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Patent claims

1. Negative electrode for gastight alkaline storage
5 batteries, which has a carbon black-containing gas-
consumption layer, characterized in that the carbon black
component is produced by mixing an aqueous carbon black
dispérsion with an aqueous PTFE dispersion, a surfactant
used as emulsifier in both dispersions being uniformly

10 either of cationic, anionic or nonionic type.

2. Negative electrode according to Claim 1, charac-
terized in that the carbon black component contains
polyacrylic acid esters as thickening agent in order to
adjust the viscosity.

15 3. Negative electrode according to Claim 1. or 2,
characterized ia tﬁat the carbon black content of the
first mixture component is I to 20% and the PTFE content
of the second mixture component is 1 to 60%.

4, Negative electrode according to Claim 3, charac-

20 terized in that the carbon black content of the first
mixture component is 0.5 to 5% and the PTFE component of
the second mixture component is 2 to 20%.

5. Negative electrode according to one of Claims 1
to 4, characterized in that the primary particle size of

25 the carbon black uged is 0.001 to 0.01 um, at a BET
surface area of 200‘to 2000m’/g, and the primary particle
size of the PTFE used is 0.01 to 0.5 um.

6. Negative electrode according to Claim 5, charac-
terized in that the primary particle size of the carbon

30 black is 0.01 to 0.07 um and the primary particle size of
the PTFE is 0.05 to 0.2 um.

7. Process for producing a negative electrode
according to one or more of Claims 1 to 6, characterized
in that the mixture comprising a carbon black dispersion

35 and a PTFE dispersion, and optionally a thickening agent,
is applied to the electrode surface.

8. Process accordingd to Cla%% ?: ?hafac;eﬁ%z

k¥

ed
£}
H 3
195

THIS SHEET HAS BEEN
- _ REPLACED




a -catalytically active material in order to accel erate oxygen consunption,
mhlch auxiliary electrodes, 'since they are electrically connected in
parallel, are at the sane potentlal as the main negative el ectrode.
Accordlng to DE-OS 3534758, in a Ni/Cd Button cell, such an el ectrode
afrangenment cqnsists, for exanple, of the negative electrode in tablet

f orm conpr ess ?rFéfrﬂ%ﬂ&ﬁrQMlﬁeapﬁﬁﬁﬁé byaixmerahen .0Fi RPTR¥LRSGNt ai ni ng
carbon prepared from activated carbon, conductive carbon black and PTFE as
the binder, which is rolled into the nickel wire fabric material of the
basket lid. It is also known fromDE-OS 34 33 544 to dry coat a negative
cadmum el ectrode directly with a catalytically active carbon materi al
Before dry application of the carbon material, for exanple by dusting, the
el ectrode is noistened with a dispersion of a_xwujﬁ;ggﬂiggig_gghlulose
ether (trade nane: Tylose). Cellulose ethers of this type as

nmet hyl cel | ul oses or carboxynet hyl cel | ul oses, dqy used as

t hi ckeners, binders and suspendi ng agents, act H"mmnmﬂﬁﬂ!"[l nci pally as

EEN
THIS REPLACED



adhesi ves. Dry coating may, however, entail disadvantages,Thsishesimay BbdREplaced

only the outer surface of the electrode is coated and not thg G 0t T
pores and secondly that there are irregularities in the thick ' I
coating, so inpairing the el ectrolyte absorption of the nega

et ectrode; |long residence tines during cell production times are thus
required. wet NRERTINR eiaskFade f95cgastishpcrlikaking #%0rAg® not proved

very sati sf act oryateafise wHikl dild 30 ca®bbs BRAEk OfohtSinivg!rglobi c nature
over the course of cyclic charge/di scha&ge Q_Lperatlon. Thi s degrades gas
consunption kinetics, which are €onsumption layer :

The invention relates to a negative electrode for
5 gastight alkaline storage batteries which has a carbon
black-containing gas-consumption layer.

