
EP 0 504 472 B1 Description BACKGROUND OF THE INVENTION 5   1. Field of the
Invention: The present invention relates to a method forproducing a
metallic oxide-hydrogen secondary batterywhich uses as negative electrodes
hydrogen-absorbing electrodes capable of reversibly absorbing and desorbing
hydrogen. 10 2. Description of the Prior Art. In general,
hydrogen-absorbing electrodes which use, as components, alloys capable of
reversiblyabsorb- ing and desorbing hydrogen are produced by the following
method: 15      First, various kinds of metals are weighed in accordance
with desired compositions of hydrogen-absorbing alloys to be produced. A
mixture of these metals are dissolved by using an arc melting furnace to
produce hy- drogen-absorbing alloys having desired compositions. Then,
these hydrogen-absorbing alloys are ground to powders each having a size of
300 mesh or less. These powders are kneaded with a binding agent so as to
be uniform paste. Electrode bases such as foaming porous metals and panting
metals are pressure-charged 20   or coated with this paste, followed by
drying to produce hydrogen-absorbing electrodes which are to be used as
negative electrodes. These negative electrodes, positive electrodes such as
nickel positive electrodes, and separators are dis- posed in a battery
case, thereby forming a metallic oxide-hydrogen secondary battery. When
this battery is charged and discharged, a required amount of alkaline
electrolyte is uniformly provided in each cell chamber 25  in the battery
case. As an alkaline electrolyte used in the metallic oxide-hydrogen
secondary battery, an aqu- eous KOH solution is generally used. Moreover,
as a battery case, in view of strong alkalinity of the electrolyte,
moldability, and cost, various kinds of plastics such as an
acrylonitrile-styrene (AS) copolymer are generally used. The
above-mentioned metallic oxide-hydrogen secondary battery has an electro
motive force of about 1.2 30  V and is usually connected in series except
when it is used for a special purpose. In order to obtain a desired
voltage, a plurality of cells are connected with each other. When this
battery is used as a portable powersource, It is preferred that this
battery is formed into a monoblock multi-cell type battery having an output
voltage of 6 V or 12 V. The battery case is divided into a plurality of
cell chambers with inter cell partitions and each cell chamber 35  Is
designed to have predetermined capacity. However, it is difficult to make
the capacity of each cell chamber completely uniform. Moreover, thickness
and porosity of generating elements including the negative electro- des,
the positive electrodes, and the separators differ from cell to cell.
Accordingly, even though an equal amount or an equal level of electrolyte
is poured into each cell chamber, respective liquid surfaces are different
due to the decrease in the amount of electrolyte and the permeation of the
electrolyte Into the generating ele- 40   ments, which are caused by the
repetition of charge and discharge cycles. As a result, discharge capacity
of the respective cells becomes different, and the battery life is
decreased. Furthermore, in the metallic oxide-hydrogen secondary battery,
the capacity of the negative electrodes is greater than that of the
positive electrodes. During overcharge, oxygen gas is generated at the
positive elec- trodes and this oxygen gas is absorbed at the negative
electrodes, thereby maintaining internal pressure of 45  the battery at a
constant value. The reaction in which oxygen gas is absorbed at the
negative electrodes is 



greatly influenced by the amount of the electrolyte. Therefore, it is
required that the amount of the electrolyte be regulated. When the amount
of the electrolyte is small, the internal resistance is increased, leading
to a decrease in the discharge capacity. In order to avoid this, a minimum
amount of the electrolyte required for a normal discharge reaction should
be supplied. In contrast, when the amount of the electrolyte is large,
oxygen 50   gas is generated at the positive electrodes without absorbing
at the positive electrodes, and then the amount of the electrolyte is
decreased. As a result, the internal resistance is increased and the
discharge capacity Is decreased. A safety valve is generally used for the
purpose of regulating pressure in each cell. When a safety valve working at
high pressure is used, because of the low resistivity of the case with
respect to pressure and the 55  low strength of a contact portion between
the case and a lid, the contact portion is likely to be damaged, thereby
causing the leakage of the electrolyte. As a result, battery capacity is
decreased. For safety, it Is desired that a safety valve working at high
pressure is not used. In a metallic oxide-hydrogen secondary battery using
a case dividing into a plurality of cell chambers, each 2    EP 0 504 472
B1 having different capacity, the amount of the electrolyte supplied in
each cell chamber is regulated and the re- spective electrolyte levels are
adjusted. That is, the capacity of each cell chamber is measured, and the
elec- trolyte is poured into each cell chamber in accordance with a
measured value. However, according to this meth- od, It takes a long time
to pour the electrolyte, and it is difficult to regulate the amount of the
electrolyte to be 5   supplied since the electrolyte is supplied in
accordance with the measured value. Moreover, when the charge and discharge
cycles are repeated, the amount of the electrolyte which is absorbed at the
elements are not constant depending on the cells, so that there are some
cells in which the amount of the electrolyte deviates from the optimum
value. 10  SUMMARY OF THE INVENTION A method for producing a metallic
oxide-hydrogen secondary battery of this invention, which overcomes the
above-discussed and numerous other disadvantages and deficiencies of the
prior art, comprises positive electrodes containing one or more metallic
oxides, negative electrodes containing hydrogen-absorbing alloys 15  which
electrochemically absorb and desorb hydrogen, separators, an alkaline
electrolyte, a closed-type case having a plurality of cell chambers, each
cell container having a different capacity, which accommodate the positive
electrodes, the negative electrodes, the separators, and the electrolyte,
and safety valves provided on respective cell chambers in the closed-type
case, wherein the method comprises the steps of: disposing the positive
electrodes, the negative electrodes, and the separators in the cell
chambers in 20  the closed-type case; pouring the electrolyte in a
predetermined amount or more into the cell chambers; and repeating charge
and discharge cycles on condition that the safety valves work at pressure G
In the range of 1 < G [err] 6 atm so that an excess of the electrolyte is
desorbed outside the cell chambers and the amount of the electrolyte in
each cell chamber is kept constant. 25     In a preferred embodiment, the
amount of the electrolyte is in the range of 1.5 to 4.0 ml per discharge
ca- pacity (Ah) of the positive electrodes. 



