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(57) ABSTRACT 

A high-capacity enclosed nickel-Zinc primary battery excel 
lent in characteristics Such as capacity maintenance factor, 
energy density, and high-efficient discharge characteristics, 
an anode using it, and a production method for them. An 
enclosed nickel-Zinc primary battery which uses as an anode 
an anode active material of nickel hydroxide compound, 
Such as nickel oxyhydroxide, particles and uses Zinc alloy 
gel as a cathode material, wherein a ratio of anode theoreti 
cal capacity to cathode theoretical capacity is 1.0-1.6, and a 
ratio of alkali electrolyte to anode theoretical capacity is 
1.0-1.6 ml/Ah. 
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ENCLOSED NICKEL-ZINC PRIMARY BATTERY, 
ITS ANODE AND PRODUCTION METHODS FOR 

THEMI 

TECHNICAL FIELD 

0001. This invention relates to a enclosed nickel–zinc 
primary battery, anode thereof and their production methods. 

BACKGROUND ART 

0002 Enclosed alkali primary batteries are used as power 
Sources of portable type electronic devices such as portable 
radio sets or cassette recorders, for example. 
0003) A typical material of anodes of alkali batteries is 
manganese dioxide. 
0004 Recent development of various portable electronic 
devices is remarkable, and more and more devices need a 
heavy loading property. Therefore, there is a demand for a 
battery more excellent in high-efficiency discharge property 
than alkaline-manganese batteries that have been used most 
typically heretofore. 
0005 Conventionally known batteries include those hav 
ing a spiral structure made by winding sheet-like anode, 
cathode and separator and injecting an electrolytic solution, 
and those having an inside-out structure in which a cylin 
drical anode, gel cathode and cylindrical separator are 
contained in a cylindrical metal can. 
0006 Inside-out batteries are more excellent in produc 
tivity and can provide a higher capacity at a lower cost than 
spiral type batteries. However, because of a small opposed 
area of the positive and cathodes, inside-out batteries are 
inferior in high-efficiency discharge property. 

0007 On the other hand, there is also known another 
battery excellent in high-efficiency discharge property, 
which is a nickel-Zinc battery using a nickel oxide as the 
anode, Zinc as the cathode and alkali Salt solution as the 
electrolytic solution (U.K. Patent 365125). 
0008. In addition to that, this battery has a lot of advan 
tages including (1) a high battery voltage, (2) flatness of the 
discharge curve and (3) high utility factor under high-rate 
discharge. 

0009. That battery, however, has not yet been brought 
into practical use. 
0010) A reason thereof is that the problems of a short 
lifetime caused by generation of dendrite of zinc pole in 
charge-discharge cycles and changes in shape have not been 
solved sufficiently. 
0011. There is also known an inside-out type nickel–zinc 
secondary battery using nickel hydroxide as the anode active 
material and Zinc as the cathode active material (Japanese 
Patent Laid-Open Publication 2000-67910). 
0012. This battery, however, involves the problem that 
oxygen gas is generated from the anode while the charge 
discharge cycle is repeated, the internal pressure of the 
battery rises, and the electrolytic solution may leak. 
0013 Furthermore, the theoretical capacity ratio of the 
positive and cathodes of this battery is 1:2. This is a remedy 
for preventing deterioration of the battery characteristics, 
Such as preventing generation of a gas, and it results in 
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leaving a large quantity of the cathode active material not 
used for the discharge and making it difficult to accomplish 
a high capacitance. 
0014) Regarding nickel–zinc primary batteries, there are 
almost no reports on their development. 
0015. It is therefore the first object of the invention to 
provide a enclosed nickel-Zinc primary battery maintaining 
the excellent characteristics of the conventional nickel-Zinc 
battery, having a high capacity and excellent in ratio of 
maintaining the capacity during its storage. 
0016. The second object of the invention is to provide an 
inside-out type nickel-Zinc primary battery excellent in 
high-efficiency discharge property. 
0017. The third object of the invention is to provide a 
enclosed nickel-Zinc primary battery having a high energy 
density per unit weight. 
0018. The fourth object of the invention is to provide a 
method of production the enclosed nickel-Zinc primary 
battery. 
0019. The fifth object of the invention is to provide a 
anode used in the enclosed nickel-Zinc primary battery and 
its production method. 

DISCLOSURE OF INVENTION 

0020. The invention provides different versions of 
enclosed nickel–zinc primary batteries, anodes used therein, 
and production methods of those batteries and their anodes. 
0021 Enclosed nickel–zinc primary batteries according 
to the invention uses a specific nickel hydroxide as its anode 
active material to form a structure suitable for primary 
batteries, and thereby ensures the aforementioned excellent 
characteristics. 

0022. The feature can be obtained by (1) optimizing the 
negativefanode theoretical capacity ratio, (2) optimizing the 
ratio of the electrolytic solution relative to the anode theo 
retical capacity, and (3) determining the optimum range of 
electric conductivity of the alkali electrolytic solution. 
0023 For realizing the enclosed nickel–zinc primary bat 
tery according to the invention, it is important to improve the 
discharge capacity. For this purpose, those characteristics 
can be remarkably improved by (4) shaping the anode active 
material into balls. 

0024. To additionally improve the self-discharge of the 
battery, the effects are further improved by (5) forming a 
high-order oxide layer of cobalt on the surface of the anode 
active material and/or by (6) using NaOH and LiOH as 
additives to the alkali electrolytic solution. 
0025) Furthermore, the battery according to the invention 

is characterized in being excellent in productivity when 
having an inside-out structure. 
0026. That is, according to the first aspect of the inven 
tion, there is provided a enclosed nickel-Zinc primary battery 
using nickel compound grains as the major anode active 
material thereof, characterized in that the ratio of the anode 
theoretical capacity relative to the cathode theoretical capac 
ity is in the range from 1.0 to 1.6 and the ratio of the alkali 
electrolytic solution relative to the anode theoretical capac 
ity is in the range from 1.0 to 1.6 ml/Ah. 
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0027. In the present invention, the term “using nickel 
compound grains as the anode active material” describes 
that all or most of the component of the anode active 
material of the battery is made up of nickel compound 
grains, and it means that other known anode active material 
such as MnO, may be mixed in the anode active material of 
nickel compound grains. 
0028. In the first aspect of the invention, the battery is 
preferably made up of a anode compact molded under a 
pressure from a anode mixture containing the nickel com 
pound grains as the anode active material, a gel cathode in 
which alloy powder containing Zinc as its major component 
is dispersed in an alkali electrolyte solution, and a separator 
which all are contained in a metal can, and the ratio in 
Volume of the non-solid portion of the anode compact 
relative to the anode active material is preferably in the 
range from 0.2:1 through 0.5:1, and the volume ratio of the 
non-Solid portion relative to the anode compact is preferably 
in the range of 15 to 30 volume 96. 
0029. If the enclosed nickel–zinc primary battery has an 
inside-out structure, a enclosed primary battery having a 
good efficiency-to-capacity can be realized. 
0030 The anode active material is preferably nickel 
oxyhydroxide grains, and more preferably, nickel oxyhy 
droxide grains contain Y-nickel oxyhydroxide. 
0031. As the anode active material, nickel oxyhydroxide 
grains and nickel oxyhydroxide grains containing Zinc and 
cobalt alone or both in a eutectic form are adequate mate 
rials, and the anode active material may additionally contain 
a compound of at least one kind of metal selected from the 
group consisting of yttrium, ytterbium, erbiun and calcium. 
0032. The anode active material is preferably nickel 
oxyhydroxide grains coated by a cobalt high-order oxide, 
metallic cobalt or metallic nickel, or nickel oxyhydroxide 
grains containing Zinc and cobalt alone or both of them in a 
eutectic form. The cobalt high-order oxide coating the anode 
active material is at least one material selected from the 
group consisting of cobalt oxyhydroxide, tri-cobalt tetroX 
ide, bi-cobalt trioxide, cobalt monoxide, and cobalt hydrox 
ide. 

0033. The anode active material is preferably composed 
of nickel oxyhydroxide grains coated by a cobalt high-order 
oxide, and the grains preferably exhibit an endothermic peak 
in the range from 200 to 260° C. in differential thermal 
analysis. The nickel compound grains forming the anode 
active material coated preferably has a specific resistance 
not higher than 100 S2Xcm. The anode active material is 
preferably nickel oxyhydroxide compound grains composed 
of ball-shaped grains, Substantially ball-shaped grains or an 
aggregation of both. 
0034. The anode mixture preferably contains a quantity 
of carbon grains in the range from 3 to 15 mass % thereof, 
or more preferably in the range from 3 to 10 mass %. 
0035. Only carbon grains having a specific surface area in 
the range from 1.0 to 300 m/g can be selected. 
0036) The carbon grains are preferably of a mixed system 
of at least two groups of carbon grains different in specific 
Surface area. The carbon grains are more preferably of a 
mixed system of 25 through 75 mass % of carbon grains 
having a specific Surface area in the range from 1.0 to 30 
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m/g and 75 to 25 mass % of carbon grains having a specific 
surface area in the range from 30 to 300 m/g. 
0037. The anode mixture containing the nickel com 
pound grains as the anode active material and carbon grains 
as major components thereof preferably contains a stearic 
acid compound. The Stearic acid compound is preferably 
mixed in the anode mixture by a ratio in the range from 0.05 
to 0.5 mass %. 

0038. The alkali electrolytic solution used in the enclosed 
nickel-Zinc primary battery according to the invention is 
preferably composed of at least one selected from the group 
consisting of potassium hydroxide, sodium hydroxide and 
lithium hydroxide as a solute thereof, and the solute pref 
erably has an electrical conductivity not lower than 0.2 
S/cm. 

0039. In the first aspect of the invention, an inside-out 
battery can be composed by accommodating in a battery 
container a hollow, cylindrical anode mold prepared by 
compression molding of a mixture for the anode mixture 
containing the nickel compound grains composed of ball 
shaped grains, Substantially ball-shaped grains or an aggre 
gation of both as the anode active material, the separator 
disposed in a hollow portion of the hollow, cylindrical anode 
mold, and the gel cathode including the alkali electrolytic 
Solution and inserted in the separator. 
0040 According to the second aspect of the invention, 
there is provided a production method of a enclosed nickel 
Zinc primary battery characterized in: using nickel com 
pound grains composed of ball-shaped grains, Substantially 
ball-shaped grains or an aggregation of both as a anode 
active material; granulating a anode mixture prepared by 
mixing at least carbon grains to the anode active material 
into a granular form; thereafter molding it by compression 
molding and thereby preparing a hollow, cylindrical anode 
mold; inserting the hollow, cylindrical anode mold in a metal 
can; placing a separator inside a hollow cylindrical portion 
of the anode mold; inserting a cathode collector in a gel 
cathode, and sealing an opening of the can with a can seal 
plate. 

0041. The production method of the enclosed nickel–zinc 
primary battery preferably includes a step of granulating a 
mixture for the anode mixture containing a nickel compound 
as the anode active material and the carbon grains as major 
components thereof into a granular form, and a step of 
adding a stearic acid compound to the anode mixture in the 
granular form. 

0042. In the production method of the enclosed nickel 
Zinc primary battery, high-temperature aging is preferably 
carried out after the battery is assembled. The high-tempera 
ture aging is more preferably carried out for 24 through 72 
hours at a temperature in the range from 40 to 80° C. 
0043. In the production method of the enclosed nickel 
Zinc primary battery, the nickel compound is preferably 
stored before assemblage of the battery at a temperature not 
higher than 30° C. 
0044 According to the third aspect of the invention, there 

is provided a battery-use compressed nickel compound 
anode prepared by compression molding of a mixture for a 
anode mixture containing nickel compound grains as a 
anode active material, the nickel compound particles being 
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ball-shaped grains, Substantially ball-shaped grains or an 
aggregation of both. The nickel compound grains preferably 
have a mean grain size in the range from 1 to 50 Lum. 
0045 According to the fourth aspect of the invention, 
there is provided a production method of a battery-use 
compressed nickel compound anode comprising: a step of 
precipitating nickel hydroxide compound grains while mix 
ing and stirring an inorganic nickel salt aqueous solution and 
an alkali aqueous Solution; a step of coating Surfaces of the 
nickel hydroxide compound grains with a cobalt compound; 
a step of oxidizing the nickel hydroxide compound grains 
coated by the cobalt compound and thereby transforming 
same to nickel oxyhydroxide compound grains coated by a 
cobalt compound; a step of adding a anode mixture additive 
to the nickel oxyhydroxide compound grains coated by the 
cobalt compound and granulating a mixture for a anode 
mixture produced thereby; and a step of molding the granu 
lated anode mixture into a anode mold. 

0046. In a more preferable production method of a bat 
tery-use compressed nickel compound anode, the step of 
adding a anode mixture additive to the nickel oxyhydroxide 
compound grains coated by the cobalt compound and granu 
lating a mixture for a anode mixture produced thereby 
includes a roller compaction processing step for preparing 
compressed powder by introducing the mixture for the 
anode mixture between double rolls; a granulation process 
ing step for granulation by introducing the compressed 
powder between double rolls having mating projections on 
roll surfaces thereof, and a sorting processing step for 
sorting the granulated powder of a desired grain size range 
by using a sieve. 
0047. In this method, the double rolls preferably apply a 
stress per unit length in the range from 1.5x10 to 3.5x10' 
N/cm to the mixture for the anode mixture in the roller 
compaction processing step for preparing the compressed 
powder by introducing the mixture for the anode mixture 
between the double rolls. The grain size range in the sorting 
processing step is preferably the range from 200 to 800 um. 
Furthermore, the step of preparing the anode mold prefer 
ably prepares the anode mold by compression molding of 
Sorted grains for the anode mixture to a anode molding 
density in the range from 2.7 to 3.5 g/cm. 

BRIEF DESCRIPTION OF DRAWINGS 

0.048 FIG. 1 is a cross-sectional view of an inside-out 
type battery using the invention; 
0049 FIG. 2 is a flowchart showing steps of a modifi 
cation of production method of a enclosed nickel-Zinc 
primary battery according to the second aspect of the 
invention; 
0050 FIG. 3 is a graph that shows an effect of the 
invention; 
0051 FIG. 4 is a graph that shows an effect of the 
invention; and 
0.052 FIG. 5 is a schematic diagram of an apparatus for 
production ball-shaped nickel hydroxide grains suitable for 
the anode active material in the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Structure of a Enclosed Nickel-Zinc Primary Battery 
0053 FIG. 1 shows an example of application of the 
present invention to a battery of the LR6 type (size AA) 
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according to the JIS standard, which has the so-called 
inside-out structure (the structure in which the can body of 
the battery functions as the anode and the cover of the 
battery functions as the anode). 

0054. In FIG. 1, reference numeral 1 denotes a metal can 
having a bottom-closed cylindrical form, which also func 
tions as the anode. Inside the metal can 1, a anode mixture 
2 containing a anode active material mainly made up of 
ball-shaped grains of a nickel compound and shaped into a 
hollow cylinder is received in contact with the inner surface 
of the metal can 1. 

0055 Agel Zinc cathode material 4 is filled in the hollow 
cavity of the anode mixture 2 via a separator 3 made of 
nonwoven fabric, for example, into a bottom-closed cylin 
der. 

0056. A cathode collector rod 5 in form of a metal rod is 
inserted in the cathode material 4, and one end of the 
negative collector rod 5 projecting above the surface of the 
cathode material 4 is electrically connected to a ring-shaped 
metal plate 7 and a metal plug plate 8 functioning as the 
cathode terminal as well. 

