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[51] ABSTRACI‘ 
A nickel electrode for an alkaline battery comprises a 
porous alkaline-proof metal ?ber substrate used as a 
current collector, and active material for the electrode. 
The active material includes nickel hydroxide powder 
active material, to which zinc or magnesium is added at 
a rate in a range of [3] 1-10 wt % or 1-3 wt %, respec 

' tively. The zinc and magnesium is in a solid solution in 
crystal of the nickel hydroxide, and the active material 
forms principle compound of paste, which is loaded in 
the electrode. 

6 Claims, 12 Drawing Sheets 
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ALKALINE BA'ITERY WITH A NICKEL 
ELECTRODE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to an alkaline battery 

with a nickel electrode, and particularly to the alkaline 
battery and the nickel electrode as well as active mate 
rial for the nickel electrode. 

(2) Description of the Prior Art 
Alkaline batteries commonly used are called as sin 

tered batteries, and have structures in which nickel 
hydroxide is loaded in a micro-porous substrate formed 
of a perforated steel sheet to which nickel powder is 
sintered. The electrode of this type requires repetition 
of active material loading processes for several times, 
resulting in complicated and thus expensive manufac 
turing process. Further, since the porosity of the sub 
strate is restricted, loading density of the active mate 
rial, is low, and thus an energy density of the electrode 
can be approximately 400 mAh/cc at most. 

In attempt to improve this, electrodes other than that 
of the sintered type have been broadly developed. In an 
example of them, graphite powder of about 20-30 wt% 
(weight percentage) is mixed as conductive additive 
with nickel hydroxide powder coated with cobalt hy 
droxide, and then, this mixture is formed into a sheet 
like shape and is ?xedly pressed to a nickel plate to form 
the electrode. Since the above conductive additive itself 
does not contribute to capacity of the electrode, it re 
duces capacity density, and causes generation of a large 
amount of carbonate due to decomposition of the 
graphite. Therefore, this electrode can not be used in 
batteries having small amount of electrolyte, such as 
sealed nickel cadmium batteries. In order to overcome 
the above disadvantages, manufacturers start to provide 
pasted nickel electrodes for practical use, in which a 
metal ?ber substrate having a high porosity of about 
95% is used. In these electrodes, C00 powder, which 
forms conductive network for the active material, is 
added to the nickel hydroxide powder active material 
which is produced from nickel sulfate aqueous solution 
and sodium hydroxide aqueous solution, and viscous 
aqueous solution of carboxymethyl-cellulose is further 
added thereto to form paste, which is loaded in the ?ber 
substrate. This conductive network forms current paths 
which are more e?'ective than those by graphite, does 
not decompose, and thus does not produce carbonate. 
This electrode is less expensive than the sintered elec 
trode, and has high energy density of about 500 
mAh/cc. 
However, as weights of portable electronics equip 

ment have recently been reduced, the high energy den 
sity of about 600 mAh/oc is required in the market. In 
order to comply with this requirement, the density of 
the nickel hydroxide power itself must be increased, 
because the porosity of the substrate is limited. The 
nickel hydroxide powder of the high density has been 
used as a part of material for parkerizing steel plates. In 
the manufacturing thereof, nickel nitrate or nickel sul 
fate is dissolved in weak basic ammonia acqueous solu 
tion and is stabilized as tetra-amine nickel (II) complex 
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2 
ion, and the nickel hydroxide is deposited while adding 
sodium hydroxide aqueous solution to it. This deposi 
tion is slowly performed so as to prevent development 
of voids in particles. 

Since this method does not perform random deposi 
tion, as is done in the conventional method it can pro 
duce the nickel hydroxide having good crystallinity 
with less grain boundary, i.e., less pore volume, and 
thus a high density. 
However, due to the unique characteristics, this pow 

der causes some problem when used as the active mate 
rial for the battery as it is. 
For example, the charge-discharge reaction of the 

nickel hydroxide electrode is performed by free move 
ment of proton in the crystal of the nickel hydroxide. 
However, due to the high density of the nickel hydrox 
ide and thus to the high compactness of the crystal, the 
free movement of the proton in the crystal is restricted. 
Further, since the current density increases in accor 
dance with the reduction of the speci?c surface area, a 
large amount of higher oxide 'y-NiOOH may be pro 
duced, which may cause fatal phenomena such as 
stepped discharge characteristics and/or swelling. The 
swelling due to the production of y-NiOOH in the 
nickel electrode is caused by the large change of the 
density from high density B-NiOOH to low density 
7-NiOOH. The inventors have already found that the 
production of y-NiOOH can effectively be prevented 
by addition of a small amount of cadmium in a solid 
solution into the nickel hydroxide. However, it is de 
sired to achieve the substantially same or more excellent 
effect by utilizing additive other than the cadmium from 
the viewpoint of the environmental pollution. 

