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nickel/hydride storage battery of the round-cell type

having a positive nickel hydroxide electrode and a
negative electrode whose active material comprises a
hydrogen-storage alloy, and having a separator which
separates the electrodes.

The currently commercially available
nickel/hydride storage batteries in accordance with the
above definition of generic class are in general based on
the wrapped-cell principle of construction. In the
latter, thin, large-area and flexible electrodes form,
together with an intervening separator, a roll which is
inserted into a cylindrical casing can composed of
nickel-plated steel sheet. A cell 1lid, which tightly
seals the casing can and is insulated from it, is in
electrical contact with one of the wound electrodes and
forms one cell pole, while the can base forms the other
cell pole. _

To this extent, conventional nickel/hydride
storage batteries, for example of the type described in
EP-PS 419 221 do not basically differ from the known
Ni/Cd storage batteries in the round-cell design. Common
to all the electrodes used therein is the fact that they
have metallic supporting matrices to which the active
material is applied by means of various, in some cases
expensive procedures. The electrodes of the Ni/Cd
storage battery of the round-cell type are generally
sintered electrodes whose support is composed of a thin,
perforated nickel sheet with nickel powder sintered onto

) it.

However, there is alsc a choice of other support
materials, such as fine-mesh metal gauzes, expanded
metals or metal-foam matrices, both for the electrodes of
the Ni/cd storagé battery and also for those of the
Ni/hydride storage battery. Thus, dwing to a developed
electrode technology, very thin laminates can be produced
by rolling-out a dry mixture composed of the respective
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together with an intervening separator, a roll which is inserted into
casi ng can conposed of nickel-plated steel sheet. A cell
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A so-called foam electrode takes the form of a
metal-foam support, usually composed of nickel. The
metal foam is remarkable for extremely high porosity (its
pore volume reaches at least 95%) and for a high
electrical conductivity. The active mass is introduced
into the open pore system of this matrix body by packing
with slurry or paste and the electrode is then dried.

The metal reinforcements just mentioned are
indispensable for the current collection, the mechanical
strength and the manipulability during assembly of strip
or wound electrodes. However, their disadvantage is an
appreciable dead weight and the production costs, which
sharply increase the total price of the electrodes.

A secondary cell which is disclosed in German
Offenlegungsschrift 2256077 and whose electrode set
comprises two sintered ceramic, porous metal tubes which
are inserted into one another in telescope fashion as a
result of a slight conicity with thé insertion of a
separating element and one tube of which is impregnated
with a positive active material and the other tube of
which is impregnated with a negative activé material,
also has this disadvantage. As a result of the residual
cylindrical cavity in this electrode arrangement, the
known round cell not only has an appreciable dead volume
but does not offer the prospect of high energy density
either because of the voluminous metallic matrix material
of the electrodes. _

Finally, the VARTA reference book entitled
"Gasdichte Nickel-Cadmium-Akkumulatoren® ("Gastight
nickel-cadmium storage batteries") (VDI Verlag GmbH,
Diisseldorf, 1978), pages 155/156, discloses a very
similar arrangement of mass electrodes in a cylindrical
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matetials, such as fine-nmesh netal gauzes, expanded netals or netal -foam
matri ces, both for the electrodes of the N/Cd storage battery and al so for
those of the Ni/hydride storage battery. Thus, owing to a devel oped

el ectrode technol ogy, very thin |ami nates Tan be produced by rolling-out a
dry m xture co ed . of r egtl ‘s

-2- . acti ve@% %’a ’erh ?lz;’l w’? 8r ggga‘r%#%gﬁﬁn%?I%%/a%gvoﬁertlgfpgg'leg ttﬁo de and
storing H2, andegatiit teélectrodmietinoy igsertedninto ohendspthezndnt hese

can then be roldid i inp o Hubledl but a3 Pewder’) cBmphltbdholidied itk e
hydr oxi de el ectrodes are 5 produged In theeforcm of roll gd eleectrod%srmfrom
a dry half"Shells-

5 Such alkaline round cells have not gained
acceptance, however, in the Ni/Cd system because their
current-carrying capacity has proved inadequate. In
addition, in contrast to a wound cell, the separator
volume between the two mass electrodes is insufficient to

10 have a necessary buffering action with respect to the
water of reaction formed during charging, which
disappears again during discharge. The separator has
either a very low (discharged state) or a very high
(charged state) degree of filling with electrolyte and,

15 in the latter case, would prevent the gas consumption in
a sealed storage-battery cell.

