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RECHARGEABLE BATTERY SYSTEM AND THE USE THEREOF The invention relates to
are rgeabl e battery system according to the preanble of claim1l.
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: RECHARGEABLE BATTERY SYSTEM AND THE USE THEREOF

The invention relates to a rechargeable battery system ac-
cording to claims 1 and 3, as well as to the use thereof
according to claim 18.

Batteries and battery systems are becoming increasingly im-
portant for primary and secondary energy supply. This in-
creasing relevance is more particularly due to the ever in-
creasing demands made with regards to environmental compa-
tibility of energy supply systems in the sense of emission
protection and reusability or recyclability of raw mate-
rials and energy.

This firstly relates to the end user and consequently pri-
vate households and secondly public installations, parti-
cularly the infrastructure and traffic which are being
equipped with more environmentally compatible energy sour-
ces. Already mobile devices, such as e.g. portable micro-
devices and also vehicles, particularly road, rail or wa-
ter vehicles, are being equipped with environmentally
friendly, reusable or rechargeable energy supports in the
form of accumulators or batteries. Such energy supports in
the form of battery systems are also being increasingly
used in immobile devices, such as stand-alone devices and
as emergency power supplies.
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friendly, reusable or rechargeabl e energy supports in the form of

faccumul ators or batteries. Such energy supports in the formof battery
systens are al so being increasingly used in i mobile devices, such as
stand-al one devices and as energency power suppli es.

-2- - In conjunction with the priZate end user, as well as public
installations, use is being increasingly nmade of netal/air depol ari zed
batteries as rechargeable prinmary batteries, e.g. in hearing aids or heart
pacemakers, as well as in tel econmunications engineering and in signal
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tal electrode. This is due to the low equivalence mass and

the high hydrogen overpotential of zinc, which prevents a

spontaneous dissolving of the Zn electrode in an aqueous

and in particular alkaline electrolyte and simultaneously

permits recharging with a high current efficiency.

In the case of rechargeable accumulators or battery sys-
tems, the problem is known that during recharging struc-
tural and shape changes occur at the metal electrodes or
electrochemically active coatings. This problem has also
been observed in the case of ziné/air depolarized batte-
ries. The shape change of the metal electrode with an in-
creasing number of recharging cycles, in certain circum-
stances and in a secondary manner, leads to internal short-
circuits of the electrode or to passivation phenomena.
Thus, with an increasing number of recharging cycles the
electrode capacity drops, so that the life of the battery
or battery system is drastically shortened.

The prior art has evolved numerous methods in order to re-
duce the harmful influences of structural and shape changes
to the metal electrode or electrochemically active coatings
of the actual shape change. :
-
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Thus, with an increasing nunber of recharging cycles the el ectrode capacity
drops, so that the life of the battery or battery systemis drastically
short ened. The prior art has evol ved nunerous nethods in order to re-

. duce the harnful influences of structural and shape changes to the netal

el ectrode or electrochenically actidve coatings of the actual shape change.

- 3- It is e.g. known to performthe recharging of the elec- trodes
externally and a discharged battery to virtually renew fromthe begi nning
by a nechani cal replacenent of the spent el ectrodes by new el ectrodes.
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reprocgrs%i %BQE?: %iiéc %?’giei?ogyecﬂg ?1 aI/C}léeg prior art also discloses
so-cal | ed magazi ne systens for receiving el ectrode configurations with a

mechanically un- stable, gel-like or pulverulent electrochemically active
coating, which surrounds the correspaonding el ectrode con- figurations and
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r owder a ntende acilitate the handli of the el ectrode
configﬁ?ﬁg Rpaﬁﬂ %4?ﬂ£§ﬁﬁﬁ%ﬁ cé?ectrlcéfi eChar

ging by the customer in suit is impossible. Thus, in the
prior art manufacturing and marketing organizations for
such battery systems have had to simultaneously offer a
service for the reprocessing of discharged electrodes.

The prior art also discloses so-called magazine systems for
. receiving electrode configurations with a mechanically un-
stable, gel-like or pulverulent electrochemically active
coating, which surrounds the corresponding electrode con-
figurations and is intended to mechanically stabilize tgé
coating. However, this mechanical stabilization relates to
the electrode material as such, if it is e.g. a gel or a
powder and is intended to facilitate the handling of the
electrode configuration during change and incorporation.
The structural and shape change of the electrodes during
recharging, however, takes place on the microscopic and
mesoscopic size scale and is not prevented in the known
magazine systems. '

The prior art also discloses so-called small-pored sepa-
rators, which are substantially in contact with the elec-
trode and in the case of certain electrode types reduces
the extent of the structural and shape change on the elec-
trodes during recharging caused by so-called electroos-
mosis. This procedure is possible with substantially so-
luble electrodes of the first type.
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The structural and shape change of the el ectrodes during recharging,
however, takes place on the m croscopic and nesoscopic size scale and is
not prevented in the known nagazi ne systens. The prior art also discloses
so-called smal |l -pored sepa- rators, which are substantially in contact with
‘the elec- trode and in the case'bf4certain el ectrode types reduces the
extent of the structural and shape change on the el ec- trodes during
rechargi ng caused by so-called electroos- nosis. This procedure is possible
with substantially so- luble electrodes of the first type.
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perneagle for the ions contributing to current conduction, but on the other
hol d Q%PQTuavicinity of the electrode the ionic conpounds reversibly
formed during charging and di scharg- ing. Metal deposits and dendritic:
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cording to the prior art, a considerable proportion of the

structural and shape changes of the electrode configuration
during'cyclic recharging is not covered, so that only a
very small number of recharging cycles is left for the user
of a rechargeable battery system until the latter and in
particular the electrodes contained therein have to under-
go a fundamental renewal, which leads to not inconsiderable
costs.

The object of the invention is to provide a battery system,
which makes it possible for the user in a practicable man-
ner to cost-effectively electrically recharge the battery
system.