In order to be able to charge gastight storage
batteries of this system with as high currents as pos-
sible, their negative electrodes are often provided, in

10 order to accelerate the oxygen consumption, with
auxiliary electrodes which are made of a catalytically
active material and which are at the same potential as
the negative main electrode. -

According to German Offenlegungsschrift 35 34

-'15 758, such an electrode arrangement in an Ni/Cd button
cell, for example comprising the negative electrode in
taf:let form pressed into a nickel-wire gauze basket and
a carbon-containing mixture of active carbomn, conductive
carbon black and PTFE as binder, which mixture is rolled

20 into the ni¢kel-wire gauze material of the basket lid. It
is also known from German Offenlegungsschrift 34 33 544
to coat- a negative cadmium electrode directly with a
catalytically active carbon material in dry form. Before
the dry apg:lication of the carbon material, for example

25 by dusting, the electrode is moistened with a dispersion
of a water-soluble cellulose ether (tradename: Tylose).
Cellulose ethers of this kind, such as methylcellulose or
carboxymethylcellulose, which generally find applicatiomn
as thickeners, binders and suspending agents, act in this

30 case mainly as adhesives.

In a dry coating, however, disadvantages may
arise as a result of the fact-that, on the one hand, only
the outer electrode surface and not the inner pores are
coated and, on the other hand, irregularities are present

35 in the coating thickness which have the result that the
electrolyte absorption of the negative electrode is
impaired; asg a result, long exposure times of the cell
are necessary during the production.
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+2- .inextricably associated with the maintenance of tHrdd HﬁﬁsenReplaced
interfaces of the electrically conductive solid surface, the
I|qU|d el ectrolyte. This results in an elevated interna

cell, which shortens the service life -o%4 the cell. Another disa vantage of
agqueous di spersions which have hitherto been used is that they have a

t endency to cause séﬁ?ég&?ﬁéhnaﬁdbgéﬁdr&n(ﬁﬁuﬁbuﬁuﬁxﬁndxiiqnaiEEFE
conponent . f ive
i cotrode in DarEror ook Mcele sabLREh ok DT o] SielRo R 1T e
is surface cogPﬁch{-hcc%ﬁWP ’a?é‘g’afr&e CREZRFEPR, Bk?g%ﬂaﬁb%@rﬁﬂml on,
wherein the nmabRei abt f artd haya&bbnabbbadsat&mtl Akighowedulleseash ! ya and

uni for m ysapp(lil ggrggégt}.gr? g]tegceﬁe gas-~consumption kinetics, which are

unalterably associated with the maintenance of three-
phase boundary layers composed of electrically conducting
solid-state surface, gas phase and the liquid electro-
lyte. As a consequence, a high cell intermal pressure is

10 established which contributes to the shortening of the
service life of the cell. A further disadvantage of
aqueous dispersions hitherto used is that they have a
tendency to demix and separate the carbon component and
the PTFE component. ’ o

15 The object of the invention is therefore to
provide a negative electrode for, in particular, gastight
NiCd and NiH cells, which electrode is surface-cocated
with carbon black for the purpose of catalytic oxygen
recombination, the material for the carbon black

20 application being intended to be readily and uniformly
absorbed on the negative electrode and to have a long
active life under the conditions of battery operation.

According to the invention the object is achieved
with an electrode such as is defined in Claim 1.

25 According to Claim 1, the carbon black content of
the layer is formed from a dispersion which is the mixing
product of two aquecus dispersions of which one has a
carbon black content of 1 to 20%, preferably 0.5 to 5%,
for example approximately 2%, in addition to an added

30 emulsifier composed of a cationic, anionic or nonionic
surfactant and the other is a PTPE dispersion containing
1l to 60% PTFE, preferably 2 to 20%, for example approxi-
mately 10%, and also contains an emulsifier. According to
the invention, the emulsifiers in the two mixture com-

35 ponents are of the same type in regard to their iomnic
activity, i.e. both are either only cationic or only
anionic or nonionic. The carbon black used in the first
mixture component has, according to the invention, a BET
surface area of 200-2000m’/g, with a primary particle
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of 0.01 to 0.5 um, preferably 0.05 to 0.2 um, for example
approximately 0.1 um. Suitable products have the name
Hoechst PTFE 5032 or DuPont Teflon N30.