The object of the invention is therefore to
provide a nickel/hydride secondary cell which is fitted
with inexpensive electrodes but is not inferior in its

20 current-carrying capacity and in its capacity data to the
existing storage batteries of the round-cell type.

' The object is achieved, according to the
invention, with a nickel/hydride storage battery as
defined in Patent Claim 1.

25 According to the latter, it has proved beneficial
to provide, for both electrode polarities of the storage-
battery cell, mass electrodes in the form of powder
compacts which are arranged in the cylindrical casing can
so as to be coaxially fitted into one another and,

30 together with an intervening separator, completely £ill
the cross section of the casing can.

Mass electrodes in the form of pressed powder
tablets are per se the ﬁypical electrodes of Ni/cd button
cells. These cells have a low self-discharge when not in

- 35 use and when stored, but are suitable only for low and
medium loads. At the same time, even the electrode
tablets used in the button cells and composed of Ni(OH),
and Cd(OH), powder require a metal-gauze reinforcement by

being pressed into a small basket of nickel-wire fabric
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m xture of nickel hydroxide with additions, inter alia, This Sheet h Replaced
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10 cobalt and/or cobalt hydroxide and a binder such as PTFE
by moulding to produce annular pressed bodies which are
introduced into the casing can as a stack and are pressed
once again so that they form a tubular cathode.

A solid cylindrical pressed body which is com-

15 posed of a dry mixture of powdered hydrogen-storage alloy
and additions of PTFE and soot and which is surrounded by
a separator is inserted as anode in a close-fitting
manner into the cavity of the cathode. The cross section
of the casing can is exhaustively utilized by this

20 arrangement of two mass electrodes.

Expediently, the anode pressed body is divided
into a number of smaller cylinders equal to that of the
cathode rings. To receive a collector nail, the anode
cylinders have central bores whose diameter is somewhat

25 smaller than that of the collector nail. The collector

. nail, which is composed of nickel-plated copper or brass,
is part of the caseing 1lid.

After metered addition of the electrolyte, the
casing can is firmly sealed with the 1lid, which is

30 electrically insulated from the can, the collector nail
being pressed into all the anocde cylinders and a firm
contact thereby being made with the hydride electrode. -

| The subject of the invention is explained below
with reference to the figures.

35  Figure 1 shows a flow chart for the basic manufacturing
procedure of an Ni/hydride cell according to
the invention.

Figure 2 shows a general plan of the components of an
Ni/hydride cell according to the invention.
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Thus, the production of the positive electrode

comprises the steps of:

1. mixing Ni(OH),, CoO and PTFE (or PE),
10 2. granulating and feeding the fine component
produced back into the mixing vessel,
3. pressing the rings,
4. introducing the rings into the can.

In parallel therewith, the negative electrode is
15 produced in the steps of: '

5. mixing the alloy material with PTFE and soot,
6. granulating and feeding the £fine component
produced back into the mixing vessel,
7. pressing the cylinders,
© 20 8. packing the cylinders into a separator.

The cell construction continues with the steps

of:
9. introducing the cylinders into the can,
10. metered addition of the electrolyte,
25 11. .sealing the can with the 1lid,
12. activating the cell (charging).

Figure 2 illustrates the essential components of
the nickel/hydride cell according to the invention,
namely the casing can 1, four cathode rings 2, four anode

30 cylinders 3 with bores 4, the separator 5 and the casing
lid 6 with collector nail 7.

Figure 3 shows the cell structure comprising the

parts mentioned, including the separator sleeve 5, in a
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nickel woven gauze. This contributes to a very
appreciable cheapening of the production costs.