According to the invention, the object is on the one hand
solved by a rechargeable battery system according to claim
1 and on the other by a rechargeable battery system accor-
ding to claim 3. Advantageous further developments of the
rechargeable battery sysstem according to the invention
form the subject matter of the subclaims. The use of the
rechargeable battery systems according to the invention
forms the subject matter of claim 18.
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US patent 4,292,357 discloses an anode configuration, in which for reducing
shape changes the anode material is sur- rounded by a separator, which is
made froman electrically insulating, electrolyte-perneable material. EP
91 238 Al discloses an el ectrode of_ the second type, in which a lattice
structure is pressed into the el ectX 6de material. As a result of the

numer ous separator areas fornmed in this way, shape changes to the

el ectrodes during el ectrode chargi ng and di scharging are to be reduced.
However, in all these known nmeasures and configurations ac- cording to the
pri or @he, rachemgedbilabba gheopyosyishem faddurding ctairthe atmvalrepen changes of
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Advant gecond type has a separator arrangement through which it

is possible to reduce at least the structural and/or shape

change of the electrode during cyclic charging and dis-

charging which is linked with the sinking of unstable dis-

charge products.

Although the prior art already uses small-pored separators,
in order to reduce structural and shape changes attribu-
table to electroosmostically driven convection currents,
this procedure does not provide satisfactory results in the
case of insoluble electrodes of the second type. This is
inter alia due to the fact that in the case of insoluble
electrodes of the second type the structural and/or shape
changes, in certain circumstances, is not or is not deci-

" sively caused by concentration gradient-driven electro-
osmosis, but is in fact caused by gravity in connection
with insoluble and particularly mechanically unstable dis-
charge products, -particularly from the electrode surface
and is due to the sinking thereof.

The battery system according to the invention in a second
form also has a plurality of electrodes placed in an elec-
trolyte space, which is filled with an eléctrolyte, the
plurality of electrodes being tapped with the aid of an
electrical tap. At least one of the electrodes is con-
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geous further devel opnents of the rechargeable battery sysstem according to
the invention formthe subject matter of the subclains. The use of the
rechargeabl e battery sy- stens according to the invention forns the subject
matter of claim15. The rechargeabl e battery system according to the
‘invention has a plurality of el ectPodes arranged in an el ectrol yte space,
which is filled with an electrolyte. The plurality of electrodes is tapped
with the aid of an electrical tap. At |east one of the electrodes is
constructed as a substan- tially insoluble electrode of the second type.
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due t orébeefaahdt having bhelazedidly ofs depriessdlonst ramlb’s:xofe]ldﬁ-e second type
t he strugtural and/ or shape changes, in certain circunstances, is not or is

not deff- gPﬁély caused by concentration gradient-driven electro- osnosi s,
but is in fact caused by gravity in connection with insoluble and

particylapl y RRGRABIECILLY gt ngfaﬁw o1 UHeS el tdgl arly from

t he electro%e surface and i s %ue 0 the sin er eof .
chemically active coating of the electro e, i.e. the elec-

trode surface, is subdivided by the correspondingly con-
structed depressions and/or elevations in the form of a
type of parquetting or tiling, namely as separate ség—
ments, blocks or islands. As a result of this subdivi-
sion and for roughly constant adhesive forces, there is
only an action of the local weight occurring in a seg-
ment or block via the discharge products occurring there.

Through a corresponding dimensioning of the profile or re-
lief structure, i.e. by a corresponding size distribution
of the surface segments, it is possible to achieve that the
substantially insoluble, particularly mechanically unstable
discharge products are not detached or only detached to a
limited extent in the segments from the gravity of the dis-
charge products summated in said segment, so that then the
large-scale structural and/or shape change of the electrode
can be greatly reduced. Then, at the most there can be
small, local structural and/or shape changes to the elec-
trode surface, namely at the size scale resulting from the
segment size and which as a result of a corresponding
dimensioning of the parquetting is not disadvantageous for
the operation of the battery system with regards to a pos-

sibly high number of cycles. e
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(Note: Paragraph 3, page 8 to 9 of the original text of the PCT/EP98/01072
s inserted here.) In the separator arrangenment according to the invention
with at | east one small-pored separator and at | east one | argepored
separator the |arge-pored separator serves to prevent the sinking of
‘mechani cal |y unstabl e di scharge pr@&- -ducts. The snmall-pored separator also
offers the possibili- ty of reducing the structural and/or shape changes of
the el ectrode Iinked with the gradientdriven electroosnosis, so that in al
both the electroosnotically driven and al so the gravity-driven structural
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therein has to undergo a fundamental renewal.

An advantageous further development of the battery system
of the first form consists of at least the substantially
insoluble electrode of the second type, in addition to the
separator arrangement, having an electrochemically active
coating with a surface profile or relief with a plurality
of depressions and/or elevations. As a result of this elec-
trochemically active coating provided with a corresponding
surface profile or relief, advantageously the structural
and/or shape changes of the electrode during cyclic charg-
ing and discharging linked with the sinking of mechanical-
ly unstable discharge products can be further reduced.

In an advantageous further development of the battery sys-
tem of the second type, it is additionally provided that at
least the substantially insoluble electrode of the second
type, besides the inventively constructed electrochemically
active coating provided with a surface relief or profile,
there is also a separator arrangement, through which it is
possible to further reduce the structural and/or shape
changes of the electrode during cyclic charging and dis-
charging linked with the sinking of mechanically unstable
discharge products.
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structed depressions and/or elevations in the formof a type of parquetting
-or tiling, nanely as separate seg- nents, blocks or islands. As a result of
this subdivi- sion and for roughly constant adhesive forces, there is only
an action of the local weight occurring in a seg- nent or block via the

“di scharge products occurring t here8 - Through a correspondi ng di nensi oni ng
of the profile or re- lief structure, i.e. by a correspondi ng size
distribution of the surface segnents, it is possible to achieve that the
substantially insoluble, particularly nmechanically unstabl e discharge
productts i}fﬂ‘ et foles apaietiionlanly dévanhedebusa koobrddngxitentthien the
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nable proceéures for the solution according to the inven-

tion.

Although the suppression of sinking of insoluble and in
particular mechanically unstable discharge products, as
well as the reduction of shape and/or volume changes re-
presents a general principle, the effect can be more parti-
cularly be applied to substantially insoluble electrodes
of the second type and particularly metal electrodes con-
nected as an anode during battery use or discharge and as
a cathode during regeneration or recharging, preference
being given to a zinc electrode due to its particularly
high energy density.