No flocculation or coagulation must occur during
the mixing of these two dispersions. According to the
invention, this is achieved by stabilizing both the
carbon black dispersion and the PTFE dispersion with a
surfactant of the same - ionic type. In addition, a
buffering of the two dispersions at the same pH markedly
increases the long-term stability of the final mixture.
For the purpose of uniform application of the carbon
black dispersion according to the invention to the nega-
tive electrode, it is advantageous to establish a certain
dispersion +viscosity. In the case of known gas-
consumption’ dispersions, the methylcelluloses mentioned
above are 'generally used for this purpose. With their
beneficial properties, as hydrophilic colloids, of making
the aqueous dispersions more stable and, in particular,
of acting as a protective colloid with respect to the
PTFE, these additives contribute, however, to a loss of
hydrophobicity of the electrode.

It was found that this deficiency can be elimi-
nated by other polymers which have a thickening action
and which do not behave asg protective colloids. According
to the invention, the addition of polyacrylic acid
esters, for example a product having the tradename Akzo
Carbopol 941, is very advani:ageous for adjusting the
dispersion viscosity.

In contrast to dry mixtures, the mixing of the
dispersions described, including thickeners, can be
achieved very simply by any desired stirring tool and
alsc by tumbling or rotating the mixing vessel. High

gravitational forces and long mixing times are not
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nponent of the mixture has a BET surface ﬁheﬁw@th@@nRe

a primary particle size of 0.001 to 0.1 [er
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er
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ydemixing occur. This provides a substantial process
simplification in the coating of the electrode.

The stability of the dispersion according to the

invention is closely related to the size and structure of
its particles:
‘during mixing, the carbon black particles, which are
mostly present in aggregates having diameters of between
0.02 and 0.2 pum, are absorbed on the surface of the
discrete spherical PTFE particles and, in doing so,
disintegrate intoc numerous small primary particles or
filaments, whose size varies between 0.001 and 0.1 pm.
They " spréad",_ so to speak, around the PTFE particle and
envelope it like a spherical shell. The latter is not,
however, continuocus but is perforated by a multipliecity
of fissures and, consequently, is highly porous. It
remains firmly bound to the PTFE surface so that a double
layer is produced which is composed of hydrophobic PTFE
and outer carbon having a high catalytic surface area.

In addition to these spherical particles, berry-
shaped particles are also typical of the dispersion
according to the invention. They are produced by agglo-
meration of a few PTFE particles with an equal number of
carbon particles which are about the same size but are,
however, agglomerates of primary particles.

The two particle shapes of the dispersion accord-
ing to the invention are illustrated with reference to
two figures.

Figure 1 shows a spherical PTFE/C particle.

Figure 2 shows a berry-shaped PTFE/C particle.

According to Figure 1, the discrete PTFE particle
1 is surrounded by a multiplicity of smaller C primary
particles 2 which have been produced by the disinte-
gration of larger aggregates during the mixing. The
diameter of the PTFE particle is, for example, 0.1 um and
the diameter of the C primary particle is 0.05 um,

resulting in a total diameter of the PTFE/C particle of -

0.2-0.3 um, depending on the concentration of C particles
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O 1 [err] m Suitable products are known as Hoechst PTFE 5032 or DuPont
Tefl on N30. No floccul ati on or coagul ati on may occurThxelﬁéw
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furthermore enclose a surfactant layer 4 between them and
the carbon envelope also has an outer surfactant layer,
a type of sandwich structure is characteristic of the
vprimary particle" of the dispersion according to the
invention. As has been demonstrated by scanning electron
microscopy, the morphology of these sandwich micro-
aggregates may vary £from irregtilar shapes to spherical
particles (shéwn here in idealised form).

The berry-type shape, also to be observed under the
scannlng electron microscope, of a "primary particle"
accord:.ng to the invention shown in Figure 2 generally
comprises 2 to 3 PTFE particles and an equal number of
carbon particles, including their surfactant coatings.
The size of these particles generally does not substan-
tially exceed that of the "primary particle™ in Pigure 1.

The advantages of the gas-consumption dispersion
according to the invention may be summarized as follows:
The disperéion is found to be very stable. The discrete
individual particles do not exhibit any tendency to
agglomeration. They make possible either a subsequent
coating of a finished electrode strip (for example,
produced by the electrodeposit method according to German
Patent Specification 28 22 821) or else a homogeneous
addition to the active-mass paste for pasting individual
electrodes. The dispersion reaches not only the outer
geometrical electrode surfacé, but also, as a result of
the small size of the sandwich particles, the inner pores
of the electrode, with the result that the coated, cata-
lytically active surface area is markedly increased.

