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The invention relates to a gastight alkaline
storage battery for storing electrical energy, having a

positive electrode essentially comprising nickel

hydrox:.de as act:we mater:.al, a negat:l.ve electrode and a

separator disposed between the electrodes in *a closed'

-*~ S L ST

ca.sing. Bl =
e the f:.eld of 'gastight ﬂ&lkal;ne séb""fage'-

":batten.es. | the recent technical development Xﬁs.s‘

concentrated ma:.nly on the :unprovement of the electrode";

" construct:.on and on mea.sures for promot;ng the’ gas

-;-consumptzon it order to’ make the gast:.ght funct:.on st:i.ll )

: of ‘types among the electrodes, whose actual, " electro-
‘'chemically active material is nevertheless still composed . '

more reliable.; This has now g:.ven rise to a ‘wide va.rlety

of the conventional substances, namely nickel hydroxide

in the case of the positive electrode and cadmium

hydroxide, ~iron hydroxide, zinc hydroxide or cobalt
hydroxide in the case of the negative electrode. Most of
the commercially available gastight elkaline storage
batteries are accordingly a.lso based on the conventional
alkaline battery systems, to wh:.ch the hydrogen-storage

'systems must also be added. -
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27 Among the electrode types in gast:l.ght alkal:.ne

o _storage ba.tter:.es, the s:l.ntered type is particularly
©o25

commbn . In gast:.ght 'wound cells, both electrode 2

b,

polarit:.es belong to: this type. In button cells, ‘both a

electrode polar:.ties are usually .present ‘as pressed-

powder tablets ;nounted in a woven nickel-wire basket. - In
the case of other pressed electr_odes, the active mass is
pressed onto strip-type metal support gauzes.

A special type of negative electrode is the so-
called electrodeposit electrode, which is obtained by
cathodic metal deposition from cadmium salt solutions
(German Offenlegungsschrift 28 22 821).

According to a still very recent development, a
metal-foam matrix whose pore systems the active material
takes up in pasty form [gic] forms the support and
collector both for a positive (US Patent Specification 4
251 603) and for a negative electrode (European Patent
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¢ to the-. J.nvention ’belong to the - rolled-elecbrode type.
= This electrbde type has ga:.ned a.certain d:.ssem:.nation
only very recently as a result of advances i.n rolling.
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Specification 185 830).

Examples of various combinat:.ons of electrode
types in gastight alkal:.ne gtorage batter:.es can also be
found in the patent l:l.terature. Thus, in a known n:.ckel/

hydrogm battery in% - accordance’ -with Europeang_ Patent
s:pecif:.c'at:.on ‘284 333, both. .electrode species are~present
in the’ «form.. of the ‘metal-foam matrix . electrodes

mentioned:: German Offenlegtmgsschrift 3416 817 suggesa;s
the combinatida: of a cadmiim electrode of - the electro-

depos:.ted type: with a pos:.t:.ve, charged, pressed powder_
‘electrodeé. . -Piublished European Spec:.f:.cation 28, 072 .-

discloses the comb:.nation of a positive pressed electrode

with -negative gintered electredes. D S

The object of the invention is to provide a

gastight alkaline storage battery which is fitted with
electrodes which supplement one another ideally in

relat:.on to energy storage’ capability and mechanical
- robustness and which can be’ produced by means of an

inexpensive manufacturing process which is as automatable
as possible. '

The object is achieved, according to the
:.nvent:.on, by a gastight alkaln.ne storage battery as
spec:.fied iri Patent Claim 1. ‘

In accordance therew:.th, both - the posit:.ve and

the. negat:.ve ei:ectrodes of the storage battery according

technology. Inn this connection, because of their"

mechanical strength and flexibility, rolled electrodes

can readily be used in wound cells. Their production, in

- which a ‘mixture essentially containing the active

material and a powdered plastics binder is rolled onto a
metallic support material, may preferably be carried out
by belt conveyance. The preparation of the rolling
mixture itself by dry mixing of the weighed, exclusively
powdered components is probleml-£free and . affords an
efficient manufacturing operati'on. .
Positive and negative rolled electrodes can be
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combined pai‘tiicularly advantageousiir- ina nickel/hydrogen