A particularly adyantageous separator arrangement is ob-
tained if it is formed by at least one small-pored sepa-
rator and at least one large-pored separator. As de-
scribed hereinbefore, the large-pored separator serves to
prevent the sinking of mechanically unstable discharge
products. The small-pored separator also offers the possi-
bility of reducing the structural and/or shape changes of



systemand in particular the electrodes contained therein has to undergo a
‘fundanmental renewal . (Note: first part of paragraph 2, page 7 of the
original text of the PCT/EP98/ 01072 is deleted) If in addition to the
_separator arrangenent at | east th% substantially insoluble el ectrode of the
second type has an el ectrochem Cal’l y active coating with a surface profile
or relief with a plurality of depressions and/or elevations, as a result of
this electrochemcally active coating pro- vided with a correspondi ng
surface profile or relief, advantageously the structural and/or shape
changebe oélédbtretiecLiokedd wiiting thec lgraddiesrtyidny vernd aliesetroesgme- | i nked with
e Sk’ "o CEnBRCANLIE! el Ul M RURA LU Sy &M Tur e
reduc%gg' ?N%?e: lE’araglr eg,n '?Q:I orli aP'na textégf t he
PCT/ BPDSP 0the 29T oMty }VG@l (ﬁf@dﬁcturlatl 2N PR qﬁﬁlﬁ)d‘s"‘%’%ﬂ?ﬁdﬁ de a
fggb'Fﬁé'Q;ﬂeeEﬁédéeﬁlétlExaw tﬂd@wm vﬁ.frtdx Esafdrf%wrwhm drege pL of i 'ﬁ of
el ec- trochenica ive co of the electro use then the
two atti Hf H@Eﬁéh??nﬁzoalaé’%é‘ﬁ’(& g“}regﬁﬁl %‘?ﬁa(ﬁece‘(f‘q%ﬁ S'U'H%? ®%sing the
Si nlél 68 9échaszglingl eyaileés mppad I't!hd Aexteclewissddy fursdanretall schar ge
product s we o] 4 e construction of the separator
arran gnewgg oinahfhglﬁFﬂ%:g1|¢%r 5%§%é%gondlng el ectrode surface with
reliefs constitute independent, although .conbi nabl e procedures for the
SO|Uti9Af?ﬁ§QE@iEQl%9 dvafilidddus hﬁf the small—?ored sepa-

-9- he suppressi on of si nki I nsol ubl e_and
rator is constructed for suppressing the escape of dlS-

charge products of the electrode, which can in particular
be soluble, out of the separator arrangement. A particu-
larly advantageous battery system is obtained if the small-
pored separator is created for suppressing the formation of
internal short-circuits, particularly through the formation
of dendrites during the electrical recharging.

The large-pored separator is preferably constructed for the
firm surrounding of the electrode, because this leads to a
particularly easy handling of the enclosed electrode con-
figuration and with respect to the electrode/separator in-
terface little space is left for a shape and/or volume
change to the electrode surface.

To further simplify the handling of the enclosed electrode,
the large-pored separator advantageoulsy has an increased
mechanical stability. This counteracts a volume increase
and/or shape change to the electrode during discharging
and/or charging of the battery system.d

The small-pored separator can be constructed as the first,

inner separator, which is surrounded by the large-pored se-
parator as the second; outer separator. However, any other

embodiment is conceivable.
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particul ar mechani cally unstabl e discharge products, as well as the
reduction of shape and/or volunme changes re- presents a general principle,
the effect can be nore parti- cularly be applied to substantially insol uble
el ectrodes of the second type and particularly netal electrodes con- nected
as an anode during battery use or di®&charge and as a cathode during
regeneration or recharging, preference being given to a zinc el ectrode due
to its particularly high energy density. (Not e: Paragraph 3, page 8-9 of
the original text of the PCT/EP98/ 01072 was inserted on page 5 of the
pLesentnaGEFerdtd @grﬁ?qﬁﬂaglj effidetiveliatradude ttheashakbng 2, page 9 of
the original te t P PA8/ 01072, [t is.partic I dvant ageous
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tire separator or on the surface thereof, in order to en-
sure a uniform wetting of the electrode surface with elec-
trolytes and consegquently a particularly uniform decompo-
sition or composition of the electrode during cyclic dis-

charging or charging.

The distribution of the pores, openings or channels is
particlarly roughly homogenecus on the separator surface
in the case of a honeycomb arrangement on the separator,
whilst in particular having a circular, rectangular or
hexagonal cross-section.

In oder to withstand the stresses in the battery system,
the separator.arrangement and in particular the large-pored
separator are made from an electrically nonconductive ma-
terial. It is advantageous for the separator arrangement to
be substantially chemically inert. With respect to -these
eitreme requirements, the separator arrangement is in par-
ticular inert relative to oxygen, concentrated lyes, parti-
cularly KOH and/or acids. There is also inertness against
electrolyte additives, scuh as e.g. Pb, Hg, Cd, Ca, Sn and
or others.
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thermal expansion coefficient, because it is then ensured
that the electrode surface is given e.g. no space for a
volume expansion. The operating temperature range is in
general the temperature range in which the battery can be
appropriately charged and discharged and which is upwardly
limited by the electrolyte boiling point.

The rechargeable battery system according to the invention
is preferably used as or in a rechargeable metal/air depo-
larized battery and in particular in a zinc/air depola-
rized battery.

The small-pored separator can be made from polyethylene,
polypropylene or polyolefins. The use of grafted versions
of these materials increase the wettability by the elec-
trolyte. To prevent dendrite formation during recharging,
particular significance is attached to the mechanical
stability of the small-pored separator. Furthermore, the
small-pored separator should have a very small pore size,
accompanied by an adequate permeability for OH- ions.

Particularly good results are obtained with polyethylene
materials with particularly high molecular weights, namely
so~called PE-UHMW. These materials have a particularly good
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insoluble in lyes, but permeable for OH- ions. TiO
is given as an example. However, it is also appropriate
to use hydroxides or certain oxides, such as MgO or CaO,
particularly due to the high permeability thereof for
OH- ions.