Accordingly, it is an object of the invention to pro 
vide active material for nickel electrode, in which the 
density of the nickel hydroxide is increased, and the 
production of 'y-NiOOH, which may be caused due to 
the increased density, can be prevented by less poison 
ous additive, so that the useful life may be extended and 
the utilization factor of the active material may be im 
proved. It is also an object of the invention to provide a 
nickel electrode utilizing said active material and an 
alkaline battery utilizing it. 

SUMMARY OF THE INVENTION 

According to the invention, active material for a 
nickel electrode comprises nickel hydroxide powder 
active material, and zinc or magnesium which is added 
to said active material at a rate in a range of [3] 1-10 
wt % or l-3 wt%, respectively, said zinc and magne 
sium being in a solid solution in crystal of said nickel 
hydroxide, and in distribution of pore radii calculated 
from the a desorption side at nitrogen adsorption iso 
therm of said powder, development of pre having a 
radius of 30 A or more being prevented, and an entire 
pore volume rate being controlled at 0.05 ml/g or less. 

Further, according to the invention, a nickel elec 
trode comprises a porous alkaline-proof metal fiber 
substrate used as a current collector; and active material 
for the electrode; said active material including; nickel 
hydroxide powder active material, to which zinc or 
magnesium is added at a rate in a range of [311-10 
wt% or 1-3 wt%, respectively, said zinc and magne 
sium being in a solid solution in crystal of said nickel 
hydroxide; and said active material forming principle 
compound of paste, which is loaded in said electrode. 
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The nickel hydroxide having a high density, i.e., 
having a minimum inner pore volume, causes the pro 
duction of a large amount of the higher oxide 1! 
NiOOH. However, the inventors have found that metal 
ion of different sorts, particularly zinc ion or magne 
sium ion located in the crystal of the nickel hydroxide 
can suppress production of 'y-NiOOH. 
At the outside of the nickel hydroxide, in order to 

improve the conductivity between the active material 
particles and the current collector, the cobalt com 
pound powder may be mixed therewith and dissolved in 
the battery electrolyte, and then maybe deposited be 
tween the current collector and the active material 
particles by virtue of the reaction of (HCoO;-—>B 
CO(OH)1) prior to charging. When charged, by virtue 
of electrochemical oxidation by a reaction of (B 
C0(OI-I)2—>CoOOI-I), it changes into highly conductive 
cobalt oxyhydroxide, whereby the flow of the electron 
can ?ow smoothly between the nickel ?ber of the cur 
rent collector and the particles of the nickel hydroxide, 
resulting in increase of the utilization factor. This reac 
tion is illustrated in a modelled form in FIG. 1. As 
shown therein, the important feature of this is that it is 
kept standing after the electrolyte is supplied, and the 
cobalt compound powder electrode is dissolved so as to 
interconnect the current collector nickel ?ber and the 
active material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view illustrating dissolving of 
cobalt compound in modelled form; 
FIG. 2 is a diagram illustrating a relationship between 

pH of deposition solution, particle pore volume and 
ratio of y-NiOOH: 
FIG. 3 is a diagram illustrating a relationship between 

speci?c surface area and pore volume of nickel hydrox 
ide; 
FIG. 4 is a diagram illustrating curves of prore size 

distribution of the conventional nickel hydroxide pow 
der and that according to the invention, 
FIG. 5 is a diagram illustrating a relationship between 

standing conditions and an active material utilization 
factor; 
FIG. 6 is a diagram illustrating a relationship between 

various conditions of nickel hydroxides and an active 
material utilization; 
FIG. 7 is a diagram illustrating a relationship between 

an addition ratio of 000, an active material utilization 
factor and a energy density per volume of a plate; 
FIG. 8 is a diagram illustrating a relationship between 