storage battery. o
Its positive electrode is based on an Ni gauze,

a nickel-plated pe:r:forated strip, an Ni expanded metal or

-a nickel= .ﬁibre matrix as support mater:l.al. The- z:oll:.ng L

nm;:ture appl:l.ed thereto is composed of @ dry mixture

. compr:l.s:.ng ~nickel hydroxide as’ act:.ve “material - and-

nickel-metal powder, according to the :l.nvention, -and at,_-

. leéast one-furthsér metal powder from the group comprising: -

Co, Cu, Fe, Mo, W, Mn, Cr, Ti: .-_.__and Zn as conducting agent
atid of a plasties binder. .Injaddition, an addition of ‘5.
to 12% by weight of - graphite and/or soot to' the dry
mixture -is possible. - According to. the inizention, the
amount [sic] of metal powder should enter into the dry
mixture in an amount of 5 to 25% by weight and the nickel
hydroxide in an amount of 75 to 90% by weight (i.e. the
totality of all the mixture components with the exception’
of the binder). The nickel powder alone _should be in a
weight ratio to the amount ‘of the other metal powders of
1:1 to 1:20. According to the invention, a particularly
advantageous dry mixture contains, in addition to nickel
hydroxide, also smaller amounts of further hydroxides, at

least ‘one, however, from the series compr:.s:.ng Co(OH)z,'
. cd(OH)z, Zn (OH) 5, -A1 (CH) 53, Mg(OH)z, iron hydroxides and Mn
' .hydroxides. These additives :.mprove the continuous load
-, earryiag capac:.ty of the electrode when operataed cycl:.-
;jgcally and ensure a good charging efficiency. InsteacL of

being included as separate additives in. the dry mxbure,

‘they may also already be included in the nickel hydroxide

provided they are produced as products of a simultaneous
precipitation from a solution of corresponding metai.
salts together with the nickel hydroxide. In both cases,
the proportion of foreign hydroxides in the nickel -
hydroxide present in the dry mixture should be 12 to 15%
by weight.

The nickel hydroxide, optionally containing
inclusions of foreign hydroxides, is preferably based on
spherically shaped particles having particle diameters of
between 3 and . 300 pm. Separately added foreign hydroxides
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may have part:.cle gsizes of between 3 and 70 pm.

The part:.cles of the metal powders are preferably

also spher::.cally shaped and have particle sizes of
between 0.1 and 50 pm. ‘

-of¢ polyethy‘le’ne, polypropylene, a polyester‘%or polyvinyl’
alcohol, igs f:.nally added to the dry mixture in -an a:mountf
of 2 to 10% byLWe:.ght and the entire mixture is'th

All the m:l.x:.ng operat:.ons are- advantageously carr:.ed out:,:

in m:.xing dev:.ces “having intens:.ve commznut:.on effect,qf‘ .
for example in knife mills rurning at high speed, In

particular, a very uniform - d:.stribut:.on of the binder
materials is thereby achieved, said materials forming
thin filaments which permeate the entire powder bed in a

network-like fashion. . Said rolling mixture is then

prerolled at high pressure in a calender to form a '

laminate 0.5 to 0.8 mm thick and then rolled onto the
support material.

~ In the case of the preferred storage battery
accdrd:.ng to the :.nvent:Lon, namely of ‘the n:.ckel/hydrogen

- -gtorage battery or metal hydr:.de storage battery, a dry '
powder m:.xture alsm ssent:l.ally forms, in: add:.t:Lon to a_
"small amount ‘of powdered plastics ‘material, the rolling”

mixturen-r for’ the negative electrode. - Here the ‘adtive

" material,’ “which is also ‘the main constituent of this &y

powder m:thure, is a metal powder capable of. electro-
che:m:l.cally absorbing and storing hydrogen or a metal
alloy in powder form. In the case of these materials,
the electrochemical energy storage consists in the
subsurface discharge of a proten from the electrolyte to
form a neutral hydrogen - atom and in the subsequent
storage of said hydrogen atom in the interior of the
metallic solid.

The active matexrial is preferably supplemented by
an additional amount of the metal or of the metal alloy

in hydride form and consequently has a discharge resgerve.