The relief or profile structure optionally applied to the
electrode surface can in principle have a random design.
Generally use is made of a honeycomb structure, in which
the individual, raised island areas are separated from one
another by trench-like depressions. A particular aim is a
substantially uniform and homogeneous distribution of the
islands or segments with separation by depressions in the
form of trenches.

The individual islands, segments or raised areas are kept
contact-free through corresponding trenches, an electri-
cal contact at the most occurring via the so-called elec-
trode support. The spatial separation by the correspon-
ding trenches can also be assisted by insulating struts,
particularly in the vicinity of the large-pored separator.
The structure of the islands or segments can be rectangu-
lar, particularly square, circular or have any other ran-
dom shape. It is also possible to provide strip areas, par-
ticularly in parallel, which are separated from one another
by corresponding strip-like, parallel trenches.
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In particular, lead (Pb) is added in a concentration of ap-
proximately 0.1 to approximately 5 wt.%. On reconstructing
a corresponding electrode, i.e. fundamentally renewing, the
lead concentration in the electrolyte is between approxima-
tely 0.1 and approximately 2 wt.%. Particularly favourable
conditions arise with 1 wt.% in the electrode material and
approximately 0.2 wt.% during the reconstruction of the
electrode in the electrolyte. '

During electrochemical regeneration, the metal in the elec-
trolyte to be deposited on the electrode to be regenerated
must be set within specific ranges. For example, in the
case of zinc electrodes concentrations of approximately 1
to 100 g/1 are chosen, preference being given to a concen-
tfation of 20 g/1. '

The invention is described in greater detail hereinafter
relative to non-limitative, preferred embodiments and the
attached drawings, wherein show:



To inprove certain characteristics, such as e.g. the cor- rosion stability,
di scharge behaviour, etc., a netal can be added as an additive to the

el ectrode of the battery sys- tem Use is nmade of netals, which are
.anodically oxidi- zable in the al k;lri ne range and e.g. constituted by Hg,
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Fig. 1 A di agranmatic, sectional side view of an enbo- di ment

of "t herigshasapablagPainh8ty cS¥IRMAGR of differentdidibddiddiftd Nvention.
3B & 3C of a separator of the battery system according to
the invention in fig. 1.

'Fig. 4A A perspective, part sectional side view of an
electrode in another embodiment of a battery sys-
tem according to the invention. :

Fig. 4B A plan view of a section of the electrode shown
in fig. 4A, along plane Z.

Fig. 5A A side view of an electrode of another embodiment
of the battery system according to the invention.

Fig. 5B A plan view of a section through the electrode of
fig. 5A, relative to plane X.

Fig. 6A A plan view of the surface profile or relief of
an electrode of the apparatus according to the
invention.

Fig. 6B A cross-sectional view of the surface profile or
relief of an electrode of the battery system ac-
cording to the invention.



Fig. 2 A perspective, part sectional view of an elec- trode of

-the battery system according to the in- vention in fig. 1.

Figs. 3A, Diagrammatic side views of different enbodinents 3B & 3C of a
~separator of the battery systenlac& rding to the invention in
“fig. 1. Fig. 4A A perspective, gﬁrt sectional side view of an
el ectrode in anot her enbodi nent of a battery sys- tem accordi ng
to the invention. Fig. 4B A plan view of a section of the el ectrode
shown in fig. 4A, along plane Z Fig. 5A A side view of an

el ect rBiig. ol asoshdiagrbonakiémt Dart sectighalheige iy BEtamM accor di ng
to theoﬂaﬁéﬁ&?ﬁéﬂe of Ehé. Iré@har@e%'tﬁ'é Pty syl eddvaisy ¢de

el ectr relative to plane X Fig. 6A A plan
vi ew oFhenin¥gptiee- proflle or relief of an el ectrode of the
apparatus according to the |nvention Fig. 6B A
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- 15 -ded and enclosed by an electrolyte space 3, which is filled
with an electrolyte 4. The electrolyte space 3 can be con-
structed as a completely closed container or also in a
partly open constructional form. In the embodiment shown,
the electrolyte space 3 receives two electrodes 2a and 2b,
in such a way that they are substantially completely wetted
by the electrolyte 4.

The core of the electrodes 2a and 2b is formed by an elec-
trode support 8a or 8b, which is in each case COvered by an
electromechanically active coating 6a or 6b. The electrodes
are tapped by electrical leads or taps 5a or 5b, through
which the electrical energy can be transferred to a locad or
to a consumer. |

In the embodiment of the battery system 1 according to the
invention shown in fig. 1 the left-hand electrode 2a is
‘constructed as a substantially insoluble metal electrode of
the second type. The support 8a on this electrode can be a
random, electrically conductive support. The electrochemi-
cally active coating 6a can here be e.g. of zinc. In this
embodiment the electrode 2a is connected as an anode.

The electrode 2a is surrounded by a separator arrangement
7, which completely encloses the electrode 2a. The separa-
tor arrangement 7 of the embodiment of fig. 1 has an inner,
first, small-pored separator 7a and an outer, second,
large-pored separator 7b.



Fig. 1 is a diagrammatic, part sectional side view of an enbodi nent of the

“rechargeabl e battery systemaccording to the invention. In general, said
battery system 1l is substantially surroun- ded and encl osed by an
el ectrolyte space 3, which is fill with an electrolyte 4. The electrolyte
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internal short-circuits.

The outer, second, large-pored separator 7b surrounds the
interior, namely the actual electrode 2a and the inner
separator 7a and is used for mechanically stabilizing the
complete electrode 2a and reducing the structural and/or
shape changes, particularly the volume increase, of the
electrochemically active coating 6a of the electrode 2a,
in that the latter is firmly surrounded, so that a volume
change is impossible and secondly the sinking of insoluble
and in particular mechanically unstable discharge products,
particularly from the electrochemically active coating 6a,
as a result of gravity is prevented.

Fig. 2 shows in a perspective, part sectional side view
in greater detail the electrode 2a of the embodiment of
fig. 1.