0057. An insulating gasket 6 of a plastic resin such as 
polyamide resin, for example, in form of double rings is 
spread over the inner Surface of the metal can 1 as the anode 
and the exposed outer circumferential surface of the cathode 
collector rod 5 to insulate them from each other. 

0058. The open end of the metal can 1 is caulked and 
sealed liquid-tightly. 

Design Technique of the Enclosed Nickel-Zinc Primary 
Battery 

0059 Explained below is a battery design technique 
necessary for realizing the above-explained enclosed nickel 
Zinc primary battery. 

(1) Determination of the Ratio of the Cathode Theoretical 
Capacity Relative to the Anode Theoretical Capacity 

0060. By establishing capacitive ratios that are value of 
division of various cathode theoretical capacities by the 
anode theoretical capacity (hereinafter simply called capaci 
tive ratios), batteries with anodes regulated in capacity can 
be designed. 

0061. To design a nickel–zinc battery as a secondary 
battery, a capacitive ratio of 2 through 3 is necessary. 
Therefore, for containment in a can body of a predetermined 
volume, the battery capacity can be calculated to be 1500 
mAh through 1900 mAh from the positive and cathode 
theoretical capacities. 

0062 On the other hand, in the present invention design 
ing it as a primary battery, since the capacitive ratio can be 
set as slightly low as 1.0 through 1.6, the capacity can be 
increased by as much as approximately 70% in maximum as 
compared with the design of the secondary battery. 

0063 A main reason why the capacitive ratio of 1.6 is 
regarded as the maximum value in this proposal lies in that 
the discharge band of nickel oxyhydroxide of the anode is 
not always 1.0-valent, but a discharge band approximately 
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1.5-valent from Y-nickel oxyhydroxide to C.-nickel hydrox 
ide can be used under certain conditions. 

0064. That is, capacitive ratios exceeding 1.6 are not 
necessary as designs of primary batteries. 
(2) Relationship Between the Ratio of the Electrolytic 
Solution Relative to the Anode Theoretical Capacity and the 
Utilization Factor of the Anode 

0065. In general, battery design is carried out by using 
one of the anode and the cathode as the capacity regulating 
pole. 

0.066 Alkali batteries, either primary or secondary, are 
usually designed by using their anodes as the capacity 
regulating poles to set the anode theoretical capacities 
slightly lower than the cathode theoretical capacities. 
0067 Thus the optimum amount of use of the electrolytic 
solution can be determined by using its ratio relative to the 
anode theoretical capacity. 
0068 For this purpose, fixing the anode theoretical 
capacity and changing the ratio of the electrolytic solution, 
an optimum ratio of the electrolytic Solution for an experi 
ment is determined. 

(3) Relationship Between Composition of the Electrolytic 
Solution and its Electric Conductivity and Between the 
Utilization Factor of the Anode and its Capacity Mainte 
nance Ratio 

0069. Also regarding the electric conductivity of the 
electrolytic solution, since its relationship with the anode 
theoretic capacity is similarly fundamental, a review is made 
about the relationship of these battery characteristic factors 
with the anode theoretic capacity. 
0070 Through those procedures, an optimum battery for 
the purpose of the present invention can be designed and 
manufactured. 

0071 Remarking that the volume of the part of the 
non-Solid portion in the anode mixture, containing the 
electrolytic Solution impregnated therein, largely affects the 
battery characteristics, by setting the ratio in Volume 
between the non-solid portion and the anode active material 
in the anode mixture and the volume ratio of the non-solid 
portion in the anode mixture (volume ratio of the non-solid 
portion relative to the anode mixture) within respective 
specific ranges, a battery of a high-capacity model especially 
excellent in high-efficiency discharge characteristics will be 
obtained. This battery will be explained below. 

0072 That is, when the volume of the non-solid portion 
in the anode mixture is defined as shown by Equation (1), the 
battery is mainly characterized in that the ratio between the 
volume of the non-solid portion in the anode mixture and the 
volume of the anode active material is set to 0.2:1 through 
0.5:1 and the volume ratio of the non-solid in the anode 
mixture is set in the range from 15 to 30 volume '%. 

(Volume of non-solid portion)=(Volume of anode mix 
ture filled)- (Volume of anode active material)+(Vol 
ume of Solids other than anode active material) 

0073. In Equation (1), the volume of the non-solid por 
tion includes, for example, in addition to voids in the anode 
mixture, an electrolytic Solution added upon formation and 
filling, gelled water-soluble binder, etc., and the volume of 

Equation (1) 
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Solids other than the anode active material includes an 
electrically conductive material Such as, for example, carbon 
grains. 
0074 As explained above, the battery of that embodi 
ment according to the invention is characterized in that the 
ratio between the volume of the non-solid portion in the 
anode mixture and the Volume of the anode active material 
is regulated in the range from 0.2:1 through 0.5:1. If the ratio 
between the volume occupied by the non-solid portion and 
the volume occupied by the anode active material in the 
anode is Smaller than that range, then the moisture in the 
electrolytic solution necessary for discharge reaction of 
nickel oxyhydroxide as the anode active material, which is 
expressed by Equation (2) below, will become scarce locally 
on the Surface of the positive ole active material grains, and 
it will prevent reaction of the battery and deteriorate the 
high-efficiency discharge characteristics. 

0075). On the other hand, if the ratio between the volume 
occupied by the non-solid portion and the Volume occupied 
by the anode active material in the anode is larger than that 
range, then the contact points between solid grains will 
decrease, and it will lower the electrical conductivity of the 
entire anode and decrease the high-efficiency discharge 
characteristics. 

Equation (2) 

0076. Therefore, the ratio between the volume occupied 
by the non-solid portion and the volume occupied by the 
anode active material in the anode is Smaller than that range 
is preferably in the range from 0.2:1 through 0.5:1, more 
preferably in the range from 0.25:1 through 0.4:1 and further 
preferably in the range from 0.28:1 through 0.34:1. 
0077. Furthermore, the battery of the same embodiment 
according to the invention is characterized in that the 
Volume ratio the non-Solid portion occupies in the anode 
mixture is in the range from 15 to 30 volume 96. If the 
volume ratio of the non-solid portion is smaller than the 
range, then it will be liable to suffer from breakage or 
cracking in the anode filled in the metal can, which will 
damage the charge collecting property of the entire anode 
and will deteriorate the discharge capacity. 
0078. On the other hand, if the volume ratio the non-solid 
portion occupies is larger than that range, then the physical 
strength of the anode will weaken, which will result in 
serious droppage of the active material in the Subsequent 
production process and a decrease of the discharge capacity. 

0079 Therefore, in the present invention, the volume 
ratio the non-solid portion occupies is preferably in the 
range from 15 to 30 volume '%, more preferably in the range 
from 18 to 27 volume '% and further preferably in the range 
from 20 to 24 volume 96. 

0080. Also in the battery of this embodiment, electric 
conductivity can be improved by mixing carbon grains in the 
anode mixture. Quantity of the carbon grains, however, is 
preferably limited to or below 10% in mass ratio in the 
anode mixture. 

0081. In the battery of this embodiment, if the quantity of 
the carbon grains in the anode mixture is too much, then the 
mass of the anode active material itself, which can be 
contained in the limited volume of the metal can will 
decrease, and carbon ions generated by oxidation of the 
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carbon grains will accelerate the self-discharge and will 
decrease the discharge capacity. 

0082 Therefore, carbon grains in the anode mixture are 
preferably limited to or below 10 mass %, and more pref 
erably to or below 7 mass %. 
0.083 Taking the enclosed nickel–zinc primary batter 
designed as explained above according to the invention, 
materials of the anode, materials of the cathode, electrolytic 
solutions and methods of production the battery will be 
sequentially explained below in detail. 

Materials of the Anode) 
(Anode Active Materials) 
0084. The anode active material used in the present 
invention is mainly made up of grains of a nickel compound, 
which is preferably a nickel hydroxide compound Such as 
nickel hydroxide, nickel oxyhydroxide, or the like. 
0085 Nickel oxyhydroxide, among these materials, is 
advantageous in that as its concentration becomes higher, 
the battery voltage will become higher and the discharge 
capacity will increase. 
0.086 Alternatively, a nickel hydroxide compound that 
contains Zinc or cobalt alone, or both, in a eutectic form, 
especially eutectic nickel oxyhydroxide, is preferable 
because its structural change can be minimized even under 
a low electrolytic Solution ratio and stable discharge is 
ensured. 

0087 Quantity of zinc or cobalt that is mixed in nickel 
oxyhydroxide or other nickel hydroxide compound is pref 
erably adjusted in the range from 1 to 12%, or more 
preferably, in the range from 4 to 7%. 

0088. If the quantity of zinc is below 1%, the utilization 
factor will decrease, and under certain conditions, Swelling 
of the anode will change the shape of the battery. If it is 
below 12%, then nickel purity will relatively decrease, and 
a resultant decrease of the specific gravity will decrease the 
capacity density unacceptably for a high-capacity model. 

0089. The surface of the nickel hydroxide compound 
grains, including those eutectic grains, is desirably coated by 
at least one material selected from the group consisting of 
cobalt oxyhydroxide, dicobalt tetroxide, dicobalt trioxide, 
cobalt oxide, cobalt hydroxide, metallic nickel and metallic 
cobalt because surface coating by Such a material with a high 
electrical conductivity will increase the electrical conduc 
tivity of the entire anode and will improve the discharge 
capacity and the high-efficiency discharge property. 
0090 Quantity of the coating layer is desirably adjusted 
in the range from 2.0 to 6.0 mass % relative to the anode 
active material. 

0091) If the quantity of the coating layer exceeds that 
range, the high-cost problem will arise. If it is below that 
range, the problem of deterioration of the collecting perfor 
mance will arise. 

0092. The use of a complex oxyhydroxide, to which a 
cobalt high-order compound with a high conductivity is 
deposited, is especially preferable from the viewpoint of 
ensuring electronic conductivity among nickel oxyhydrox 
ide grains. 
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0093. As the starting material of the cobalt compound 
deposited on that surface, cobalt hydroxide (Co(OC)), 
cobalt oxide (CoO) bi-cobalt trioxide (CoO) are usable 
among others, and it is oxidized into a highly-conductive 
high-order cobalt oxide such as cobalt oxyhydroxide 
(CoOOH), tri-cobalt tetroxide (CoO). 
(Production Method of the Anode Active Material) 
0094. The above-reviewed anode material according to 
the invention can be manufactured by, for example, the 
following method. 
0.095 Cobalt hydroxide is added to nickel hydroxide 
grains doped with Zinc and cobalt, and a aqueous Solution of 
sodium hydroxide is sprayed to the mixture while being 
stirred. 

0096 Subsequently, the mixture is heated by microwaves 
to form a layer of cobalt high-order oxide on surfaces of the 
nickel hydroxide grains, thereby to obtain complex nickel 
hydroxide grains excellent in conductivity. 

0097. It is possible to further promote oxidation by 
adding an oxidizing agent Such as sodium hypochlorite to 
that reaction system, thereby to obtain complex nickel 
oxyhydroxide grains coated with complete cobalt high-order 
oxide layers and obtain a anode active material remarkably 
excellent in conductivity. 

0098. Alternatively, it is also possible to coat the surfaces 
of nickel hydroxide grains with cobalt or cobalt compound 
grains and obtain complex nickel hydroxide by mixing 
cobalt grains or cobalt compound grains, binding agent like 
CMC and water to grains mainly made of nickel hydroxide. 

0099 For cobalt grains or cobalt compound grains used 
for this purpose, cobalt hydroxide having a specific Surface 
area in the range from 2.5 to 30 m/g is preferably used. 
0.100 When those of this range are used as cobalt grains 
or cobalt compound grains, Sufficient contact areas are 
ensured between nickel hydroxide and cobalt hydroxide, and 
this leads to an improvement of the utilization factor of the 
anode. 

0101 The manufacture of such anode mixtures is 
explained in Japanese Patent Laid-Open Publications Nos. 
hei 10-233229, 10-275620 and 10-188969, and these pro 
duction methods of anode mixtures may be employed in the 
present invention as well. 
0102) The nickel oxyhydroxide grains coating the sur 
faces of high-order cobalt oxide preferably exhibit the 
endothermic peak in the range from 200 to 260° C. in 
differential thermal analysis, and the specific resistance of 
the coat grains is most preferably 100 S2Xcm or less. 
0103) The nickel oxyhydroxide grains preferably contain 
y-nickel oxyhydroxide. 

0.104 More specifically, as a result of a review about the 
structure or configuration of the anode mainly made of the 
nickel oxyhydroxide grains and the electrode or battery 
characteristics, it has been confirmed that nickel oxyhydrox 
ide grains coated by a high-order cobalt compound exhibit 
an especially excellent discharge capacity when the endot 
hermic peak falls in the range from 200 to 260° C. in 
differential thermal analysis (DTA). 



US 2007/0243320 A1 

0105 That is, when the endothermic peak exceeds 260° 
C. or below 200°C., the discharge capacity is slightly small, 
and the high activity is slightly lost; however, when the 
endothermic peak is in the range from 200 to 260° C., the 
most excellent high-efficiency discharge property is 
obtained. 

0106 Nickel oxyhydroxide grains coated by a high-order 
cobalt compound and having the endothermic peak in the 
range from 200 to 260° C. in differential thermal analysis 
exhibit an excellent high-efficiency discharge property when 
their specific resistance is a value not higher than 1000 
G2Xcm, preferably not higher than 300 S2Xcm. 
0107. It is presumed that, when the specific resistance 
exceeds 100 S2Xcm, the high-order cobalt compound coat 
ing the Surfaces contain a large quantity of Substances Such 
as Co-O which are somewhat inactive electrochemically. 
0108 Nickel oxyhydroxide grains coated by a high-order 
cobalt compound and having the endothermic peak in the 
range from 200 to 260° C. in differential thermal analysis 
are, in general, preferably made of materials of B-Oxyhy 
droxide nickel and Y-Oxyhydroxide nickel systems. 
0109 y-nickel oxyhydroxide has a higher valence than 
B-nickel oxyhydroxide and a higher oxygen overvoltage. 
However, it tends to invite a decrease of the apparent 
density, and the packing quantity of the active material 
becomes insufficient for obtaining a Sufficient battery capac 

0110 B-nickel oxyhydroxide has a low oxygen overvolt 
age and involves the problem of capacity deterioration by 
self-discharge; however, the problem of the self-discharge is 
improved by coexistence with Y-oxyhydroxide nickel. 
0111. In the anode active material according to this 
embodiment, nickel oxyhydroxide grains may be simple 
nickel oxyhydroxide, or may contain at least one of Zinc and 
cobalt. 

0112 The nickel oxyhydroxide grains coated by the 
high-order cobalt oxide can be obtained by chemical oxi 
dation carried out by, for example, immersing nickel 
hydroxide grains coated by a high-order cobalt compound 
into a aqueous solution of an oxidizing agent such as 
hydrogen peroxide or hypochlorite while stirring the solu 
tion. 

