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5 Patent Claims
1. Electric accumulator having a positive nickel-

hydroxide electrode, a negative electrode which
comprises a hydrogen storage alloy, a separator
situated inbetween, and an alkaline electrolyte,

10 characterized in that the nickel hydroxide mass of the
positive electrode is admixed with an oxidation-
resistant graphite as a conducting medium.

2, Electric accumulator according to Claim 1,
characterized in that the graphité has a high degree of

15 crystallinity, the crystallite size (stack height) ic
being at least 180 nm.

3. Electric accumulator adcording to Claim 2,
characterized in that the crystallite size (stack
height) L, is at least 200 nm.

20 4. Electric accumulator according to any one of
Claims 1 to 3, characterized in that the ash content of
the graphite is less than 0.5%.

5. Electric accumulator according to any one of
Claims 1 to 4, characterized in that the proportion by
25 weight of the graphite of the mass mixture of the posi-
. tive electrode is between 1 and 25%.
6. Electric accumulator according to any one of
Claims 1 to 5, characterized in that the proportion by
weight of the graphite of the mass mixture of the posi-

30 tive electrode is approximately 15%.

7. Electric accumulator according to any one of
Claims 1 to 6, characterized in that the cell

components are arranged in a button cell container.
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arranged separately fromone another in an alkaline electrolyte, as is also
ot herwi se customary. The positive el ectrode here in principle corresponds

ito the positive nickel hydroxide electrode of the Ni/Cd accumull eﬂfﬁSB%MR51Mﬂ
‘Graphite additions to the nickel hydroxide 2lectrode of chiefly mmuﬁ III II
are known from the docunent EP-A-Q_ 184 830. The graphite is sai

protected agai nst oxidative degr afdecE&Fic\ACENMYdAEPE in particul ar, due

to evol ution of oxygen during overcharglng, by nDdification with a m xed

oxi de of the spinel typ Accor din current e.g. according

to US-A- 4935318, in additd d"t’l‘teﬁ’ttﬁ% 050 &R %&q/e subst ance
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rode, a negative electrode which comprises a hydrogen

5 storage alloy, a separator situated inbetween, and an
alkaline electrolyte.

It is known that numerous metals and alloys, by
forming metal hydrides, are able to absorb and store
significant amounts of hydrogen. This ability is the

10 basis for an energy storage system which, in addition
to the conventional Ni/Cd accumulator or the lead-acid
battery, has recently encountered a great deal of in-
terest, namely the Ni/metal hydride accumulator.

' Positive and negative electrode of this

15 secondary system are arranged so as to be separated
from one another, in an alkaline electrolyte, as is
usual in other cases. In this arrangement, the positive
electrode in principle corresponds to the positive
_nickel hydroxide électrode of the Ni/Cd accumulator.

20 According to the current standard, e.g. in.
accordance with US Patent 4935318, the active mass of
the electrode contains, in addition to nickel hydroxide
as the main component, a conducting medium in the form
of nickel metal powder, also cobalt metal powder,

25 certain'foreign hydroxides, especially cobalt
hydroxide, and a binder. The constituents are mixed in
the dry state, the mixture is then pasted with water
and spread into a highly porous three-dimensional
nickel matrix.

30 When an electric current is applied to the
negative electrode of an Ni/metal hydride secondary
cell (Ni/MH), the active material thereof, the metal or
the alloy M capable of absorbing hydrogen, is charged
by the absorption of hydrogen:

35 M + xH,O0 + e” » MH, + xOH"

During discharging, the stored hydrogen is
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Both reactions are reversible.
A similar situation applies to the reactions
5 taking place at the positive nickel hydroxide elect-
rode.

Charging: Ni(OH), + OH™ -» NiOOH + H,0 + e~
Discharging: NiOOH + H,0 + e~ -» Ni(OH), + OH"

. Because of the environment-friendly energy

10 source hydrogen, which here is used in conjunction with
the well-established, in principle identical positive
electrode of the Ni/Cd accumulator, Ni/metal hydride
batteries even today offer distinct advantages compared
to conventional secondaiy batteries.

15 Ni/metal hydride batteries are gas-tight,.main-
tenance-free, and, thanks to a well-advanced electrode
fabrication technology, already attain energy demnsities
of 50 Wh/kg. Here, the quality of the positive elect-
rode plays a particularly important part, since it

20 limits the capacity.