In a preferred embodiment, the negative electrodes contain hydrophobic
resins. In a preferred embodiment, the specific gravity of the electrolyte
is in the range of 1.15 to 1.30 at[err] In a preferred embodiment, a
charger regulating a total voltage of the battery is used for charging each
so  cell chamber. Another method for producing an alkaline metallic
oxide-hydrogen secondary battery includes positive electrodes containing
one or more metallic oxides, negative electrodes containing
hydrogen-absorbing alloys which electrochemically absorb and desorb
hydrogen, an alkaline electrolyte, a closed-type case made of plas- tics
having a plurality of cell chambers, each cell chamber having a different
capacity, which accommodate 35  the positive electrodes, the negative
electrodes, the separators, the electrolyte, and safety valves provided on
respective cell chambers in the closed-type case, wherein the method
comprises the steps of: disposing the positive electrodes, the negative
electrodes, and the separators in the cell chambers in the closed-type
case; pouring the electrolyte in a predetermined amount or more into the
cell chambers; and 40        repeating charge and discharge cycles on
condition that the safety valves work at pressure G in the range of [err]
atm so that an excess of the electrolyte is desorbed outside the cell
chambers and the amount of the electrolyte in each cell chamber is kept
constant. Thus, the invention described herein makes possible the
objectives of (1) providing a method for producing a metallic
oxide-hydrogen secondary battery which has a plurality of cell chambers and
stable discharge ca- 45  pacity and In which the amount of an electrolyte
is automatically regulated even when cells are different in capacity; and
(2) providing a method for producing a highly safe metallic oxide-hydrogen
secondary battery. BRIEF DESCRIPTION OF THE DRAWINGS 50      This invention
may be better understood and its numerous objects and advantages will
become apparent to those skilled in the art by reference to the
accompanying drawings as follows: Figure 1A is a cross-sectional view
showing a typical construction of a monoblock multi-cell secondary battery
according to the present invention, and Figure 1 B is a cross-sectional
view showing a typical con- struction of a cell; 55      Figure 2 is a
graph showing the relationship between the working pressure of safety
valves and the dis- charge capacity of respective Batteries A to F of
Example 1 at 200 cycles; Figure 3 is a graph showing the relationship
between the amount of electrolyte and the discharge capacity of respective
Batteries C and G to J of Example 2 at 200 cycles; and 3    EP 0 504 472 B1
Figure 4 is a graph showing the relationship between the specific gravity
of electrolyte and the discharge capacity of respective Batteries C and L
to P of Example 4 at 200 cycles. DESCRIPTION OF THE PREFERRED EMBODIMENTS 5
The present invention will be described with reference to the drawings.
Positive electrodes used in the present invention include one or more
metallic oxides. As metallic oxides, nickel oxides are preferably used. 



Negative electrodes used in the present invention include
hydrogen-absorbing alloys capable of electro- 10  chemically absorbing and
desorbing hydrogen. An example of this hydrogen-absorbing alloy includes
AB5 type multi-alloy (alloyformed from a plurality of metals) containing as
its main components a misch metal and nickel. Electrode bases such as
foaming porous metals and panting metals are pressure-charged or coated
with the hydrogen-absorbing alloys, followed by drying, thereby forming
negative electrodes. A closed-type case used in the present invention has a
plurality of cell chambers accommodating positive 15  electrodes, negative
electrodes, and separators, and each cell chamber has a different capacity.
Since the electrolyte to be used is alkaline, the case is preferably made
of plastics such as an acrylonitrile-styrene (AS) copolymer. The
electrolyte used in the present invention is an alkaline aqueous solution,
and for example, an aqueous KOH solution is preferably used. Figure 1A
shows a monoblock multi-cell secondary battery according to the present
invention, and Figure 20   1 B shows a typical construction of a cell. In
Figures 1A and 1 B, sizes and porosity of generating elements including
negative electrodes 1, positive electrodes 2, and separators 3 are
different depending on respective cells 10 to 14. Accordingly, when an
equal amount or an equal level of electrolyte is poured into the respective
cells 10 to 14 in a monoblock case 5 made from an AS resin, it is observed
that the amount of the electrolyte differs from cell to cell in the course
of rep- 25  etitions of charge and discharge cycles. In Figure 1A, since
the cells 10, 12, and 14 have a large amount of electrolyte (each liquid
level is denoted as the reference numeral 15), little reaction in which
oxygen gas is absorbed atthe negative electrodes occurs. In contrast, since
the cells 11 and 13 have a small amountof elec- trolyte (each liquid level
is denoted as the reference numeral 16), the upper portions of the negative
electrodes which are exposed to atmosphere in the battery absorb oxygen
gas. 30      When the charge and discharge cycles are further repeated, the
amount of the electrolyte in the cells 10, 12, and 14 is decreased and
internal pressure in each cell is increased. When the liquid level 15 Is
lowered to the level 16, the reaction in which oxygen gas is absorbed at
the negative electrodes comes to equilibrium with the reaction in which
oxygen gas is generated at the positive electrodes. As a result, the
internal pressure in each cell becomes constant, and the amount of
electrolyte is not decreased any more. At this time, the re- 35  spective
discharge capacity of the cells 10, 12, and 14 in which the respective
liquid levels are lowered from the level 15 to the level 16 are the same as
those of the cells 11 and 13. For the purpose of automatically regulating
the amount of the electrolyte and the liquid level of each cell, a safety
valve 6 (non-return valve) is provided on a lid 7 as shown in Figure 1B.
