating (S) on the d

el ectrade (A) by supplying current and/ or voltage for a
predetern1ned time—to-at--1 east t he deposit support electrode (A) and

devost 4 WA l’lﬂ"ﬂtt ffie (8 "™ ffomthe counierelscirods oo

confi gurat fFont renmovi ng the coated depoSi388%upport el ectrode

(A fromthe electrolyte space (3) and - controlling the
conposition and/or structure of the coating (S) deposited on the
deposit support elec- trode (A) by electrolyte additives, c h a
r acLAIMSi z e d in that the electrolyte additives are taken up

and/ or deliver- ed and tinme-controlled by neans of additional elec-
trodes (Z1, Z2, Z3) in the electrolyte space (3) and that the deposited
coating (S) is pressed on the deposit support electrode (A). 3.
N@thOdlaCCOMétHBdtQanQhéprBQu&EQbﬂBoi ch%atlng forNad Blacc t er i z e
d in that ssure rOX|nate % to apprOX|nater 250
kg/cnjerr] FE° 9§e 3?“80ﬁ§?e§ gfSsive steps - 3-

4. Method actotebdgctingoaedepothie pugpedmnglectrodbamws intoaa h ar ac
oot © “gickbBiyee,sobls (99 1D pcaposhbed g e PO
form and with a counterelectrode configuration (G),

- electrical connection of the deposit support elec-
trode (A) to the counterelectrode configuration (G)
by means of a current/voltage source (Q),

- electrolytic deposition of a coating (S) on the
deposit support electrode (A) by supplying current
and/or voltage for a predetermined time to at least
the deposit support electrode (A) and counterelec-
trode configuration (G),

- separating the coated deposit support electrode (A)
from the counterelectrode configuration (G) and

~ removing the coated deposit support electrode (A)
from the electrolyte space (3),

in which the composition and/or structure of the

coating (S) deposited on the deposit support electrode

(A) is controlled by the addition of electrolyte addi-

tives and in which the concentrations of the electro-

lyte additives are time-controlled by means of addi-
tional electrodes (Z1l, 22, Z3) in the electrolyte
space (3), through which the additives are taken up
and/or delivered.
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o one of the precel T I char ac
t'é p@thod ageorcind t at Ieastp2|nc ng %&géaggﬁ onwthe el ectrol yte
(4) at”lmlﬂmrlmljm il support el ect r ode—tA)—b—Lkthdd according to

he precedi fig » C ar

Iggdoortleag conpou%ds partlcularly Pead salts are used ashthe -
el ectrolyte additive. 7. Method according to claim§6, C S ra
er i zedin that the concentration of lead or |ead conpounds is ;o
adjusteqzand trolled in a concentration range that ~ the coating (S)
i s mechdhi cal ?gg?gb???Qﬁﬁi%ﬂdt?scbﬁiW 1, subject to slight corrosion

and/ or self- dmsmhmrglmgc t e ﬁhgnzugeg |ﬂnatgg£tery - 8. N@thoﬂ ?ccordlng
to one of th acteri zedintha

t (% @IeE B%ﬁ% denj 8hg ideposifdguppedtand

the concentra |on %F +%%d )} i8a %ﬂb

coﬁtrolled trﬁﬁe¢tr@m®s(RMtb9Iagngﬁgslc ?ro@gﬁ éfhigl ?Légsfggnatlon of
0

dendrites durd #ﬁ? position the coating
- 4- 9. Met d%accordnng to one of the preceding cl ai ns, c h a
racteri zedinthat an electrlc current density of

I s, used for depositing
appr oxi rgt el Wekhod Chccordfr%”@&“c@éeéy 'gh pre eecﬂxllg claims, P
t he coatlng S).
aracterized in that
the deposit support electrode (A), counterelectrode
configuration (G) and/or additional electrode (Z1,
Z2, Z3) are controlled and adjusted relative to a

reference electrode configuration (R).

4. Method according to one of the preceding claims,
characterized in that
the setting of the deposit support electrode (A),
counterelectrode configuration (G) and additional
electrode (zZ1, Z2, Z3) with respect to one another
and/or the time sequence of the deposition is cen-
trally controlled and regulated and in particular
use is made of a central control and regulating
device (C), e.g. a microprocessor.