Prior to the introduction of rapidly chargeable
Ni/Cd button cells, the conducting medium used in
nickel hydroxide electrodes, instead of the nickel
powder customary today, was graphite. For the positive

25 electrode, mainly consisting of mercury(II) oxide,
however, of a metal oxide/hydrogen experimental cell,
German Patent 1771420 likewise proposed a graphite
addition to improve the conductivity.

The additions of cobalt and cobalt oxides,

30 which only later became customary in addition to nickel
metal powder as the conducting material, promote, owing
to their conductivity; the mass utilization of the
nickel hydroxide electrode. They additionally serve to
set a discharge reserve on the negative electrode,

35 inasmuch as, during the first charging of the cell,
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drop significantly below 1V, and the total charge
supplied once to form them is then retained by the
negative electrode as a capacity excess (discharge
reserve) with respect to the positive electrode. Under

10 extraordinary operating conditions (e.g. polarity
reversal, exhaustive discharge) the conductive matrix
may, however, be destroyed reductively.

Most commercial Ni-metal hydride accumulators,
whether they are round cells, prismatic cells or those

15 of the button cell type, present a serious problem
inasmuch that they do not, as a rule, withstand a high
temperature short circuit (HTSC) test, which is per-
formed by the battery customers from industry. In this
test, the cells in the discharged state are provided

20 with a load resistor of 22 and stored for 3 days at
65°C. Then a capacity test is carried out by means of a
few charging/discharging cycles at room temperature.
The test simulates the long-term short-circuit be-
haviour in electronic appliances, the high temperature

25 shortening the test duration. In so doing, massive
irreversible losses in capacity are found which are due
to the reductive destruction of the CoOOH conductive
matrix as a result of the negative potential of the
metal hydride electrode being impressed on the positive

30 electrode during the short circuit.

The object of the invention is to provide an
alkaline Ni/metal hydride accumulator which stands up
to the HTSC test.

The object is achieved according to the inven-

35 tion by an accumulator as defined in Patent Claim 1.

It was found that accumulator failure hitherto
had obviously been caused by the positive electrode,
but that this can be stabilized if it is manufactured
from a mass mixture of nickel hydroxide poﬁder and an
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far advanced techni que for electrode production al ready achi ey ﬂ
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field of the Ni/Cd cells has been known for a long

time, as already mentioned above. The previously avail-

able graphite grades, however, were only conditiomally
suitable, because in alkaline cells they are subject to
10 oxidation according to:

C + 0, + 2 KOH -» K,CO; + H,0

The less oxidation-resistant the graphite is, the more
K,CO; is formed eventually. In the case of Ni/Ccd cells,
this reaction manifests itself by a stepped voltage

15 drop being produced. A possible cause is the shift of
the potential-forming reaction from cd/Cd(OH)2 to
cd/CcdCO;. In addition, as more K,CO; is formed, the
electrolyte conductivity deteriorates. For these two
reasons, the use of Ni powder, in Ni/Cd button cells,

20 as the conducting material instead of graphite has
become generally established.

In contrast to Ni/cd cells, Ni/metal hydride
cells are not affected by the said voltage drop, since
the formation of K,CO, does not enter the negative

25 electrode reaction M + XH & MH (M = hydrogen-storing
alloy). Only the ion conductivity of the electrolyte is
adversely affected as more K,CO; is formed. '

By means of employing, according to the inven-
tion, an oxidation-resistant graphite, this drawback,

30 too, could be overcome, however, so that said graphite
becomes an advantageous alternative conducting material
for the positive electrode masses in Ni/metal hydride
accumulators.

The particular chemical resistance of this

35 graphite is predominantly based on its high degree of
crystallinity. According to the invention, it has
crystallite sizes of at least 180 nm, preferably of at
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reserve on the Reg_gtiﬁg el ectrode, in that during the first charging of the
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N QOH. They theh%&gﬁ%,ngsl%2&%&n8%%%!%&pikgay powder diffraction on
the basis of the Scherrer equation D = K x A / 8 x cos
5 &. Here, D (=L.) is the edge length of the crystallite

in its principal direction (in graphite the ¢ axis), K

is a constant with a value of ~ 1, 8 is the half-
intensity width, after elimination of experimental
effects, of a selected reflex, the reflexes 002 and 004

10 being used as the basis of the calculation for the
graphite.