0113. A more bodily method of fabricating the anode 
active material according to that embodiment will be 
explained below. 
0114 First prepared is mixed powder of powder (grains) 
containing nickel hydroxide as its major component, and 
powder of at least one of metallic cobalt, cobalt hydroxide, 
tri-cobalt tetroxide (CoO) and cobalt oxide (CoO). 
0115 Composition ratio of cobalt and cobalt compounds 

is typically about 0.5 to 20 mass % to ensure a conductivity 
and a discharge capacity required. 
0116) Next, the mixed powder is poured into a vessel 
suitable for stirring, and while the mixed powder is stirred 
in the vessel, an alkali aqueous solution is added to the 
stirred system to obtain a uniform mixture system. 
0117. In this process, the stirred, mixed system is heated 
(preferably to a temperature approximately in the range from 
35 to 160° C.) under the condition where oxygen coexists. 
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0118. In the process of heating, stirring and mixing, a part 
of cobalt or cobalt compound dissolves in form of complex 
ions in the alkali aqueous solution, changes to a high-order 
cobalt oxide containing alkali, thereafter spreads into among 
grains in form of coating Surfaces of nickel hydroxide 
grains, and form a precursor of a conductive matrix. 
0119) Here is typically used a aqueous solution of sodium 
hydroxide as the alkali aqueous solution; however, a mixed 
system of a aqueous solution of sodium hydroxide and a 
aqueous solution of potassium hydroxide or a aqueous 
solution of lithium hydroxide may be used alternatively. 

0.120. The alkali concentration is preferably in the range 
from 1 to 14N, approximately, to Smoothly promote disso 
lution and change to complex ions of the cobalt compound, 
etc. or to facilitate formation of the desired conductive 
matrix. 

0121 The heating means is not limited to a specific 
means, but microwaves are effective from the viewpoint of 
improving the utilization factor of the active material. 
0.122 More specifically, if microwaves are used as the 
heating Source, they vibrate water molecules in the mixed, 
stirred system and uniformly heat the powder component 
like nickel hydroxide grains. As a result, a conductive matrix 
is evenly formed on Surfaces of nickel hydroxide grains. 

0123. Additionally, when microwaves are used as the 
heating source, it is appreciated that the microwave energy 
Supplied tends to enhance the Surface activity by producing 
defects in the crystal structure of nickel hydroxide grains or 
changing the state of micropores. 

0.124 When microwaves are used as the heating source, 
the length of time for irradiation of microwaves is preferably 
set to approximately 20 minutes. 

0.125. After that, 100 parts by mass of nickel hydroxide 
grains coated by the cobalt high-order oxide, 500 parts by 
mass of a 10 mol/l aqueous solution of sodium hydroxide 
and 500 parts by mass of a 12 mass % sodium hypochlorite 
aqueous solution are mixed, heated to the temperature of 
800° C. and Stirred. 

0.126. After the heating and the stirring, the precipitate 
obtained is washed and dried, thereby to obtain a anode 
active material of nickel oxyhydroxide grains coated by 
high-order cobalt. 

0127. The enclosed nickel–zinc primary battery accord 
ing to the invention may next undergo the processing for 
improving the capacity holding coefficient during its storage 
by adding Y, Er, Yb and Ca compounds to the anode active 
material of that nickel compound. 

0.128 Such compounds used in the invention include, for 
example, metal oxides Such as YO, ErOs. YbO, and 
metal fluorides such as CaF2. 

0129. These metal oxides and metal fluorides can be used 
by the amount of 0.1 to 10 mass % or preferably 0.1 to 2 
mass % with respect to the nickel hydroxide, etc. used as the 
anode active material. 

0.130) If the mixed quantity of such metal oxides or metal 
fluorides is below that range, the storage property will not be 
improved. If the mixed quantity is over that range, the 
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quantity of the anode active material will undesirably 
decrease so much and will make it difficult to realize a 
high-capacity model. 

0131. In the present invention, in order to add metal 
oxides or metal fluorides to the nickel compound Such as 
nickel hydroxide, it can be attained by adding grains of those 
metal oxides or metal fluorides to nickel hydroxide grains 
dispersed in an aqueous medium. 
0132 Here is explained a compressed nickel compound 
anode for a battery, which is suitable for use in the enclosed 
primary battery according to the invention. 
0133. This anode is fabricated by compression molding 
of a mixture for the anode mixture containing nickel com 
pound grains as the anode active material, and the nickel 
compound grains used are characterized in having the form 
of balls or semi-balls or being an aggregation of both. 
0134) From the viewpoint of high-density packing in the 
process of compression molding, the nickel compound 
grains preferably have a mean grain size in the range from 
1 to 50 m. 
0135) Further explained below are anodes and their pro 
duction methods according to the embodiment. 
(Anode Active Material: Ball-Shaped Nickel Oxyhydroxide) 
0136 Nickel oxyhydroxide is preferable as the material 
of the nickel compound anode active material used in the 
anode. 

0137 The nickel oxyhydroxide grains can be shaped into 
balls or semi-balls by using the production method 
explained below. 

0138 Ball-shaped grains of the anode active material can 
be increased in packing density upon compression molding, 
and they are preferable for use in inside-out type batteries 
because high-capacity batteries can be realized. 
0139 More specifically, by using ball-shaped crystals of 
nickel oxyhydroxide, the packing density is remarkably 
improved, and a satisfactory value around 2.7 to 3.5 g/cm 
can be obtained. 

0140. The mean grain size of nickel compound grains 
used is preferably in the range from 1 to 50 um because it 
is the mean grain size Suitable for high-density packing in 
compression molding. 

0141. The nickel oxyhydroxide compound may contain 
Zinc and cobalt alone, or both, in a eutectic form. 

0142. The eutectic nickel oxyhydroxide is preferable 
because its crystalline structure is less liable to change. 
0143 Especially when zinc is incorporated in the crystal, 
the crystallographic property of nickel oxyhydroxide can be 
improved, and crystal Swelling upon oxidation or deoxidiza 
tion, i.e. changes in Volume, can be minimized. These 
advantages largely contribute to designs of batteries with a 
low amount of electrolytic solution. 
0144. In case of nickel–zinc batteries made by combining 
a Zinc pole with a nickel oxyhydroxide pole, there is 
employed a means for preventing self-discharge of the Zinc 
pole by dissolving Zinc oxide into an electrolytic solution to 
the saturation point. Non-eutectic nickel oxyhydroxide, 
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however, absorbs Zinc ions into the electrolytic solution 
during its storage, and this effect will decrease. 
0145. In this case, the adverse affect can be removed by 
using nickel oxyhydroxide previously doped with zinc. 
0146 By incorporating cobalt into the crystal, the dis 
charge utilization factor of nickel oxyhydroxide can be 
improved. 

0147 When both Zinc and cobalt are incorporated in the 
crystal, the oxygen overvoltage can be increased, and the 
self-discharge property of the anode can be improved. 
0.148 Quantity of zinc or cobalt incorporated in nickel 
oxyhydroxide is preferably in the range from 1 to 10%, or 
more preferably in the range from 3 to 5%. 
0.149 If the quantity of zinc or cobalt is less than that 
range, the battery may suffer Swelling of the anode, decrease 
of the discharge utilization factor, increase of self-discharge 
of the positive and cathodes, depending on conditions, and 
the discharge capacity will decrease. 
0150. If the quantity exceeds that range, the nickel purity 
relatively decreases to a degree unsuitable for realization of 
a high-capacity model. 
0151. It is preferable to coat surfaces of nickel hydroxide 
with a highly conductive, high-order cobalt compound to 
obtain a complex oxyhydroxide from the viewpoint of 
ensuring satisfactory electronic conductivity among nickel 
Oxyhydroxide grains. 

(Production Method of the Anode Active Material: Produc 
tion Method of Ball-Shaped Nickel Oxyhydroxide) 
0152 Nickel oxyhydroxide grains are manufactured 
through the processes of 1) fabrication of nickel hydroxide, 
2) fabrication of nickel hydroxide coated with a cobalt 
compound, and 3) fabrication of nickel oxyhydroxide coated 
with a cobalt compound. 
0153. The method will be explained in the order of the 
respective processes. 
1) Fabrication of Nickel Hydroxide 
0154 Nickel hydroxide is fabricated by first dissolving 
metallic nickel into an acid and thereafter neutralizing it 
with an alkali. 

0.155 The acid used in this process may be an inorganic 
strong acid such as nitric acid or Sulfuric acid, but the use of 
sulfuric acid is desirable from the viewpoint of minimizing 
self-discharge after being completed into a battery. 
0.156. In this process, dissolution by the strong acid may 
be carried out by adding nickel powder into the sulfuric acid 
or nitric acid while stirring it. 
0157 Still in this process, the step of neutralization by an 
alkali may be carried out by mixing an aqueous solution of 
nickel inorganic acid obtained in the preceding step and a 
strong alkali such as a aqueous Solution of sodium hydrox 
ide. 

0158. In this process, it is important to control crystals of 
nickel hydroxide. 
0159. In the present invention, desired ball-shaped crys 

tals can be obtained by gradually mixing the aqueous 
Solution of nickel inorganic acid and the aqueous solution of 
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the inorganic alkali while stirring them hard and continuing 
the stirring while maintaining pH around 11. 
0160. As a result, crystals having a mean grain size 
around 10 um are obtained. 
0161 In this step, the use of ammonium salt in addition 
to the strong alkali Such as Sodium hydroxide is preferable 
for maintaining pH around 11. 
0162 By additionally using ammonium slat, grains uni 
form in grain size and having a refined form of balls can be 
obtained. 

0163. In the neutralization step, temperature is preferably 
adjusted in the range from 30 to 40° C. 
0164. If the temperature decreases below that range, it is 
undesirable for Supplying crystal components. 
0165. In contrast, if the temperature exceeds that range, 
because of the use of the strong acid and strong alkali 
aqueous solutions, it is not desirable from the viewpoint of 
the equipment cost for safety and the workability. 
0166 In case that the nickel oxyhydroxide according to 
the invention is used in form of incorporating Zinc or cobalt 
is incorporated in a eutectic form, Zinc, cobalt or their 
compound may be dissolved simultaneously upon dissolv 
ing metallic nickel into the strong acid. 
2) Fabrication of Nickel Hydroxide Coated with a Cobalt 
Compound 
0167 The nickel hydroxide crystals obtained in the pre 
ceding process are next coated by cobalt hydroxide. 
0168 Coating by cobalt hydroxide is carried out by 
heating 5 to 7 parts by mass of a cobalt compound having a 
mean grain size of 1 to 5 um with respect to 100 parts by 
mass of ball-shaped crystals of nickel hydroxide having a 
mean grain size of 10um grains to approximately 60 through 
150° C. in a gas atmosphere containing oxygen by means of 
microwaves, for example, and by spraying an alkali aqueous 
solution such as sodium hydroxide by the ratio of 5 to 20 
parts by mass while stirring it, the cobalt hydroxide com 
pound dissolves into the alkali aqueous solution, once pre 
cipitates again in form of Co(OH), while nickel hydroxide 
grains are coated with a film, and thereafter changes to a 
highly conductive cobalt high-order compound Such as 
CoOOH or Co-O. 
0169. As a result, highly conductive nickel hydroxide 
grains having the form of balls and coated by the cobalt 
compound can be obtained. 
0170 The production process of the nickel compound 
coated by cobalt is explained below in detail. 
0171 A predetermined amount of nickel hydroxide 
grains and cobalt hydroxide grains is first introduced into a 
mixer, and stirred and mixed therein. 

0172) While the interior of the mixer is adjusted to 
contain an oxygen-contained atmosphere Such as the ambi 
ent air, a heating means is activated to apply a heat treatment 
for controlling the temperature of the mixture under Stirring 
and mixing to a predetermined value, and while an alkali 
aqueous Solution of a predetermined concentration is Sup 
plied simultaneously from a nozzle, the mixer is driven to 
mix them. 
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0.173) In this process, uniform mixture of the nickel 
hydroxide grains and the cobalt compound grains 
progresses, the alkali aqueous solution simultaneously Sup 
plied adheres onto Surfaces of the mixture, and a reaction 
field is formed on surfaces of the nickel hydroxide grains, in 
which the alkali aqueous solution, cobalt compound grains 
and oxygen coexist. As a result, cobalt compound grains 
changes to a high-order oxide, and it coats the Surfaces of the 
nickel hydroxide grains. 
0.174 The cobalt compound grains may be any of metal 
lic cobalt grains, cobalt hydroxide grains, cobalt trioxide 
grains, cobalt tetroxide grains, cobalt monoxide grains, and 
a mixture of two or more kinds of them. 

0.175. In this case, the content of cobalt compound grains 
in that grain system is preferably adjusted in the range from 
0.5 to 20 weight %. 
0176). If it is less than 0.5 weight %, formation of the 
conductive matrix on Surfaces of the nickel hydroxide grains 
will be insufficient, and the utilization factor will not 
increase. If it is more than 20 weight %, then the relative 
ratio of the nickel hydroxide grains will decrease and will 
lower the discharge capacity. 
0.177 Usable as the alkali aqueous solution are sodium 
hydroxide aqueous solution, potassium hydroxide aqueous 
solution, their mixture, and mixture of lithium hydroxide 
aqueous solution with the above-mentioned systemed solu 
tion. Concentration of this alkali aqueous solution is pref 
erably adjusted in the range from 1 to 14 N. 
0.178 If the concentration is lower than 1 N, its solubility 
for cobalt compound grains contained in the mixture 
decreases, formation of the conductive matrix does not 
develop sufficiently, and the utilization factor of the active 
material cannot be increased. If the concentration is higher 
than 14N, the alkali aqueous solution increases the Viscosity, 
cannot penetrate deep into the grain system Sufficiently, and 
cannot dissolve cobalt compound particles Sufficiently. 
0.179 Quantity of the alkali aqueous solution used is 
preferably adjusted in the range from 5 to 20 parts by mass 
relative to 100 parts by mass of the grain system. 
0180. If it is less than 5 parts by mass, it is difficult to 
dissolve the whole amount of the cobalt compound grains, 
and the utilization of the active material obtained is not 
improved. Additionally, the capacity recovery factor after 
storage of a battery manufactured by using the active 
material does not rise so much. 

0181. If the quantity is more than 20 parts by mass, the 
grain system will be granulated. Thus the quantity used is 
preferably in the range from 10 to 15 parts by mass relative 
to 100 parts by mass of the grain system 
3) Fabrication of Nickel Oxyhydroxide Coated by a Cobalt 
Compound 

0182. The nickel hydroxide coated by the cobalt com 
pound is oxidized into nickel oxyhydroxide coated by the 
cobalt compound by adding water to it to form of a slurry, 
next adding an oxidizing agent to oxidize it. 
0183 In this process, quantities of the nickel hydroxide 
grains coated by the cobalt compound and water are pref 
erably adjusted to the ratio of 100 parts by mass of nickel 
hydroxide grains coated by the cobalt compound and 5 to 30 
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parts by mass of water. As the oxidizing agent, sodium 
hypochlorite, for example, may be used in the present 
invention. 

0184 Sodium hypochlorite may be used in form of a 
aqueous solution of a concentration in the range from 5 to 
15%, or more preferably in the range from 10 to 12%. If the 
concentration is lower than that range, it is undesirable from 
the viewpoint of oxidation of nickel hydroxide coated by the 
cobalt compound. If the concentration exceeds that range, it 
is undesirable for obtaining cobalt-coated nickel oxyhydrox 
ide because the solution becomes significantly unstable 
against air, heat and light. 

0185. Quantity of the oxidizing agent added to the slurry 
of cobalt-coated nickel hydroxide grains is preferably 
adjusted in the range from 105 to 120 in equivalent weight 
with respect to nickel hydroxide. 

0186. As a result, nickel hydroxide can be reliably trans 
formed to nickel oxyhydroxide. 

(Anode Mixture) 
0187. The anode in the present invention is typically 
made by mixing a anode active material, conductive mate 
rial electrolytic Solution, binder, etc. to prepare a anode 
mixture, and shaping it into a anode mixture compact. 

(Fabrication of the Anode Mixture) 
0188 For example, using given source materials, com 
plex nickel hydroxide grains having a cobalt high-order 
oxide on their Surfaces are prepared. Then an oxidizing 
agent is added to obtain complex nickel oxyhydroxide with 
the cobalt high-order oxide. 