Suitable coating processes are immersion jet
coating, or spraying freely and very uniformly adjust-
able, reproducible layer thickness being capable of being
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11_.haé been found that this deficiency may be overcome by other polyners
havi ng a thickening action which do not behave as pr@e%ﬁtwwﬁﬂiﬁ.
or

According to the invention, the addition of polyacryli 1 w

exanple a product with the trade nane A& Car bopol 941¥ : ) _

advant ageous . the. purpose of adjusting the viscosity orf the dispersion.
iéﬁd’?%/vpfﬁx’tzhr%vs%qm%ar#g the stated dispersions including the

{Ri gﬁghrefsﬁm';obe per fringl twer yhei mpeyodi sherarityiest r eHeskystemn @ndl so by
rocki ng or roﬁ@éi @Qt&ﬂﬁtgj )Qo@ﬁa\é%ssc?f : cE'LQQn %l;'z arPTFE suppLQE,Ce%:heand
long mxing tinmes are not :
electrode coated with the dispersion according to the
5 invention is notable for the durability of its
hydrophobic nature and, consequently also for gas-consum-
ption kinetics having long-term stability.

The gas-consumption properties can be markedly
improved by replacing the standard methylcellulose

10 thickeners with other viscosity-increasing polymers which
do not, however, act as protective colloids.

In contrast to a dry coating, the electrolyte
absorption of a cell is markedly improved by the wet -
coating of the negative electrode with the dispersion

15 according to the invention, with the result that shorter
processing times are possible in the addition of electro-
lyte and, consequently a faster and more efficient cell
production is possible. A cell having an electrode coated
in this way exhibits a inarked improvement in the fast

20 charging capability and the overcharging capability, even
after large numbers of cycles; this also manifests itself
in a markedly increased service life.

The same cell also exhibits, even after a large
number of cycles, a virtually unaltered charging cha:-acQ

25 teristic, with the result that a switching off during
overcharging by means of a voltage difference signal is
possible even after a long operating life.
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necessary. The resultant dispersion is distinguished by excellent long term
stability and neither coagul ati on nor segregation occur. This results in a
subStantial technical sinplification of electrode coating. The stability
of -the di spersion according to the inventfon is closely related to the size
and structure of the particles thereof: On m xing, the carbon bl ack
particles, which are mainly in the forAB¥FRAEHregates of a di aneter of
between 0.02 and 0.2 [err]m congregate on the surface of the discrete,

spherical PTFE parficles and, in sp doing, breagk d i,nt o nunerous snal |l er

orimary parti ol oo BPSRFLEReRtectods £pu hagbimt. ARt 15e0a FoaRge0 1

[err]m They "sprpadtesiesnchidle Kid = padbod dlack-contaifing gas-
consumption layer

5 The carbon black contained in the gas~consuming
layer on the surface of a negative electrode originates
from a mixture of an aqueous carbon black dispersion and
an aqueous PTFE dispersion, both of which contain a
surfactant of the same type in each case (cationic,

10 anionic or nonionic) for the purpose of stabilization.
The stabilized particles in the final gas-.cansuming
dispersion are formed by coating PTFE pé.rticles (1) with
smaller carbon particles {2) with an interlayer or
envelope of surfactant films {4), pores and cracks (3)

15 increasing the effegtive catalyst surface area for oxygen
gag . Additions of polyacrylic acid esters are suitable
for adjusting the viscosity of the dispersion. The
dispersion is applied to the electrode by immersion or

spraying.

20 Published with Figure 1.
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| i ke a spherical shell. This shell is, however, not continuous, but
penetrated by many cracks and is thus highly porous. It remains firmy
borfded to the PTFE surface, so producing a double |ayer of hydrophobic PTFE
on:'the inside and carbon with a highly catalytic surface on the outside.
In.addition to these spherical particleg,, particles of a berry-Ilike shape
are al so characteristic of the dispersiid ccording to the invention. They
are produced by the aggregation of a few PTFE particles with an equa