an addition ratio of zinc and a ratio of NiOOH; 
FIG. 9 is a diagram illustrating a ratio of 'y-NiOOH at 

the end of discharge of various conditions of nickel 
hydroxides; 
FIG. 10 is a diagram for comparing discharge voltage 

characteristics of the electrode including a large 
amount of 'y-NiOOI-I and that according to the inven 
tion; 
FIG. 11 is a diagram illustrating a relationship be 

tween the active material, charge/discharge tempera 
ture and active material utilization; 
FIG. 12 is a diagram illustrating a relationship be 

tween various conditions of cobalt compound additive 
and the active material utilization; 
FIG. 13 is a diagram illustrating pore size distribution 

of the conventional nickel hydroxide powder and that 
according to the invention; 
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4 
FIG. 14 is a diagram illustrating X-ray diffraction 

patterns at the end of the charge of various conditions 
of magnesium-added high density powder; 
FIG. 15 is a diagram illustrating a relationship be 

tween the addition ratio of magnesium and the ratio of 
7-NiOOH; 
FIG. 16 is a diagram illustrating the ratio of 'y 

NiOOI-I at the end of discharge of the various condi 
tions of nickel hydroxide; 
FIG. 17 is a diagram illustrating a relationship be 

tween the ratio of 'y-NiOOH and thickness of the elec 
trode when the active material including various condi 
tions of additives are used in the electrodes and they are 
overcharged; 
FIG. 18 is a diagram illustrating charge potential 

characteristics of the electrodes including various 
amount of magnesium additives; 
FIG. 19 is a diagram illustrating a relationship be 

tween the magnesium addition ratio and the active ma 
terial utilization; and 
FIG. 20 is a diagram illustrating discharge potential 

characteristics of the electrodes including various 
amount of magnesium additives. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A ?rst embodiment of the invention will be detailed 
hereinafter. 
Ammonium sulfate is added to aqueous solution of 

nickel sulfate to which a small amount of zinc sulfate 
was added to stabilize ion of nickel and zinc as ammine 
complex ion. 

This solution is dropped into sodium hydroxide aque 
ous solution, while rapidly stirring it, to gradually de 
compose the complex ion and thus deposit and grow 
nickel hydroxide particles including the zinc in a solid 
solution state. This deposition is gradually performed in 
the weak alkaline solution of about pH 11-13 and the 
temperature in a range of about 40’—50° C. Depending 
on the pH of the deposition solution, the nickel hydrox 
ide particles having various characteristics can be ob 
tained. 

In FIG. 2, there is shown a relationship between pore 
volume of powder consisting of only nickel hydroxide 
and ratio of -y-NiOOH. 
As the pH is lower, the pore volume becomes 

smaller, and thus the powder has the high density. 0n 
the other hand, there is tendency that as the powder is 
produced at lower pH, more y-NiOOI-I is produced. A 
region satisfying the above two factors is a hatched 
region between the respective in?ection points, which 
is in a range of about pH 11-13. 
FIG. 3 illustrates a relationship between the pore 

volume and speci?c surface area. As the pH of the 
deposition solution is changed, the pre volume of the 
nickel hydroxide changes, and at the same time, the 
speci?c surface area changes. Specimens A—E consists 
of only the nickel hydroxide, a specimen F contains 
additive of zinc in the solid solution, and a specimen G 
consists of only the nickel hydroxide produced by the 
conventional method. 

In the above conventional method, the nickel hy 
droxide particles are deposited in alkaline aqueous solu 
tion of high concentration of pH 14 or more, without 
adding ammonium sulfate. 
Each specimen shows the random particle deposition 

and the tendency that the pore volume in the particle 
increases in accordance with the increase of the speci?c 
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surface area. Thus, there is correlation between the 
speci?c surface area and the pore volume, and indepen 
dently of compound, the material having less pore vol 
ume and thus high density has less speci?c surface area. 
FIG. 4 illustrates dispersion of pore radii of the nickel 

hydroxide according to the conventional method and 
the high density nickel hydroxide according to the in 
vention, which is obtained from a desorption side at 
nitrogen absorption isotherm. 
The nickel hydroxide GI according to the conven 

tional method, is deposited by dropping the nickel sul 
fate solution into the sodium hydroxide aqueous solu 
tion having a high concentration, of which pH is 14.5 
and the temperature is about 50° C. 