For the purpose of improving the electrical ~

- After all: the components of the dry ‘mixturé have - )
beén thoro‘ughly premi.xed, the plastlcs binder, co:npesed- :

finally ground to produce the’ fin:.shed rolling m:l.xture.. :
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conductivity, metal powders coﬁposed of nickel, cobalt or
.copper, opt:.onally also graphite and conductive soot are

’ ' furthermore added to the active material. Finally, in

' ' ‘addition to the active mater:.al, oxygen-consunu.ng agents -
in the form pf a ca.rbon-contain:.ng mixture are. proviged. .
i, The é‘omponen*ts of the 1atter are ‘eonductive soot, active
E carbéh and’ poiytetrafluoroethyl‘ene and are approximately e
-in a we:.ght ratio of 3 to 20% by we:.ght, preferably 7.5% o
by weight conductiive soot, 50 t&5 80% by weight, :prefer- -
-ably 75% by weight .active carbon ‘and 10 to 30% by we:.ght,

- preferably’ 17.5% hy weight polytetrafluoroethylene. S T —
' Sa:.d :m:.xture can eithéi be- rolled onto the

_finished electrode in a thin 1ayer or already bé: added to
gaid electrode as a constituent of the dry powder
15 mixture. '
. Suitable as b:.nders for the negative electrode
are plastics from the series comprising polyethylene, N
polypropylene, polytetrafluor_oe_thylene, polyvinylidene
fluoride, polyvinylidene carbonate, 'polyvinyl alcohol,
20 polyisobutylene and polyacrylonitrile.
In this case, too, it is advisable to mix all the
constituents of the dry powder mxture thoroughly first
_ and then to add the binder to the latter separately. _
< swPle 7 The' fin:l.shed rolling m:.xture is then composed of 5
25 .760 to 8095 by weight of: metal or metal alloy capable of ¢
. ‘storing Hy, 5 to 20%" by ;weight of the, »'same 3 active
* 'mater:.al i -hydride form, ° 10 to 35% by wqight of - metalv-' :
powder or 1 to 6% by’ weight of soot and graphite as )
_ conductive agent, 1 to 6% by weight of binder and 1 to 8%
30 by weight of carbon-containing mixture for the oxygen

) \,\—4 3

E—c

consumption.

The negat:we rolled electrode is consequently
also preferably produced by dry rolling onto a "support
material, it again being advantageous to carry out [sic]

35 the rolling mixture to form a laminate having a thickness
of 0.3 to 0.8 mm before application to a fine-mesh metal
gauze or expanded metal.

The support material is nickel, iron, copper or

silver. For cost-saving reasons, a silver-plated or
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n:.ckel-plated iron or copper material may also be used"

J.nstead of the sol:.d nickel or s:l.lver gauze.
A cobalt plating of the support by electroless
treatment or electrodepos:.t:.ng treatment in a bath liquid-

5 K conta:.n:.ng cobalt salts prn.or to the. rolling-on procéss--
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~has p::‘oved adﬂrantageous both in the case of the positﬁ:ve

‘and :.ﬁ the dagé:- of the negat:.véﬁ: rolled. electgode ‘since - .

" ‘this ::.:‘mr::::'ea.:5es1= the ¢nrrent carryihg capacity. The weight
-of the oobalt coati@ relative td¥ the support may be l:to
25%.-. y S as - Sy .
' 'I'he f:l.gure shows d:.agramat:.cally the production.
- eycle of rolled electrodes accord:.ng ‘to the invention,
the worﬁ:.ng steps ‘of which: oycleiﬁ are in prz.nd@ple. the.
same for positive and negative electrodes. ' _
In accordance therew:.th, the rolling mixture is
first prepared and is composed in each case of thie active

material 1, active additives 2. (metal hydroxides in’
‘addition to Ni (OH), in the case of a positive electrode,

Hz-storage alloy in hydride form in the case of a nega-
tive electrode), metallic additives 3, carbon-containing

material 4 (Oy-consuming agents in the case of the nega-

. “tive electrode, optionally conduct:we soot or graph:.te in

the case of the pos:.t:.ve electrode) and binder 5, The
compone’nts correspond:.ng to :.tems I¥to 4. are exped:.ently
premn:ed separately’ “and; the resuitant dry powder m:l.xture_

; “is combined w:.th the binder 5 in the h:l.gh-speed dryammixer __
! _,6 . nIn the ealeuder T, the fin:.shed rplling mixture isas

then prerolled +to form a la:hinate or str:.p 8 and the-
latter is rolled onto a gauze-like support strip 10 in
the calender 9. . -

An advantageous aftertreatment of the positive
rolled electrode (not shown) may consist in exposing ltk
to a solution of nickel or cobalt salts and then immers-
ing it with pores still filled in an NaOH or KOH solu-
tion, as a result of which a hydroxidic £ilm is deposited

on the mass particles of the electrode and contributes to

an improvement in the electrical characteristics.