nunber of carbon particles of approxinmately the sanme size, the carbon

particles, however, being agglonerates of primary particles. The two

typi cal partinEaEQapes of the dis C ' to the invention are

illustrated by o"figures. ' ; i cal PTFE-C particle.
4




Fig'uré.'z shows a berry-shaped PTFE-C particle. In figure 1, the discrete

PTFE particle 1 is surrounded by nmany snaller primary C parti 5 Vot

wer e produced by the break- down of |arger aggregates during rrh%-PkéﬁE@EE?rSHEET
di aneter of the PTFE particle is, for exanple, 0.1 [err]m theg dianeter of

the primary C -1- -5-" partijclle 0 & AB6H397
[err]m so giving a total di arreterc']péarticle of 0.2-0.3 [err]m} dependent

upon the concentration
ACCUM R VING A GAS CON ING R
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OMPRISING CARBON BLACK

This invention relates to a negative electrode for gas-tight
alkaline storage batteries, which electrode has a gas consuming

layer containing carbon black.

In order to be able to charge gas-tight storage batteries of this
system with the highest possible current, their negative
electrodes are frequently provided with auxiliary electrodes of
a catalytically active material in order to accelerate oxi}gen
consumption, which auxiliary electrodes, since they are
electrically connected in parallel, are at the same potential as
the main negative electrode.

According to DE-OS 3534758, in a Ni/Ccd button cell, such an
.electrode arrangement consists, for example, of the negative
electrode in tablet form compressed in a nickel wire fabric
- basket and a mixture containing carbon prepared from activated
carbon, conductive carbon black and PTFE as the binder, which is
rolled into the nickel wire fabric material of the basket lid.
It .is also known from DE-0S 34 33 544 ta dry ceat a negative
cadmium electrode directly with a catalytically active carbon
material. Before dry application of the carbon material, for
example by dusting, the electrode is moistened with a dispersion
of a water-soluble cellulose ether (trade name: Tylose).
Cellulose ethers of this type, such as methylcelluloses or
~Carboxymethylcelluloses, which are generally used as thickeners,
bé#nders and suspending-agents, act in this case principally as
adhesives.

Dry coating may, however, entail disadvantages, firstly that only
the outer surface of the electrode is coated and not the intermal
pores and secondly that there are irregularities in the thickness
of the coating, so impairing the electrolyte absorption of the
negative electrode; long residence times during cell production
times are thus regquired.

Wet coatings based on aqueous dispersions have also not proved
very satisfactory because the coating loses some of its
hydrophobic nature over the course of cyclic charge/discharge
operation. This degrades gas consumption kinetics, which are
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carbon is added, the spherical layer is still penetrated by suffji ﬁnm . _
pores and cracks 3, such that access of the oxygen to the carHdon % t ﬁe@v

is constantly ensured under the hydrophobising influence of the
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internal pressure in the cell, which shortens the service life
of the cell. Another disadvantage of agquecus dispersions which
have hitherto been used is that they have a tendency to cause
segregation and separation of the carbon and PTFE component.

The object of the invention .is thus to provide a negative
electrode in particular for gas-tight NiCd and NiH cells, which
electrode is surface coated with carbon black for catalytic
oxygen recombination, wherein the material for the carbon black
coating should be easily and uniformly applied onto the negative
electrode and should have a long service life under battery
operating conditions.

This object is achieved according to the invention with an

electrode as defined in claim 1.

According to this claim, the carbon black constituent comprises
a dispersion which 1is - the result of mixing two agueous
&iSpersions, one of which has a carbon black content of 1 to 20%,
preferably of 0.5 to 5%, for example of approximately 2% together
with the addition of an emulsifier prepared from a cationic,
anionic or non-ionic 'surfactant, and the other is a PTFE
dis'p'ersion containing 1 to 60% of PTFE, preferably 2 to 20%, for
example approximately 10% and alsc contains an emulsifier.
. According to the invention, the emulsifiers in the two components
of the mixture are of the same type with regard to their ionic
activity, i.e. both are only cationic or only anionic or
non-ionic. According to the invention, the carbon black used in
the first component of the mixture has a BET surface area of 200~
2000 m*/g at a primary particle size of 0.001 to 0.1 um,
preferably of 0.01 to 0.07 um, for example of approximately
0.05 pgm. One very suitable carbon black product may, for example,
be obtained under the trade name Akzo Ketjenblack ED 310.