This safety valve works at relatively low pressure. In Figure 1 B, the
reference numerals 8 and 9 denote a negative electrode lead and a 40
positive electrode lead, respectively. These leads connect a plurality of
cells in series, and as shown in Figure 1A, these leads are drawn out as a
negative terminal 17 and a positive terminal 18, respectively. If each cell
is not provided with the safety valve 6, oxygen gas generated by the
decomposition of water during overcharge Is desorbed from each cell and the
amount of the electrolyte continues to decrease, leading to a decrease in
the discharge capacity. Moreover, when the safety valve 6 working at high
pressure is used, the case 5 or the 45   contact portion between the case 5
and the lid 7 is broken. As a result, an electrolyte 4 is leaked
outordesorbed outside the case 5 together with oxygen gas during the
operation of the safety valve 6. After the cell is broken, the amount of
the electrolyte continues to decrease, leading to a decrease in the
discharge capacity like the cell which is used with the use of no safety
valve. Therefore, in order to prevent the decrease in the electrolyte or
the damage of the case 5, it is required that the working pressure G of the
safety valve 6 is in the range of 50    [err]  and preferably in the range
of [err] 



Furthermore, when the amount of the electrolyte is small, the internal
pressure of the cells is increased, and the discharge capacity is
decreased. In contrast, when the amount of the electrolyte of the cells is
large, the negative electrodes which have larger discharge capacity than
the positive electrodes are completely charged along with the generation of
oxygen gas at the positive electrodes without absorbing oxygen gas and 55
hydrogen is generated at the negative electrodes thereby. Because of this,
even when the amount of the elec- trolyte reaches the optimum value at
which oxygen gas is absorbed at the negative electrodes, the internal
pressure is increased due to the hydrogen generated at the negative
electrodes and the amount of the elec- trolyte continues to decrease. This
decrease in the electrolyte causes the internal pressure to Increase, and 4
EP 0 504 472 B1 the discharge capacity is decreased. Accordingly, in order
to obtain stable discharge capacity, it is important that the amount of the
electrolyte to be poured into each cell chamber is optimized. This optimum
amount is preferably in the range of 1.5 to 4.0 ml per discharge capacity
of the positive electrodes. A method for providing the negative electrodes
with hydrophobic resins such as fluororesins is useful for 5   improving an
oxygen gas-absorbing reaction at the negative electrodes and preventing a
rapid increase in the internal pressure of the battery. In the gas phase,
liquid phase and solid phase reaction in which oxygen gas Is absorbed atthe
negative electrodes, when the negative electrodes are covered with the
electrolyte perfectly, theirabsorptivityof oxygen gas is decreased.
According to the present invention, in orderto providethesurface of the
negative electrodes with water repellency, the negative electrodes are
coated with or contain hydropho- 10 bic resins, whereby a large portion of
the negative electrodes can directly come into contactwith the gas phase,
and the absorptivity of oxygen gas at the negative electrodes can be
increased. Moreover, a decrease in the discharge capacity of the battery
caused by the splash of an excessive amount of the electrolyte can be pre-
vented. As described above, it is preferred that the negative electrodes
are coated with or contain hydrophobic resins. 15      When the
concentration of the aqueous KOH solution is increased, even though initial
discharge capacity is satisfactory, cycle life is degraded because of the
corrosivity of KOH. In contrast, when the concentration of the aqueous KOH
solution is low, even though cycle life is satisfactory, initial discharge
capacity is de- creased. In order to overcome the above-mentioned problems
and obtain well-balanced battery characteris- tics, the range of the
concentration of the aqueous KOH solution needs to be optimized. The
specific gravity 20  thereof is preferably in the range of 1.15 to 1.30 at
[err] Example The present invention will be further described by way of
illustrating the examples. 25 Example 1 First, misch metal (Mm) containing
20% by weight of lanthanum (La) having purity of 99.5% or more, nickel
(Ni), manganese (Mn), aluminum (Al), and cobalt (Co) were mixed in a
predetermined proportion. A mixture 30   so obtained was dissolved in an
arc melting furnace to produce alloys each having a composition of [err]
These alloys were ground to powders each having a size of 300 mesh or less
under an Inactive atmosphere. Then, a polymeric binding agent was added to
the powders, and foaming porous met- 



als which are electrode bases were pressure-charged with the powders to
produce hydrogen-absorbing elec- trodes for negative electrodes. 35      As
positive electrodes, nickel electrodes were used. The nickel electrodes
were put in separators in a bag shape. Then, 10 positive electrodes and 11
negative electrodes were alternately combined to form a group of
electrodes. This group of electrodes was put in each cell chamber in a
monoblock battery case comprising 5 cell chambers. Next, an aqueous KOH
solution having a specific gravity of 1.25 (err) as an electrolyte was
poured into each cell chamber, 70 ml at a time. A nickel-hydrogen secondary
battery having an outputvoltage 40  of 6 Vwas formed by connecting 5 cell
chambers in series. This battery was denoted as Battery A. BatteryA was not
provided with a lid. In the same way as above, a group of electrodes was