The core of the electrode 2a is here formed by a support
8a, which in turn receives the electrochemically active
coating 6a, e.g. a zinc coating. In this embodiment, the
electrochemically active coating 6a is surrounded by an
inner, first, small-pored separator 7a. Towards the out-



- 16 - The inner, first, small-pored separator 7a serves to re- duce
“certain concentration gradients in the electrolyte 4 in the vicinity of the
el ectrochem cally active coating 6a and therefore reduce that part of the

. structural and/or shape change of el ectrode 2a during cyclic discharging
and chargi ng which can at | east 'paJr?I'y be attributed to the

el ectroosnotically driven convection currents, particular- |y parallel to
the surface of the electrochemcally active coating 6a. The small - pored
separator 7a can also effec- tively reduce dendrite formation and therefore
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embodiments differ solely with respect to the shape and
reciprocal arrangement of the pores, openings or channels 9
made in the separator wall.

The separator 7b in fig. 3A has the same circular pores as
shown in fig. 2. Unlike in the embodiment shown in fig. 2,
the said pores are mutually staggered.

The pores of the embodiment of fig. 3B have a rectangular,
particularly square cross-section and, like in the embodi-
ment of fig. 2, introduced regularly in the form of a lat-
tice in the separator wall.

- The pores 9 of the separator 7b shown in fig. 3C are, like
in the embodiment shown in fig. 3A, staggered and the ope-
nings 9 in this case are in the separator wall and have a
regular, hexagonal cross-section, roughly with a honeycomb
shape.

However, fundamentally any cross-sectional shape can be
used for the pores 9. There can also be random pore ar-
rangements in the separator wall, provided that it is en-



- 17 - side, the entire electrode 2a is sealed by an outer, se- cond,

| arge- pored separator 7b. For el ectrolyte exchange between the exterior of
the el ectrode 2a and the interior, the outer, second, |arge-pored separator
_7b has a plurality of pores, openings or channels 9. These openi ngs have
the sanme circular configuration im ¥he enbodi ment of fig. 2 and are
arranged regularly in the formof a lattice with only snmall gaps in the
wal | of the separator 7b. ‘Figs. 3A, 3B and 3C diagranmati cal ly show si de
views of different enbodi ments of | arge-pored separators 7b. These
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ment, like in the separator 7b shown in fig. 2, are ar-

ranged in circular, regular manner in the form of a lat-
tice. The individual columns of the openings 9 have equi-
distant reinforcing edges 19, which improve the large-
pored separator 7b with respect to its bending resistance
and volume constancy.

In the embodiment of fig. 4A, through the openings 9 or
edge in the upper area, it is possible to see the inner,
first, small-pored separator 7a. It is also possible to
see the electrode core in the form of the support 8a.

Fig. 4B is a plan view of a section of the electrode shown
in fig. 4A, with respect to its sectional plane 7. It is
also possible to see that the separator arrangement 7 with
the outer, large-pored separator 7b and the inner, small-
pored separator 7a intimately surrounds the electrode ma-
terial or the electrochemically active coating 6a (shown
in fig. 4B) and consequently reduces a volume change or a
structural and shape modification with respect to said
coating 6a. Apart from the already mentioned reinforcing
edges 10, the stability in the interior of the separator 7
can be further increased, particularly for the formation of
the segmentation of the electrochemically active coating
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6a. Apart fromthe alreggéknentloned reinforcing edges 10, the_stability in

the i fl@GFOtenrirally

ye coating. There iS no inner, small-
pored separator 7a in this embodiment. Such a measure is
e.g. avoidable with substantially insuluble electrodes,
particularly if the segmentation of the electrode surface
is adequate for preventing volume or shape changes.

Fig. 5B is a plan view of a section through the electrode
of fig. 5A along sectional plane X. It is clear that there
is no small-pored, inner separator 7a. It is also possible
to see the electrode core in the form of a support element
8a. For the additional mechanical reinforcement of the out-
er separator 7b and for surface parquetting into segments
12, webs 11 are provided.

The additional elements 10, 11 for increasing the mechani-
cal stability of the outer separators 7b shown in figs. 4A
to 5B can also be constructed in one form, so that the
pores 9 of the large-pored separators 7b, together with the
mechanical reinforcing webs 11 essentially form closed
chambers, which are electrically interconnected by means
solely of the electrode core 8a, but are otherwise and in

'particular from the flow standpoint insulated from one an-

other. Such a measure, i.e. the subdivision of the complete



can be further increased, particularly for the formation of the
segnentation of the electrochemcally active coating

- 19 - 6a, i.e. for formng the surface profile or relief, webs or beans
.11 can be provided, which constitu g an addi ti onal measure for suppressing
a volune increase and shape change§S™to the electrochem cally active coating
6a. Fig. 5A shows anot her exanple of an electrode 2a with a se- parator
arrangenent 7. In this case the outer separator 7b has square openings 9,
whi ch are roughly congruent with the segnments or honeyconbs of the profile
or rel PERCEFOERSUréRERoARER @aPlypradiittve afosmadd. pRvtienss ralsaner,

smal | - ppeveAtseqasdhringaolfN mebhanladiy RistaBlEh @B JRRAYYE dio£: -
avoi dabl e with sgﬁstagtl ally insuluble el ectrodes, particularly if the

segment 3tF3n2B¢ FRETEELrPr 8480 6r CoOsiderabduRar & OF e &HTUe vol ume or
shape tumaleand shage GRanges plaurtityy @urdngedhiclid BHagirndge el ectrode

of fig o] | a w L. ks _clear that .there 1s no

smal | -%%éé%?g‘?ﬁggéféépa\a %% 3?"'7‘2‘%”#9’ i t;;\ f&sﬁ’gfsﬁ Bﬁoetiht? segéictfrfé"el ectrode
core i@henécablwm activeupperting émsnt 8a. For the additional nechanical

rei nforcenent of the out- er separator 7b and for surface parquetting into

segnents 12, webs 11 are Erovi ded. The additional elenments 10, 11 for
i ncr eaBiGg PAcShRURAENC PARNSVABWS Of dhe lsurdacer prafil@soar Me-shown in

figs. Blefo 6B &AnedbetrbacCefstl Bakttdry) syRtchdBcorAiihiAled Rgyores 9 of
t he Iarg‘z-ls,g%ed s& a%gt ?nlis 7b tngget, er with the nechani cal relnforcing
webs THERBEHER. $5 B LREbsbanth s ara AroNige dhe: Sariads
I nt er coagments b ofathe electrochemically active coating 6a in
strip form and are separated from one another by parallel
depressions 11. Both the segments 12 and the separating de-
pressions 1l can be parallel to one another and have sub-
stantially the same arrangement and dimensions.