A further criterion of the oxidation-resistant
graphite is its ash content. This should be less than
0.5%, preferably less than 0.3%. The BET area of the

15 material should be less than 6 m?/g. Oxidation-
resistant graphites of the quality required for use
according to the invention have recently become
commercially available, e.g. the type Lonza SFG 75..

The weight ratio of the constituents of the

20 novel positive mass according to the invention should
be from 75 to 90% of Ni(OH),, preferably approximately
85%, and from 1 to 25% of graphite, preferably approx-
imately 15%. In principle, higher graphite proportions
up to 35% by weight are also possible.

. 25 It is possible to demonstrate by an experiment
the beneficial effect of the measure according to the
invention. To this end, in two test series, button
cells were selected because they are readily fitted.

The positive electrodes of the one test series

30 consisting of 6 cells were prepared from a mixture,
according to the invention, of 85% by weight of Ni (OH),
and 15% by weight of oxidation-resistant graphite. In
addition, a second test series of 6 cells was involved,
whose positive electrodes comprised a mass mixture,

35  based on the prior art, of 66% by weight of Ni(OH),,
30% by weight of Ni, 3% by weight of CoO and 1% by
weight of Co (standard cells).

The negative electrodes used were, in all
cases, compacted-powder pellets made of a hydrogen



in the later reaction process in the cell if the di scharge nd voltage does
not fall substantially below 1V, and the ampunt of charging
for their formation is then retained for the negative el ectr
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charging/discharging current being 50 ma, and the end-
of-discharge voltage being set to 0.7 V, but after the
6th cycle they were subjected to the HTSC test. Then
the initial cyclic treatment was continued for a fur-

10 ther 5 cycles, in order to determine the effect of the
high-temperature short circuit test on the capacity
behaviour. |

‘'The figure, in a comparative representation of
curves, shows the capacity development (C[Ah] as a

15 function of the cycle number n) of Ni/hydride cells
according to the invention and of standard cells under
the influence of the HTSC test. Both curves in each
case are averaged from the measured data of the one.and
the other group.

20 As can be seen, the HTSC test for the standard
cells (curve 1) results in a serious drop in capacity,
from which they do not recover in the further course of
the cyclic treatment.

In contrast, not only does a sharp decline in

25 capacity in the "graphite cells" according to the
invention (curve 2) turn out to be smaller, but within
2 to 3 subsequent cycles a recovery does take place
with which the original capacity is attained once more.
The test result confirms that the capacity loss is due

30 to the positive electrode. A possible explanation could
be that in the cobalt-containing positive electrodes of
conventional cells, the first charging operation builds
up a stable conductive matrix of S-CoOOH, which sur-
rounds the poorly conductive nickel hydroxide particles

35 like a net. Under the conditions of the HTSC test,
however, the potential of the positive electrode can be
shifted so strongly to negative values, that the §-
CoOOH network structure is reduced to §-Co(OH), and is
thus destroyed. Owing to the absence of inherent



resi stsance of 2[err] in the discharged state and stored at 65[err]C for 3
days. The capacity is then tested by a few charging/discharge cycles at

roomtenperature. The test sinulates long-termshort circuit properties in
el ectroni c equi pnent, the h| gh tenperatur® €horteni ng the duration of the

test. Massive |rrever bI es in capaci found |c.h are based on
reductive destr® % c?‘t?r?‘d%@t cr?é“ﬁﬁ
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5 its crystal habit being low in water, is inactive.

A stable electrode matrix which, however, is
obviously capable of said reactivation and which, inso-
far, behaves similarly to a stable sintered body, is
therefore present in the novel graphite material having

10 the specified characteristics.

