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GALVANICELEMENT WITH A HIGH 
CAPACITY 

RELATED APPLICATIONS 

0001. This is a S371 of International Application No. PCT/ 
EP2008/001218, with an international filing date of Feb. 16, 
2008 (WO 2008/098793 A1, published Aug. 21, 2008), which 
is based on German Patent Application No. 10 2007 009 
295.6, filed Feb. 16, 2007. 

TECHNICAL FIELD 

0002. This disclosure relates to an electrochemical ele 
ment having a positive electrode, a negative electrode and a 
separator arranged in a housing comprising a cell cup and a 
cell lid which are insulated from one another by a seal, and 
also a pressed body which is Suitable for use as negative 
electrode in Such an electrochemical element. 

BACKGROUND 

0003 Electrochemical elements such as batteries and 
accumulators are nowadays used in many fields. They are 
employed, in particular, for Supplying portable appliances 
with electric energy. In very Small appliances Such as watches 
and hearing aids, the electrochemical elements are preferably 
used in the form of button cells. Hearing aids, in particular, 
have very high power consumption. Among modern hearing 
aids, a distinction is made between "behind the ear” devices 
(bte) and “in the ear” devices (ite) and canal devices which are 
used directly in the hearing canal. The power consumption of 
these devices depends, in particular, on the amplifier power. 
Higher-value devices additionally have microcomputers and 
transmission devices integrated into them, and these likewise 
have to be supplied with electric power. 
0004. Owing to the high power consumption, hearing aids 
are generally supplied by batteries of the electrochemical 
system zinc-air which have a particularly high capacity. Zinc 
air button cells are essentially available commercially in four 
different sizes (in accordance with the standard IEC 60086 
2). Hearing aids can generally be Supplied with energy for 
from 3 days to 3 weeks when using zinc-air batteries in 
standard sizes. 
0005 Zinc-air batteries are not rechargeable and have to 
be disposed of appropriately after use. However, this is prob 
lematic since they contain about 1% by weight of mercury 
which should not get into the environment. In addition, the 
long-term use of a hearing aid is accordingly associated with 
high costs. For this reason, rechargeable batteries are increas 
ingly being demanded. Among these, nickel-metal hydride 
batteries are particularly suitable since these have the same 
Voltage as zinc-air batteries and a high current can be drawn 
from them. However, they have a very low capacity compared 
to zinc-air batteries. The maximum operating time of nickel 
metal hydride batteries in the four sizes mentioned above is 
generally less than 1 day, so that they have to be recharged or 
replaced very frequently. 
0006. It could therefore be helpful to provide rechargeable 

batteries, in particular for hearing aids, which have a higher 
capacity than comparable known batteries. In addition, the 
batteries should also have an excellent cycling stability. 

SUMMARY 

0007 We provide a button cell including a positive elec 
trode, a negative electrode, and a separator arranged in a 
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housing including a cell cup and a cell lid insulated from one 
another by a seal, wherein the negative electrode is a tablet 
shaped pressed body having a self-supporting structure. 
0008 We also provide a pressed body for use as negative 
electrode, in the button cell, including a hydrogen storage 
alloy, and having a density in the range from about 5.0 g/cm 
to about 7.5 g/cm. 