On the right-hand side of fig. 6A is provided the parquet-
ting 12 of the electrochemically active coating 6a of thé.
electrode in the form of a pattern with square segments 12,
which are arranged in latticed manner and separated from
one another by a corresponding lattice with depressions 11.

Fig. 6B shows corresponding surface profiles or reliefs in
cross-section. The individual segments 12 of the electro-
chemically active coatings 6a can be completely spatially
separated from one another, the spatial separation through
the depressions 11 being further reinforced by correspon-
ding crossbars both with regards to a mechanical stabili-
zation and with regards to a substantial electrical insu-
lation.



solely of the electrode core 8a, but are otherwise and in particular from
the fl ow standpoint. i nsulated fromone an- other. Such a neasure, i.e. the
subdi vi sion of the conplete - 20 -

el ectrode surface into a plurality of small portions, also prevents a

si nki ng of nechanically unstable'ﬂf%khérge pro- ducts and therefore also a
consi derable part of the struc- tural and shape changes occurring during
cyclic charging and di scharging, particularly with respect to the el ectro-
chemi cally active coating 6a. Fig. 6A shows two plan views of the surface
profil 88 &her gighitehands sddeclafttfigie 68, althats eshowystheat aclver ding to the

| nvent s@gmeRtst 12 bef w&qeﬂﬁ%cﬁ{&nﬂméﬂ%e% %Jéﬁgg SEYNEQLS 12 of

t he elﬁctrochenically active coating 6a 1 stri orm and” are Seépar at ed

from oR€ FhotRESthyrpgrdivanicqGandagto i th omanathers comethe 12 and the
separ abasg therpbEssithes debredtitthdars ilidl HeiIey Ravk hgve sub-
stanti%%lértgg sage arr.angenent and di_nensi ons. On the right-hand side of
fig. 6RPSTProved b‘“ﬁ*ﬁé%h?‘t‘f&&'- 3.sq, being fiahie (0% FRFRRST |y active
coat i ngodding thresebagts.ode in the formof a pattern with square segnents
12, which are arranged in latticed nmanner and separated from one anot her by

a corresponding lattice with depressions 11. Fig. 6B shows correspondi ng
sur f ac&NpFEFitRdR cases hdigh idemansis; mayx theomadinen rdhe imhAkdrsalsents 12 of

the el agéao-fo&heﬁbcabb&z%%ﬂ%ﬁ%%\tg[ L £ @GN fifs %ﬁa g,ﬁ'%/%%ggzi all'y

separated f.rom one another, the spa separati1.on depr essi ons

11 bei RG¥PHr BRBATREPET JPc ¥d thy Tegiardsdn theFhaminadarinestness: h regar ds
to a nmebhahieblskehblility and/or thermal stability and exten-

sion.

In principle, all nonconductive méterials or material com-
binations can be used, which are substantially chemically
inert under operating and recharging conditions. Thus, it
is e.g. possible to use organic plastics, particularly or-
ganic polymers, such as e.g. Teflon, or combinations there-
of. Consideration can also be given to inorganic materials,
such as e.g. inorganic polymers, sintered materials, cera-
- mics or glasses.

It is also possible to use materials, which either satisfy
the inertness requirements to an only inadequate extent or
which e.g. conduct the electric current, provided that
these materials are only used as supports for the separa-
tor and are coated with a corresponding inert and electri-
cally nonconducting material. Thus, e.g. consideration can
be given to the use of metal nets or lattices, which are
coated with a Teflon coating.



zation and wth regards to a substantial electrical insu- |ation.

- 21 - On the right-hand side of fig. 6B, it is shown that the segnents
12 of the electrochemcally active coating 6a can be at |least in galvanic
contact with one another on the basg thereof, the depressions 11, which
essentially have a separating fuﬁb?ﬁbﬁ here, also being fillable by corres-
pondi ng crossbars. In certain cases high demands may be nmade on the
materials used for the separator arrangenent 7 or the second, |arge- pored
separator 7b with regards to the chemi cal inertness, mechanical stability
and/ or Witbinakhet gbnitexry ofd the davesien, the geamtiinselulle nonconductive
At er | 8l 8cRiolB! 85 ShaleBeddd1Ald Akt A R dEbad L utatan sl ant i al |y

chen ca I nert under operating and recharging conditions. Thus, it is
e.g. pedsFhrechemisaléygaftd e £RANT pdeT g I3PFATIRMI ol yner s,
;:132 atai%;iansTéff! 2he ?‘ét(i:@ﬁiﬂ | rsais'ﬁ#is ﬂé\eirresqubléwﬁi&efptémgmmyal so be

n to_ingrganic materials, suc . Q. _inor i olyners, sintered
mat er | §PEUPLEr D H‘@se&e%nrﬁé’&‘? an twq'f%%lé}f? %gsschb%eg%op e materials,
whi ch autiter whdths fmayt leeriisee dursisyy rehpli disseherge ofnthe | gléectoedaat e
extent _or i g, n s | C r , Lgech _these
mat er i 5§§f\§gg%§ﬁﬁfgugg% %sligsouppor%&?jogri%h%s%ﬁ% aqfft%%/é and %P%Bcoat ed with

a corr dupdedilng thecelegtradiytit« i - cal |y nonconducting material. Thus, e.g.
consideration can be given to the use of netal nets or lattices, which are

‘Thus, from the material standpoint, an insoluble electrode

| substantially does not participate in the oxidation and re-
duction processes occurring at the electrode configuration.
They serve merely as an electron acceptor or donor.
Therefore the material forming the electrochemically active
coating essentially does not leave the latter, but through
corrésponding oxidation or reduction processes can be che-
mically transformed to discharge products.