0189 The product thus obtained can be confirmed to be 
complex nickel oxyhydroxide grains through identification 
by XRD and by confirming through back titration of ammo 
nium ferrous Sulfate/potassium permanganate that Substan 
tially all quantity of Ni has become trivalent. 
0190. Additionally, the Ni purity of the complex nickel 
oxyhydroxide at that time is measured by EDTA titration or 
ICP analysis to use the measurement as the basis data of the 
later design of the battery. 

0191 The complex nickel oxyhydroxide grains having 
the cobalt high-order oxide on surfaces thereof are used as 
the anode active material. If necessary, carbon particles, for 
example, are mixed as a conductive material an alkali 
electrolytic solution is further added, and a binder, if nec 
essary, is further mixed, thereby to obtain the anode mixture. 

0192 The anode mixture is shaped by a press, for 
example, into a hollow cylindrical shape having an outer 
diameter substantially equal to the inner diameter of the 
metal can, thus to obtain the anode mixture compact. 

0193 In the molded anode mixture, anode active material 
grains and conductive material grains are bound together, 
and the grain boundaries are filled by the electrolytic solu 
tion. 

0194 In the anode mixture compact is made up of the 
anode active material, collector and electrolytic solution, 
composition of respective components is determined taking 
account of the mold strength and other factors. 
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0.195 Since information about the density of the compact 
is required for designing the battery, it must be measured. 
0196. In the present invention, the anode material (anode 
mixture) preferably contains carbon grains to improve the 
electrical conductivity of the anode. 
0197) Usable as the carbon grains is carbon black such as 
graphite, Ketjen black or acetylene black. 
0198 Composition of carbon grains is preferably 
adjusted to a value not larger than 15 mass %, and the range 
of anode active material to carbon grain being 10:3 through 
10 (in mass ratio) is especially recommended. 
0199 If the composition ratio of carbon grains is higher 
than that value, because of a relative decrease of the quantity 
of the active material may render the battery unsuitable for 
a high-capacity model. In contrast, if the composition ratio 
of carbon grains is lower than that range, the electronic 
conductivity relative decreases, and the battery will become 
unsatisfactory in high-output property. 
0200. In the present invention, it is especially preferable 
to choose, as carbon grains to be mixed, those having a 
specific surface area in the range from 1.0 to 30 m/g, 
especially in the range from 10 to 200 m/g or more 
preferably in the range from 0 to 100 m/g. 
0201 In the above-explained case, if the specific surface 
area is less than 1.0 m/g, the grain size is slightly larger than 
desired, and therefore, the collecting efficiency decreases 
and a Sufficiently excellent high-efficiency discharge cannot 
be obtained. 

0202) If the specific surface area exceeds 300 m/g, then 
the carbon grains are readily oxidized, and carbon ions 
generated accelerate the self-discharge and invites a slight 
decrease of the discharge capacity. Therefore, it is recom 
mended to select carbon grains in the above-mentioned 
range. 

0203. In case of those carbon grains, its quantity to be 
mixed is preferably adjusted in the range of 3 through 15 
mass %, more preferably in the range of 5 through 12 mass 
%, or more preferably in the range from 7 to 10 mass %. 
0204 If the quantity of carbon grains contained in the 
anode mixture is less than 3 mass %, it is somewhat difficult 
to obtain a sufficient collecting efficiency, and the high 
efficiency discharge property tends to slightly decrease. 
0205 If it exceeds 15 mass %, it results in decreasing the 
quantity of the anode active material and hence invites a 
light decrease of the battery capacity. 
0206 Carbon grains may be a mixed system of two kinds 
of carbon grains different in specific Surface area. In this 
case, it is especially desirable that the carbon grains are a 
mixed system of 25 through 75 mass % of carbon grains 
having a specific Surface area in the range from 1.0 to 30 
m/g and 75 through 26 mass % of carbon grains having a 
specific surface area in the range from 30 to 300 M/g. 
0207. If the quantity of carbon grains having a specific 
surface area of 30 through 300 m/g is less than 25 mass % 
(and the quantity of carbon grains having a specific Surface 
area of 1.0 to 30 m/g exceeds 75 mass %), the collecting 
efficiency slightly decreases, and a tendency of a slight 
decrease is seen in the discharge capacity. 
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0208. In contrast, if carbon grains having a specific 
surface area of 30 to 300 m/g exceed 75 mass % (and 
carbon grains having a specific Surface area of 1.0 through 
30 m/g are less than 25 mass %), it not only invites an 
increase of the material cost, but also causes the self 
discharge to be accelerated by carbon ions generated by 
oxidation of carbon fine particles, and a tendency of a slight 
decrease is noted in the discharge capacity. 
0209 More specifically, as to configuration of the anode 
by the anode mixture and the property of the electrode or 
battery, the specific Surface area of carbon grains largely 
affects the battery property, and combination and contents of 
carbon grains are deeply related to improvements of the 
batter property. Therefore, appropriate selection and adjust 
ment of the specific Surface area of carbon grains as the 
conductive material, the mixed system of carbon grains 
different in specific Surface area, quantity of carbon grains 
contained in the anode mixture, and so forth, rot only 
improve the high-efficiency discharge property but also 
contribute to realization of a high-capacity model. 
0210. The nickel hydroxide compound as the major com 
ponent of the anode mixture in this embodiment is, for 
example, nickel hydroxide, nickel oxyhydroxide, mixed 
system of nickel hydroxide and nickel oxyhydroxide (hybrid 
system), or a eutectic of any of them and Zinc or cobalt. 
0211. As those nickel hydroxide compound grains, those 
having a mean grains size of 5 through 15 um are typically 
used. 

0212. In the explanation given above, carbon grains 
contained in the anode mixture may be either those Substan 
tially constant or uniform in specific Surface area or those 
prepared by mixing different kinds of carbon grains different 
in specific Surface area as explained above. 

(Molding of the Anode) 
0213 Ball-shaped nickel oxyhydroxide grains according 
to the invention are next molded into a anode through the 
following processes. 

1) Mixture of Anode Mixture Components 

0214) The anode mixture can be obtained by mixing an 
electrically conductive material, binder as a anode mixture 
additive, lubricant, and electrolytic solution, etc. with the 
anode active material. 

0215. The conductive material as a component of the 
anode mixture is used to lower the internal resistance of the 
anode mixture, and graphite is typically used. 

0216) The binder is used to enhance the shape keeping 
ability upon molding the anode mixture and to maintain the 
shape keeping ability during molding and inside the battery. 
Usable as the binder are polyethylene, polypropylene, poly 
tetrafluoroethylene, and so forth. 

0217. The lubricant is used to improve the slide between 
the anode mixture compact and the mold used for molding, 
and thereby to improve the production yield. 

0218 Usable as the lubricant are zinc stearate, calcium 
Stearate, ethylene bis-Stearamide, and so on. The electrolytic 
Solution is used to enhance the ion conductivity in the anode 
mixture and to enhance the molding performance. 
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0219. Here is preferably used the same electrolytic solu 
tion as that used to maintain the ion conduction between the 
positive and cathodes of the battery. 

0220 40% KOH adueous solution is a preferable elec 
trolytic solution. 

0221) Composition ratio of these components of the 
anode mixture is preferably adjusted to 90-92: 4-6:0.05 
0.5:0.05-0.30:4-6 in mass ratio as the anode active materi 
al:conductive material: binderlubricant electrolytic solution. 

0222. These components are mixed by a stirrer such as a 
rotary mixer or Henshcel mixer, for example. 
2) Roller Compaction Processing 

0223 The anode mixture prepared in the preceding pro 
cess is next compressed by a roller compactor and increased 
in packing density for granulation. The roller compactor is 
configured to supply the anode mixture to between double 
rolls, pressurize it and increase the packing density. Its 
compression stress is preferably in the range from 0.5x10 
5x10' N/cm calculated by dividing the applied force by the 
roller width, or more preferably in the range from 1.5x10 
3.5x10 N/cm. 

0224. This roller compactor can improve the throughout 
in proportionally to the square of the radius and the roll 
width. 

3) Granulation Processing 

0225. The anode mixture just after the roller compaction 
processing exhibits the form of a compressed lump. 

0226. In order to preparing a compact from it, it must be 
once granulate into grains. 

0227 For this purpose, granulation processing is carried 
out with a granulator using double rolls having mating 
projections on their Surfaces. 

0228. The anode mixture in form of a compressed lump 
is introduced into the granulator, and crushed into grains. 

0229 Diameters of the grains obtained range from 10 and 
several um to 1 mm, approximately. 

4) Classification Processing 

0230. Anode mixture grains obtained in the preceding 
process are classified into sizes. In the present invention, 
grains in the range from 200 to 800 can form a anode 
mixture compact with a high packing density. 

0231 Granulated powder smaller than 200 um is not 
Suitable because of much time required for measuring granu 
lated powder upon molding by a mold. 

0232 Granulated powder exceeding 800 um is also 
unsuitable because the compact varies in weight upon mold 
ing by a mold. 

0233. It is possible to establish in a mass production plant 
a granulation system in which grains with large diameters 
sifted out by the classification processing are returned to the 
granulation processing and re-used, whereas grains with 
Small diameters are returned to the roller compactor pro 
cessing step and re-used. 
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5) Molding 

0234. The anode mixture grains granulated in the pre 
ceding process are next molded into a anode compact by 
using a mold. 

0235. The anode mixture for the inside-out type has a 
hollow, cylindrical shape, and has a central mandrel. Its 
molding is carried out by filling the anode mixture grains in 
a cylindrical mold having a predetermined Volume and 
driving a male mold. The molding pressure used here 
preferably ranges from 0.5x10 through 9.8x10 Pa. If the 
molding pressure is lower than that range, the packing 
density necessary for the anode mixture cannot be obtained, 
and it will become difficult to hold the grains in contact with 
each other. Therefore, the battery, when completed, cannot 
provide a predetermined discharge capacity. In contrast, if 
the molding pressure exceeds that range, the electrolytic 
solution is difficult to penetrate into the anode mixture, and 
will decrease its utilization factor. 

0236. By using the anode active material grains explained 
above, excellent effects have been confirmed, including that 
the molding density is improved for the reasons explained 
below and that the battery made by using them is improved 
in discharge capacity. 

0237 1) Since the grains form ball-shaped crystals, the 
crystals do not break even when a greater pressure than 
conventional is applied from the roller compactor. There 
fore, the utilization factor does not decrease even in an 
increased molding density, and the real discharge capacity is 
improved significantly. 

0238 Conventionally, the molding density could not be 
increased because the grains had indeterminate shapes. 

0239). Additionally, when the molding density was 
increased, stress concentration was serious, and crystal 
destruction of the active material occurred at that portion 
and decreased the utilization factor. Therefore, the real 
discharge capacity could not be improved even when the 
molding density was increased. 

2) Since the grains are ball-shaped, voids between crystals 
after packing decrease. Therefore, the molding density is 
improved significantly. 

3) Since the compact having an equivalent molding density 
is obtained even when the roller compactor supplied a 
relatively low pressure, the workability has been improved 
remarkably. 

0240 4) The yield from the classification processing has 
been improved. That is, as compared with the primary yield 
around 40% in case of manganese dioxide, the primary yield 
of nickel oxyhydroxide according to the invention has been 
improved to approximately 60%, and the economical effi 
ciency has been improved. 

0241 5) The compact has been improved in strength. As 
a result, the molding yield has been improved, cracking or 
chipping upon introduction of the anode compact into the 
can has been reduced extremely, the powder dust work 
environment has also been improved, and the economical 
efficiency has been improved. 
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(Modification of the Anode Mixture) 
0242. In the enclosed nickel–zinc primary battery accord 
ing to the invention, in case of the anode mixture of the type 
containing the anode active material made of the nickel 
hydroxide compound and graphite as its major components, 
a stearic compound is preferably mixed into the anode 
mixture. 

0243 In this case, the stearic compound is preferably 
mixed by a ratio in the range from 0.05 to 0.5 mass %, 
especially in the range from 0.1 to 0.3 mass % in the anode 
mixture. 

0244 If the composition of the stearic compound exceeds 
that range, the molding workability is not improved Sufi 
ciently, and at the same time, it oppresses the quantity of the 
anode active material. This results in inviting a tendency of 
slightly decreasing the battery capacity, disadvantages in 
cost, disadvantages also from the viewpoint of the electric 
capacity of the battery finally assembled, and adverse affec 
tion to the heavy-load discharging property. 

0245. On the other hand, if the stearic compound is less 
than that range, due to a decrease of the effect of lubricity 
and fluidity of the granular mixture by addition of the stearic 
compound, the molding workability slightly decreases, the 
production yield also decreases slightly, and the mass pro 
ductivity is damaged. 

0246 The stearic compound to be mixed is preferably at 
least one substance selected from Zinc stearate and calcium 
Stearate. 

0247 Since zinc stearate and calcium stearate are excel 
lent in lubricity and the intended object is satisfied by 
addition of a relative small amount of them, they do not 
invite a decrease of the discharge capacity of the battery. 
0248 Still regarding the quantity of those materials to be 
added, composition in that range is desirable for mass 
producing inexpensive nickel-Zinc batteries having a high 
efficiency discharge property and a high capacity as com 
pared with conventional alkali-manganese batteries. 
0249. The stearic compound is preferably used in form of 
powder, and its means grain size is preferably in the range 
from 1 to 10 um. 
0250) If the mean grain size is smaller than that range, it 

is difficult to handle, and it takes time to uniformly coat the 
Surfaces of the granular anode mixture. 
0251. In contrast, if the mean grain size is larger than that 
range, the Stearic compound cannot coat the Surfaces of the 
anode mixture grains Sufficiently and cannot perform the 
effect of improving the lubricity. 
0252 For production the compact made up of the anode 
active material Such as the above-explained nickel hydrox 
ide compound and the anode mixture prepared by mixing 
Stearic compound to graphite, the following method can be 
shown as an example, which includes the step of granulating 
the mixture for the anode mixture containing a nickel 
hydroxide compound and graphite as its major components 
into a granular form, and the step of adding a stearic 
compound to the granular mixture. 

0253 FIG. 2 shows this method as a flowchart in the 
order of its steps. 
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(S1: Dry Stirring) 
0254 Graphite powder is added to nickel oxyhydroxide 
powder as the anode active material, and they are stirred by 
dry stirring using a universal mixer. 
0255 The stirring time is about five minutes. 
0256 In this process, the ratio of graphite to be added 
((mass of graphite powder)/(mass of active material+mass of 
graphite powder)) is preferably in the range from 3 to 10 
mass %, or more preferably in the range from 5 to 8%. If the 
content of graphite exceeds that range, they can be molded 
better an easier, but the discharge capacity decreases and the 
intended object is not satisfied. 
0257) If the content of graphite is less than that range, the 
discharge capacity certainly increases, but the conductivity 
in the anode active material decreases, and it may degrade 
the heavy-load discharge property 
(S2: Wet Stirring) 
0258 An electrolytic solution is added to 100 parts by 
mass of the mixed powder obtained by the dry stirring, and 
they are stirred by wet stirring using a universal mixer. 
0259 Through this process, powder components of the 
anode mixture mixed by dry stirring are united together into 
a moldable condition. 

0260 Quantity of the electrolytic solution used in this 
process is about 2 through 7 parts by mass relative to 100 
parts by mass of the anode mixture components, and stirring 
time of about five minutes will be sufficient. 