. The figure also shows that the "graphite cells®
according to the invention, although cobalt is not an
essential constituent of their positive electrode mass,
are at least the equals of the conventional "cobalt

15 cells” in terms of normal capacity behaviour.
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the graphite qualities available to date were of only limted use, because
in-alkatline cells they are subject to oxidati'on in accordance with C +
iderr] 2 KOH [err] Klerr]CdJerr] + HerrlO The | ess oxidation-resistant
the graphite, the nore Klerr]CJerr] fornmed”in the course of tine. In Ni/Cd
cells, this reaction manifests itself b)Abdet;/el Qpnent of a stepwise drop in
voltage A possi bl e cause is the change™l € potenti al - devel opi ng
reaction from Cd/Cd(OH)[err] to Cd/CdCO,. In addition, with increasing

formation of KlerrJ]CJerr], the cgH @éq#l\g%dq,}mgl\" C,q:lectrolyte

deteriorates. For these two reasons use powder as a conducting
material instead of graphite has found acceptance in N/Cd button cells. In

contrast to Ni/Cd cells,riNidofirtsth ¥l i skl for{ e Ni)tmetal hydride

accumulators, in which cobalt compounds play an
essential part in building up a conductive matrix with-
in their positive nickel hydroxide electrodes, which,
however, owing to reductive destruction of said matrix
by a more severe high temperature short circuit test
after 6 conditioning cycles suffer a massive irre-
versible loss in capacity (curve 1), the same

' accumulator cells survive the test with an only

' temporary slight sharp decline in capacity, if their
positive electrodes are formed from a mass mixture of
Ni(OH), and an oxidation-resistant graphite (curve 2).
The stable graphite is notable for a high degree of
crystallinity (crystallite size > 200 nm) and has a.low
ash content < 0.5%.

Publication with figure
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by the said drop in voltage, since.the formation of K[errf@sf%eer]
I ntervene in the negative .el ectrode reaction M+ xH [err] Tfes

(M= hydrogen-storing alloy). Only the ionic conductivity
of the electrolyte is inpaired with increasing formation of Klerr]CJerr].

However, with the use according to the invention of an oxidation- resistant
graphite, it .s0--been-passible to renedy this deficiency, so that it
becones an apViist &gecubialiENnat i ve -5- S%onducting material for the
positive el ectrodadiiguhgtrances |i n '
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Rlectric accumulator

In contrast to conventional Ni/metal hydride

accumulators, in which cobalt compounds play an

essential part in building up a conductive matrix with-

in their positive nickel hydroxide electrodes, which,

however, owing to reductive destruction of said matrix

by a more severe high temperature short circuit test

after 6 conditioning cycles suffer a massive irre-
versible loss in capacity (curve 1), the same

-accumulator cells survive the test with an only

temporary slight sharp decline in capacity, if their

positive electrodes are formed from a mass mixture of

Ni(OH), and an oxidation-resistant graphite (curve

2).

The stable graphite is notable for a high degree of

érystallinity (crystallite size > 200 nm) and has a.low

ash content < 0.5%.
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cal cul ati onedbr{ DE< 9L ANhSEgen reservoir alloy, a separator im-between and
an alkaline electrolyte.

It is known that numerous metals and alloys can absorb and store
considerable amounts of hydrogen by formation of metal hydrides.
This ability forms the basis for an energy reservoir system
which, alongside the conventional Ni/Cd accumulator or the acid

lead accumulator, has recently found gfeat interest, that is to
say the Ni/metal hydride accumulator.

The positive and negative electrodes of this secondary system are
arranged separately from one another in an alkaline electrolyte,
as is also otherwise customary. The positive electrode here in
principle corresponds to the positive nickel hydroxide electrode
of the Ni/Cd accumulator. |

Graphite additions to the nickel hydroxide electrode of chiefly
Ni/Cd cells are known from the document EP-A-0 184 830. The
graphite is said to be protected against oxidative degradation,
which occurs, in particular} due to evolution of oxygen during
overcharging, by modification with a mixed oxide of the spinel

type.

According to the current standard, e.g. according to US-a-
4935318, in addition to nickel hydroxide, the active substance
comprises, as the main constituent, a conducting agent in the
form of nickel metal powder, and furthermore cobalt metal powder,
certain foreign hydroxides, in particular cobalt hydroxide, and
a binder. The constituents are mixed in the dry state and the
mixture is then made into a paste with water and smeared into a
highly porous three-dimensional nickel matrix.