produced. This group of electrodes was put in each cell chamber in a
monoblock battery case comprising 5 cell chambers. Next, an aqueous KOH
solution having a specific gravity of 1.25 as an electrolyte was poured
into each cell chamber, 70 ml at a time. Safety valves 45   working at
pressure G of 1.2 atm were provided on a lid, after which a nickel-hydrogen
secondary battery hav- ing an output voltage of 6 V was formed by
connecting 5 cell chambers in series. Moreover, the side surface of the
case was reinforced with a metal plate so as to prevent the battery from
deforming due to the internal pressure. This battery was denoted as Battery
B. In the same way, batteries provided with safety valves, each working at
pressure G of 3, 4, 6, and 9 atm were denoted as Batteries C, D, E, and F,
respectively. 50      Batteries A to F had electrodes each having a size of
36 cm2, of which the negative electrodes were 2.0 Ah and the positive
electrodes were 1.8 Ah. Each of these batteries was charged and discharged
with a current of 2 A. The charge was carried out by using a charger, and
the charging time was longer than the discharging time by 20%. After 200
cycles of charge and discharge were repeated, the final discharge voltage
wag 5.0 V. A change of the discharge capacity obtained in this test is
shown in Table 1. Figure 2 is a graph showing the 55  relationship between
the discharge capacity at 200 cycles and the working pressure of the safety
valves.    EP0504472B1 [err] As shown in Table 1, in the case of Batteries
B to E, the discharge capacity was decreased by about 5 to 10% at initial
charge and discharge cycles. When 200 cycles of charge and discharge were
repeated, the de- gree in the discharge capacity stopped decreasing, and
the total decrease was found to be about 10% of the 6    EP 0 504 472 B1
initial discharge capacity. In the case of Battery A, 40% of the initial
discharge capacity was lost at 100 cycles, and little discharge capacity
remained at200 cycles. In the case of Battery Fthe discharge capacitywas
slight- ly less than those of Batteries B to E at 100 cycles, but the
discharge capacity was rapidly decreased after 100 cycles. Accordingly, it
is noted that Batteries B to E have more excellent charge and discharge
cycle life 5   compared with that of Batteries A and F. The battery life is
prolonged or shortened depending on the decrease in the electrolyte during
overcharge 



and the difference of discharge capacity between the respective cells which
is caused by the decrease in the electrolyte. More specifically, in the
case of Battery A which is not provided with a lid, oxygen gas is not
absorbed at 10  the negative electrodes under atmospheric pressure, so that
oxygen gas generated by the decomposition of water during overcharge is not
reduced to water. Accordingly, the discharge capacity of each cell is
decreased at approximately the same speed, and the discharge capacity is
gradually decreased as shown in Table 1. In the case of Battery F, it was
observed that crystal of KOH was deposited on the peripheral portion of the
safety valve and on the contact portion between the case and the lid. This
result shows that oxygen gas 15  was not absorbed at the negative
electrodes during overcharge since a great amount of the electrolyte was
poured into each cell chamber when this battery was produced. Moreover,
oxygen gas generated during over- charge was not desorbed outside the case
because of high working pressure of the safety valve, and the in- ternal
pressure continued to increase in the course of the repetition of the
charge and discharge cycles. Finally, the contact portion between the case
and the lid was broken at about 100 cycles, and the electrolyte leaked 20
out, leading to a decrease in the amount of the electrolyte and a decrease
in the discharge capacity. It is con- sidered from this result that after
this battery was damaged, the discharge capacity was decreased in the same
way as that in Battery A. In the case of Batteries B to E, even though the
liquid level of each call was high, oxygen gas generated during overcharge
was desorbed outside the case without greatly increasing the internal
pressure because of 25  low working pressure of the safety valve. At this
time, the discharge capacity was slightly decreased due to the decrease in
the electrolyte. However, when the amount of the electrolyte reached an
appropriate value, the negative electrodes started absorbing oxygen gas and
the internal pressure of each cell became constant. Then, the amountof
electrolyte stopped decreasing and the discharge capacity became
constant.Asdescribed above, the charge and discharge cycles were repeated
until the discharge capacity became constant, thereby 30  providing a
secondary battery having stable capacity. In ordertoobtain the effects of
the discharge capacity according to the present invention, theworking pres-
sure G of the safety valves is preferably in the range of [err] as shown in
Figure 2. The safety valves working at the above pressure are useful for
the secondary battery with a long life and high capacity. 35   Example 2
Hydrogen-absorbing electrodes (size: 36 cm2 and discharge capacity: 2.0 Ah)
fornegative electrodes were produced in the same way as in Example 1. Then,
11 negative electrodes and 10 nickel positive electrodes (size: [err] and
discharge capacity: 1.8 Ah) put in separators in a bag shape were
alternately combined to 40  form a group of electrodes. This group of
electrodes was put in each cell chamber in a battery case comprising 5 cell
chambers. Next, an aqueous KOH solution having a specific gravity of 1.25
[err] as an electrolyte was poured Into each cell chamber, 10 ml at a time.