A manufacturing advantage for the novel

10 Ni/hydride round cell furthermore results from the fact
that largely standardized cell caﬁs, cell lids, collector
nails and separators such as those which are production
standards in the manufacture of primary alkali/manganese
cells can be used for their manufacture and are used on

15 a large scale therein, in particular for the construction
of the so-called R6 round cell. Their MnO, rings are
geometrically identical to the rings of the positive
Ni (OH), electrode in the Ni/hydride cell according to the
invention. The solid cylindrical powder compacts for the

20 negative hydride electrode can be produced with simple
tools and provided with bores.

In total, the production of the cell according to
the invention is very inexpensive not only because of the
usability of already existing cell components from the

25 primary manufacture, but also because of the usability of
standard tools from this production area. No further new
process developments, but at most adaptations of existing
steps are necessary.

With a positive electrode/megative electrode

30 design ratio of 1/1.2, Ni/hydride round cells according
to the invention of the AA (R6) format can achieve a
capacity of not more than 2 Ah.

The current-carrying capacity is indeed lower
than in the case of a comi:arable Ni/hydride wound cell.

35 The maximum capacity of the latter is, however, oniy
1.5 Ah.

Since, in contrast to the Ni/Cd storage battery.,
no water enters into the current-yielding reaction
equation in the case of the Ni/hydride storage battery,
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1. Gastight nickel/hydride storage battery of the

Patent Claims

round-cell type having a positive nickel hydroxide
electrode and a negative electrode whose active material
5 comprises a hydrogen-storage alloy, and having a
| separator which separates the electrodes, characterized
in that both electrodes are mass electrodes in the form
of powder compacts which are arranged so as to be
coaxially fitted into one another and, together with an
10 intervening separator, completely f£ill the cross section
of the casing can.
2. Nickel/hydride storage battery according teo Claim
1, characterized in that the positive electrode comprises
cylindrical-ring powder compacts (2) which are pressed
15 into the cylindrical casing (1) as a stack and form a
| tubular cathode, and in that, with the insertion of the
separator, the interior of the tubular cathode is filled
by the pressed active material of the negative electrode.
3. Nickel/hydride accumulator according to Claim 2,
20 characterized in that the negative electrode is formed
from cylindrical powder compacts of a hydrogen-storage
alloy material which also form a stack and which have
central bores (4) for receiving a current collector.
4., Nickel/hydride storage battery according to Claim
25 3, characterized in that the current collector of the
negative electrode comprises a nail (7) which is welded
onto.the casing lid (6) and which is pressed into the
central bores of the negative electrode.
5. Nickel/hydride storage battery according to one
30 of Claims 1 to 4, characterized in that the pressed
powder body of the positive electrode is formed from a
dry mixture of nickel hydroxide, nickel metal powder and
additions 6f cobalt metal powder and/or cobalt hydroxide.
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reference to tWwhithguwompletely fills the cross section of the casing
can (1). The cylindrical pressed bodies have bores (4)
into which the collector nail (7) connected to the 1lid
(6) is pressed during closure of the cell. The
production of the cell is possible using standard
components and standard methods from the alkali/manganese
primary cell production (R6 type) and is consequently
very inexpensive.

Published with Figure 3



Figure 1 shows a flow chart for the basic manufacturing procedure of an
Ni / hydri de cell according to the invention. Figure 2 shows a

general plan of the conmponents of an Ni/ hydride cell according to the—

i nvention. Figure 3 shows the gtructure of an Ni/hydride cell
according to the invention in sect i onall ?i W. ThiscShent HagRyert RepBted utie
1, the positions 1 to 12 denote the various working pro li

el ectrode manufacture and al so the subsequent stages in of
the cell.
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Thus, " the production of the positive electrode conprises the steps of:._ .