BRIEF DESCRIPTION OF THE DRAWING 

0009 FIG. 1 is a schematic cross-section of an electro 
chemical element. 

DETAILED DESCRIPTION 

0010) Our electrochemical elements have a positive elec 
trode, a negative electrode and a separator. These arearranged 
in a housing comprising a cell cup and a cell lid which are 
insulated from one another by a seal. An electrochemical 
element is distinguished, in particular, by the negative elec 
trode being present as a pressed body having a self-supporting 
structure. The pressed body preferably has the shape of a 
tablet. 
0011 Solid pressed electrodes in the form of tablets are 
already known, e.g., from DE 43 43 435 A1 in which an 
alkaline accumulator in the form of a button cell which is 
closed in a gastight manner is described. However, it has 
hitherto always been necessary to install the tablets in a basket 
of nickel wire before insertion into a housing. The nickel 
basket has both the function of an power outlet lead and also, 
in particular, a Supporting function since solid pressed elec 
trodes in the form of tablets which are known from the prior 
art have unsatisfactory structural integrity and can accord 
ingly disintegrate during operation. 
0012. In contrast thereto, our electrochemical elements 
have, in particular, a negative electrode having a self-support 
ing structure, i.e., an electrode which can be installed without 
the otherwise customary basket. Such a separate, Supporting 
component is not necessary and is also not provided. 
0013 The production of an electrode having a self-sup 
porting structure and is in the form of a pressed body is 
associated with difficulties due, in particular, to the fact that 
the pressed body must not be compacted too much during 
production since it would otherwise have a porosity which is 
too low to enable it to take up sufficient electrolyte. On the 
other hand, if the pressure is too low, the resulting structure is 
unstable. 
0014. The negative electrode of an electrochemical ele 
ment preferably comprises a powder which has been com 
pacted at a pressure in the range from about 40 kN/cm to 
about 120 kN/cm. In this range, further preference is given to 
values in the range from about 40 kN/cm to about 120 
kN/cm. 
00.15 Particular preference is given to the negative elec 
trode having a density in the range from about 5.0 g/cm to 
about 7.5 g/cm, in particular, from about 5.0 g/cm to about 
6.5 g/cm. 
0016. The negative electrode preferably comprises a 
hydrogen storage alloy as active material. This is, in particu 
lar, an ABs alloy, i.e., for example, an alloy of one or more rare 
earth metals such as lanthanum and nickel in a ratio of about 
1:5. If appropriate, the hydrogen storage alloy can addition 
ally contain one or more further metals as additives. 
0017. The omission of the basket, which is superfluous 
because of the self-supporting structure of the negative elec 
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trode of our electrochemical element, results in more active 
material being able to be introduced into a battery housing 
having defined dimensions. Accordingly, the electrochemical 
element has a comparatively high capacity. 
0018. The hydrogen storage alloy may be present in par 

ticulate form having an average particle size in the range from 
about 0.1 um to about 100 um, preferably from about 10 um 
to about 50 um. 
0019 Particular preference is given to the negative elec 
trode of an electrochemical element comprising at least one 
hydrophobic, water-insoluble polymer. The at least one poly 
mercan, in particular, be present in the interstices formed by 
mutual contact of particles of the hydrogen storage alloy and 
can be distributed on the surfaces of the alloy. Theat least one 
polymer can form regions in the electrode which can be 
wetted to only a small extent, if at all, by the electrolyte. 
0020. The at least one polymer is preferably a polyolefin, 
in particular, a halogenated polyolefin, particularly prefer 
ably a polyhaloolefin. 
0021 Preference is also given to the at least one polymer 
being a fluorinated or perfluorinated polymer, in particular, 
PTFE (polytetrafluoroethylene) and/or PCTFE (polychlorot 
rifluoroethylene). 
0022. The at least one polymer is preferably present in the 
negative electrode of an electrochemical element in a propor 
tion of from about 0.1% by weight to about 5% by weight, in 
particular from about 0.5% by weight to about 3% by weight, 
particularly preferably from about 0.5% by weight to about 
2% by weight. 
0023 The at least one polymer is preferably present in 
particulate form having an average particle size in the range 
from about 0.1 um to about 100 um, preferably from about 10 
um to about 50 um, in the negative electrode. 
0024. The negative electrode can, in Some cases, comprise 
at least one conductive auxiliary, in particular, a conductive 
auxiliary from the group consisting of carbon-based, prefer 
ably amorphous conductive auxiliaries and metallic conduc 
tive auxiliaries. 
0025. The negative electrode preferably comprises at least 
one metal powder, in particular, nickel powder, as conductive 
auxiliary. 
0026. Furthermore, the negative electrode can comprise 
carbon black and/or graphite as conductive auxiliary. 
0027. The at least one conductive auxiliary is preferably 
present in the at least one negative electrode in a proportion of 
from about 0.1 to about 10% by weight, in particular from 
about 0.5% by weight to about 5% by weight, particularly 
preferably from about 0.5% by weight to about 3% by weight. 
0028 Particular preference is given to an electrochemical 
element in which the negative electrode has a pore content in 
the range from about 0.5% by volume to about 40% by vol 
ume, preferably from about 0.5% by volume to about 15% by 
volume, in particular from about 5% by volume to about 10% 
by Volume (a corresponding Volume of electrolyte can be 
taken up by Such a negative electrode). 
0029 When the negative electrode has been made essen 

tially exclusively by pressing a hydrogen storage alloy, i.e., is 
essentially free of the at least one polymer and/or the at least 
one conductive auxiliary, it preferably has a pore content in 
the range from about 25% by volume to about 40% by vol 
le. 