5. Method according to one of the preceding claims,
characterized in that
at least during deposition the concentrations of the
electrolyte constituents, particularly electrolyte
additives are determined and that use is made of
sensors sensitive to the individual constituents, e.q.
ion-sensitive electrodes (M1, M2, M3).
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10. Method according 6 claim9, c N HHI8 SHEETtHAS BEEN 4 € d in that
an electrl nsity of approxi matjel y 23g¢gng rr I s used when
deporsnmlm m mh gj E‘ Met hod accordi ng to-ore—e+—t 9 precedi ng

cl ai cteri zgdin that the deposit support

el ectrode (A) count erel ectrode configuration (G and/or additiona

el ectrodes (Z1, Z2, Z3) are controlled and adjusted relative to a

ref erence el ectrode configuration (R). 12. Method according to one of the
pr ecedi cl ai s ,_c.h r,.acteri zedinthat t he

adj ust nenht cWeYﬁﬁﬁzﬁﬁngqlﬁ%pﬁ%rgliﬁﬁcg' trode (A), counterel ectrode
configuration ¥® mnal ¢ t eadditzomad eiecthatles (Z1, 72, Z3) with respect
to one .a$$t o) | OB u e d S o]
trally contro éﬁgéﬁ %éd%?é€§%?£%§%§§Q ate u%&d faesthe @e%?%%ﬁar of a
central cont¢ottzel ardureguhgtienief the d@nPSltlgn %n@1nabb¥©uessor.

5 18 Mdnd A6£0LEeEnG 0ol CoBhcbRerBEEERIbE the ofbdtfBiyte C N A T

acter.i | east during deposition the cohcentration
of the FersFbiyenrte orrdi 2¢@hELvesrticul arly electrol yte addi tives

is determned and that for this purpose sensors sensitive to the
individg?l const uents, such as ion- senS|t|ge el ectrodes (ML, M2, MB)
are use { ATCELLRI dFAGORS RFf athe1Brecedipgpclaimg, c t e r i z e d
i n that ¢hm aeasaredtcencent zagi @nsiar ehased for the feedback

control and feoplakiop; of JgPasbbiedNerbll RRL! LEMLR o1yte (4) at
the deposit support electrode (A).

8. Method according to one of the preceding claims,
characterized in that
lead or lead compounds, particularly lead salts are
used as the electrolyte additive.

9. Method according to claim 8,
characterized in that
the concentration of lead or lead compounds is so ad-
justed and controlled in a concentration range that
the coating (S) is mechanically stabilized and is only
subject to slight corrosion and/or self-discharge when
used in a battery.

10. Method according to one of the claims 8 or 9,
characterized in that
the concentration of lead or lead compounds is so ad-
justed and controlled that it substantially does not
inhibit the formation of dendrites on depositing the
coating (S).
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the concentration setting of the electr TMSeSMﬁﬁsBASGEEN ents and

addi ti ves. 15. aratus for the producti omEpU\@gcoatl g for an el ec-
trogmlm l‘u)m ‘ﬁifc deposi tion, particutarty—fot perform ng the

one of the clai 1 to 14, havi ng an
el ectrofyt space (3) fillable with™an el ec- trolyte (4), havi ng
a deposit support electrode (A) and a counter- el ectrode configuration
(G placed in the electrolyte space (3) and wettabl e by the
eIectroI tebgﬁéamand having a current/vol tage source (G for the
electril ethed caprREding BP eRe @EpBRetPE ing efleingde (A) and
counterelectéqmeaegn5|QUfaé|@nl(gaet@ o] aRnather and for supplying

current and/or v 8 g gtern1n ed t#ne to the deposit
support el ect?® 929§1te pRticuheEl v dendriticah ¥g9F3¥on (G and

-ﬁ- rwcyaﬁign@t(‘.sease perovddi fromathel eepcede éZﬂ\poZ‘E eXld¢- for
the time contro trolyte co acteriz
e d in that érOA?hLA;da? ﬁ%ﬁ §¥%c¥?%8 e@z gingzé§? %S tragﬁruble for a
ti me- cont r ol fexiredkang apphﬁddorpartidelareyypnéspeévonuaIyepetamed
constituent sy PL gT)_additives to the electrolyte (4). 16. Appar at us

according to c characteri zedin that t he
additional electrode (Z1, Z2, Z3) is connectable to a current/voltage

source {Pl, W2tnb3)a8REraNRgUEs one bBethat ezalﬁgnlbeosmgpl ied in
time-controll ed manner W th current and/ or vol tage. 17. Appar at us

according tCofedof BhE I & Fsi13 8rd 1noFheg, characteri ze
dinthat +the deposited, particularly dendritically grown

coating (S) is compressed particularly pressed on
the deposit support electrode (A).

13. Method according to one of the claims 11 or 12,
characterized in that
a pressure of approximately 5 to approximately
250 kg/cm is used for compression or pressing.

14. Method according to one of the preceding claims,
characterized in that
for the in particular dendritic deposition of the
coating (S) use is made of an electrical current
densityzof approximately 0.1 to approximately
10 A/cm , more particularly a current density of
approximately 2 A/cm when depositing zinc.