When an electric current is applied to the negative electrode of

an Ni/metal hydride secondary cell (Ni/MH), the active material
thereof, the metal which is capable of absorbing hydrogen or the

oate: 17 1 057
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Anot her criterion of the oxidation-resistant graphite is its ash content.
This should be less than 0.5% preferably less than 0.3% The BET surface
area of the material should be less than 6 nferr]/g. xidation-resistant
graphites in the quality required for the use according to the invention
have recently al so becone connercially‘a%aTlable, e.g. the types Lonza SFG
75. The weight ratio of the constituents of the new positive substance

according t enl NYENLi 340U 1B o fplion @ Nylddddeir ], preferably
appr ox. 8593122d”1 ¥§ %gggaégpﬁktg, préferably approxXx. 15% Hi gher graphite
contents of up to 35 wt.%are in principle also possible. It has been
possi bl e to demgnst gapgo theef avey abl g ofif ect of the nmeasure according to
the invention by an experinent. For this,

During discharge, the hydrogen stored is liberated, so that an

electric current is generated:
MH, + X OH" - M + x HO + e
Both reactions are reversible.

The same applies to the reactions which take place at the
positive nickel hydroxide electrode.

Charging: Ni(OH), + OH" - NiOOH + H,0 + e
Discharge: NiOOH + H,O0 + e” - Ni(OH), + OH

Because of the environment-friendly energy carrier hydrogen,
which is employed here in association with the proven positive
electrode, which is the same in principle, . of the Ni/cd
accumulator, Ni/metal hydride batteries now already offer
considerable advantéges over conventional secondary batteries.

Ni/metal hydride batteries are gas-tight and maintenance-free,
and as a. result of a far advanced technique for electrode
production, already achieve energy densities of 500 Wh/kg. The
quality of the positive electrode plays a particularly important
role here because it is the factor which limits capacity.

Before the introduction of rapidly chargeable Ni/Cd round cells,
graphite was used as the conducting agent instead of the now
customary nickel powder in nickel hydroxide electrodes. DE-PS
1771420 likewise proposes a graphite addition to improve
conductivity for. the positive electrode, which chiefly comprises
mercury(II) oxide, however, of a metal oxide/hydrogen

experimental cell.

This is the replacement sheet
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round cel .5 were selected for two series of tests, because they are easy to
assenblre. The positive el ectrodes of one test series conprising 6 cells
were produced froma mxture according to the invention of 85 -6- w.%
Ni (OH)[err] and 15 wt. % oxi dation-resi stant graphite. A second test series
of 6 cells, the positive electrodes of whdch had a substance ni xture based
on the prior art of 66 wt.% N (OH)[err], 30 wt.% N, 3 w.% CoO and 1 w.%
Co (standard cells), took part al ongside. :
gshe additions of cobalt and cobalt oxides, which only later
became customary as the conducting material alongside nickel
metal powder, promote utilization of the substance of the nickel
hydroxide electrode because of their conductivity. They
furthermore serve to establish a discharge reserve on the
negative electrode, in that during the first charging of the
-cell, before oxidation of the Ni(OH),, stable conductive cobalt
oxides (CoOOH) are formed, the oxidation potential of which is
lower than that of NiOOH. They therefore no longer participate
in the later reaction process in the cell if the discharge end
~voltage does not fall substantially below 1V, and the amount of
charging current used for their formation is then retained for
the negative electrode as excess capacity (discharge reserve)
compared with the positive electrode. However, under exceptional
operating conditions (e.g. pole reversal, deep discharge), the

conducting matrix can be destroyed by reduction.

Most Ni/metal hydride accumulators available on the market,

whether circular cells, prismatic cells or those of the round
cell type, now present a serious problem in that as a rule they
do not withstand a high temperature storage test (HTSC, high.
temperature short circuit) carried out by battery customers from
industry. In this test, the cells are provided with a load
resistance of 20 in the discharged state and stored at 65°C for

3 days. The capacity is then tested by a few charging/discharge

cycles at room temperature. The test simulates long-term short
circuit properties in electronic equipment, the high temperature

shortening the duration of the test. Massive irreversible losses

ip capacity are found, which are based on reductive destructicn
of the CoOOH conducting matrix by the negative potential of the
metal hydfide electrode being pressed on the positive electrode
during the short circuit.

The invention is based on the object of providing an alkaline
Ni/metal hydride accumulator which passes the HTSC test.