The ber}y-type shape of the "primary particles"” according to
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No flocculation or coagulation may occur when these two
dispersions are mixed. This is achieved according to the
invention by stabilising both the carbon black dispersion and the
PTFE dispersion with a surfactant of the same ionic type.
Furthermore, buffering both dispersions to the same pH value
distinctly increases the long term stability of the completed
mixture. In order to achieve uniform application of the carbon
black dispersion according to the invention onto the negative
electrode, it is advantageous to adjust the viscosity of the
dispersion to a certain value. The methylcelluloses already
mentioned above generally fulfil this purpose in known gas
.consuming dispersions. However, with their favourable
characteristics as hydrophilic colloids, which render aqueous
dispersions more .stable and in particular act ‘as a protective
colloid with regard to the PTFE, these additives reduce the
hydrophobicity of the electrode.

It has been found that this deficiency may be overcome by other
polymers having a thickening action which do not behave as
p;otéctive colloids. According to the invention, the addition of
polyacrylic acid ester, for example a product with the trade name
Akzo Carbopol 941, is highly advantagecus for the purpose of
adjusting the viscosity of the dispersion.

In contrast to dry mixtures, mixing the stated dispersions
including the thickener may be performed very simply with any
desired stirrer or also by rocking or rotating the mixing vessel.
High gravitational forces'® and long mixing times are not

"Translator’s note: "Schwerkrifte” has been transfated literally as "gravitational

— _ forces", but it could be in error for "Scherkrifte” {= "shear
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-6-- to the small size of the sandw ch particles, the inter
el ectrode, such that the coated, catalytically active surfage
enl ar ged. Coati ng processes which may be considered are d
coating or spraying, it being possible in each case to ach
uni formy adjustable, reproducible IayeerDicknesses.

aecessary. The resultant dispersion is distinguished By excellent
long term stability and neither coagulation nor segregation
occur. This results in a substantial technical simplification of

electrode coating.

The stability of the dispersion according to the invention is
closely related to the size and sfructure of the particles
thereof:

on mixing, the carbon black particles, which are mainly in the
form of aggregates of a diameter of between 0.02 and 0.2 um,
congregate on the surface of the discrete, spherical PTFE
particles and, in so doing, break down into numerous smaller
primary particles or filaments varying in size between 0.001 and
0.1 pgm. They “spread“ around the PTFE particle and.enclose it
like a spherical shell. This shell is, however, not continuous,
but penetrated by many cracks and is thus highly porous. It
remains firmly bonded to the PTFE surface, so producing a double
~layer of hydrophobic PTFE on the inside and carbon with a highly
catalytic surface on the outside.

In addition to these spherical particles, particles of a
berry-like shape are also characteristic of the dispersion
according to the invention. They are produced by the aggregation
of a few PTFE particles with an equal number of carbon particles
of approximately the same size, the carbon particles, however,

being agglomerates of primary particles.

* .The two typical particle shapes of the dispersion according to
the' invention are illustrated by two figures.

Figqure 1 shows a spherical PTFE-C particle.
Figure 2 shows a berry-shaped PTFE-C particle.

In figure 1, the discrete PTFE particle 1 is surrounded by many
smaller primary C particles 2, which were produced by the break-
down of larger aggregates during mixing. The diameter of the PTFE
particle is, for example, 0.1 um, the diameter of the primary o



The "el’'ectrode coated with the di spersion according to the
di stinguished, by virtue of the mcrodispersity of the sysje
intimate contact of the carbon and PTFE support, by the du [
hydr ophobi city and thus al so by gas consunption kinetics I K
over the long term It is possible distimctly to inprove
properties by replacing conventional methylcellulose thick
pol ymer s BRESACERcASade 08I $Wosisoy gititnan? ckP%Rd ridtangters

col I oi ds. parBY Ykl b¥eg 9&-6?].“?.;)&4?} S dEh©Ofudohe thegabhk@ntraelibades Wekd the
di spersion accordin o the invention, the electrolyte absorption of a cel

{ !
i's distinEtP?rFﬁﬁFSgeH“iEh%oﬁ®%$¥%€##vﬁ§?ﬁbry coating, such that shorter

residence times during the addition of electrolyte are possible and cells

Ty thus e or adusedaore LaRIg 20doRRre: 61 b8 Mdon A18° dadid ! &
spherical layer is still penetrated by sufficient pores and
cracks 3, such that access of the oxygen to the carbon particles
is constantly ensured under the hydrophobising influence of the

PTFE core.