0030. In a particularly preferred aspect of the electro 
chemical element, this has a positive electrode in which the 
active material is embedded in a conductive Support. 
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0031 Electrodes in which the active material is embedded 
in a conductive Support are described comprehensively in the 
above-mentioned DE 43 43 435 A1, the subject matter of 
which is incorporated herein by reference. 
0032. The conductive support can be, in particular, a metal 
sponge (also known as “metal foam’) or a metal felt. As 
regards the properties of particularly Suitable conductive Sup 
ports, reference is made to DE 4343 435 A1 in which these 
are described comprehensively. Thus, metal sponges having a 
pore content in the range from about 85% by volume to about 
97% by volume, in particular about 95% by volume, are 
particularly preferred. The pore size of suitable metal sponges 
is, in particular, in the range from about 50 um to about 500 
lm. 
0033. The conductive support particularly preferably 
comprises at least one metal, in particular nickel. 
0034. It is mentioned in DE 4343 435 A1 that the use of 
Such a conductive Support makes it possible to dispense with 
a metal basket which envelopes the positive electrode. 
Accordingly, the electrochemical element is also preferably 
free of the above-described metal basket having a Supporting 
function and a power outlet lead function on the side of the 
positive electrode. The conductive support has, like the 
above-described negative electrode which is present as a 
pressed body, a self-supporting structure and also performs 
the function of a power outlet lead. 
0035. The positive electrode preferably comprises, as 
active material, nickel hydroxide and/or nickel oxide hydrox 
ide which can be introduced, for example, as a homogeneous 
aqueous paste into the conductive Support. In addition, the 
positive electrode can contain additives Such as binders and, 
in particular, conductive auxiliaries. 
0036 An electrochemical element preferably has a metal 
lic housing. Cell cups and/or cell lids made of stainless steel/ 
nickel-plated Steel are particularly useful. Housings made of 
a trimetal (alaminar arrangement of three metals), in particu 
lar, Steel sheet having an interior coating of copper and an 
exterior coating of nickel, can also be used with preference. 
0037. An electrochemical element preferably comprises 
an alkaline electrolyte. This is introduced before the housing 
is closed and at least partly fills the pores of the electrodes. 
0038. Furthermore, preference is given to an electro 
chemical element having a cell cup and/or a cell lid having a 
thickness of less than about 0.15 mm. 
0039 Electrochemical elements having such thin housing 
components make available a correspondingly large internal 
Volume and thus a great deal of space for active material. 
However, such housings also have to be able to withstand 
pressures which can, for example, arise as a result of gas 
evolution on overcharging or during assembly so as to prevent 
leakage of electrolyte. 
0040. A particularly high freedom from leaks and a par 
ticularly high mechanical stability are obtained in the case of 
an electrochemical element having a housing which com 
prises a cell cup and a cell lid and has a seal which extends 
along the interior wall of the cell cup to the bottom of the cell 
cup. An electrochemical element can have a seal configured in 
this way, but such a seal can in principle be used in all 
electrochemical elements of the type in question, not only in 
electrochemical elements having a negative electrode in the 
form of a pressed body having a self-supporting structure as 
described above. 

0041. We therefore also provide an electrochemical ele 
ment having a positive electrode, a negative electrode and a 
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separator which are arranged in a housing comprising a cell 
cup and a cell lid which are insulated from one another by a 
seal, with the seal extending along the interior wall of the cell 
cup to the bottom of the cell cup. 
0042. In an electrochemical element having such a specifi 
cally configured seal, it is essentially possible for all features 
of the electrochemical element having a negative electrode in 
the form of a pressed body having a self-supporting structure, 
in particular, in respect of the properties of the cell cup and the 
cell lid, to be realized. The corresponding descriptions are 
hereby expressly incorporated by reference at this point. 
0043. Electrochemical elements in button cell form 
known from the prior art generally have seals arranged 
between the cell lid and the cell cup, frequently also around 
the edge of the cell lid, so that they project into the interior of 
the cell. The cell lid and the seal are in these cases always 
arranged above the separator which divides the interior mar 
gin of known button cells into an upper compartment and a 
lower compartment. 
0044) Our electrochemical element having the seal 
described is significantly different therefrom. The separator 
arranged between positive and negative electrodes has no 
direct contact with the cell cup or the cell lid. It adjoins the 
seal at the side. 