A similar success is provided by an electro-
depositing aftertreatment which is such that the

Eo
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electrode material is immersed in a solution conﬁaininé '

nickel and cobalt salts and that metallic nickel and

cobalt are deposited. The amount of the material
deposited in total is between 3 and 25% of the electrode

. weight._ L T : :{“'-" . R . . < .}

. «As a result of immersion treatment in 5 to 15%-.
strengbh dispersions. composed of pmlyethylene, p.alytetra- .
fluoroethylene or acrylic acid compounds, negative rolled
electrodes can- acquire a plasticé‘-' coating which gives
them a better mechanical robustness. . )

~@agtight ~alkaline cells,:can be cqnstrnqte'd'- :

'pé.rt:.cula_rly advantageously . from the positive and

negative *electrode - material’ produced by rolling as

described. Dei:ending on electrode type, the electrode

thicknesses are adjusted during the production so that
the ratio per unit area of the total capacity of the
negative electrode to the total capacity of the positive
electrodes is between 1.2 ‘and 2. Beth electrodes are
separated from one another in the discharged state by a
nonwoven material composed of PE, PA or PP fibres and are
spirally wound. An aqu.eoue 5 to 8 N KOH soiution con-
taining 0.3 to 2 N LioOH addit:.ves :Ls used as electrolyte.
The cells are comm:.ss:.oned by cha.rg:.ng with a 10- hour _

- -rated-current and discharging w1th a 5-hour current: after

30

'they have. undergone an activation as a- result of a high-
:-_temperature ,ageing at 45°c to 80°C for a period of.l to

‘days. After t.ompleting “Ewo such cycles, the cells

) ‘have- reached their full @&lectrical load-carrying
- capability.
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Patent Claims

'[lacuna] Gastight alkaline storage battery for storing
electrical = energy. hav:.ng - a positive electrode

'eesentially compris:.ng ‘nick2l hydroxide as ‘active::
i=ma.ter:.a1, a negative electrode and a separator dz.sposed—
between - ‘the electrodes in a closed ..asing, characierized - -
-in that -both the. posj:i;-t:.ve electrode . and the negative:. -

electrode are formed by rolling a* dry powder mixture:
containing the respective act:l.ve mater:.al and a plast:.cs
binder onto a metall:.c support mater:l.a.l. _ .
2. Gastight alkaline storage battery accord:.ng to -
Claim 1, character:.zed in that it is a n:.ckel/hyd:i-ogen .
storage ba.ttery.

3. Gast:.ght alkaline storage battery according to

(31am 2, character:.zed in that the rolling mixture for

the positive electrode is formed by mixing a powdered'
plast:.cs mater1a1 with a dry mixture of nickel hydroxide,

nickel-metal powder and at least one further metal powder

from the group comprising the meta.ls Co, Cu, Fe, Mo, W,

Mn, Cr, Ti and Zn.

4. - Gastight alkal:l.ne storage battery accord:mg to

Claim 2, characterized in that the roll:l.ng mixture for

the- negat:l.ve electrode is formed hy mixing a powdered

plastics material with a dry powder ‘mixture eseentially

composed of a- hydrogen—storing metal or a hydrogen-

_stora.ge alloy. )

5. Gastight alkaline storage battery accord:.ng to

Claim 3, characterized in - that the dry mixture

additionally contains one or more hydroxides from the

group comprising Co(OH),, .Cd(OH)z, 7n (OH),, Mg (OH),.,

Al (OH) 3, iron hydroxides and Mn hydroxides.

6. Gastight alkaline storage battery according to

Claim 3 or 5, characterized in that the proportion by
weight of the nickel hydroxide in the dry mixture is 75

to 90% and the proportion by weight of the metallic
components 5 to 25%.

7. Gastight alkaline storage battery accord:.ng to

one of Claims 3, 5 or 6, characterized in that the

| AR O B
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plastics binder is polyethylene, polypropjrl_ehe, g ’
polyester, polyvinyl alcohol or polytetrafluorocethylene.

" 8. Gastight alkaline storage battery according to

Claim 4, characterized in that the dry powder mixture

contains ‘an additional. amountx of the hydrogen-stor:.ng L

metal in hydride fom.:_

9. Gast:.ght alkaline storage battery accor&:.ng to

Claim 4 or 8, charaoter:.zed in that the dry powder ;
mixture contains one or more metal powders from the group -

' comprising NJ., CO, Cu as conduct:.ve agent.
- 10. Gastight alkal:l.ne storage battery‘ accord:mg to

" one of Claims 4, 8 or 9, characterizeéd in that a mixed

* mass compris:.ng conductive "soot, active carbon*: and

polytetrafluorocethylene is added to the dry powder
mixture as oxygen-consuming agent.
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