Safety valves working at pressure G of 3 atm were provided on a lid, and a
nickel-hydrogen secondary battery having an output voltage of 6 V was
formed by connecting 5 cell chambers in series. Moreover, the side surface
of the battery was reinforced with a metal plate in the 45  same way as in
Example 1. This battery was denoted as Battery G. In the same way,
batteries in which elec- trolytes were poured by 30 ml, 50 ml, and 90 ml
portions were denoted as Batteries H, I, and J, respectively. Batteries G
to J were charged and discharged with a current of 2 A. The charge was
carried out by using a charger, and the charging time was longerthan the
discharging time by 20%. After200 cycles of charge and discharge were
repeated, and the final discharge voltage was 5.0 V. A change of the
discharge capacity of 50  these batteries are shown in Table 2. Figure 3 is
a graph showing the relationship between the discharge ca- 



pacity and the amount of the electrolyte at 200 cycles. The result of
Battery C obtained in Example 1 is also shown in Figure 3. 55 7    EP 0 504
472 B1 [err] 56       As shown in Table 2, Battery G had an initial
discharge capacity of about 15 Ah, and at 50 cycles, little discharge
capacity remained. In the case of Battery J, even though the initial
characteristics were satisfactory, the discharge capacity at 200 cycles was
about 50% of the initial discharge capacity. In the case of Batteries H. I,
and C, the discharge capacity was slightly decreased between 20 and 200
cycles, and the discharge ca-    EP 0 504 472 B1 pacity was more than 16 Ah
at 200 cycles. The battery life is prolonged or shortened depending on the
difference of the amount of the electrolyte in each cell. When the amount
of the electrolyte in each cell is appropriate, the decrease in the
electrolyte is due to the generation of oxygen gas during overcharge. As
the amount of the electrolyte is decreased, the oxygen 5   gas-absorptivity
at the negative electrodes is increased. Finally, the liquid level reaches
a value at which the amount of oxygen gas generated at the positive
electrodes comes to equilibrium with the amount of oxygen gas absorbed at
the negative electrodes, and then the amount of the electrolyte stopped
decreasing. When the amount of the electrolyte is large, little oxygen gas
is absorbed at the negative electrodes. As a result, the negative
electrodes which are previously designed to have larger discharge capacity
than the pos- 10  Itive electrodes are completely charged, and hydrogen is
generated at the negative electrodes. Accordingly, even when the amount of
the electrolyte reaches a value at which oxygen gas is effectively
absorbed, the In- ternal pressure is increased due to the generation of
hydrogen. The amount of the electrolyte continues to de- crease, and the
internal resistance is increased, leading to a decrease in the discharge
capacity. When the amount of the electrolyte is small, the internal
resistance is increased due to the lack of the electrolyte. In this 15
case, It is considered that the decrease in the discharge capacity occurs
at the initial stage. As shown in Figure 3, it is preferred that the amount
of the electrolyte is in the range of 1.5 to 4.0 ml per discharge capacity
of the positive electrodes. Example 3 20 In the same way as in Example 1,
hydrogen-absorbing electrodes (size: 36 cm2, discharge capacity: 2.0 Ah)
for negative electrodes were produced. A copolymer of tetrafluoro
ethylene-hexafluoro propylene (here- inafter, referred to as FEP) was
coated on both surfaces of these electrodes to an amount of 0.8 [err] Then,
11 negative electrodes and 10 nickel positive electrodes (size: 36 cm2,
discharge capacity: 1.8Ah) put in sep- 25  arators in a bag shape were
alternately combined to form a group of electrodes. This group of
electrodes was put in each cell chamber in a battery case comprising 5 cell
chambers. Next, as an electrolyte, an aqueous 



KOH solution having a specific gravityof 1.25 (err) was poured into each
cell chamber, 70 ml ata time. Safety valves working at pressure G of 3 atm
were provided on a lid, and a nickel-hydrogen secondary battery having an
output voltage of 6 V was produced by connecting 5 cell chambers. Moreover,
the side surface of the case 30  was reinforced with a metal plate in the
same way as in Example 1. This battery was denoted as Battery K. Battery K
was charged and discharged with a current of 2 A. The charging time was
longer than the die- charging time by 20%. After 200 cycles of charge and
discharge were repeated, the final discharge voltage was 5.0 V. Achange of
the discharge capacity is shown in Table 3 togetherwith the result of
Battery C obtained in Example 1. 35 40 45 50 55    EP 0 504 472 B1 [err] 45
50      As shown in Table 3, in the case of Battery K, the discharge
capacity was decreased by about 5% of the initial discharge capacity at 200
cycles. This shows that the retention of the discharge capacity in Battery
K is more excellent compared with Battery C. The excellence of Battery K
results from the following fact. When the negative electrodes start
absorbing oxygen gas and the oxygen gas is reduced to water, the decrease
in the discharge capacity caused by the decrease in the electrolyte can be
prevented. In the case 55   of Battery C, this reaction is not carried out
at the initial stage, so that the electrolyte is decreased, leading to a
decrease in the discharge capacity. In the case of Battery K, the negative
electrodes which are covered with FEPs which are hydrophobic resins have
water repellency, so that an oxygen gas-absorbing reaction which Is a
reaction between gas phase and solid phase can be effectively carried out
from the initial stage. As a result, 10    EP 0 504 472 B1 the oxygen gas
is readily reduced to water, thereby preventing the electrolyte from
decreasing. Example 4 In the same way as in Example 1, hydrogen-absorbing
electrodes (size: 36 [err] discharge capacity: 2.0 Ah)for negative
electrodes were produced. These negative electrodes were used toform a
group of electrodes in the same way as in Battery G. Then, this group of
electrodes was put in each cell chamber in a battery case comprising 5 cell
chambers. An aqueous KOH solution having a specific gravity of 1.10 [err]
was poured Into each cell chamber, 70 ml at a time, and safety valves
working at pressure G of 3 atm were provided on a 10  lid. Anickel-hydrogen
secondary battery having an output voltage of 6 V was formed by connecting
5 cell cham- bers in series. Moreover, the side surface of the case was
reinforced with a metal plate in the same way as in 



Example 1. This battery was denoted as Battery L. In the same way,
batteries which use, as an electrolyte, an aqueous KOH solution having a
specific gravity of 1.15, 1.20, 1.30, and 1.35 (at [err] respectively) were
produced. These batteries were denoted as Batteries M, N, 0, and P. 15
Batteries L to P were charged and discharged with a current of 2 A. The
charging time was longer than the discharging time by 20%. After 200 cycles
of charge and discharge were repeated, the final discharge vol- tage was
5.0 V. A change of the discharge capacity is shown in Table 4. Figure 4 is
a graph showing the rela- tionship between the discharge capacity and the
specific gravity of the electrolyte together with the result of Battery C
obtained in Example 1. 20 25 30 35 40 45 50 55    EP 0 504 472 B1 [err] 5
even though the initial characteristics were satisfactory, the discharge
capacity at 200 cycles was about 14 Ah. In the case of Batteries M to O and
C, even though the discharge capacity was decreased by a few percent 12
EP 0 504 472 B1 at the initial stage, little discharge capacity was
decreased between 20 and 200 cycles, and the discharge ca- pacity was more
than 16 Ah at 200 cycles. It is considered that the battery life is
prolonged or shortened depending on the difference of the concen- tration
of the electrolyte. When the concentration of the aqueous KOH solution is
high, the initial discharge 5     capacity is large. However, since KOH is
highly corrosive, the cycle life is degraded. In contrast, when the con-
centration of the aqueous KOH solution is low, the battery life is
satisfactory. However, the discharge capacity becomes small as a whole. In
particular, this tendency is observed in a battery system which is rich in
its elec- trolyte. Accordingly, as shown in Figure 4, in view of the
balance of battery characteristics, it is preferred that the electrolyte
has a specific gravity in the range of 1.15 to 1.30 at [err] 10      In
these examples, [err] was selected as a hydrogen-absorbing alloy. An [err]
type multi- alloy containing Mm and Ni as its main components can be used.