(S3: Compression) 

0261) The mixture obtained is next compressed into a 
plate form by a roller press. 
0262 At that time, the roller press is adjusted in pressure, 
etc. to limit the thickness of the plate-like compressed 
mixture within 1 mm. 

(S4: Crushing) 
0263. The plate-like compressed mixture is next crushed 
by a crusher. 
(S5: Sifting) 

0264. The mixture is next classified by an automatic sifter 
of 22 through 100 meshes to separate the anode mixture 
grains having grain sizes in the range from 150 to 710 um 
approximately. 
(S6: Mulling) 
0265 A predetermined amount of stearic compound 
powder is next added to the granular mixture obtained in the 
preceding step, and they are mulled. Mulling time of 
approximately five minutes will be sufficient. 
(Granular Mixture) 
0266 Through that step, a granular mixture containing 
Stearic compound powder adhering onto Surfaces of grains is 
obtained. 

0267 Thereafter, the granular anode mixture is packed in 
a mold, and shaped into a hollow, cylindrical form by 
compression molding. Then it is assembled into a battery 
through a known battery production process. 
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Cathode Materal 
0268. The cathode material used in the present invention 
contains the cathode active material of a Zinc alloy as its 
major component. Here are usable anhydrous silver and 
lead-free Zinc gel that are used in known manganese diox 
ide-Zinc primary batteries. 
(Fabrication of Cathode Mixture) 
0269. For the cathode, anhydrous silver and lead-free 
Zinc gel used in cathodes of known manganese dioxide-Zinc 
primary batteries can be used. Also the cathode gel density 
is necessary as data for designing batteries, it is preferably 
measured beforehand for production batteries. 
0270. The cathode material is preferably a gel for han 
dling. The cathode material can be readily gelled by adding 
an electrolytic Solution and a gum to a cathode material. 
0271 The Zinc alloy used in the present invention may be 
a Zinc alloy not containing either mercury or lead, which is 
known as a mercury-freed Zinc alloy. 
0272 More specifically, a zinc alloy containing 0.06 
mass % of indium, 0.014 mass % of bismuth and 0.0035 
mass % of aluminum is desirable because of the effect of 
preventing generation of hydrogen gas. 

0273 Indium and bismuth are especially desirable for 
improving the discharge performance. 

0274 Areason why the use of a zinc alloy instead of pure 
Zinc as the cathode active material lies in that it delays the 
self-dissolution speed in the alkali electrolytic solution, 
prevents generation of hydrogen gas inside the battery when 
completed as a enclosed battery product, and thereby pre 
vents accidents by liquid leakage. 
0275. The zinc alloy is preferably in form of powder to 
increase the Surface area and to cope with large-current 
discharge. 
0276. The zinc alloy used in the present invention pref 
erably has a mean grain size in the range from 100 to 350 
lm. 

0277 If the mean grain size is smaller than that 100 um, 
then it makes uniform mixture of the electrolytic solution 
and the gelling agent difficult, and at the same time, the 
active surface tends to invite instable behaviors such as 
liability of being oxidized. 
0278 If the mean grain size exceeds 350 um, a decrease 
of the surface area may make it difficult to cope with 
large-current discharge. 

0279 Moreover, if the mean grain size is smaller than 
that range, the material is difficult to handle upon assembling 
the battery, it is difficult to uniformly mix the electrolytic 
Solution and the gelling agent, and the active surface is liable 
to be oxidized and instable. 

0280 The gum used in the present invention may be 
polyvinyl alcohol, polyacrylate, CMC or alginic acid. 
0281 Polyacrylate is especially preferable because of its 
excellent anti-chemical property against strong alkali. 
Electrolytic Solution 
0282. The electrolytic solution used in the present inven 
tion is preferably a aqueous Solution using alkali salt Such as 
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potassium hydroxide or Sodium hydroxide as the solute. 
Potassium hydroxide is especially preferable to use. 

0283. In the present invention, alkali salt such as potas 
sium hydroxide is dissolved in water to form the electrolytic 
Solution, but preferably, a Zinc compound is additionally 
added to the electrolytic solution. 
0284 As the Zinc compound, there are compounds such 
as Zinc oxide and Zinc hydroxide. Among them, Zinc oxide 
is especially preferable. 

0285) A reason of the use of an alkali aqueous solution 
containing at least a Zinc compound as the electrolytic 
solution lies in that self-dissolution of the Zinc alloy in the 
alkali aqueous solution is much less than that of acidic 
electrolytic solutions and that self-dissolution of the Zinc 
alloy in the alkali electrolytic solution is further suppressed 
by generating Zinc ions beforehand by dissolving a Zinc 
compound Such as a Zinc oxide. 
0286 Optimum concentration of the electrolytic solution 

is in the range from 7 to 11 mol/l to obtain a high electrical 
conductivity. 

0287 Thus, in the present invention, an excellent, high 
capacity battery is obtained by optimizing the active mate 
rial and the electrolytic solution in the nickel-Zinc primary 
battery as explained above. 

Production Method of the Battery 
0288 A production method of the enclosed nickel–zinc 
primary battery according to the invention will be explained 
below in detail, following to its process. 
(Processing of the Anode Case 
0289 Here is prepared a cylindrical anode case for a 
battery of the LR6 type (size AA) according to the JIS 
standard obtained by drawing a metal plate prepared by 
plating a Surface of an iron base material with nickel. 
0290 Internal resistance of the battery can be reduced by 

first spraying a paint containing dispersed approximately 20 
mass % of graphite powder onto the inner wall surface of the 
anode case to coat it, then drying the paint by vaporizing the 
Solvent, and thereby forming a graphite-based layer on the 
inner wall Surface of the anode case. 

(Formation of the Anode Mixture (Anode)) 
0291. After that, complex nickel hydroxide grains laying 
a cobalt high-order oxide on their surfaces are prepared by 
using given Source materials, and an oxidizing agent is 
added to obtain complex oxyhydroxide nickel mixed with 
the cobalt high-order oxide. 

0292. The product thus obtained can be confirmed to be 
complex nickel oxyhydroxide grains through identification 
by XRD and by confirming through back titration of ammo 
nium ferrous Sulfate/potassium permanganate that Substan 
tially all quantity of Ni has become trivalent. 

0293 Next mixed and stirred are powder of a anode 
active material and powder of artificial graphite that is a 
conductive agent and provides moldability and separability 
from the mold. 

0294. After that, using a mold for molding the anode 
mixture, which meets battery of the JIS standard LR6 type 
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(size AA), the anode mixture of a hollow, cylindrical shape 
is formed by compression molding. 

(Formation of the Cathode) 
0295). By stirring and mixing mercury-freed zinc alloy 
powder, Zinc oxide-added potassium hydroxide aqueous 
Solution (electrolytic solution) and gelling agent under S 
reduced pressure, a gel Zinc cathode is prepared. 
(Formation of a Separator) 
0296 Nonwoven fabric of polyethylene resin fibers or 
other fibers is rolled and partly bonded by heat welding, 
thereby to obtain a cylindrical body. 

0297 Besides, a round plate is punched out from, for 
example, a polyethylene resin sheet, and the round plate is 
bonded to one end of that cylindrical body by heat welding 
to obtain the cylindrical separator having a bottom. 
(Assemblage of the Alkali Battery) 

0298 The cylindrical anode mixture, gel zinc cathode 
and separator thus prepared are put and disposed inside the 
anode case also serving as the anode terminal, which is for 
a JIS standard LR6 type battery, to make up a size AA alkali 
battery. 

0299 The production method according to this embodi 
ment is characterized in controlling the environment after 
fabrication of the anode active material and preventing its 
deterioration. 

0300. The anode active material, which is a nickel high 
order oxide herein, is made up of nickel oxyhydroxide grains 
as its major component. This compound, however, is sen 
sitive to moisture, and if nickel high-order oxide is exposed 
to an environment containing moisture, it interacts with 
moisture and results in being deoxidized and changed in 
quality to nickel hydroxide. 
0301 Then nickel compound, when completely deoxi 
dized to nickel hydroxide, will no longer generate electro 
motive force, and cannot form a battery. 
0302) Therefore, for using a nickel high-order oxide as 
the anode active material to assemble a battery, the nickel 
high-order oxide is preferably stored in dry air. 
0303 However, a very big system will be necessary for 
completely removing moisture from air, and it will worsen 
the workability in the battery production process. 

0304) Taking account of it, a review was made to realize 
a means for Suppressing interaction between the nickel 
high-order oxide and moisture by using a means replacing 
the means of removing moisture from air, and the invention 
of this method has been completed. 
0305 That is, the method prevents a change in quality of 
the nickel high-order oxide by managing its storage condi 
tion such that it is not exposed to an environment of 30° C. 
or a higher temperature before the step of assembling the 
battery using the nickel high-order oxide. 
0306 Facilities for this purpose can be accomplished by 
cooling the room temperature of the place for storing and 
controlling the anode active material. 
0307. A typical air-conditional system will be acceptable 
for this purpose. 
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0308) A system capable of decreasing the humidity 
simultaneously with temperature adjustment will be more 
preferable. 

(Modification of the Battery Production Method) 
0309 Next explained is a preferable method for produc 
tion the enclosed nickel-Zinc primary battery according to 
the invention. 

0310. This method is characterized in carrying out hot 
aging after assemblage of the battery in the production 
process of the battery. 
0311. The hot aging is preferably continued for 24 to 72 
hours at temperatures in the range from 40 to 80° C. 
0312) When the temperature 0° C. and the time=t 
time). OCV can be adjusted (OCV can be decreased) easily 
by carrying out the aging by combination of the ranges of 
(0:t)=(40-80:24-72). 
0313 A typical conventional method of adjusting OCV is 
to directly connect an arbitrary constant resistor as a coin 
type manganese-lithium primary battery and thereby bring 
about partial discharge. 

0314. This method, however, needs a system such as a 
discharge unit and S Voltage control system for preventing 
excessive discharge. 
0315 That is, the cost of such a system increases the cost 
of the final product. 
0316 Reasons why the voltage adjustment by partial 
discharge using direct connection of a constant resistor 
include (1) the use of an active material not liable to 
self-discharge as the cathode and (2) the use of an active 
material not liable to self-discharge as the anode, regardless 
of whether they are aqueous Solution systems or not. 
0317. As to (1) above, lithium other than the group of 
aqueous Solutions and Zinc of the group of aqueous solutions 
are examples of the cathode active material. 
0318 Lithium other than the group of aqueous solutions, 
when combined with propylene carbonate (PC), for 
example, forms a coat of lithium carbonate compound on its 
Surface, and becomes less liable to self-discharge. 
0319 Zinc of the group of aqueous solutions, when 
combined with potassium hydroxide (KOH wager solution), 
for example, forms a coat of Zinc hydroxide compound, and 
becomes less liable to self-discharge. 
0320 Regarding (2) above, an active material more elec 
tronegative than the oxidizing or deoxidizing potential of the 
electrolytic Solution is typically used. 
0321 For example, manganese dioxide other than the 
group of aqueous solutions and manganese dioxide of the 
group of aqueous Solutions are its examples. 
0322 Each of them can be combined with, for example, 
PC or electrolytic aqueous solution such as KOH aqueous 
solution. However, they both are more electronegative than 
the oxidizing and deoxidizing potential of the electrolytic 
Solution, electrochemical self-discharge does not occur. 
0323 Therefore, it has been efficient to lower the poten 

tial of the positive or cathode, or their both potentials, by 
carrying out partial discharge by direct connection of a 
constant resistor. 
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0324. The nickel–zinc primary battery under develop 
ment by the Inventors uses an alkali electrolytic solution 
containing KOH as its major component. 
0325 Nickel oxyhydroxide is more electropositive than 
the electrolytic Solution (water) oxidizing and deoxidizing 
potential, and runs to self-discharge. 
0326 Taking it into account, the invention provides a 
method of adjusting OCV by bringing about appropriate 
self-discharge by factors of temperature 0 and time t, and is 
effective for eliminating an additional system Such as con 
stant resistor discharge. 
0327 Next explained is a preferable production method 
of a enclosed nickel-Zinc primary battery of a version using 
a nickel high-order oxide Such as nickel oxyhydroxide 
containing Zinc and cobalt alone, or both, in a eutectic form 
as the anode active material. 

0328. This method is characterized in adjusting the stor 
age temperature of the nickel high-order oxide at or below 
30° C. before assemblage of the battery, and reliably con 
trols the nickel high-order oxide for the anode with a simple 
system in the production process of the enclosed nickel-Zinc 
primary battery, thereby to prevent a decrease of the capacity 
by self-discharge in the production process of the battery. 
0329. The anode active material may be complex nickel 
oxyhydroxide containing Zinc and cobalt alone, or both, in 
a eutectic form, coated by a cobalt high-order oxide layer. 

EXAMPLES 

0330 Next explained is the present invention by way of 
examples. 

Examples 1 Through 5 and Comparative Examples 
1 Through 4 

0331 Complex nickel hydroxide grains having a cobalt 
high-order oxide on their Surfaces were prepared by adding 
7 parts by weight of Co(OH) to 100 parts by weight of 
nickel hydroxide grains doped with 5% of Zn and 1% of Co, 
and heating with microwaves while stirring them and spray 
ing 15 parts by weight of 10N NaOH. Sodium hypochlorite 
was further added to that system to promote oxidation, 
thereby to obtain complex nickel oxyhydroxide mixed with 
the cobalt high-order oxide. 
0332 The product thus obtained was confirmed to be 
complex nickel oxyhydroxide grains through identification 
by XRD and by confirming through back titration of ammo 
nium ferrous Sulfate/potassium permanganate that Substan 
tially all quantity of Ni had become trivalent. 
0333 Additionally, the Ni purity of the complex nickel 
oxyhydroxide at that time was measured by EDTA titration 
and ICP analysis, and the measurement was 54%. 
0334 Carbon and an electrolytic solution were added to 
the anode active material obtained by that method, and they 
were molded into a anode mixture. 

0335) Respective components of the anode mixture were 
mixed by quantities shown below in weight ratio, taking 
account of the molding strength, etc. of the anode mixture. 
0336 That is, complex nickel oxyhydroxide:carbon: 12N 
KOH=100:6:5, and the molding density at that time was 
3.22 g/cm. 
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0337 For the cathode, a cathode mixture was prepared by 
using anhydrous silver and lead-free Zinc alloy of cathodes 
of known manganese dioxide-zinc-primary batteries. Zinc 
gel composition of the cathode mixture was as follows. 
0338 Zinc water-absorbing binder: 12N 
KOH-100:15:55 

0339) Zinc gel density at that time was 2.70 g/cm. 
0340. The electrolytic solution used was a 12N KOH 
aqueous solution. 

0341 The anode mixture and the cathode gel thus 
obtained were packed into a can while measuring their 
masses, and an electrolytic solution is poured by the ratio of 
1.3 ml/Ah relative to the theoretic capacity of the anode. 
Then, as the configurations shown in Table 1 as Examples 1 
through 3, the can opening was sealed with a seal member 
incorporating a metal plate/cathode top having a collector/ 
gas release vent, thereby to obtain the AA size nickel-Zinc 
primary battery shown in FIG. 1. 

0342. Other batteries were made as Examples 4, 5, and 
comparative examples 3 and 4, in the same manner as the 
battery as Example 3 except that the ratio of the electrolytic 
solution was adjusted to 1.7, 1.6, 1.0 and 0.8 ml/Ah relative 
to the theoretic capacity of the anode. 
0343 Values of the anode theoretic capacity, cathode 
theoretic capacity, cathode? anode theoretic capacity ratio of 
the batteries made are listed in Table 1. 