1. mxing Ni(OH[err], CoO and PTFE (or PE), 2. Thiss eg;g' n
~and feeding the fine conponent produced bac fadg
"vessel, 3. pressing the rings, 4. i nt roduci ng M ( /o :

t he can. In parallel there ?:23 t he negative elect

produced in the steps of: 5. m the alloy material with PTFE

and soot, 6. granul at i_ng /and —Teed the fine conponent
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The -cel | construction continues W|th the steps of: 9. Frtraduei-ng

the cylinders into the can, 10. met ered. addition of f BEELACEM&NymEET
11. sealing the can vviththelid 12. activatingtthe c§g
(char gi ng). Figure 2 illustrates the essent. al qoﬁp@ne t: @Tﬂw
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Figure 3 shows the cell structure mond-cellg tiype parts nentioned, including
the_separator sleeve 3pnel.N dnyention  relates to a gastight
nickel/hydride storage battery of the round-cell type
having a positive nickel hydroxide electrode and a
negative electrode whose active material comprises a
hydrogen-storage alloy, and having a sepa:atbr which -
separates the electrodes.

The currently commercially available
nickel/hydride storage batteries in accordance with the
above definition of generic class are in general based on

" the wrapped-cell principle of construction. In the
latter, thin, large-area and flexible electrodes form,
together with an intervening separator, a roll which is
inserted into a cylindrical casing can composed of
nicléel-plated steel sheet. A cell 1lid, which tightly
seals the casing can and is insulated from it, is in
electrical contact with one of the wound electrodes and
forms 3ne cell pole, while the can base forms the other
cell pole.

To this exteat, conventional nickel/hydride
storage batteries, for example of the type described in
EP-PS 419 221 do not basically differ from the known
Ni/Cd storage batteries in the round-cell design. Common
to all the electrodes used therein is the fact that they
have metallic supporting matrices to which the active
material is applied by means of various, in some cases
expensive procedures. . The electrodes of the Ni/cd
storage battery of the round-cell Eype are generally
sintered electrodes whose support is composed of a thin,
perforated nickel sheet w:.th nickel powder sintered onto
it. _ .

However, there is also a choice of other support -
materials, 'such as fine-mesh metal gauzes, expanded
metals or metal-foam matrices, both for the electrodes of
the Ni/Cd storage battery and also for those of the
Ni/hydride storage battery. Thus, owing to a developed
electrode technology, very thin laminates can be produced
by rolling-out a dry mixture composed of the respective
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manuf acture and are used on.
1. Gastight nickel/hydride storage battery of the
round-cell type having a positive nickel hydroxide
electrode and a negative electrode whose active material
comprises a hydrogen-storage alloy, and having a
separator which separates the electrodes, characterized
in that both electrodes are mass electrodes in the form
of powder compacts which are arranged so as to be
coaxially fitted into one another and, together with an
int:ervéning' separator, completely £ill the cross section
of the casing can.
2. Nickel/hydride storage battery according to Claim
1, characterized in that the positive electrode comprises
cylindrical-ring powder compacts (2) which are pressed
into the cylindrical casing (1) as a stack and form a
tubular cathode, and in that, with the insertion of the
separator, the interior of the tubular cathode is filled
by the pressed active material of the negative electrode.
3. Nickel/hydride accumulator according to Claim 2,
characterized in that the negative electrode is formed
from cylindrical powder compacts of a hydrogen-storage
alloy material which also form a stack and which have
central bores (4) for receiving a current collector.
4. Nickcl/hydride storage battery according to Claim
3, characterized in that the current collector of -the
negative electrode comprises a nail (7) which is welded
onto the casing lid (6) and which is pressed into the
central bores of the negative electrode. _
‘5. Nickel/hydride storage battery according to one
of Claims 1 to 4, characterized in that the pressed
powder body of the positive electrode is formed from a
dry mixture of hi_ckel hydroxide, nickel metal powder and
additions of cobalt metal powder and/'o_r' cobalt hydroxide.