The object is achieved according to the invention by an
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In all cases, pressed powder tablets of a hydrogen reservoir alloy served

as t henegativeetectrodes. Before assenbly of the cells, all the positive
el ectroﬂ%§he el eegcegverni ght at 80 C in Co-containing KOH sol ution.
After as mgcells, the cells were operated i nrthe-dstal—way—the
char gi ngﬂwﬁ\ﬁﬁm&ﬂ@nﬁﬁlrent bei ng 50 mA anfl The di schar gé 'ehdSubit #96 Bbhn
set at Ot )

cells were subjected to the HTSC {est atiidnlEhe 6th
cycle. Thereafter, the initial cycle treatnent was continuéd over—a
further 5 cycles in order to determne the_effect of the high tenperature
storage t eefCYRIPEOE dhcRefinedpdRt FA81MThe figure shows, on a conparison
graph, the devel opnent of the capacity (C Ah] as a function of the nunber

of cycles fg Rtas been found that the positive electrode was evidently

' responsible to date for the failure of the accumulator, but that

this can be stabilized if it is produced from a substance mixture

of nickel hydroxide powder and an oxidation-resistant gfaphite

as the conducting agent. It is thus the inert graphite, and no

longer the CoOOH conducting matrix, which is susceptible to
reduction, which functions as the main conducting matrix.

Q

The addition of graphite in the field of Ni/Cd cells, as already
mentioned above, has indeed been known for a long time. However,
the graphite gqualities available to date were of only limited
use, because in alkaline cells they are subject to oxidation in
accordance with |

C + 0, + 2 KOH - K,CO, + H,0

The less oxidation-resistant the graphite, the more K,CO, formed
in the course of time. In Ni/Cd cells, this reaction manifests
itself by development of a stepwise drop in voltage. A possible
cause is the changé in the potential-developing reaction from
Cd/Cd(bH), to Cd/CACO,. In addition, with increasing formation
of K,CO,, the conductivity of the electrolyte deteriorates. For
these two reasons, the use of Ni powder as a conducting material
instead of graphite has found acceptance in Ni/Cd round cells.

In contrast to Ni/Cd cells, Ni/metal hydride cells are not
affected by the said dfop in voltage, since the formation of
K,éo, does not intervene in the negative electrode reaction M +
XxH + MH, (M = hydrogen-storing alloy). Only the ionic
conductivity of the electrolyte is impaired with increasing
formation of K,CO,. '

However, with the use according to the invention of an oxidation-
resistant graphite, it has also been possible to remedy this
deficiency, so that it becomes an advantageous alternative
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Ni / hydride celfs according to the invention and of standard cells under the
i nfl uence of the HTSC test. The two curves are in each case averaged from

t he neasurenent data of one or other group. As can be seen, for the
standard cells (curve 1), the HTSC tesl gesults in a serious decrease in
capacity, fromwhich the cells no | onger recover in the subsequent course
of cycle treatnment. On the other hand, a drop in capacity in the case of

t he "graphtémdueting aaterdialg fort hRhei poxittiore (eleckrdde ssumdtamtes in
smal | er, Via Wk & ' h .gi nal capacity is reached again al so
t akes plag%{€§€%$% 5¥¢%D%¥2%§§%§HZ%€5%56|es. The result of the experinent
confirms that the loss in capacity is caused by the positive electrode. One

ngL?Pgé Ie%%% Opatbiiguday trnidpt -+8sibearebalde CORLAI APHIY tiYCpased

S

chiefly on its high crystallinity. According to the invention,
it has crystallite sizes of at least 180 nm, preferably of at

least 200 nm.

The crystallite size L., also called the storey height, is
determined by means of powder X-ray diffraction on the basis of
. the Scherrer equation D =K x A / B x cos 8. 1In this equation,
D (= L.) is the edge length of the crystallite in its main
direction (in graphite the c-axis), K is a constant of value =
1, 8 is the half-value width of a selected reflex corrected for
experimental influences, the reflexes 002 and 004 serving as the
basis for the calculation for the graphite.

Another criterion of the oxidation-resistant graphite is its ash
content. This should be less than 0.5%, preferably less than
0.3%. The BET surface area of the material should be less than
6 m?/g. Oxidation—resistant graphites in the quality required
for the use according to the invention have recently also become
commercially available, e.g. the types Lonza SFG 7S. '

The weight ratio of the constituents of the new positive
substance according to the invention should be 75 to 90% Ni(OH).,
preferably approx. 85%, and 1 to 25% graphite, preferably approx.
15%. Higher graphite contents of up to 35 wt.% are in principle
also possible.

It has been possible to demonstrate the favourable effect of the
measure according to the invention by an experiment. For this,
round cells were selected for two series of tests, because they

are easy to assemble.