Pore exists at a large amount in a wide range of the 
pore radius from 15-100 A at the specific surface area of 
about 65 m2/ g therein. The particle has the pore volume 
of 0.15 ml/g, which is as much as 30%-40% of the 
particle volume (0.41 ml/g), and thus has a large void 
rate. In contrast to this, the nickel hydroxide F accord 
ing to the invention has the small pore volume of 0.03 
ml/ g, which is only a quarter of that of said particle GI. 
This indicates that the particle F(Zn) the density higher 
by 20%—30% than the particle GI. This indicates that 
the speci?c area and the void volume should must be as 
small as possible to obtain the active material of the high 
density. The nickel hydroxide is mixed with a small 
amount of powder of cobalt compound such as C00, 
a-Co(OH)z, B-CO(OH)2, or cobalt acetate, which pro 
duces Co(II) complex ion when dissolved in alkaline 
electrolyte. Then, aqueous solution including carbox 
ymethyl-cellulose of 1% is added at the ratio of 30 wt% 
thereto to produce flowable paste liquid. A predeter 
mined amount of this paste liquid is loaded into alkaline 
proof metal ?ber substrate, e.g., nickel ?ber substrate, 
having porosity of 95%, and a nickel electrode is 
formed by drying the substrate after the loading. 

In order to recognize the active material utilization 
factor as well as the ratio of 'y-NiOOl-I by charge and 
discharge, a battery is assembled, in which this nickel 
electrode and a cadmium electrode are used with none 
woven cloth polypropylene separator therebetween, 
and potassium aqueous electrolyte having a speci?c 
gravity of 1.27 is added thereto. After the adding of the 
electrolyte, the battery is kept standing without supply 
ing the electric current at the corrosion potential of the 
mixed cobalt compound, and interconnection is estab 
lished in the nickel hydroxide powder by 'y-Co(OH)2. 
FIG. 5 illustrates a relationship between the standing 
conditions of the nickel electrode and the active mate 
rial utilization in the battery which includes the nickel 
hydroxide having the speci?c surface area of 65 mz/g 
and C00 as the additive. With respect to the condition 
for the standing, which is process for the formation of 
the important conductive network, it can be seen that 
the high utilization can be obtained in a shorter period 
as the concentration of the electrolyte and the tempera 
ture increase. It can also be seen that the amount of the 
dissolved C00 also effectively functions. This is caused 
by the uniform dispersability of C00 by the complete 
dissolution deposition of the additive, i.e., by the forma 
tion of the more uniform network. 

In FIG. 6, there is shown the relationship between 
the various conditions of nickel hydroxides and the 
utilization of the active material under the appropriate 
standing condition. The active material consisting of 
only the nickel hydroxide represents a proportional 
relationship between the specific surface area and the 
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6 
active material utilization. This fact shows that the high 
or large speci?c surface area is required for the high 
active material utilization. This means that the low 
density active material having the large pore volume is 
preferable in view of the aforementioned result, and 
thus it is impossible to increase the energy density of the 
electrode. However, the specimen F(Zn) including a 
small amount of zinc added into the crystal of the nickel 
hydroxide shows the high utilization which is substan 
tially same as that of the conventional powder GI, in 
spite of the fact that it has the small specific surface 
area. The energy density per unit volume of the plate is 
504 mAh/cc in the conventional powder GI, and 620 
mAh/cc in the high density powder F(Zn), which is 
higher by 20% than the conventional powder GI. This 
indicates the fact that a large amount of the high density 
powder can be loaded in the substrate having the same 
volume, as compared with the conventional powder. 
Since the active material utilization factor is close to the 
theoretical value, the pore volume of the high density 
active material powder at the time of paste loading, 
which is required for satisfying the energy density of 
600 mAh/cc, must be 0.05 ml/g or less. This effect by 
the addition of the zinc can be inferred to be caused by 
the form of the crystal of the nickel oxyhydroxide, 
because a large amount of 'y-NiOOH having low revers 
ibility is produced when it has a low utilization and a 
small amount of 'y-NiOOH is produced when the zinc is 
added. For the reaction of the active material, it is nec 
essary to permit smooth movement of the electron from 
the current collector to the surfaces of the active mate 
rial particles, and it is essential to form the network of 
the conductive CoOOH particles in the isolated condi 
tion, in which they exist on the particle surfaces without 
being solid-solved in the nickel hydroxide, as described 
before. With respect to the 000 additive forming this 
network, if the amount thereof is increased, the active 
material utilization rate increases. Thus, although the 
more additive can establish the more perfect network, 
there is a tendency that the energy density of the plate 
decreases from the value of about 15%, because the 
additive itself contributes only to the conductivity, and 
neither practically charge nor discharge. 