0344). After the completed batteries were exposed to an 
atmosphere of 20° C. for three days to render them active, 
constant current discharge of 150 mA 1.0V cut-off was 
carried out in an atmosphere of 20° C. 

0345 Thereafter, anode utilization factors were calcu 
lated by dividing the obtained discharge capacities by theo 
retic capacities of the anodes. 

0346 A result thereof is shown in Table 1. 

TABLE 1. 

Ratio 
between Ratio of Anode 

Anode Cathode cathode? electro- utili 
theoretic theoretic anode lytic zation 

Example capacity capacity theoretic solution factor 
No. (mAh) (mAh) capacities (ml Ah) (%) 

Example 1 2S10 2S10 1.O 3 87 
Example 2 2290 2970 1.3 3 86 
Example 3 2100 3350 1.6 3 86 
Example 4 2100 3350 1.6 .6 90 
Example 5 2100 3350 1.6 O 8O 
Comparative 1890 378O 2.O .6 90 
Example 1 
Comparative 1510 4530 3.0 .6 89 
Example 2 
Comparative 2100 3350 1.6 O.8 42 
Example 3 
Comparative 2100 3350 1.6 7 90 
Example 4 

0347 Additionally, batteries as Comparative Examples 1 
and 2 were prepared in the same manner as Example 4 
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except that the ratio between negative/anode theoretic 
capacities employed in conventional nickel-Zinc secondary 
batteries were changes to 2 and 3. 

0348. It can be confirmed from Table 1 that, because the 
secondary battery designs as Comparative Examples 1 and 
2 require a capacity ratio of 2 through 3, they necessarily 
need the theoretic capacities of the positive and cathodes 
shown in Table 1 to accommodate them in a battery can body 
of a limited volume, which results in the batty capacities 
from 1500 to 1900 mAh. 

0349. On the other hand, in case of the batteries of the 
primary battery design according to the invention, since the 
capacity ratio can be as low as 1.0 through 1.6, an increase 
in capacity as much as approximately 70% in maximum 
relative to the batteries as comparative examples has been 
proved to be possible. 

0350. It is understood from Table 1 that the ratio of the 
electrolytic solution relative to the anode theoretic capacity 
is correlated with the utilization factor of the anode that is 
the capacity regulating pole, and that a value from 1.0 
through 1.6 ml/Ah is adequate. In a range (1.7 ml/Ah) 
exceeding 1.6 ml/Ah, the anode utilization factor has already 
met, and addition of the electrolytic solution in excess of that 
will become a Volume loss in the limited internal Volume of 
the battery. 

0351. In a region (0.8 ml/Ah) below 1.0 ml/Ah, the anode 
utilization factor drastically decreases, and it is apparently 
impractical. 

0352. It is presumed that it occurs because the electrolytic 
Solution is insufficient and protons cannot sufficiently dis 
perse into nickel oxyhydroxide of the anode. 

Examples 6 Though 8 and Comparative Example 5 

0353. Two batteries were made as each of the Examples 
in the same manner as Example 4 except that the composi 
tion of the electrolytic solution and the electric conductivity 
were changed from those of the battery according to 
Example 4 in Table 1 to those of Examples 6 through 8 in 
Table 2. 

0354 For the purpose of comparison, a battery (Com 
parative Example 5) having the electric conductivity of 0.16 
S/cm was made. 

0355. After these batteries were exposed to an atmo 
sphere of 20° C. for three days to render them active 
similarly to Examples 1 through 5, they were divided to two 
groups. Batteries of one group were Subjected to constant 
current discharge of 150 mA 1.0 V cut-off in an atmosphere 
of 20°C. whereas batteries of the other group were subjected 
to constant current discharge of 150 mA in an atmosphere of 
20° C. Thus ratios of utilization factors between them were 
regarded as capacity holding coefficients after exposure to 
an atmosphere of 45° C. for two weeks. 

0356. Its results are listed in Table 2. 
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TABLE 2 

Ratio between Ratio of 

cathode? anode electrolytic Composition Electrical 
Example theoretic solution of electrolytic 
No. capacities (ml/Ah) solution (S/cm) 

Example 4 1.6 1.6 12N KOH O41 
Example 5 1.6 1.6 12N NaOH O.20 
Example 6 1.6 1.6 12N KOH- O.35 

1N LiOH 
Comparative 1.6 1.6 12N NaOH- O16 

Example 5 1N LiOH 
Comparative 1.6 1.6 12N KOH- O40 

Example 8 1N NaOH 

0357 Note that the capacity confirmation current is 20 
mA is of 20 mA discharge while the intermediate current is 
150 mA current in case of commercially available, typical 
AA size manganese dioxide-Zinc primary batteries. 
0358 That is, by 150 mA discharge, qualitative judgment 
of comparison of a manganese dioxide-Zinc primary battery 
relative to the discharge rate property is possible. 

0359. It has been known from Table 2 that the electric 
conductivity and the anode utilization factor correlate, and a 
sufficient anode utilization factor is not obtained unless the 
potential conductivity of the electrolytic solution is 0.2 S/cm 
O. O. 

0360. It has also been known that the electrolytic solution 
added with LiOH and NaOH (or NaOH alone) promises a 
higher capacity holding coefficient than the electrolytic 
solution of KOH alone seen in Example 4. 

0361. It has been known, however, that if the ratio of 
LiOH or NaOH rises in the electrolytic solution, since it 
decreases the electrical conductivity and the anode utiliza 
tion factor, they have to be appropriately selected and used 
depending on the purpose of use and the desired property. 

0362. As a result, a system having an electrical conduc 
tivity not lower than 0.2 S/cm, using KOH as the base and 
adding at least one of NaOH and LiOH, or a system using 
NaOH as the base or using NaOH not reaching 12N and 
added with LiOH, is preferable to use. 

0363. Furthermore, in order to ensure an electrical con 
ductivity not lower than 0.2 S/cm by using NaOH or LiOH, 
it may be used by diluting the total alkali salt concentration 
shown in Table 2 from 12 N or 12N-1N=13N to a lower 
concentration Such as 9 through 11. 
0364 Moreover, for the comparison purpose, a commer 
cially available AA size manganese dioxide-Zinc primary 
battery (usually called “alkali battery’) is purchased and its 
discharge capacity was evaluated by similar 150 mA/1.0 V 
cut-off discharge. Thereafter, it was decomposed to deter 
mine the quantity of manganese dioxide in the battery, and 
the utilization factor was evaluated to be 70% from the ratio 
with respect to the theoretic capacity. 

Anode 

conductivity utilization coefficient 
factor (%) (%) 
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Capacity 
holding 

90 85 

72 95 

85 93 

30 98 

90 91 

0365 Batteries as Examples 4, 6 and 7 in Table 2 have 
utilization factors over that of the commercially available 
alkali battery, and this battery system has been confirmed to 
be better in discharge rate property. 

Examples 9 Through 13 

0366 Batteries were made in the same manner as 
Example 4 of Table 1 except that 0.4 parts by weight of four 
kinds of metal oxides or metal fluorides, namely YO, 
ErO, YbO, and CaF, were added. 

0367 The aging condition and the manner of measuring 
the anode utilization factor and the capacity holding coef 
ficient after completion of experimental batteries were the 
same as those of the above-explained method. 

0368 Results thereof are listed in Table 3. 

0369. By comparing the batteries containing oxides of Y. 
Er and Yb and fluoride of Ca added to their anodes and 

having the results of Table 3 with the results of Example 4 
of Table 2. Examples of Table 3 have been confirmed to be 
effective for improving the capacity holding coefficient. 

0370 
3 have satisfactory anode utilization factors equivalent to 
that of Example 4. 

It has also been confirmed that Examples of Table 

0371 Especially, the capacity holding coefficient by 
combination of the batteries having Y.O. added to the 
anodes and 12N KOH-1N NaOH has been confirmed to be 

very excellent. 

0372 This demonstrates that the capacity holding coef 
ficient during storage can be improved by adding Y. Er and 
Yb oxides or Ca fluoride to the anode while appropriately 
adjusting the entire concentration of the electrolytic Solution 
not only of the system containing KOH alone but also of the 
system added with NaOH or LiOH to maintain 0.2 S/cm as 
the electrical conductivity, without degrading the anode 
utilization factor. 
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TABLE 3 

Ratio between Ratio of 
cathode? anode electrolytic Composition Anode 

Example theoretic solution of electrolytic additives 
No. capacities (ml/Ah) solution (mass %) 

Example 9 1.6 1.6 12N KOH Y2O3 
Example 10 1.6 1.6 12N KOH Er-O 
Example 11 1.6 1.6 12N KOH YbO, 
Example 12 1.6 1.6 12N KOH CaF2 
Example 13 1.6 1.6 12N KOH- Yb2O. 

1N NaOH 

0373 Although the Examples shown here were basically 
of the AA size, they are not limited to it but are applicable 
to various sizes. 

0374 Moreover, although the Examples are shown as 
using complex nickel oxyhydroxide coated by a high-order 
cobalt compound as the anode active material, the same 
effects have been confirmed even when using nickel oxy 
hydroxide, and the anode active material is not limited to 
that. 

Examples 14 Through 19 and Comparative 
Examples 6 and 7 

0375 (Preparation of the Anode) 
0376 Mixed powder was obtained by using 90 mass % of 
nickel oxyhydroxide powder coated by cobalt oxyhydrox 
ide, mixing 5.4 mass % of graphite powder to it for 10 
minutes, then adding 4.6 mass % of a aqueous Solution 
containing 40% concentration of potassium hydroxide, and 
mixing them for 30 minutes in a universal mixer. 
0377 The powder was molded by compression molding 
into a hollow, cylindrical form having the outer diameter of 

Volume ratio 

Anode 
utilization coefficient 
factor (%) (%) 
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Capacity 
holding 

89 92 
89 90 
89 90 
90 91 
90 95 

0380. After that, 0.0006 mass % of tetrabutyl ammonium 
hydroxide was added to 35 mass % of a aqueous solution 
containing 35 mass % concentration of potassium hydroxide 
and containing 3.5 mass % of Zinc oxide dissolved, and they 
were stirred for 10 minutes to disperse it sufficiently. There 
after, that mixture of Zinc alloy powder was gradually added 
for four minutes, and stirred and mixed under a reduced 
pressure not exceeding 150 mmHg, and additionally stirred 
in a reduced pressure not higher than 10 mmHg, there by to 
obtain a uniform gel cathode. 
0381 (Assemblage of the Battery) 

0382. Using the gel cathodes obtained in the above 
explained manner, size AA alkali batteries shown in FIG. 1 
were assembled (Example 14). 
0383 For respective LR6 batteries assembled, constant 
current discharge of 150 mA and 1000 mA was carried out 
in an atmosphere of 20° C. after aging for two days, and the 
ratio of discharge capacity relative to the theoretic capacity 
was evaluated as the utilization factor of the anode active 
material. 

0384. Its results are shown in Table 4. 

TABLE 4 

Volume ratio 
of non-solid occupied by Theoretic 150 mA 1000 mA 

portion relative non-solid discharge discharge discharge 150 mA 1000 mA 
Anode to Anode active portion capacity capacity capacity utilization utilization 
mass (g) material (volume %) (mAh) (mAh) (mAh) factor (%) factor (%) 

Example 6 8.7 O.S2 32% 1910 1413 573 74 30 
Example 14 9.0 O46 29% 1980 1743 852 88 43 
Example 15 9.3 O41 279 2051 1825 1046 89 51 
Example 16 9.6 O.36 24% 2121 1909 1209 90 57 
Example 17 1O.O O.31 22% 2.192 1994 1359 91 62 
Example 18 10.3 O.26 1996 2262 2O36 1335 90 59 
Example 19 10.6 O.22 1796 2332 2099 1283 90 55 
Comparative 10.9 O.18 14% 2403 1970 649 82 27 
Example 7 

13.3 mm, inner diameter of 9.0 mm and height of 13.7 mm, 
thereby to obtain a anode mixture pellet. 
0378 (Preparation of the Cathode) 
0379 64.58 mass % of zinc alloy powder containing 0.01 
mass % of In, 0.01 mass % of Bi and 0.003 mass % of Al 
and having a mean grain size in the range from 100 to 300 
um was prepared, and 0.381 mass % of polyacrylic acid was 
added as a gelling agent and stirred for five minutes in a 
universal mixer to mix them uniformly. 

0385) Size AA alkali batteries (Examples, 15, 16, 17, 18, 
19 and Comparative Examples 6 and 7) were manufactured 
in the same manner as Example 14 except that the weight of 
the anode mixture 2, i.e. the weight of the anode, was 
adjusted to 9.3 g, 9.6 g. 10.0 g, 10.3 g, 10.6 g., 8.7 g and 10.9 
gas shown in Table 4. 
0386 Battery properties of these batteries were also 
measured in the same manner as Example 14. 
0387. Its results are listed in Table 4. 
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0388 As shown in Table 4, in case of Comparative 
Example 6 exhibiting 0.52 as the ratio of the volume 
occupied by the noon-solid portion in the anode relative to 
the volume of the anode active material, which is beyond the 
range of the present invention, the discharge capacity of 
1000 mA and the utilization factor are seriously low. 
0389. This occurred because contact points between solid 
particles, namely nickel oxyhydroxide grains and graphite 
grains decreased, and this caused a decrease of the electrical 
conductivity of the entire anode and hence a deterioration of 
the high-efficiency discharge property. 

0390 Also in Comparative Example 7 exhibiting 0.18 as 
the ratio of the volume occupied by the noon-solid portion 
in the anode relative to the volume of the anode active 
material, which is below the range of the present invention, 
the discharge capacity of 1000 mA and the utilization factor 
are seriously low. 
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the collecting performance of the entire anode deteriorated, 
and the discharge capacity was lowered. 

Examples 20 Through 22 and Comparative 
Example 8 

0396) Size AA alkali batteries (Examples 20, 21, 22 and 
Comparative Example 8) were prepared in the same manner 
as Example 17 except that graphite powder was adjusted to 
0 mass %, 2.7 mass %, 8.1 mass % and 10.8 mass % relative 
to 90 mass % of nickel oxyhydroxide powder and that the 
aqueous Solution containing 40 mass % concentration of 
potassium hydroxide to be added was adjusted to 2.3 mass 
%, 3.5 mass %, 5.8 mass % and 6.9 mass %. 

0397) These batteries also underwent measurement of 
battery properties in the same manner as Example 14. 

0398. Its results are listed in Table 5. 

TABLE 5 

Composition Composition Volume ratio 
ratio of Composition ratio of of non-solid Volume ratio Theoretic 150 mA 1000 mA 

anode active ratio of electrolytic portion relative occupied by discharge discharge discharge 150 mA 1000 mA 
material graphite Solution to anode active non-solid capacity capacity capacity utilization utilization 
(mass %) (mass %) (mass %) material portion (mAh) (mAh) (mAh) factor (%) factor (%) 

Example 20 98% O.0% 2.3% O.30 23% 2379 2117 1309 89 55 

Example 21 94% 2.7% 3.5% O.31 23% 2285 2057 1348 90 59 

Example 17 90% 5.4% 4.6% O.31 22% 2.192 1994 1359 91 62 

Example 22 86% 8.1% 5.8% O.31 21% 2098 1888 1259 90 60 

Comparative 82% 10.8% 6.9% O.31 20% 2004 1704 1022 85 51 

example 8 

0391 This occurred because moisture in the electrolytic 
Solution necessary for discharge reaction of nickel oxyhy 
droxide was locally insufficient, and this prevented the 
reaction and deteriorated the high-efficiency discharge prop 
erty. 