The positive electrodes of one test series comprising 6 cells
were produced from a mixture according to the invention of 85
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conventignal cells, a stable conducting matrix of B-CoOCH is -7- built
,up by ,the first charging, this surrounding the poorly conducting nickel
hydr oxi de particles in the formof a network. Under the conditions of HTSC
test, however, the potential of the posigixe electrode can be shifted so
severely to negative values that the [err]-CoOCH network structure is
reduced to [err]-Co(OH)[err] and is thus destroyed. Because of a |ack of

i ts own condugt kyirbyy, tiﬁ%% %@8% &%@id%@@igta‘nt&;i—agmee |01K‘%cond
capabl e of reactlvatln e nick dr oxi i ew se
test series of 6 cells, t e p051t1ve e ectrodes of WhLCh had a
substance mixture based on the prior art of 66 wt.%¥ Ni(OH),, 30
wt.% Ni, 3 wt.% Co0 and 1 wt.% Co (standard cells), took part

alongside.

In all cases, pressed powder tablets of a hydrogen reservoir
alloy served as the neqatlve electrodes.

Before assembly of the cells, all the positive electrodes were
stored overnight at 80°C in Co-containing KOH solution. After
assembly of the cells, the cells were operated in the usual way,
the charging/discharge current being 50 mA and the discharge end
voltage being set at 0.7 V, but the cells were subjected to the
HTSC test after the 6th cycle. Thereafter, the initial cycle
treatment was continued over a further 5 cycles in order to
determine the effect of the high temperature storage test on the
capacity properties.

The figure shows, on a comparison graph, the development of the
capacity (C{Ah] as a function of the number of cycles n) of
Ni/hydride cells according to the invention and of standard cells
under the influence of the HTSC test. The two curves are in each
case averaged from the measurement data of one or other group.

As can be seen, for the standard cells (curve 1), the HTSC test
results in a serious decrease in capacity, from which the cells
no longer recover in the subsequent course of cycle treatment.

On the other hand, a drop in capacity in the case of the
"graphite cells" according to the invention (curve 2) is not only
smaller, a recovery with which the original capacity is reached
again also takes place within 2 to 3 subsequent cycles. The
result of the experiment confirms that the loss in capacity is
caused by the positive electrode. One-explanation for this could
be "that in the cobalt-containing positive “electrodes of
.conventional cells, a stable conducting matrix of B~CoOOH is
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di scharged to-the oxidation level of Ni[err] and in any case is non-
~conducting and is inactive because of its crystal habit of |ow water
content. A stable electrode matrix which evidently achieves this, however,
and behaves in this respect like a stable sintered body is consequently
present in the new graphite material wtH the stated characteristic data.
It can also be seen fromthe figure that, although cobalt is not an
essential constituent of their positive el ectrode substance, the "graphite

cel | s” aCCO;f&&Ll“Q Le e LRYETHi:At aERasyihgRSitr®!i ¥akesundngormrnt posaly
cobalt cells" in normal capacity properties. .

conducting nickel hydroxide particles in the form of a network.
Under the conditions of HTSC test, however, the potential of the
positive electrode can be shifted so severely to negative values
that the B-CoOOH network structure is reduced to 8-Co{OH), and is
thus destroyed. Because of a lack of its own conductivity, the
original conducting matrix is +then no longer capable of
reactivating the nickel hydroxide, which has likewise been
discharged to the oxidation level of Ni* and in any case is non-
conducting and is inactive because of its crystal habit of low

water content.

A stable electrode matrix which evidently achieves this, however,
and behaves in this respect like a stable sintered body is
consequently present in the new graphite material with the stated

characteristic data.

It can also be seen from the figure that, although cobalt is not
an essential constituent of their positive electrode substance,
the ﬁgraphite cells" according to the invention are at least
equivalent to conventional "cobalt cells" in normal capacity
properties. '

This is the replacement sheet

Date: 17 JUL 1997



-8- Claing 1. * Electrical accumulator with a positive nickel hydroxide

el ectrpde,,a negative el ectrode which conprises a hydrogen reservoir all oy,
a separator in between and an al kaline electrolyte, characterized in that
an oxi dation-resistant graphite having_aghigh degree of crystallinity, the
crystallite size (storey height) L[err] of which is at |east 180 nm and the
ash content of which is less than 0.5% is added to the nickel hydroxide

substance of the positive electrode as a conducting agent.
Claims -

1. Electrical accumulator with a positive nickel hydroxide
electrode, a negative electrode which comprises a hydrogen
reservoir'alloy, a separator in between and an alkaline
electrolyte, characterized in that an oxidation-resistant
graphite having a high "degree of crystallinity, the
crystallite size (storey height) L. of which is at least
180 nm and the ash content of which is less than 0.5%, is
added to the nickel hydroxide substance of the positive
electrode as a conducting agent.