Correlation between the composition of the nickel 
hydroxide powder and the ratio of -y-Ni0OI-I is in 
spected by a X-ray analysis of the plate at the end of the 
charge, which has been performed at high current den 
sity of 1C. 
From FIG. 8, it can be seen that when the zinc (or 

magnesium) in the solid solution is added to the crystal 
of the nickel hydroxide, the ratio of 'y-NiOOI-I de 
creases in proportion to the increase of the addition 
rate. 
Although 'y-NiOOH can be more effectively sup 

pressed when the addition ratio is increased, excessively 
large ratio causes isolation, resulting in reduction of the 
utilization factor. 
The isolated zinc hydroxide exists, and mixture of the 

dissolved zinc complex ion and cobalt complex ion is 
deposited in the course of the dissolving and re-deposit 
ing of the cobalt oxide additive, which deteriorates the 
conductivity, and thus the utilization. If the zinc is 
added at the ratio of 10 wt% or more, it is not solid 
solved. 
High density powder A without the zinc in FIG. 10 

has a discharge voltage different from that of the high 
density powder F(Zn), due to production of a large 
amount of 'y-NiOOH, and represents stepped discharge 
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characteristics as shown in FIG. 10. As shown in FIG. 
8, the effect for preventing the production of 'y-NiOOH 
is achieved by the addition of zinc of 3% or more, and 
'y-NiOOH completely extinguishes at the addition of 
10%. 
This effect of the zinc can be maintained even if dif 

ferent element, e.g., cobalt, coexists in the solid solution. 
FIG. 11 illustrates a relationship between the active 
material, charge-discharge temperature and active ma 
terial utilization. Further, in the material H, to which 
both the zinc and cobalt are added in the solid solution, 
there is another advantage that the charge performance 
is improved in a high temperature of about 45° C., as 
compared with the material F(Zn) including only the 
zinc. FIG. 12 illustrates a relationship of the active 
material utilization with respect to the additives for 
forming the network of CoOOH. 
The reason that the order of the active material utili 

zation is COO>t1—C0(OH)z>B-CO(OH2 is considered 
to be based on the solubility in the electrolyte. That is; 
B-Co(OH)2 is prone to be oxidized by the oxygen dis 
solved in the supplied electrolyte into brown Co(OH); 
having low solubility. On the other hand, with respect 
to a-Co(OH)z it changes through B-Co(OI-I)2, i.e., a 
Co(0H)2—>B-Co(OH)2), so that Co(H0)3 is less prone 
to be produced. With respect to C00, Co(OH)3 (this 
can be represented by CoOHZ) is not produced at all, 
and thus is considered to be the most superior additive. 
Speci?cally, in view of the solution speed, it is desirable 
to form the additive having low crystallinity, which is 
heated and formed in hot inert atmosphere at a tempera 
ture between 200° C. and 800° C., using B-Co(OH)2 as 
starting material. 
The electrode having loaded paste, which is formed 