0045. The seal of an electrochemical element is preferably 
in physical contact with the interior wall of the cell cup and is 
very thin. 
0046 Preferably, the seal encloses the edge of the cell lid 
and thus ensures high mechanical stability. In particular, it 
can have a recess into which the edge of the cell lid can be 
pushed. In this case, the cell lid rests on the seal and cannot be 
pressed, especially as a result of external pressures as occur, 
for example, when crimping the edge of the cell cup, into the 
cells and damage the separator. 
0047. The electrochemical elements which have been 
described can have either a film seal or an injection-molded 
seal. However, particularly in the above-described electro 
chemical element having a seal which extends along the inte 
rior wall of the cell cup to the bottom of the cell cup and 
encloses the edge of the cell lid, the seal is particularly pref 
erably an injection-molded shaped seal. 
0048. As has been stated at the outset, it could be helpful to 
provide capacity-optimized electrochemical elements for 
hearing aids. Accordingly, our electrochemical element may 
have the external dimensions of a standardized button cell (in 
accordance with the standard IEC 60086-2). 
0049. As has been mentioned above, a pressed body which 

is Suitable for use as negative electrode, in particular, in an 
electrochemical element, is also provided. It comprises a 
hydrogen storage alloy and, if appropriate, at least one hydro 
phobic, water-insoluble polymer and/or at least one conduc 
tive auxiliary and is characterized in that it has a density in the 
range from about 5.0 g/cm to about 7.5 g/cm, in particular 
from about 5.0 g/cm to about 6.5 g/cm. 
0050 Preferably, the pressed body consists of the hydro 
gen storage alloy, i.e., contains neither a conductive auxiliary 
nor a hydrophobic polymer. 
0051. However, preference is generally given to the 
pressed body comprising a mixture of the three above-men 
tioned solid components hydrogen storage alloy, hydropho 
bic, water-insoluble polymer and conductive auxiliary. 
0052 Hydrogen storage alloys, water-insoluble polymers 
and conductive auxiliaries which are suitable for ourpurposes 
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have already been described comprehensively. The corre 
sponding statements are hereby incorporated by reference at 
this point. 
0053. This also applies with regard to the other properties 
of the pressed body, e.g., porosity and pressing pressure dur 
ing production, which have likewise been described above. 
0054 The above-mentioned and further advantages of our 
electrochemical elements can be derived from the following 
description and the drawing. Individual features can be real 
ized either alone or in combination with one another. The 
examples described serve merely for the purposes of illustra 
tion and to give a better understanding and do not constitute a 
restriction. 

0055 Turning now to the drawing, FIG. 1 schematically 
shows the cross section of an electro-chemical element and a 
pressed body (negative electrode). The positive electrode 
(cathode) 1 comprises a nickel foam in which nickel hydrox 
ide/nickel oxide hydroxide (Ni(OH)/NiOOH) is embedded 
as active material. Above the positive electrode 1, there is the 
pressed body as negative electrode (anode) 2 which is sepa 
rated from the positive electrode 1 by the separator 3. Neither 
the negative electrode 2 nor the positive electrode 1 have a 
metallic basket as support framework. Both electrodes have a 
self-supporting structure. The negative electrode 2 consists 
essentially of an ABs hydrogen storage alloy. The housing of 
the electrochemical element depicted consists essentially of 
the housing cup 4 and the housing lid 5. It comprises stainless 
steel/nickel-plated steel (obtainable, for example, under the 
trade name Hilumin R) and has a thickness of less than 0.15 
mm. The seal 6 completely covers the interior wall of the 
housing cup. It firstly insulates the housing cup from the 
housing lid and, secondly, has a Support function. It has a 
recess in which the edge of the housing lid is embedded and 
ensures appropriate stability against pressure, as can occur, 
for example, during crimping of the housing cup. The spring 
element 7 composed of nickel is arranged between the nega 
tive electrode 2 and the housing lid 5. This spring element 7 
accommodates Volume changes to which the negative elec 
trode is subject during charging and discharge of the electro 
chemical element. 

Examples 

0056 Negative electrodes which were not inserted into 
baskets made of nickel wire, but had instead been produced as 
pressed bodies having a self-supporting structure were 
installed in various types of button cells (types PR44, PR48, 
PR41 and PR70 in accordance with IEC 60086-2). The 
pressed bodies had different properties (area, height, Volume, 
weight) depending on the type of button cell and had been 
compacted at various pressures. In all cases, the same hydro 
gen storage alloy having a bulk density of 7.95 g/cm was 
used. This resulted in a pressed body having a particular 
density and a particular porosity (see Table 1). 