2. Electrical accumulator according to claim 1, characterized
in that the crystallite size (storey height) L, is at least
200 nm and the ash content is less than 0.3%.

3. Electrical accumulator according to claim 1 or 2,
characterized in that a graphite of which the BET surface
area is less than 6 m?/g is admixed.

4. Electrical accumulator according to one of claims 1 to 3,
characterized in that the weight content of the graphite in
the substance mixture of the positive electrode is between
1 and 25%.

5. Electrical accumulator accordinq to one of claims 1 to 4,
characterized in that the weight content of the graphite in
the substance mixture of the positive electrode is approx.
15% -

6. Electrical accumulator according to one of claims 1 to 5,
characterized in that the cell constituents are arranged in
a round cell housing.
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2. El ectrical accumul ator according to claim1l1, characterized in tﬁgt t

crystalliteesize-(storey.height) L[err] is at |east 200 nmand the ash
content is less than 0.3% 3. El ectrical accunulator according to
.claim 1 or 2, characterized in that a graphite of which the BET surface
area is less than 6 nferr]/g is adnmi xed. 4, El ectrical accunul at or
according to one of clains 1 to 3, charact%rlzed i n that the wei ght content
of the graphite in the substance m xtur %f %&g positive electrode is
between 1 and 25% 5. El ectri cal. acc according to one of clains 1
to 4, characterized in that the melght content of the graphite in the
substance m xture of gi F Sn NG

In contrast to conventional Ni/metal hydride

accumulators, in which cobalt compounds play an
essential part in building up a conductive matrix with-
in their positive nickel hydroxide electrodes, which,
however, owing to reductive destruction of said matrix
by a more severe high temperature short circuit test

' after 6 conditioning cycles suffer a massive irre-
versible loss in capacity (curve 1), the same
accumulator cells survive the test with an only
temporary slight sharp decline in capacity, if their
positive electrodes are formed from a mass mixture of
Ni(OH), and an oxidation-resistant graphite (curve 2).
The stable graphite is notable for a high degree of
crystallinity (crystallite size > 200 nm) and has a.low
ash content < 0.5%. '
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accumulator as defined in Claim 1.

It has been found that the positive electrode was evidently
responsible to date for the failure of the accumulator, but that
this can be stabilized if it is produced from a substance mixture
of nickel hydroxide powder and an oxidation-resistant graphite
as the conducting agent. It is thus the inert graphite, and no
longer the CoOOH conducting matrix, which is susceptible to
reduction, which functions as the main conducting matrix.

The addition of graphite in the field of Ni/Cd cells, as already
mentioned above, has indeed been known for a long time. However,
the graphite qualities available to date were of only limited
use, because in alkaline cells they are subject to oxidation in

accordance with
C + 0, + 2 KOH - K,C0, + H.0

The less oxidation-resistant the graphite, the more K,CO, formed
in the course of time. In Ni/Cd cells, this reaction manifests
itself by development of a stepwise drop in voltage. A possible
U cause is the change in the potential-developing reaction from
cd/Cd(0H), to Cd/CdCO,. In addition, with increasing formation
of K,CO,, the conductivity of the electrolyte deteriorates. For
these two reasons, the use of Ni powder as a conducting material

! instead of graphite has found acceptance in Ni/Cd button cells.

In contrast to Ni/Cd cells, Ni/metal hydride cells are not
affected by the said drop in voltage, since the formation of
IQCO, does not intervene in the negative electrode reaction M +
xH «~ MH, (M = hydrogen-storing alloy). | only the ionic
conductivity of the electrolyte is impaired with increasing

formation of K,CO,.

However, with the use according to the invention of an oxidation-
resistant graphite, it has also been possible to remedy this
deficiency, so that it becomes an advantageous alternative