The term soluble electrode is used if the electrode mate-
rial dissolves without significant retarding whilst giving
off or absorbing electrons. '

The term electrode of the second type in the sense of the
invention is understocd to mean an electrode, in which, in
the charging/discharging process at the electrode, parti-
cipates a difficultly soluble compound of the material of
the electrochemically active coating in addition to the ma-
terial of the electrochemically active coating of the elec-
trode and the dissolved ions. In the case of a metal eléc-
trode, this can e.g. be a salt of the particular metal dif-
ficultly soluble in the electrolyte. Examples of electrodes
of the second type, apart from the aforementioned zinc
electrode, are so-called calomel electrodes and silver/
silver halide electrodes.



coated with a Teflon coating. - 22 -
Wthin the context of the invention, the terminsoluble electrode is
understood to nean an el ectrode in which the electrochemcally active
coating under the operating con- ditions of the battery systemis insoluble
or only slightly soluble in the él@@tfblyte and where the discharge pro-
ducts which may arise during the discharge of the el ectrode configuration
are also not soluble or only difficultly so- luble in the electrolyte.
Thus, fromthe material standpoint, an insoluble electrode substantially
does nai @hectrodet ofi theheeoondattype disd consedpuamitdly @ro@Edsetraccurri ng
at the d hgqurati.qn. Y &l I accept or
or dorgpoRiRaP fiaf2Bend Gl pEIShAR" B ink Brb A SR WL
coat i nduetsefit pafiffdoud tayt sodabd e isvbstange isutdagendegit coy ridspondi ng

oXi dat 4@p1i 9L tye8¥ChhOR ol R¢PeS 8D C AR At | 2Bk Lo

di schar ge Etogucts. %he ?grnlsoI%%Ie gﬁgﬁ??ggF%fgwagigﬂ%%Q{he el ectrode
mat e- ¥PAFUPBsol ves without significant retarding whilst giving off or
absor bi ng el ectrons. The term el ectrode of the second type in the sense
of the,inventi i s _understoood to an_an el ectrode, jch,. in the

char gi %ﬁ%ﬂﬁg%hggai ﬁﬁ“ﬁ?@é&gsz ctﬁg%éi%&a%c?ef? %é’&ﬂ"-} a&%ﬁe&dlf'di fficultly
sol ubl eizedpbattievt,t thenmedhiod anid Eppagiadnis edvondiald ytaadtheve coating in
addi ti 3 = i ehec i |4 ing of the
el ec- ‘ﬁ‘]‘éégt%ﬁﬁ ?ﬁg h?rstggh}gg :ag%s? Ib%ntarﬂ%gﬂ?aasgt%oféia rreto\éﬁgelqjg%- trode,
this c3A/BPg. SBéSROgal AR, h81fedi ddi/Metndt fivdnide accumu-

lators or batteries or the like.



ficultly soluble in the electrolyte. Exanples of electrodes of the second
type, apart fromthe aforenentioned zinc el ectrode, are so-called cal onel

| ectyy I hal i de el ectrodes.
C 23 Wﬁﬁ)ﬁﬁ&l{éﬁﬁ} the second type is consequent | ymgerdleased

"chem ca phose potenti al 24ver the solubility pPeBl4gubingiien
d|ff| %% @t%!§ubstance i s dependent” on the activi §. 889-dR %0cd t ype
e A

not I#drrels t he el ectrode reaction. Besi des t ex §82-0&1 $28b zi nc
electro of a zinc/air depola- rized battery, the nethod and appar at us
accordlng to the invention can naturally also be applied to el ectrodes of
Sn/ Pb, Sn/Snderr], Ag/Zn, Ni/Cd, Ni/nmetal hydride accum@ 3i8dtors or
batteries or the like. PCT/ EP98/ 01072
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1. Rechargeable battery system having a plurality of
electrodes (2a, 2b) in an electrolyte space (3) filled
with electrolytes (4) and tapped with the aid of an
electrical tap (5a, 5b), in which at least one of the
electrodes (2a, 2b) is constructed as a substantially
insoluble electrode (2a) of the second type and in
which at least the substantially insoluble electrode
(2a) of the second type has a separator arrangement
(7), through which it is possible to reduce at least
the structural and/or shape changes of the electrode
(2a) during cyclic charging and discharging linked
with the sinking of mechanically unstable discharge
products.

2. Battery system according to claim 1,
characterized in that
at least the substantially insoluble electrode (2a) of
the second type additionally has an electrochemically
active coating (S) provided with a surface profile
or relief having a plurality of depressions and/or
elevations, through which there is a furthe; reduction
at least to the structural and/or shape changes of the
electrode (2a) during cyclic charging and discharging
linked with the sinking of mechanically unstable dis-
charge products.
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NEW CLAI M5 1. Rechargeable battery system having a plurality of
el ectrodes (2a, 2b) in an el ec- trolyte space (3) filled with
el ectrolyte (4) and - which |s tapped with the aid of an electrlcal tap

(5a, 5b), i n which at t one of the 'Hi m is
‘constructed as an el ectrode (2a) e i:'the second ty Iim ,'"j “I ast the

el ectrode (2a) of the second type has a separator arrangénent (7)
surroundi ng the el ectrode (2a), characteri zedinthat
t he separator arrangenent (7) has at |east one small - por ed separat or
(7a) aBd at Rechergeablleabgd-teaedystem dupuing & L(le)alitsﬂ of Battery

syst em accog§j l 1, at
pibBerkaed) 108 Lon) in &l AdoErd1jee dpdog ﬁonaﬂ 2 ovi ded

| east the electrode of the secon
with an el eWiithc RS qu’tz%:t(l%)e and Wrbi&it i}y fapredhWieh at%%rqld%e profile
or relief wohaa electl@:ddaﬂ.' idap qi5alemessinhsaieh At el st isHis - 3.

Battery syst m cordlrc of e precedi cl ai ns c har
acter S g& &t rteztart zgse E‘gﬁcﬁdt% 3Py type is
constructedstantmaihy1unsmﬁnble electrode (2a) of the second type 2-

and in which at least the substantially insocluble

electrode (2a) of the second type has an electroche-

mically active coating (S) provided with a surface
profile or relief having a plurality of depressions
and/or elevations, through which it is possible to
reduce at least the structural and/or shape changes
of the electrode (2a) during cyclic charging and dis-
charging linked with the sinking of mechanically un-
stable discharge products.