0392 Moreover, in case of Comparative Example 6 in 
which the ratio of the volume occupied by the non-solid 
portion in the anode mixture was 32 volume '% beyond the 
range of the present invention, discharge capacity of 150 mA 
and the utilization factor were seriously low. 

0393. This occurred because, due to a degradation of the 
molding strength of the anode packed in a metal can, the 
active material seriously dropped in the Subsequent produc 
tion process and lowered the discharge capacity. 

0394 Also in Comparative Example 7 in which the ratio 
of the volume occupied by the non-solid portion in the anode 
mixture was 14 volume '% below the range of the present 
invention, the discharge capacity of 150 mA and the utili 
zation factor were seriously low. 

0395. This occurred because, due to the likeliness of 
breakage and cracks in the anode packed in the metal can, 

0399. As shown in Table 5, in case of Comparative 
Example 8 having the content of graphite larger than 10 
mass % in the anode mixture, the discharge capacity of 150 
and the utilization factor are decreased. 

0400. This occurred that, because of a decrease in quan 
tity of the active material itself, the discharge capacity 
decreased, and carbonate ions generated by oxidation of 
graphite accelerated self-discharge and thereby caused a 
decrease of the discharge capacity. 

Examples 23, 24 and Comparative Example 9 

0401 Size AA alkali batteries were prepared as Examples 
23 and 24 in the same manner as Example 17 except coating 
nickel oxyhydroxide with metallic nickel and metallic 
cobalt, respectively, instead of coating it with cobalt oxy 
hydroxide. Mother size AA alkali battery was prepared as 
Comparative Example 9 in the same manner as Example 17 
except using nickel oxyhydroxide not coated instead of 
coating it with cobalt oxyhydroxide. 

0402. These batteries also underwent measurement of 
their battery properties in the same manner as Example 1. 

0403. Its results are shown in Table 6. 
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TABLE 6 

Volume ratio 
occupied by Theoretic 150 mA 1000 mA 
non-Solid discharge discharge discharge 150 mA 1000 mA 

Coating portion capacity capacity capacity utilization utilization 
material (volume %) (mAh) (mAh) (mAh) factor (%) factor (%) 

Example 17 Cobalt 22% 2192 1994 1359 91 62 
Oxyhydroxide 

Example 23 Metallic Ni 22% 2192 1972 1315 90 60 
Example 24 Metallic Co 22% 2192 1929 1271 88 58 
Comparative No coating 22% 2192 1819 1140 83 52 
Example 9 

0404 As shown in Table 6. Examples 17, 23 and 24 in 
which nickel oxyhydroxide was coated with cobalt oxyhy 
droxide, metallic nickel and metallic cobalt, respectively, 
exhibited improved 150 mA and 1000 mA discharge capaci 
ties and utilization factors as compared with Comparative 
Example 9 with no coat. 
04.05 This occurred that because surfaces of nickel oxy 
hydroxide were coated by the material having higher elec 
trical conductivities, the electrical conductivity of the entire 
anode was enhanced, and the discharge capacity and the 
high-efficiency discharge property were improved. 

Example 25 

Preparation of the Anode 
0406 5.4 parts by mass of graphite powder are added to 
90 parts by mass of nickel oxyhydroxide grains coated by 
high-order cobalt obtained by the above-explained means of 
preparing the anode active material (having the endothermic 
peak of 235° C. and the specific resistance of 10 S2Xcm), and 
they are stirred and mixed for 10 minutes. 
0407. After that, 4.6 parts by mass of a aqueous solution 
of 40 mass % of potassium hydroxide are added, and they 
are mixed in a universal mixer container for 30 minutes to 
obtain a mixture. 

0408. After that, this mixture is molded by compression 
molding into a hollow, cylindrical body having the outer 
diameter of 13.3 mm, inner diameter of 9.0 mm and height 
(length) of 13.7 mm. Preparation of the cathode 0.381 parts 
by mass of polyacrylic acid (gelling agent) are added to 
64.58 parts by mass of zinc alloy powder containing 0.01 
parts by mass of indium, 0.01 parts by mass of bismuth and 
0.003 parts by mass of aluminum and having a mean grain 
size in the range from 100 to 300 um, and they are stirred and 
mixed in a universal mixer container for five minutes to 
obtain a uniform mixed system. 
04.09. On the other hand, 0.0006 parts by mass of tet 
rabutyl ammonium hydroxide are added to 35 parts b mass 
of aqueous Solution of 35 mass % potassium hydroxide in 
which 3.5 mass % of zinc oxide is dissolved, and they are 
stirred and mixed for 10 minutes to disperse the latter 
sufficiently. 

0410. After that, that mixture of the zinc alloy powder 
system is gradually added to that dispersed system for four 
minutes, and they are stirred and mixed under a reduced 
pressure not higher than 200x10 Pa (150 mmHg). They are 
further stirred and mixed under a reduced pressure not 

higher than 13.3x10 Pa (10 mmHg) for five minutes, 
thereby to obtain a gel cathode of a uniform composition 
system. 

Assemblage of the Battery 

0411 Next using the anode mixture pellet and the gel 
cathode heretofore prepared, a size AA nickel-Zinc primary 
battery whose general configuration is illustrated in FIG. 1 
in a cross-sectional view was assembled by a typical tech 
nique. 

Examples 26 Through 32 and Comparative 
Examples 10 and 11 

0412 Size AA nickel–zinc primary batteries were pre 
pared under the same conditions as those of Example 7 
except the use of nickel oxyhydroxide coated with a high 
order cobalt compound having the physical properties 
(endothermic peak temperature and specific resistance) as 
shown in Table 7. 

0413 Table 7 shows physical properties including those 
of Example 25. 

TABLE 7 

Endothermic 
temperature Specific 

peak resistance Ynickel 
Sample (° C.) (S2 x cm) oxyhydroxide 

Example 25 235 10 Contained 
Example 26 235 3 Contained 
Example 27 235 30 Contained 
Example 28 235 50 Contained 
Example 29 235 100 Contained 
Example 30 235 10 Not contained 
Example 31 2OO 90 Contained 
Example 32 260 30 Contained 
Comparative Example 10 28O 30 Contained 
Comparative Example 11 18O 15 Contained 

0414 For respective assembled nickel–zinc batteries, 150 
mA or 1000 mA constant current discharge was carried out 
in an atmosphere of the temperature of 20° C. after aging of 
approximately 48 hours at the temperature of 25°C., and the 
utilization factors were evaluated from discharge capacities 
relative to theoretic capacities of the anode active materials. 
Its results are shown in Table 8. 
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TABLE 8 

Theoretic 150 mA 1000 mA 150 mA 1000 mA 
discharge discharge discharge utilization utilization 

Sample capacity capacity capacity factor factor 

Example 25 2200 1995 1380 91 63 
Example 26 21SO 1962 1377 93 65 
Example 27 2105 1966 1288 91 60 
Example 28 21SO 1933 12O1 90 55 
Example 29 21SO 1921 1103 89 51 
Example 30 2220 1998 1403 90 63 
Example 31 21SO 1935 1118 90 52 
Example 32 2100 1911 1260 91 60 
Comparative 21SO SO8 210 23 4 
Example 10 
Comparative 21SO 1570 855 73 40 
Example 11 

0415. As appreciated from Table 8, samples using the 
anode materials made of nickel oxyhydroxide coated by a 
high-order cobalt compound having the endothermic peak 
temperatures in differential thermal analysis in the range 
from 200 through 260° C. (Examples) exhibit larger dis 
charge capacities than those of samples using nickel oxy 
hydroxide coated by a high-order cobalt compound having 
endothermic peak temperatures outside the range of 200 to 
260° C. (Comparative Examples). Additionally, samples 
taken as Examples demonstrate the tendency that the high 
efficiency discharge capacity decreases as the specific resis 
tance increases. 

0416) As to the nickel–zinc primary batteries taken as 
Examples 25 and 30, the utilization factors when they are 
discharged by 150 mAh after exposed to the temperature of 
60° C. for 20 hours are 95% of that of Example 30 when 
regarding Example 25 being 100%. This difference is 
assumed to have occurred because of Suppression of self 
discharge by the existence of y-nickel oxyhydroxide. 

Example 33 

0417 Preparation of the Anode 
0418 5.4 parts by mass of graphite powder having the 
specific Surface area of 3.4 m/g and 0.1 parts by mass of 
polyethylene resin as a binder are added to 90 parts by mass 
of complex nickel hydroxide grains having a high-order 
cobalt layer formed on their surfaces, obtained by the 
above-explained means of preparing the anode active mate 
rial, and they are stirred and mixed for 10 minutes. 
0419. After that, 4.6 parts by mass of aqueous solution of 
40 mass % potassium hydroxide, and they are mixed for 30 
minutes in a universal mixer container, thereby to obtain a 
mixture. 

0420 Subsequently, the mixture is molded by compres 
sion molding into a hollow, cylindrical body having the 
outer diameter of 13.3 mm, inner diameter of 9.0 mm and 
height (length) of 13.7 mm. 
0421 Preparation of the Cathode 
0422 0.381 parts by mass of polyacrylic acid (gelling 
agent) are added to 64.58 parts by mass of Zinc alloy powder 
containing 0.01 parts by mass of indium, 0.01 parts by mass 
of bismuth and 0.003 parts by mass of aluminum and having 
a mean grain size in the range from 100 to 300 um, and they 
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are stirred and mixed in a universal mixer container for five 
minutes to obtain a uniform mixed system. 

0423. On the other hand, 0.0006 parts by mass of tet 
rabutyl ammonium hydroxide are added to 35 parts b mass 
of aqueous Solution of 35 mass % potassium hydroxide in 
which 3.5 mass % of zinc oxide is dissolved, and they are 
stirred and mixed for 10 minutes to disperse the latter 
sufficiently. 

0424. After that, that mixture of the zinc alloy powder 
system is gradually added to that dispersed system for four 
minutes, and they are stirred and mixed under a reduced 
pressure not higher than 200x10 Pa (150 mmHg). They are 
further stirred and mixed under a reduced pressure not 
higher than 13.3x10 Pa (10 mmHg) for five minutes, 
thereby to obtain a gel cathode of a substantially uniform 
composition system. 

Assemblage of the Battery 

0425 Next using the anode mixture pellet and the gel 
cathode heretofore prepared, a size AA nickel-Zinc primary 
battery whose general configuration is illustrated in FIG. 1 
in a cross-sectional view was assembled by a typical tech 
nique. 

Examples 34 Through 39 and Comparative 
Examples 12 and 13 

0426 Size ASA alkali zinc primary batteries were pre 
pared under the same conditions as those of Example 33 
except the use of carbon grains having specific Surface areas 
as shown in Table 9 as graphite grains contained in the anode 
mixture 2. 

0427 Table 9 shows those of Example 33 as well. 

TABLE 9 

Content of 

carbon grains 
Specific surface 

area of carbon grain 
Sample (m’g) (mass %) 

Comparative Example 12 O.9 
Example 33 3.4 8.1 
Example 34 1.7 8.1 
Example 35 14 8.1 
Example 36 30 8.1 
Example 37 8O 8.1 
Example 38 145 8.1 
Example 39 270 8.1 
Comparative Example 13 320 8.1 

0428 For respective assembled alkali zinc batteries, 150 
mA or 1000 mA constant current discharge was carried out 
in an atmosphere of the temperature of 20° C. after aging of 
approximately 48 hours, and the utilization factors were 
evaluated from constant current discharge capacities relative 
to theoretic discharge capacities, respective constant current 
discharge capacities and theoretic discharge capacities of the 
anode active materials. Its results are shown in Table 10. 
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TABLE 10 

Theoretic 150 mA 1000 mA 
discharge discharge discharge 150 mA 1000 mA 
capacity capacity (mAh) utilization utilization 

Sample (mAh) (mAh) capacity factor (%) factor (%) 

Comparative 2126 1811 451 85.2 21.2 
Example 12 
Example 33 2126 1856 882 87.3 41.5 
Example 34 2126 1911 1118 89.9 S2.6 
Example 35 2126 1960 1284 92.2 60.4 
Example 36 2126 1981 1341 93.2 63.1 
Example 37 2126 1945 1329 91.5 62.5 
Example 38 2126 1873 1269 88.1 59.7 
Example 39 2126 1684 1184 79.2 55.7 
Comparative 2126 1S63 1063 73.5 SO.2 
Example 13 

0429. As appreciated from Table 10, samples using anode 
mixtures containing carbon grains having specific Surface 
areas in the range from 1.0 through 300 m/g (Examples) 
exhibit satisfactory discharge capacities and utilization fac 
tors for both 150 mA and 1000 mA. 

0430). In contrast, the sample of 0.9 m/g (Comparative 
Example 12) exhibits low 1000 mA discharge capacity and 
utilization factor. 

0431. A reason thereof is assumed to be that contact 
points between Solid grains, namely, nickel oxyhydroxide 
grains and carbon grains, decrease, and this causes a 
decrease of the electrical conductivity of the entire anode 
and a deterioration of the high-efficiency discharge property. 
0432. On the other hand, the sample containing carbon 
grains having the specific surface area of 320 m/g in the 
anode mixture (Comparative Example 2) exhibits low 150 
mA discharge capacity and utilization factor. 
0433) A reason thereof is assumed to be that oxidizing 
reaction of carbon grains is accelerated, and carbonate ions 
generated by the oxidation accelerate self-discharge, thereby 
to decrease the discharge capacity. 

Examples 40 Through 42 and Comparative 
Examples 14 and 15 

0434 Size AA alkali Zinc primary batteries were prepared 
under the same conditions as those of Example 33 except 
that the composition ratio (mass %) of graphite grains used 
as carbon grains contained in the anode mixture 2 and 
having the specific surface area of 30 m/g were adjusted as 
shown in Table 11. 

TABLE 11 

Specific surface Content of 
area of carbon grain carbon grains 

Sample (m’g) (mass %) 

Comparative Example 14 30 2.7 
Example 40 30 5.4 
Example 36 30 8.1 
Example 41 30 10.8 
Example 42 30 13.5 
Comparative Example 15 30 16.2 

0435 For respective assembled alkali zinc batteries, 150 
mA or 1000 mA constant current discharge was carried out 
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in an atmosphere of the temperature of 20° C. after aging of 
approximately 48 hours, and the utilization factors were 
evaluated from constant current discharge capacities relative 
to theoretic discharge capacities, respective constant current 
discharge capacities and theoretic discharge capacities of the 
anode active materials. Its results are shown in Table 12. 

TABLE 12 

Theoretic 150 mA 1000 mA 
discharge discharge discharge 150 mA 1000 mA 
capacity capacity (mAh) utilization utilization 

Sample (mAh) (mAh) capacity factor (%) factor (%) 

Comparative 2257 1607 479 71.2 21.2 
Example 14 
Example 40 2.192 1913 1116 87.3 SO.9 
Example 36 2126 1981 1341 93.2 63.1 
Example 41 2060 1920 1218 93.2 59.1 
Example 42 1994 1861 1067 93.3 53.5 
Comparative 1929 1759 753 912 39.3 
Example 15 

0436. As appreciated from Table 12, the sample using the 
anode mixture 2 containing 2.7 mass % of carbon grains 
(Comparative Example 14) exhibits lower discharge capaci 
ties and lower utilization factors both for 150 mA and 1000 
mA than those of the samples using anode mixtures con 
taining carbon grains in the range from 3 to 15 mass %. 
0437. A reason thereof is assumed to be that a shortage 
occurred in the amount of carbon grains necessary for 
current collection of nickel oxyhydroxide grains, and it 
invited a decrease of the utilization factor. 