Moreover, in these examples, a monoblock battery case comprising 5 cell
chambers was used. Any mono- block case comprising a plurality of cell
chambers can be used. Furthermore, when a plurality of monoblock 



cases are combined, and the charge and discharge are carried out using a
total voltage of these cases, the 15  same effects can be obtained. As
described above, according to the method of the present invention, the
electrolyte in each cell chamber can be automatically regulated to a
desirable amount even in a battery which has a plurality of cell chambers,
each having different capacity. Therefore, a metal oxide-hydrogen secondary
battery which has stable dis- charge capacity, satisfactory cycle life, and
great discharge capacity can be provided. Moreover, the battery 20
obtained by this method is highly safe and is easily handled. It is not
intended that the scope of the claims appended hereto be limited to the
description as set forth herein, but rather that the claims be construed as
encompassing all the features of patentable novelty that reside In the
present invention, including all features that would be treated as
equivalents thereof by those skilled in the art to which this invention
pertains. 25 Claims 1.  A method for producing a metallic oxide-hydrogen
secondary battery including positive electrodes con- 30      taining one or
more metallic oxides, negative electrodes containing hydrogen-absorbing
alloys which elec- trochemically absorb and desorb hydrogen, separators, an
alkaline electrolyte, a closed-type cage having a plurality of cell
chambers, each said cell chamber having different capacity, which
accommodate said positive electrodes, said negative electrodes, said
separators, and said electrolyte, and safety valves pro- vided on
respective said cell chambers in said closed-type case, wherein said method
comprises the steps 35       of: disposing said positive electrodes, said
negative electrodes, and said separators in said call cham- bers in said
closed-type case; pouring said electrolyte in a predetermined amount or
more into said cell chambers; and repeating charge and discharge cycles on
condition that said safety valves work at pressure G in 40      the range
of [err] atm so that an excess of said electrolyte is desorbed outside said
cell chambers and the amount of said electrolyte in each said cell chamber
is kept constant. 2.  A method for producing a metallic oxide-hydrogen
secondary battery according to claim 1, wherein the amount of said
electrolyte is in the range of 1.5 to 4.0 ml per discharge capacity of said
positive electrodes. 45 3.  A method for producing a metallic
oxide-hydrogen secondary battery according to claim 1, wherein said
negative electrodes contain hydrophobic resins. 4.  A method for producing
a metallic oxide-hydrogen secondary battery according to claim 1, wherein
the 50      specific gravity of said electrolyte is in the range of 1.15 to
1.30 at [err] 5.  A method for producing a metallic oxide-hydrogen
secondary battery according to claim 1, wherein a charger regulating a
total voltage of said battery is used for charging each said cell chamber.
6.  A method for producing an alkaline metallic oxide-hydrogen secondary
battery including positive electro- 55       des containing one or more
nickel hydroxides, negative electrodes containing hydrogen-absorbing alloys
which electrochemically absorb and desorb hydrogen, an alkaline
electrolyte, a closed-type case made of plastics having a plurality of cell
chambers, each said cell chamber having different capacity, which 13   



EP 0 504 472 B1 at the initial stage, little discharge capacity was
decreased between 20 and 200 cycles, and the discharge ca- pacity was more
than 16 Ah at 200 cycles. It is considered that the battery life is
prolonged or shortened depending on the difference of the concen- tration
of the electrolyte. When the concentration of the aqueous KOH solution is
high, the initial discharge 5   capacity is large. However, since KOH is
highly corrosive, the cycle life is degraded. In contrast, when the con-
centration of the aqueous KOH solution is low, the battery life is
satisfactory. However, the discharge capacity becomes small as a whole. In
particular, this tendency is observed in a battery system which is rich in
its elec- trolyte. Accordingly, as shown in Figure 4, in view of the
balance of battery characteristics, it is preferred that the electrolyte
has a specific gravity in the range of 1.15 to 1.30 at [err] 10     In
these examples, [err] was selected as a hydrogen-absorbing alloy. An [err]
type multi- alloy containing Mm and Ni as its main components can be used.