by immersing the nickel hydroxide powder in HCoOz. 
--ion and forming the cobalt hydroxide layer on the 
surfaces of the particles, has the utilization which is less 
than that of the electrode including 000 powder mixed 
therein and is nearly same as that of the electrode in 
cluding B-Co(OH)z powder mixed therein. Further, the 
utilization is also investigated in another electrode. This 
electrode includes powder which forms conductive 
CoOOH layer on the‘surface of the oxyhydroxide pow 
der, which is speci?cally formed by removing nickel 
?ber, i.e., current collector, from electrode including 
the C00 powder mixed therein after charging and dis 
charging it. This powder is re-loaded in a form of paste 
thereon. This electrode is found to have the low utiliza 
tion. This indicates a very important matter. Thus, it is 
essential that the conductive network (OoOOI-I) be 
tween the active material and the current collector is 
formed in the manufactured electrode. If CoOOH layer 
is pro-formed on the surfaces of the active material 
particles, the perfect network can not be established. 
Therefore, it is essential to provide a standing step for 
performing the dissolving and re-deposition of C00 
powder after the assembly of the electrode in the bat 
tery, invention, using the C00 additive, the utilization 
can be increased to a high value close to the theoretical 
value by the dissolving and re-deposition process, with 
out using additional conductive material, so that the 
conductive additive is unnecessary, and thus the forma 
tion of the carbonate, which may be caused due to 
oxidation decomposition, can be prevented, and it can 
be used in the electrode for the sealed nickel cadmium 
battery. 

Then, a second embodiment of the invention will be 
detailed hereinafter. 
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8 
Ammonium sulfate is added to aqueous solution of 

nickel sulfate to which a small amount of magnesium 
sulfate was added to produce ammine complex ion of 
nickel and magnesium. 

This solution is dropped into sodium hydroxide aque 
ous solution, while rapidly stirring it, to gradually de 
compose the complex ion and thus deposit and grow 
nickel hydroxide particles including the magnesium in a 
solid solution state. This deposition is gradually per 
formed in the weak alkaline solution of about pH 11-13 
and the temperature in a range of about 40°-50° C. 
Depending on the pH of the deposition solution, the 
nickel hydroxide particles having various characteris 
tics can be obtained. 
The characteristics of this nickel hydroxide are same 

or similar to those, which are previously described with 
reference to FIGS. 2 and 3. 
FIG. 13 illustrates dispersion of pore radii of the 

nickel hydroxide according to the conventional method 
and the high density active material, i.e., the nickel 
hydroxide, including the magnesium added thereto 
according to the invention for the comparison of them. 
The nickel hydroxide 611 according to the conven 

tional method, is deposited by dropping the nickel sul 
fate solution into the alkaline solution having a high 
concentration, of which pH is 14.5 and the temperature 
is about 50° C. 

This exists at a large amount in a wide range of the 
pore radius from 15-100 A at the speci?c surface area of 
about 66 mz/g. The particle has the pore volume of 
0.136 ml/g, which is as much as 30%—40% of the parti 
cle volume (0.4 ml/g), and thus has a large void rate. In 
contrast to this, the nickel hydroxide F(Mg) according 
to the invention has the small pore volume of 0.028 
lnl/g, which is only a quarter of that of said particle 
GII. The nickel hydroxide is mixed with a small amount 
of powder of cobalt compound such as CoO, 0. 
Co(0H)2, B-Co(0H)2, or cobalt acetate as is done in the 
embodiment previously described, which produces 
Co(II) complex ion when dissolved in alkaline electro 
lyte. Then, aqueous solution including carboxymethyl 
cellulose of 1% is added thereto to produce ?owable 
paste liquid. A predetermined amount of this paste liq 
uid is loaded into alkaline-proof metal ?ber substrate, 
e.g., a nickel ?ber substrate, having porosity of 95%, 
and nickel electrode is formed by drying the substrate 
after the loading. 

In order to recognize the active material utilization as 
well as the ratio of 'y-NiOOI-I by charge and discharge, 
a battery is assembled, in which this nickel electrode is 
used as a counter electrode to cadmium electrode with 
none-woven cloth polypropylene separator therebe 
tween. The utilization of this battery has been investi 
gated under the conditions, which are same as those 
previously described with reference to FIGS. 5 and 6, 
and the results same as those shown in FIGS. 5 and 6 are 
obtained. 

Correlation between the various conditions of nickel 
hydroxides and the ratio of 'y-NiOOH is inspected by 
the X-ray analysis of the plate at the end of the charge, 
which has been performed at a high current density of 
1C. Peak of the X-ray analysis is illustrated in FIG. 14. 
As shown in FIG. 15, when the magnesium at the 

solid solution is added to the crystal of the nickel hy 
droxide, the ratio of 'y-NiOOH decreases as the amount 
of the additive increases. 