TABLE 1 

Press 
ing Pressing Wol- Den 

IEC force Area pressure Height ume Weight sity Pores 
type kN cm kN/cm mm cm mg g/cm vol% 

PR44 45 O.S2 87.3 2.35 0.121 700 5.78 27% 
PR48 10 O.21 47.1 2.3 O.049 26S 5.43 32% 
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TABLE 1-continued 

Press 
ing Pressing Wol- Den 

IEC force Area pressure Height ume Weight sity Pores 
type kN cm kN/cm mm cm mg g/cm vol% 

PR41 13 O.21 61.2 1.45 0.031 170 S.S2 31% 
PR70 9 O.10 88.4 1.45 0.01S 8O S.42 32% 

0057. In the case of all button cells, a capacity higher than 
that of comparable cells having a conventional negative elec 
trode was measured. Some measured data are shown in Table 
2. Furthermore, all button cells had an excellent cycling sta 
bility (several hundred cycles). 

TABLE 2 

Energy Power 
IEC Capacity Internal resistance density density 

Type type mAh m2 (AC, 1 kHz) Whil WI 

1O PR70 12 2OOO-2SOO 158 1004 
312 PR41 23 800-1000 163 1322 
13 PR48 30 800-1000 142 882 

1-30. (canceled) 
31. A button cell comprising: a positive electrode, a nega 

tive electrode, and a separator arranged in a housing compris 
ing a cell cup and a cell lid insulated from one another by a 
seal, wherein the negative electrode is a tablet-shaped pressed 
body having a self-supporting structure. 

32. The button cell as claimed in claim 31, wherein the 
negative electrode comprises a powder which has been com 
pacted at a pressure in the range from about 40 kN/cm to 
about 120 kN/cm. 

33. The button cell as claimed in claim 31, wherein the 
negative electrode has a density in the range from about 5.0 
g/cm to about 7.5 g/cm. 

34. The button cell as claimed in claim 31, wherein the 
negative electrode comprises a hydrogen storage alloy as 
active material. 

35. The button cell as claimed in claim 34, wherein the 
hydrogen storage alloy is in particulate form having an aver 
age particle size in the range from about 0.1 um to about 100 
lm. 
36. The button cell as claimed in claim 31, wherein the 

negative electrode comprises at least one hydrophobic, water 
insoluble polymer. 
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37. The button cell as claimed in claim 36, wherein the at 
least one polymer is a fluorinated or perfluorinated polymer. 

38. The button cell as claimed in claim 36, wherein the at 
least one polymer is present in the negative electrode in a 
proportion of from about 0.1% by weight to about 5% by 
weight. 

39. The button cell as claimed in claim 36, wherein the at 
least one polymer is in particulate form having an average 
particle size in the range from about 0.1 um to about 100 um. 

40. The button cell as claimed in claim 31, wherein the 
negative electrode comprises at least one conductive auxiliary 
from the group consisting of carbon-based conductive auxil 
iaries and metallic conductive auxiliaries. 

41. The button cell as claimed in claim 40, wherein the at 
least one conductive auxiliary is in the negative electrode in a 
proportion of from about 0:1 to about 10% by weight. 

42. The button cell as claimed in claim 31, wherein the 
negative electrode has a pore content in the range from about 
0.5% by volume to about 40% by volume. 

43. The button cell as claimed in claim 31, wherein the 
negative electrode has a pore content in the range from about 
0.5% by volume to about 15% by volume. 

44. The button cell as claimed in claim 31, wherein the 
active material of the positive electrode is embedded in a 
conductive Support. 

45. The button cell as claimed in claim 44, wherein the 
conductive Support is a metal sponge or a metal felt. 

46. The button cell as claimed in claim 44, wherein the 
conductive Support comprises at least one metal. 

47. The button cell as claimed in claim 31, wherein the 
positive electrode comprises nickel hydroxide and/or nickel 
oxide hydroxide as active material. 

48. The button cell as claimed in claim 31, wherein the seal 
extends along an interior wall of the cell cup to a bottom 
portion of the cell cup. 

49. The button cell as claimed in claim 48, wherein the seal 
encloses an edge portion of the cell lid. 

50. The button cell as claimed in claim 48, wherein the seal 
is a film seal. 

51. The button cell as claimed in claim 48, wherein the seal 
is an injection-molded shaped seal. 

52. A pressed body for use as negative electrode, in abutton 
cell as claimed in claim 31, comprising a hydrogen storage 
alloy, and having a density in the range from about 5.0 g/cm 
to about 7.5 g/cm. 

53. The pressed body as claimed in claim 52, consisting of 
the hydrogen storage alloy. 
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