Moreover, in these examples, a monoblock battery case comprising 5 cell
chambers was used. Any mono- block case comprising a plurality of cell
chambers can be used. Furthermore, when a plurality of monoblock cases are
combined, and the charge and discharge are carried out using a total
voltage of these cases, the 15  same effects can be obtained. As described
above, according to the method of the present invention, the electrolyte in
each cell chamber can be automatically regulated to a desirable amount even
in a battery which has a plurality of cell chambers, each having different
capacity. Therefore, a metal oxide-hydrogen secondary battery which has
stable dis- charge capacity, satisfactory cycle life, and great discharge
capacity can be provided. Moreover, the battery 20  obtained by this method
is highly safe and is easily handled. It is not intended that the scope of
the claims appended hereto be limited to the description as set forth
herein, but rather that the claims be construed as encompassing all the
features of patentable novelty that reside in the present invention,
including all features that would be treated as equivalents thereof by
those skilled in the art to which this invention pertains. 26 Claims 1. A
method for producing a metallic oxide-hydrogen secondary battery including
positive electrodes con- 30      taining one ormore metallic oxides,
negative electrodes containing hydrogen-absorbing alloys which elec-
trochemically absorb and desorb hydrogen, separators, an alkaline
electrolyte, a closed-type cage having a plurality of cell chambers, each
said cell chamber having different capacity, which accommodate said
positive electrodes, said negative electrodes, said separators, and said
electrolyte, and safety valves pro- vIded on respective said cell chambers
in said closed-type case, wherein said method comprises the steps 35
of: disposing said positive electrodes, said negative electrodes, and said
separators in said cell cham- bers in said closed-type case; pouring said
electrolyte in a predetermined amount or more into said cell chambers; and
repeating charge and discharge cycles on condition that said safety valves
work at pressure G in 40      the range of 1 [err]6 atm so that an excess
of said electrolyte is desorbed outside said cell chambers and the amount
of said electrolyte in each said cell chamber is kept constant. 2.  A
method for producing a metallic oxide-hydrogen secondary battery according
to claim 1, wherein the 



amount of said electrolyte is in the range of 1.5 to 4.0 ml per discharge
capacity of said positive electrodes. 45 3.  A method for producing a
metallic cxide-hydrogen secondary battery according to claim 1, wherein
said negative electrodes contain hydrophobic resins. 4.  A method for
producing a metallic cxide-hydrogen secondary battery according to claim 1,
wherein the 50      specific gravity of said electrolyte is in the range of
1.15 to 1.30 at [err] 5.  A method for producing a metallic oxide-hydrogen
secondary battery according to claim 1, wherein a charger regulating a
total voltage of said battery is used for charging each said cell chamber.
6.  A method for producing an alkaline metallic oxide-hydrogen secondary
battery including positive electro- 55       des containing one or more
nickel hydroxides, negative electrodes containing hydrogen-absorbing alloys
which electrochemically absorb and desorb hydrogen, an alkaline
electrolyte, a closed-type case made of plastics having a plurality of cell
chambers, each said cell chamber having different capacity, which 13    EP
0 504 472 B1 accommodate said positive electrodes, said negative
electrodes, said separators, and said electrolyte, and safety valves
provided on respective said cell chambers in said closed-type case, wherein
said meth- od comprises the steps of: disposing said positive electrodes,
said negative electrodes, and said separators in said cell cham- 5
bers in said closed-type case; pouring said electrolyte in a predetermined
amount or more into said cell chambers; and repeating charge and discharge
cycles on condition that said safety valves work at pressure G in the range
of [err] atm so that an excess of said electrolyte is desorbed outside said
cell chambers and the amount of said electrolyte in each said cell chamber
is kept constant 10 Patentanspriche 1.  Verfahren zur Herstellung einer
Metalloxid-Wasserstoff-Sekundarbatterie mit positiven Elektroden, die 15
ein oder mehrere Metalloxide enthalten, negativen Elektroden, die
Wasserstoff absorbierende Legierun- gen enthalten, welche elektrochemisch
Wasserstoff absorbieren und desorbieren, Trennelnrichtungen, einem
alkalischen Elektrolyt, einem geschlossenen Gehause mit mehreren
Zellenkammem, wobel jede Zellenkammer unterschiedliche Kapazit~t hat,
welches die positiven Elektroden, die negativen Elektro- den, die
Trenneinrichtungen und den Elektrolyten aufnimmt, und Sicherheitsventilen,
die an den jewel- 20      ligen Zellenkammern im geschlossenen Gehfuse
vorgesehen sind, wobel das Verfahren folgende Schrit- te aufweist Anordnen
der positiven Elektroden und der Trenneinrichtungen in den Zellenkammern in
dem geschlos- senen Gehause; EingieSen des Elektrolytes in vorbestimmter
Menge, oder mehr davon, in die Zellenkammern; und 26       Wiederholen von
Ladungs- und Entladungszyklen unter der Bedingung, dalB die
Sicherheitsventile beim j>            Druck G in dem Bereich von 1 <G _ 6
atm arbeiten, so XlR8/pb dall ein Oberschull des Elektrolyts aulerhalb der
Zellenkammern desorbiert wird und die Menge des 



Elektrolyts in jeder der Zellenkammern konstant gehalten wird. 30  2.