15. Apparatus for the production of a coating for an elec-~
trode by electrodeposition, particularly according to
the method of one of the claims 1 to 14,
having an electrolyte space (3) fillable with an elec-
trolyte (4),
having a deposit support electrode (A) and a counter-
electrode configuration (G) located in the electrolyte
space (3) and wettable by the electrolyte (4) and
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t he current/vol tage source (P1, P2, é;ége ﬁdiS B east one additionafl

el*ectr Zl Z2, Z3) is con- struc ?@\ D entlostat. 18.
Appar E@iﬂl "Mﬂ””m ong Sfefte?gnglf el ectrode conflgur ation (CR;] ?sr act

prbV|ded ahd Swherein the dep05|% support electrode (A), coun-
terel ectrode configuration (G and/or additional elec- "trode (Z1, Z2,
Z3) are controllable and adjustable relative to the reference
el ectrode configuration (R). -7- 19.

Appar at us acRI¥YERAR t GUBFRNBS Ve hEage osaures (@) for the electyi@al r a c t

eri zed ¢6hﬁé@%lon of atkEN4EPOs £ONEG p§£€ éEQéhﬁéaég(ﬂ?Véﬁé (O is
provi d- ermtting the time _con gu ation of the

vol t age and Ekﬁr% Eoberehe HE%%%l?°§ﬁb%BF?téP%c€96d © one angther

count er el ectawdefsponthg@usappdyp ¢£) cantdehbeanll/or volﬁagé eoe additiona
el ectrode (Z nd |n particul ar

with respectP¥ %&éterm%ﬂ%a g+%?eﬁ%et%?eg?PBE%gcﬁﬂPPaﬁ a?f%ﬁ 20.
Appar at us act®) cang tountereldétrode confiigurationt (€)y i z e d in that

the central gcogty % %eglge (L)1 hgs adn1gﬁoggggessor 21. Apparatus
o) 1

according to one he cl ai ns characteri ze
dinthat at lea8t ane a@éstx@ngldeleetsodﬁﬂﬁZL@ Z%B) Z3palisi puo-

arly 10n- Sepgabaveos! AL 0ORS. cbRErORasE! LAY Eh]@ctroly‘&@r‘&&ﬁ%&at'on of
specific constituents_and tives he el ectrolyte
sition and the addltlonal electrode (z1, z2, 23) 1s
constructed for the time-controlled taking up and/or
delivery of previocusly defined constituents and/or

additives of the electrolyte (4).

16. Apparatus according to claim 15,
characterized in that
the additional electrode (Zl, Z2, Z3) is connectable
to a current/voltage source (Pl, P2, P3) and through
the latter can be supplied in time-controlled manner
with current and/or voltage.

17. Apparatus according to one of the claims 15 or 16,
characterized in that
the current/voltage source (P1, P2, P3) of the at
least one additional electrode (21, Z2, Z3) is con-
structed as a potentiostat.

18. Apparatus according to one of the claims 15 to 17,
characterized in that
a reference electrode configuration (R) is provided
and that the deposit support electrode (A), counter-
electrode configuration (G) and/or additional elec-
trode (Zl, Z2, Z3) are controllable and adjustable
relative to the reference electrode configuration (R).
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the central control ‘device (C) is const rjuct ed cei ving data

22. Apparatus according to claim 21, ITmShS%E'T @\b BEER 1 I z e din that
suppl i ng devices (ML, conce ni ng the
concenﬁ n‘m mm” d/or thg,electric state val ues of the deposit

support* elec-- strode (A), count€érelectrode configuration (G, addi-
tional electrode (21, ZZ, Z3) and reference el ectrode configuration
(R). -8- 23. Apparatus according to
one of the clains 15 to aracteri zedinthat

t he ref%ﬂfﬁKﬁPEﬁ%%@?%d@C%%ﬁ¢%©9rE?l@ﬂe(P§ BB8 glaims-15 to kB, el ectrode
and/or a revergidle aetat &lpcirgde. d in that

a central control and regulating device (C) is pro-
vided, permitting the time control and regulation of
the voltage and current of the deposit support elec-
trode (A), counterelectrode configuration (G) and the
at least one additional electrode (zl, Z2, Z3) with
respect to one another and in particular with respect
to the reference electrode configuration (R).

20. Apparatus according to claim 19,
characterized in that
the central control device (C) has a microprocessor.

21. Apparatus according to one of the claims 15 to 20,
characterized in that
there are measuring devices (M1, M2, M3), particularly
ion-sensitive electrodes, for measuring the concentra-
tion of specific constituents and/or additives of the
electrolyte (4).

22. Apparatus according to claim 21,
characterized in that
the central control device (L) is constructed for re-
ceiving data supplied by the measuring devices (M1,
M2, M3) concerning the concentration values and/or the
electric state values of the deposit support elecrode
(A), counterelectrode configuration (G), additional
electrode (Z1, Z2, Z3) and/or reference electrode con-
figuration (R).

23. Apparatus according to one of the claims 15 to 22,
characterized in that
the reference electrode configuration (R) has a calo-
mel electrode and/or a reversible metal electrode.
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