15 a large scale thereln in particular for the construction
so-called R6 round cell. Thelr M2 rings are geonet Frcal
to the rings of the positive Ni (OH)[err] electrode infl

. cell according to the i nvention. The solid cylindrica
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tools and provided wth bores. In total, the production of the
~cell according to the invention is very inexpensive not only because
of "t he usability of already existing cell conponents fromthe 25
pri mary manufacture, but al so because of the-usability of standard
tools fromthis production area. No further new process devel opnents,
- but at nost adaptations of existing steps are necessary.
Wth a positive el ectrode/ negative el ectrode 30 design ratio of 1/1.2,
Ni / hydride round cells according to the invention of the AA (R6)
format can achieve a capacity of not nore than 2 Ah. The
current-carrying capaC|ty i s_indeed | ower than in the case of a
conparable Ni / hydri de ce
1 15
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35 .The maxi num capacity of the latter is, however, paly 1.5 Ah.
Since, in contrast to the Ni/Cd storage battery, no
the current-yielding reaction equation in the case o
storage Dbattery, : -7-  Hioascfay al
not undergo either a total filling of its pores with, orle=tetal—diSCRAIHE
fromits pores of, water of reactioanormed I n-the charge/ di scharge cycle.
The gas consunption i s consequertiym [nterrupted, with the result that,
despite its small rel atiys | ume and I;R buffer/e'-a-pa-c.i_t.y__%r water, -the

separator fully neets / :
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_;._‘he requirements for a gastfgh_t cell operation.

Rgtent C ai nms 1. Gastight nickel/ hydride storage batt eey—ai—the—
rbund-cel |l type having a _ REPLACEMENT SHEET
| Dat 18"“"']995
4

for reasons of mechanical stability and better current collection.

According to the invention, however, any metallic collector matrix is

unnecessary in the case of the novel electrodes. .

. Particularly advantageously, the positive electrode of the nickel/hydride storage
battery according to the invention is produced from a dry mixture of nickel hydroxide and
nickel metal powder, and also additions of cobalt and/or cobalt hydroxide and a binder

y such as PTFE by moulding to produce annular pressed bodies which are introduced into
the casing can as a stack and' afe ﬁressed once again so that they form a tubular_pogitive
electrode. + |

A solid cylindrical pressed body which is cdmposed of a dry mixture of

powdered hydrogen-storage alloy and additions of PTFE and soot and which is surrounded

- by a separator is inserted as negative electrode in a close-fitting manner into the cavity of

“the cavity of the positive electrode. The cross section of the casing can is exhaustively

| utilized by this arrangement of two mass electrodes. |

Expediently, the negative electrode pressed body is divided into a number of
smaller cylinders eqﬁal to that of the positive electrode rings. To receive a collector nail,
the negative electrode cylinders have central bores whose diameter is somewhat smaller
than that of the collector nail. The collector nail, which is composed of nickel-plated
copper or brass, is part of the casing lid.

After metered addition of the electrolyte, the casing can is firmly sealed with
the lid, which is electrically insulated from the can, the collector nail being pressed into
all the negative electrode cylinders and a firm contact thereby being made with the hydride -
electrode. ' -

The subject of the invention is e:éplained below with reference to the figures.
Figure 1 shows a flow chart for the basic manufacturing procedure of an Ni/hydride_ cell

| according to the invention.
Figure 2 shows a general plan of the components of an Ni/ hydride cell accordmg to the

invention.



o

positive nickel hydrOX|de electrode and negative electr active '
‘mat etial of which conprises a hydrogen-storage alloy, 4 @WE&TSHEH .
separat or whi ch separates the el ectrodes, characterizedlfin th ? ;ﬁg '.
el ectrode is fornmed like a-cylindrical powder conpact e é?ftt?o secun
electrode is formed |ike a tubular powderS conpact el ect rode wherern sal d
first electrode is fitted into said second el ectrade, and wherein the

el ectrodes toBbghee @it shawsi nthevestrngct‘epar abr ancoNpl/bydryidei | Iceﬂ.he
cross section of the ca / .hydri battery
according to Caim1l, %ar act diﬂ Fhet ﬁa%gggoglgt ?vgqg'l e%g‘t