Since the PTFE core and the carbon shell moreover include a
surfactant layer 4 between themselves and the carbon shell also
has an outer surfactant layer, a type of sandwich structure is
characteristic of the "primary particle" of the dispersion
according to the invention. As scanning electron microscopy has
shown, the morphology of these sandwich microaggregates may range
from irregular shapes to spherical particles, as are shown here
-ideally.

The berry-type shape of the "primary particles" according to the
invention of figure 2, which may also be observed under a
scanning electron microscope, generally comprises 2 to 3 PTFE
particles and an equal'number of carbon particles, including the
surfactant coatings thereof. The size of these particles
generally exceeds that of the "primary particles" of figure 1
onl? insubstantially.

' The advantages of the gas consumption dispersion according to the
"invention may be summarised as follows:
The dispersion has proved to be very stable. The discrete
individual particles have no tendency to agglomerate. The
dispersion is suitable both for the subsequent coating of a
complete electrode strip (for example produced using the electro-
deposition process according to DE-PS 28 22 821) and as a
homogeneous additive to the active composition paste for the
production of individual electrodes. The dispersion reaches not
only the ocuter geometric surface of the electrode, but also, due



this manner exhibits a distinct inprovenent in rapid char
over-charging characteristics, even after |arge nunbers
also results in a distinctly increased service |ife. Even
nunbers of cycles, such a cell exhibits a virtually uncha

characteristic curve, such that discongegtion on over-char ilk g.is still
possi bl e by neans of a voltage difference signal even aft an extended

period of s@reh&esmall size of the sandwich parfticfhél "Bhe IRTSFRaT pores”
of the electrode, such that the coated, catalytically active
surface is distinctly enlarged.

Coating processes which may be considered are dipping, nozzle
coating or spraying, it being possible in each case to achieve
at will very uniformly adjustable, reproducible layer
thicknesses.

The electrode coated with the dispersion according to the
inwvention is distinguished, by virtue of the microdispersity of
-the system and the intimate contact of the carbon and PTFE
support, by the durability of its hydrophobicity and thus also
by gas consumption kinetics which are stable over the long term.

It is possible distinctly to improve gas consumption properties
by replacing conventional methylcellulose thickeners with other
polymers which increase viscosity, but which do not act as
protective colloids.

By virtue of the: wet coating of the negative electrode with the

i dispersion according to the invention, the electrolyte absorption
of a cell is distinctly improved in comparison with dry coating,

such that shorter residence times during the addition of
electrolyte are possible and cells may thus be produced more
rapidly and more efficiently. A cell with an electrode coated in

this manner exhibits a distinct improvement in rapid charging and
over-charging characteristics, even after large numbers of

' cycles; this also results in a distinctly increased service life.

'Even after large numbers of cycles, such a cell exhibits a

virtually unchanged charging characteristic curve, such that-

disconnection on over-charging is still possible by means of a
voltage difference signal even after an extended period of

service.



1. *A negative _electrode for gas-tight alkaline storage

batteries which Ras a3 -gas consunrng | ayer containing carbo 112G
characterised i t i] mm Hﬂjﬂm'bl ack constituent i's St AR
m xi ng an aqueo A #okilli sper si on wi th an aqugous PTF

di spersion, a surfactant used as an _ 7e_rrulsifier in botl igﬂerhﬁﬁ)@? !
being uniformy of the cationic, anionic or non-ionicitype. 2. A
negati ve ehagmsode according to claim1l, characterised in { *that the
carbon bl ack constituent contains polyacrylic acid estlers as_a B
t hi ckener to adjust viscosity. 3. A negative electrode according to
claim 1 lor 3 negattharaglecteedei nrbbat ghleteghonalikatkneonieBtagl the
first component.of the mxture is 1 to 20% and the PTFE cont ent

of the second C8MpSheRT YHIMEAT & §RE FeNFURLNGObRYSr containing carbon

black, characterised in that the carbon black constituent
is produced by mixing an aqueous carbon black dispersion
with an aqueous PTFE dispersion, a surfactant used as an
emulsifier in both dispersions being uniformly of the
cationic, anionic or non-ionic type.