Verfahren zur Herstellung einer Metalloxid-Wasserstoff-Sekundgrbatterie
gem3 Anspruch 1, bei dern die Menge des Elektrolyts im Bereich von 1,5 bis
4,0 mm pro Entladungskapazitat der positiven Elektroden ist. 3.  Verfahren
zur Herstellung einer Metalloxid-Wasserstoff-Sekundarbatterie nach Anspruch
1, wobeldle ne- 35       gativen Elektroden wasserabweisende Harze
enthalten. 4.  Verfahren zur Herstellung einer
Metalloxid-Wasserstoff-Sekundarbatterie nach Anspruch 1, wobel das
speziflache Gewicht des Elektrolyts im Bereich von 1,15 bis 1,30 be! 25 C
ist. 5.  Verfahren zur Herstellung einer
Metalloxid-Wasserstoff-Sekundirbatterie nach Anspruch 1, wobei eine
Ladeeinrichtung, die die Gesamtspannung derBatterie regelt, zum Laden
jederZellenkammerverwendet wird. 6.  Verfahren zur Herstellung einer
alkalischen Metalloxid-Wasserstoff-Sekundfrbatterie mit positiven Elek-
troden, die ein oder mehrere Nickel-Hydroxide enthalten, negativen
Elektroden, die Wasserstoff absor- /   45   blerende Legierungen enthalten,
welche elektrochemisch Wasserstoff adsorbieren und desorbieren, ei- nem
alkalischen Elektrolyten, einem geschlossenen Gehause, das aus Kunststoff
hergestellt ist, mit meh- reren Zellenkammern, wobei jede Zellenkammer
unterschiedliche Kapazitit hat, welches die positiven Elektroden, die
negativen Elektroden, die Trenneinrichtungen und das Elektrolyt aufnimmt,
und Sicher- heitsventilen, die an den jeweiligen Zellenkammern im
geschlossenen Gehause vorgesehen sind, wobel 5D       das Verfahren
folgende Schritte aufweist: Anordnen der positiven Elektroden und der
Trenneinrichtungen in den Zellenkammern in dem geschlos- senen Gehause;
Eingielen des Elektrolyts in vorbestimmter Menge, oder mehr davon, in die
Zellenkammern; und Wiederholen von Ladungs- und Enfladungszyklen unter der
Bedingung, dall die Sicherheitsventile bel 56       einem Druck G in dem
Bereich von 1,2 < G < 4 atm arbeiten, so daB ein OberschuS des Elektrolyts
au- Rerhalb derZelikammern desorbiert wird und die Menge des Elektrolyts in
jederZellenkammer konstant gehalten wird. 14    EP O 504 472 B1
||| ||| || || !         L   M   S Revendications 1. Procede pour fabriquer
une batterie secondaire a oxyde metallique-hydrogene comprenant des
electro- des positives contenant un ou plusieurs oxydes m6talliques, des
electrodes negatives contenant des al- 6       liages absorbant I'hydrogbne
qui absorbent et desorbent electrochimiquement l'hydrogene, des separa-
teurs, un electrolyte alcalin, un bac du type ferme comportant une
multitude de chambres formant des 6lements, chaque dite chambre ayant une
capacite diffbrente, qui recoivent lesdites electrodes positives, lesdites
electrodes negatives, lesdits separateurs, et ledit electrolyte, et des-
soupapes de securitb prA- vues surlesdites chambres respectives dans ledit
bac du type ferme, leditprocede comprenantles Atapes 10      consistant A:
- disposer lesdites electrodes positives, lesdites electrodes n6gatives et
lesdits separatburs dans lee- 



dites chambres dans ledit bac du type ferme; - verser ledit electrolyte
dans une quantite predeterminee ou superieure a celle-cl dans leaditbs
chan- bres; et 15         - repeter des cycles de charge et de decharge A
condition que lesdites soupapes de securite fonction- nent A une pression G
comprise dans la plage I < G 5 6 at de fagon qu'un exces dudit electrolyte
soit desorbe A l'exterieur desdites chambres et que la quantite dudit
alectrolyte dans chacune des- dites chambres soit maintenue constante. 20
2.  Procede pour fabriquer une batterie secondaire a oxyde
metallique-hydrogene selon la revendication 1, dans lequel la quantite
dudit electrolyte est comprise dans la gamme 1,5 A 4,0 ml par capacite A la
de- charge desdites electrodes positives. 3.  Procede pour fabriquer une
batterie secondaire A oxyde metallique-hydrogene selon la revendication 1,
25       dans lequel lesdites electrodes negatives contiennent des resines
hydrophobes. 4.  Procede pour fabriquer une batterie secondaire a oxyde
metallique-hydrogene selon la revendication 1, dans lequel la masse
specifique dudit electrolyte est dans la gamme 1,15 A 1,30 a 25C. 5.
Procede pour fabriquer une batterie secondaire a oxyde metallique-hydrogene
selon la revendication 1, 30       dans lequel un chargeur regulant la
tension totale de ladite batterie sertA chargerchacune desdites chasm bros
formant les elements. 6.  Procede pour fabriquer une batterie secondaire
alcaline a oxyde metallique-hydrogbne, comprenant des electrodes positives
contenant un ou plusleurs hydroxydes de nickel, des electrodes negatives
contenant s5       des alliages absorbant l'hydrogene qui absorbent et
desorbent electrochimiquement l'hydrogene, un eleo- trolyte alcalin, un bac
du type ferme en matibre plastique ayant une multitude de chambres
formantles elements, chaque dite chambre ayant une capacite differente, qui
recoivent lesdites electrodes positives, lesdites Alectrodes negatives,
lesdits separateurs et ledit electrolyte, et des soupapes de secufite
prevues surlesdites chambres respectives dans ledit bac du type ferme, le
procede comprenantles tapes consis- 40      tantb: - disposer lesdites
electrodes positives, lesdites electrodes negatives, et lesdits sdparateurs
dans les- dites chambres dans ledit bac du type ferme; - verser ledit
electrolyte dans une quantite predeterminee ou superieure A cells-cl dans
lesdites cham- bres; et 4/    5         - repeter des cycles de charge et
de decharge a condition quo lesdites soupapes de securite fonction- nent A
une pression G dans la plage 1,2 S G _4 at. de fagon qu'un exces dudit
electrolyte soitd6sorb6 A l'exterieur desdites chambres et que la quantite
dudit electrolyte dans chaque chambre soit main- tenue constante. 50 55    