In FIG. 17, there is shown a relationship between the 
ratio of 'y-NiOOH in the overcharged condition and the 
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thickness of the electrode. As the ratio of 'y-NiOOH 
increases, the thickness of the electrode increases. Thus, 
in order to obtain the electrode having long useful life, 
it is necessary to suppress the formation of 'y-NiQOH. 
The addition of the magnesium can also be effective to 
this suppression. 
A feature of the solid solution addition of the magne 

sium is that the discharge potential is increased to a 
large extent as shown in FIG. 20. There is a tendency 
the the potential increases as the addition ratio in 
creases. On the other hand, as shown in the FIG. 8, the 
charge potential causes a competitive reaction of oxida 
tion of the active material and the evolution of the oxy 
gen, resulting in reduction of the capacity, as shown in 
FIG. 20, so that excessive addition will cause disadvan 
tage which can be prevented in a range of 1-3 wt%. It 
is considered that the addition of the magnesium causes 
distorsion in the nickel hydroxide crystal, by which the 
smooth diffusion of the proton in the solid phase can be 
achieved. 
This effect of the magnesium can be maintained even 

if different element, e.g., cobalt, coexists in the solid 
solution, as is previously described with reference to 
FIG. 11. 
Also in this second embodiment, although the metal 

?ber sintered material is used as the substrate, other 
various materials may also be used. Said effect obtained 
by the addition of the magnesium can also be obtained 
in the nickel hydroxide having the high crystallinity 
which is formed by various methods. 
As described hereinabove, according to the inven 

tion, the density of the nickel hydroxide is increased, 
and the formation of 'y-NiOOH, which may be caused 
by the increase of the density, is prevented by the addi 
tive having low toxicity. Therefore, the present inven 
tion provides the active material for the nickel electrode 
as well as the nickel electrode using it, which have the 
long useful life and the high utilization of the active 
material, and can also provide the alkaline battery em 
ploying them, and thus the invention has high industrial 
value. 
What is claimed is: 
1. Active material for a nickel electrode comprising: 
nickel hydroxide powder active material; and 
zinc or magnesium which is added to said active 

material at a rate in a range of [3]I-l0 wt% or 
1-3 wt%, respectively, said zinc and magnesium 

15 

20 

25 

30 

35 

40 

45 

55 

65 

10 
being in a solid solution in crystal of said nickel 
hydroxide, and in distribution of pore radii calcu 
lated from [the] a desorption side at nitrogen 
adsorption isotherm of said powder, development 
of pore having a radius of 30 A or more being 
prevented, and an entire pore volume rate being 
controlled at 0.05 1111/ g or less. 

2. Active material as claimed in claim 1 wherein said 
active material powder, which includes nickel hydrox 
ide and [a small amount of] said zinc or magnesium, is 
produced by deposition of sulfate solution thereof as 
starting material in aqueous solution having pH ll-l3 
controlled by caustic soda or caustic potash together 
with ammonium sulfate. 

3. A nickel electrode comprising; 
a porous alkaline-proof metal ?ber substrate used as a 

current collector; and 
active material for the electrode; 
said active material including; 
nickel hydroxide powder active material, to which 

zinc or magnesium is added at a rate in a range of 
[3] I- 10 wt% or l-3 wt%, respectively, said zinc 
and magnesium being in a solid solution in crystal 
of said nickel hydroxide; and 

said active material forming principle compound of 
paste, which is loaded in said electrode. 

[4. A nickel electrode as claimed in claim 3 wherein 
a small amount of cobalt in a solid solution exists in 
addition to said zinc or magnesium] 

5. A nickel electrode as claimed in claim 3 wherein 
divalent cobalt compound, which forms cobalt complex 
ion when [dissolven]dissolved in alkaline aqueous solu 
tion, is added to said active material powder at a rate in 
a range of 5-15 wt%. 

6. A nickel electrode as claimed in claim [3] 5 
wherein conductive additives are not included, and 
[the] conductivity between said [nickel] metal ?ber 
substrate and particles of said active material is substan 
tially maintained only by virtue of said cobalt com 
pound additive. 

7. An alkaline battery assembled with a nickel elec 
trode as recited in claim [2] 3 without formation, 
maintained under standing condition one or more days 
after supplying electrolyte therein, and initially charged 
after cobalt compound additive is completely dissolved 
and deposited. 

# $ t t I 
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