2. A negative electrode according to claim 1, characterised in
that the carbon black constituent contains polyacrylic acid
esters as a thickener to adjust viscosity.

3. A negative electrode according to <claim 1 or 2,
characterised in that the carbon black content of the first
component of the mixture is 1 to 20% and the PTFE content
of the second component of the mixture is 1 to 60%.

4. A negative electrode according to claim 3, characterised in
that the carbon black content of the first component of the
mixture is 0.5 to 5% and the PTFE content of the second
component of the mixture is 2 to 20%.

5. A negative electrode according to one of claims 1 to 4,
characterised in that the primary particle size of the
carbon black used is 0.001 to 0.1 pgm at a BET surface area
of 200 to 2000 m®’/g and the primary particle size of the
PTFE used is 0.01 to 0.5 um.

6. A negative electrode according to claim 5, characterised in
that the primary particle size of the carbon black is 0.01
to 0.07 pm and the primary particle size of the PTFE is
0.05 to 0.2 pum.

7. A process for the production of a negative electrode
according to one or more of claims 1 to 6, characterised in
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4. "A negative el ectrode according to claim3, characteri segdt
the carbon first conponent of the

to 5% and thej the second conponent of |
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8. A process according to claim 7, characterised in that the

mixture is applied by dipping or spraying.



7. A process for the production of a negative el ectrode
one or nore of clains 1 to 6, characterised in -
m xture prepared froma carbon bl ack di spersion and a PT

optionally a thickener is applied onto the surface of th¢ ¢

process according to claim7, characteris®ed in that the
by di ppi ng or spraying. '
ABSTRACT

REPLAGEMEN? SHEET|

NEGATIVE ELECTRODE FOR GAS TIGHT ALKALINE ACCUMULATORS,

HAVING A GAS CONSUMING LAYER COMPRISING CARBON BLACK

The carbon black contained in the gas-consuming

layer on the surface of a negative electrode originates

from a mixture of an aqueous carbon black dispersion and

an aqueous PTFE dispersion, both of which contain a

surfactant of the same type in each case (cationiec,

anionic or nonioniec) for the purpose of stabilization.

N The stabilized particles in the final gas-consuming

dispersion are formed by coating PTFE particles (1) with

smaller carbon particles (2) with an interlayer or

envelope of surfactant films (4), pores and cracks (3)

increasing the effective catalyst surface area for oxygen

gas. Additions of polyacrylic acid esters are suitable

for adjusting the viscosity of the dispersion. The

dispersion is applied to the electrode by immersion or

spraying.

Figure 1
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In contrast, the PTFE used for the second component of the
mixture should have a primary particle size of 0.01 to 0.5 pum,
preferably of 0.05 to 0.2 um, for example of approximately
0.1 pgm. Suitable products are known as Hoechst PTFE 5032 or
DuPont Teflon N30.

No flocculation or coagulation may occur when these two
dispersions are mixed. This is achieved according to the
invention by stabilising both the carbon black dispersion and the
PTFE dispersion with a surfactant of the same ionic type.
Furthermore, buffering both dispersions to the same pH value
distinctly increases the long term stability of the completed
mixture. In order to achieve uniform application of the carbon
black dispersion according to the invention onto the negative
electrode, it is advantageous to adjust the viscosity of .,the
dispersion to a certain value. The methylcelluloses already
mentioned above generally fulfil this purpose in known gas
consuning dispersions. However, with their favourable
characteristics as hydrophilic colloids, which render aqueous
dispersions more stable and in particular act 'as a protective
colloid with regard to the PTFE, these additives reduce the
hydrophobicity of the electrode.

It has been found that this deficiency may be overcome by cther
polymers having a thickening action which do not behave as
px_'otéctive colloids. According to the invention, the addition of
polyacrylic acid ester, for example a product with the trade name
Akzo Carbopol 941, is highly advantageous for the purpose of
adjusting the viscosity of the dispersion.

In contrast to dry mixtures, mixing the stated dispersions
including the thickener may be performed very simply with any
desired stirrer or also by rocking or rotating the mixing vessel. .
High shear forces and 1long mixing times are not