conprises cylindri cal Accngdpogde#o cBhgures X.2) thai @Oﬁrﬁ-qa&esﬂ;ecto nid the
cylindrical ¢ ( r r V de,

ad 0 that, SrTRCEhon o S SPELLG Brachiithl 120 id YE185EEL RS

tubul ar posi t PaBUERGERFEdcand falsed Bhet haubpeqaent cBFagennt taj athef t he
negative el ecjzgefbly 3£ the celickel / hydri de accunul ator according to
Claim2, characterlzedlnt | trode js fornpd fro
cylindrical powder coff%8rs %I‘ ??ﬂﬁ&%’te‘?f‘ g S&@ é’lqwj%ﬂ egfﬁ?tﬁﬂa]ﬁh al so
forma stack estpwhises bBhecstepsraf:bores (4) for rece| ving a current _
col | ector.

1. mixing Ni(OH),, CoO and PTFE (or PE),

2. - granulating and £feeding the £fine component
_ produced back into the mixing vessel,
3. . pressing the rings,

4. ' ’'introducing the rings into the can.

.In p#r_aliel_ therewith, the negative electrode is
_ produced in the steps of:

5. mixing the alloy material with PTFE and scot, .
67 - granulating and feeding .the fine component

produced back into the mixing vessel, o
7. pressing the cylinders,

8. packing the cylinders into a separator.

The cell construction continues with the steps.

of:

9. introducing_ the cylinders into the can,
10. metered addition of the electrolyte,
11. sealing the can with the lid,

12. activating the cell (charging).

Figure 2 illustrates the essential components of the nickel/ hydride cell
according to the invention, namely the casing can 1, four positive electrode rings 2, four
negative electrode cylinders_3 with bores 4, the separator 5 and the casing lid 6 with
collector nail 7. . | '
' Figure 3 shows the cell structure comprising the parts mentioned, including the

separator sleeve 5, in a
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4. »  'Nickel/hydride storage battery according to Claim3, characterized

Y-

in that the current collector of the negative el ectrode corrprl ses a nail
(7). which is welded onto the casing lid (6) and which l..---- - :
central bores of the negative electrode. 5. - Ni ckIRWQM&TSHE@
battery according to one of Clains.1 to 4, characterizdd in ;ﬁ‘ h 99§
pressed powder body of the positive el-ecsr-ede is fornmed baem! d'l“b' HI e

H—cobar et d.l

of nickel hydroxide, nickel netal powder and additions
| AR O R ||I|

powder and/or cobalt hydroxi de.
1. Gastight nickel/ hydride storage battery of the round-cell type having a
positive nickel hydroxide electrode and negative electrode the active material of
which comprises a hydrogen-storage alloy, and having a separator which separates
the electrodes, characterized in that the first electrode is formed like a cylindrical
powder compact electrode and second electrode is formed like a tubular powder
compact electrode wherein said first electrode is fitted into said second electrode,
and wherein the electrodes together with an intervening separator, completely fill

l.’atent Cl

the cross section of the casing can.

2. Nickel/ hydride storage battery according to Claim 1, characterized in
that the positive electrode comprises cylihdrical—ring powder compacts (2) which
are pressed into the cylindrical casing (1) as a stack and form a tubular positive
electrode, and in thait, with the insertion of the separator, the interior of the tubular
positive electrode is filled by the pressed active material of the negative electrode.

3. Nickel/hydride accumulator according to Claim 2,
characterized in that the negative electrode is formed
from cylindrical powder compacts of a hydrogen-storage
alloy material which also form a stack and which have
central bores (4) for receiving a current collector.

4. Nickel/hydride storage battery according to Claim
3, characterized in that the current collector of the
negative electrode comprises a nail (7) which is welded
onto the casing lid (6) and which is pressed into the
central bores of the negative electrodes.

5. Nickel/hydride storage battery according to one
of Claims 1 to 4, characterized in that the pressed
powder body of the positive electrode is formed from a
dry mixture of nickel hydroxide, nickel metal powder and
additions of cobalt metal powder and/or cobalt hydroxide.