4. Battery system according to claim 3,
characterized in that
at least the substantially insoluble electrode (2a) of
the second type additionally has a separator arrange-
ment (7), through which it is possible to further re-
duce at least the structural and/or shape changes of
the electrode (2a) during cyclic charging and dis-
charging linked with the sinking of mechanically un-
stable discharge products. '

5. Battery system acgording to one of the preceding
claims,
characterized in that
the substantially insoluble electrode (2a) of the
second type is constructed as an anode.

I
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4. Battery system according to one of the preceding cl ai ns, c h a

T acteri zedinthat the el ectrode (2a) of—+the-secondtype-is

constructed as a netal electrode, particularly a i -
trode. 5. Battery systen1accordL£g to one of the i"ﬁ! ﬂﬂﬁ ﬁ l& Ifns,
characteri zedinthat™ The smal | - poreds el S

3

constructed for pre- venting the escape of discharge products of

el ectrode (2a) fromthe separator arrangnent (7) and/or prevent-

ing short-circuits particularly by dendrite formation during electrical
r echar §i.ng. BatderyBausrem faaanrding otali one t of otlke gprededpng@cedi ng

cl ai ns, Adisf act er i zedin that the | arge-pored separat or
(7b) is constructéd for firmy surrounding the el ectrode (2a). 7.
Battery systel &OiGid¢ t® Dk fe the Hreth@Fng cl ai ns, char a
cCter i zihddubdtiitially ndsl @StHEPEcELHdE Ll R4) (dP)Lthas a mechani cal
st a- biliay, ich in particula# ounteracts. a golune I n- crease of
el ectrode (£8 AR I THRF CEHETRT R apretal (RLRGEEA® 1 nB2ERar gi ng

anggor di schagilarlyf d heirmtelectrodsy system (1).
7. Battery system according to one of the preceding
claims, '
characterized in that
the separator arrangement (7) has at least one small-
pored separator (7a) and/or one large-pored separa-
tor (7b).

8. Battery system according to claim 7,
characterized in that
the small-pored separator (7a) is constructed for pre-
venting the escape of the discharge products of elec~
trode (2a) from the separator arrangement (7) and/or
the formation of short-circuits, particularly as a
result of dendrite formation during electrical rechar-
ging.

9. Battery system according to one of the claims 7 or 8,
characterized in that
the large-pored separator (7b) is constructed for a
substantially firm enclosing of the electrode (2a).

10. Battery system according to one of the claims 7 to 9,
characterized in that
the large-pored separator (7b) has an increased me-
chanical stability, which can in particular counter-
act a volume increase of the electrode (2a) and a
structural and/or shape change during the charging
and/or discharging of the battery system (1).
-
Has Been Re‘laced
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8. Battery system according to one of the preceding cl ai s, c har
act-eri zedinthat t he | arge-pored sepaﬁa%gL_LZQL_h§§_%ufoﬁ
plurality of pores, openings or channels (9) for, the supply a
di scharge of electrolyte (4) with respect to the eI w, ”I’”"m,ﬂm]j

that

‘Battery system according to cl ai rim &7 c har

the pores, openings or channels (9) have substantlally “the same shape
and are roughly honogeneously distri- buted on the separator (:7b).

10. Battery system according to one of the clainms 8 or 9, charact

e r i ale dHattewyt systdimeaquumdingpboions of thanokasmg9y doel@rranged in
honeyconb f(y R Y £ t‘he éqpaéaﬂ;o]{ é?é))dan?nlghg@rt I cul ar have a circul ar,

rectangul ar or hexagonal = cr 0Sss- 11. Battery systentaccordlng
to one of t&erlargsrpred sepamgtor (7R)phasragpluradityiof e d in that

the separat f;f ordld ANPERitigd Or %ﬂﬁbpérég Yukéf §8BplyinkabfAdyaer ed
separ at or b) ar’e nade frontan electri- | I y 'nonconductive _nmateria

12. Battery?%ﬂﬂ?%ﬁgi ?WFEFYEPOH%)dWtherﬁ$B%€H|ﬁ@ the elgrfgode ¢ h a
racter@2ae din that the separator arrangenent (7) is chemcally
inert with respect to oxygen, concentrated |lyes, particularly KOCH,
acids, and/or optionally to added el ectrol yte addi - tives, such as Pb,

"~ Hg, Cdl2CGa, Battexry ;dyetem according to claim 11,

characterized in that

the pores, openings or channels (9) have substantially
the same shape and are roughly homogeneously distribu-
ted on the separator (7b).

13. Battery system according to one of the claims 11 or
12, _
characterized in that
the pores, openings or channels (9) are arranged in
honeycomb manner on the separator (7b) and in particu-
lar have a circular, rectangular or hexagonal cross-
section.

14. Battery system according to one of the preceding
claims,
characterized in that _
the separator arrangement (7) and in particular the
large~-pored separator (7b) is made from an electri-
cally nonconductive material.

15. Battery system according to one of the preceding
claims,
characterized in that
the separator arrangement (7) is in particular chemi-
cally inert with respect to oxygen, concentrated lyes,
particularly KOH, acids and/or optionally to added
electrolyte additives, such as Pb, Hg, Cd, Ca, Sn,
etc. '
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13. Battery system according to one of the preceding cl ai ns, h a
T acteri zedin that t he separat or arrangenent (7\_and_+ﬂ
particul ar the | ar ge- pored separator (7b) is chem cal

respect to tenperatures up to 100 14. Battery““mmmﬁ ‘Im to one
of the preceding cl ai s, e aracter t he-
separ ator arrangenent (7) and in particular the Iarge pored separator
(7b) has a | ow thermal expansion coefficient in the operating

t enper at ure range. 15. Use of the battery system according to one of the

cl ai ns16.t oBattery system edeombialy ctomsirng /of rthe wteredinyg battery, and
partiuclarl&ﬂdlm%’zinc/air depol ari zed battery.

characterized in that

the separator arrangement (7) and in particular the
large-pored separator (7b) is chemically stable
agagnst elevated temperatures, particularly up to
100 C.

17. Battery system according to one of the preceding
claims,
characterized in that
the separator arrangement (7) and in particular the
large-pored separator (7b) have a substantially low
thermal expansion coefficient in the operating tempe-
rature range.

18. Use of the battery system according to one of the
claims 1 to 17,
in a rechargeable metal/air depolarized battery and in
particular in a zinc/air depolarized battery.

i