0438. The sample using the anode mixture 2 containing 
carbon grains exceeding 15 mass % (Comparative Example 
15) exhibits a low discharge capacity and a low utilization 
factor for 15 mA. 

0439 Areason thereof is assumed to be that a decrease of 
the packed quantity of nickel oxyhydroxide grains causes a 
decrease of the discharge capacity, and carbonate ions 
generated by oxidation of graphite accelerates self-discharge 
and decreases the discharge capacity. 

Examples 43. Through 49 
0440 Size AA alkali Zinc primary batteries were prepared 
under the same conditions as those of Example 33 except 
that carbon grains contained in the anode mixtures 2 are 
those of mixed systems containing graphite grains having 
the specific surface area of 14 m/g and graphite grains 
having the specific surface area Table 11 and that the 
composition ratios of these mixed systems are adjusted to 
8.1 mass %. 

0441 Table 13 shows values of Examples 35 and 39 as 
well. 

TABLE 13 

Composition ratio 
of graphite grains 

Composition ratio 
of graphite grains 

with specific Surface with specific surface Content of 
area of 14 m/g area of 270 m/g graphite grains 

Sample (mass %) (mass %) (mass %) 

Example 35 1OO O 8.1 
Example 43 8O 2O 8.1 
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TABLE 13-continued 

Composition ratio 
of graphite grains 

Composition ratio 
of graphite grains 

with specific Surface with specific surface Content of 
area of 14 m/g area of 270 m /g graphite grains 

Sample (mass %) (mass %) (mass %) 

Example 44 70 30 8.1 
Example 45 60 40 8.1 
Example 46 50 50 8.1 
Example 47 40 60 8.1 
Example 48 30 70 8.1 
Example 49 2O 8O 8.1 
Example 39 1OO O 8.1 

0442. As to respective assembled alkali Zinc primary 
batteries, 150 mA or 1000 mA constant current discharge 
was carried out in an atmosphere of 20° C. after aging of 
approximately 48 hours, and the utilization factors were 
evaluated from constant current discharge capacities relative 
to theoretic discharge capacities, respective constant current 
discharge capacities and theoretic discharge capacities of the 
anode active materials. Its results are shown in Table 14. 

TABLE 1.4 

Theoretic 150 mA 1000 mA 
discharge discharge discharge 150 mA 1000 mA 
capacity capacity (mAh) utilization utilization 

Sample (mAh) (mAh) capacity factor (%) factor (%) 

Example 35 2126 1960 1284 92.2 60.4 
Example 43 2126 1977 1329 93.0 62.5 
Example 44 2126 2011 1367 94.6 64.3 
Example 45 2126 2037 1426 95.8 67.1 
Example 46 2126 2049 1475 96.4 69.4 
Example 47 2126 2026 146S 95.3 68.9 
Example 48 2126 1983 1416 93.3 66.6 
Example 49 2126 1892 1341 89.0 63.2 
Example 39 2126 1684 1184 79.2 55.7 

0443) As appreciated from Table 14, 150 mA and 1000 
mA discharge capacities and utilization factors vary with 
composition ratio between carbon grains having the specific 
surface area of 14 m/g and graphite grains having the 
specific surface area of 270 m/g in the carbon grains 
contained in the anode mixture. 

0444 That is, in the samples in which almost all of 
carbon grains are those having the specific Surface area of 14 
m/g (Examples 35 and 43), it is assumed that, because of a 
Small amount of carbon grains having Small grain sizes, a 
shortage occurs in quantity of carbon grains Surrounding the 
anode active material grains, and degrades the current col 
lection efficiency from the anode active material grains. 
0445. In contrast, in the samples in which almost all of 
carbon grains are those having the specific Surface area of 
270 m/g (Examples 39 and 49), both 150 mA and 1000 mA 
discharge capacities and utilization factors are low. 
0446 Presumably, its reason lies in that carbonate ions 
generated by oxidation of graphite accelerate self-discharge, 
and decreases the discharge capacity. 

Example 50 
0447 Using nickel oxyhydroxide powder after coating 
processing with 5 mass % of cobalt oxyhydroxide as the 
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active material, graphite powder was added and stirred for 
five minutes in a universal agitation mixer. 
0448. The ratio of graphite added was 5%. 
0449) 5 parts by mass of aqueous solution containing 40 
mass % concentration of potassium hydroxide were added to 
100 parts by mass of the mixed powder thus obtained, and 
they were stirred by wet agitation for five minutes in a 
universal mixer. 

0450. After that, the mixture obtained was compressed 
into a plate of a thickness not larger than 1 mm with a roller 
press. 

0451 Subsequently, the plate-like compressed mixture 
was crushed with a crusher, and by classifying the grains 
with an automatic sifter of 22 through 100 meshes, thereby 
to obtain granular mixture having grain sizes from 150 to 
710 um. 
0452. After that, Zinc stearate powder was added to the 
granular mixture thus obtained, and they were stirred to 
obtain a granular mixture containing Zinc Stearate powder 
adhered onto grain Surfaces. 
0453 Quantity of the zinc stearate powder added was 0.1 
mass % relative to the weight of the granular mixture. 

Example 51 
0454. A granular mixture was prepared in the same 
manner as Example 1 except the use of calcium stearate 
powder instead of Zinc Stearate powder as the Stearic acid 
compound. 

Example 52 
0455. A granular mixture was prepared in the same 
manner as Example 50 except the use of nickel oxyhydrox 
ide powder after coating processing by 5 mass % of metallic 
nickel instead of nickel oxyhydroxide powder after coating 
processing by 5 mass % of cobalt oxyhydroxide as the anode 
active material. 

Example 53 
0456. A granular mixture was prepared in the same 
manner as Example 50 except the use of nickel oxyhydrox 
ide powder after coating processing by 5 mass % of metallic 
cobalt instead of nickel oxyhydroxide powder after coating 
processing by 5 mass % of cobalt oxyhydroxide as the anode 
active material. 

Comparative Example 16 

0457. A granular mixture was made in the same manner 
as Example 50 except that Zinc stearate powder was not 
added. 

0458 (Fabrication of the Battery) 
0459 Those five kinds of granular mixtures obtained as 
explained above were molded by compression molding into 
hollow, cylindrical bodies of the size for JIS standard LR6 
type (size AA) by using a tableting machine. 
0460) The molding density employed was 3.20 g/cm. 
0461 For the purpose of comparing separability from the 
mold in the process of compression molding of three kinds 
of granular mixtures into hollow, cylindrical bodies having 
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the molding density of 3.20 g/cm, conditions about squeak 
by friction are shown in Table 15. 

TABLE 1.5 

Example and Comparative Example Squeak 

Example 50 No squeak 
Example 51 No squeak 
Example 52 No squeak 
Example 53 No squeak 
Comparative Example 16 Considerably large Squeak 

0462 According to the result of Table 15, Comparative 
Example 16 using no Stearic acid compound generates 
Squeak upon compression molding of the hollow, cylindrical 
body of a level making mass production difficult. Examples 
50 through 53 using the stearic acid compound exhibit 
certain effects by lubricity of the stearic acid compound. 
0463 Even in case of Comparative Examples not using 
the Stearic acid compound, Squeak can be removed by 
increasing the ratio of graphite added to approximately 10%. 
Nevertheless, taking account of electric capacity after the 
battery is finally assembled, Comparative Examples are 
disadvantageous as compared with Examples 50 though 53. 
0464 Subsequently, in order to compare the moldability 
of the molds of those five kinds of granular mixtures in form 
of hollow, cylindrical bodies having the molding density of 
3.20 g/cm, anti-collapse strength of each mold was mea 
sured by using Rheometer CRX200D made by the manu 
facturer, San Kagaku (n=100). 
0465 Results of the measurement are shown in Table 16 
(average value of n-100). 

TABLE 16 

Example and Comparative Example Anti-collapse strength (N) 

Example 50 7.49 
Example 51 7.45 
Example 52 7.43 
Example 53 7.40 
Comparative Example 16 4.88 

0466 As shown in Table 16, Examples 50 through 53 
resulted in having the strength approximately 1.5 times of 
Such strength of Comparative Example 16 not using the 
Stearic acid compound. 
0467 Presumably, the stearic acid compound added to 
adhere on Surfaces of grains improved the fluidity and 
lubricity of the granular mixture in the mold and enabled a 
mold Substantially uniform in molding density to be molded. 
0468. Even in case of the Comparative Example not 
using the Stearic acid compound, anti-collapse strength of 
the mold can be improved by increasing the ratio of graphite 
added to approximately 10%. Nevertheless, taking account 
of electric capacity after the battery is finally assembled, the 
Comparative Example is disadvantageous as compared with 
Examples 50 though 53. 
0469 For the purpose of comparing the life time of the 
mold for molding five kinds of granular mixtures by com 
pression molding into hollow, cylindrical bodies having the 
molding density of 3.20 g/cm, Table 17 shows changes of 
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the inner diameter of the mold (material: SKDX11, whole 
hardening HRC60) by abrasion after being used for approxi 
mately 1000 hours under the same condition. 

TABLE 17 

Example and Comparative Example Change of the inner diameter 

Example 50 O.1979 
Example 51 O.2O2% 
Example 52 O.206% 
Example 53 O.2019 
Comparative Example 16 O.409% 

0470. As appreciated from the results of Table 17, 
changes of the inner diameter of the mold approximately 
correlate with the squeak, and Examples 50 through 53 were 
improved in lubricity of the granular mixture by adding the 
Stearic acid compound to adhere on grain Surfaces, and the 
stearic acid compound is believed to be useful especially for 
alleviating friction upon removing (pushing out) the molded 
body from the mold. 
0471. As shown above, in these Examples and Compara 
tive Example, the invention was applied to JIS standard LR 
type (size AA) batteries, and nickel-Zinc primary batteries of 
the same size were prepared. 
0472. Although such batteries could be made with the 
anode molding mixtures used in the Examples, some of 
Comparative Examples could not make up batteries because 
they broke, cracked or chipped upon compressive packing 
thereof into anode cases. 

0473 Although the invention employs production meth 
ods of previously making a granular mixture and thereafter 
coat the grain Surfaces with a Stearic acid compound, the 
invention may also employ other methods of adding a stearic 
acid compound simultaneously with dry agitation of the 
anode active material and graphite powder to mix and stir 
them. 

0474 However, the latter methods are more difficult to 
bring about the effect than the former methods because of a 
lower concentration of the Stearic acid compound on grain 
Surfaces, and the former methods are more excellent. 

Example 54 and Comparative Example 17 
0475 Oxidation is promoted by adding sodium 
hypochlorite to 100 parts by mass of nickel hydroxide 
grains, thereby to obtain nickel oxyhydroxide. 
0476. The products thus obtained were confirmed to be 
complex nickel oxyhydroxide grains by XRD identification 
and by confirming Through back titration of ammonium 
ferrous Sulfate/potassium permanganate that almost all 
quantity of Ni has become trivalent. 
0477 O.5 parts by mass of YO, were added to 100 parts 
by mass of that nickel oxyhydroxide, thereby to obtain the 
anode active material. 

0478 By adding carbon and an electrolytic solution to the 
anode active material and molding them, a anode mixture 
was prepared. 
0479. Respective components of the anode mixture were 
mixed and molded by the following mass ratio, taking 
account of the molding strength, etc. of the anode mixture. 
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0480. Nickel oxyhydroxide: Carbon: Electrolytic solu 
tion=100:6:5 

0481). In this case, the molding density was 3.22 g/cm. 
0482 For the cathode, a cathode mixture was prepared by 
using anhydrous silver or lead-free Zinc alloy used in known 
manganese dioxide-Zinc primary batteries. Composition of 
Zinc gel of the cathode mixture was determined as follows. 
0483 Zinc:Water-absorbing binder: 12N 
KOH-100:15:55 

0484 Here again, density of the zinc gel was 2.70 g/cm. 
0485. As the electrolytic solution, a aqueous solution 
mixing 12N KOH and 1N LiOH was used. 
0486 While measuring and adjusting materials in mass 
So as to adjust the anode theoretic capacity to 240 mAh, the 
cathode theoretic capacity to 2640 mAh (negative?anode 
capacity ratio=1.1) and the ratio of the electrolytic solution 
relative to the anode theoretic capacity to 1.2 ml/Ah, the 
anode mixture and the cathode gel obtained by the above 
explained methods are packed in a size AA, inside-out type 
anode can shown in FIGS. 1, and 18 batteries were 
assembled. 

0487. These batteries were divided to six groups each 
including three batteries, and batteries of respective groups 
were put in constant-temperature tanks maintained at 10, 20, 
30, 40, 60 and 80°C., respectively, and OCV measurement 
was periodically measured at the normal temperature to 
evaluate changes of OCV with storage days. Its results are 
shown in FIG. 3. 

0488. It is appreciated from FIG. 3 that effects of OCV 
adjustment by high-temperature aging can be confirmed 
only in the range of (0:t)=(40-80:24-27) where 0 is the 
temperature and t is the time. Although OCV adjustment is 
possible also by aging in a 100° C. constant-temperature 
tank, this is the temperature that boils water and impractical 
from the viewpoint of operating the system. 

0489. As explained above in detail, the invention 
employs high-temperature aging as the method of bringing 
about self-discharge of a battery with a high OCV (open 
circuit voltage) to make it compatible with other batteries. 
This is because batteries are normally shipped approxi 
mately one month later than fabrication thereof, and self 
discharge in the storage period is Small and insufficient for 
OCV adjustment. Thus the batteries are forcibly subjected to 
self-discharge at a high-temperature. 

0490 Therefore, in a business condition where batteries 
are shipped approximately half a year later than fabrication 
thereof, OCV will naturally decrease to an appropriate range 
by self-discharge without the need of forcibly carrying out 
self-discharge. 

0491. The use of self-discharge phenomenon of batteries 
in Such cases does not depart from the concept of the 
invention to bring batteries into compatibility with other 
batteries having different OCV. 

Example 55 

0492. The anode active material used in this Example 
was prepared in the following manner. 
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0493 First prepared are 100 parts by mass of nickel 
hydroxide grains doped with Zinc and cobalt, and 7 parts by 
mass of cobalt hydroxide grains are added. After that, while 
they are stirred in an atmospheric environment, 11 parts by 
mass of sodium hydroxide aqueous solution are sprayed, and 
the mixture is subsequently heated by microwaves, thereby 
to obtain complex nickel hydroxide having a cobalt high 
order oxide layer on surfaces of nickel hydroxide. 
0494. After that, by adding an oxidizing agent such as 
Sodium hypochlorite to that system to promote oxidation, 
complex nickel oxyhydroxide coated by a cobalt high-order 
oxide can be obtained. 

0495. The product obtained was confirmed to be complex 
nickel hydroxide grains by XRD identification. 
0496 Additionally, the ratio of trivalent in whole Ni was 
evaluated by back titration of ammonium ferrous sulfate/ 
potassium permanganate, and this was defined as the oxi 
dation ratio. 

0497. The oxidation ratio then obtained was 100%, and 
all nickel atoms were trivalent. 

0498. Using this anode active material, after storing it for 
arbitrary days in an atmosphere fixed in relative humidity to 
80% and controlled in temperature to 10, 30, 50 and 60°C., 
it was taken out and underwent the same measurement of 
oxidation ratio. 

0499) 
0500. It has been confirmed from FIG. 4 that a difference 
is produced in changes of oxidation ratio with time even in 
an atmosphere having relative humidity as high as 80%, if 
the temperature is controlled. 
0501) That is, it has been confirmed that deterioration of 
nickel high-order oxides by deoxidization can be efficiently 
prevented by keeping the temperature not higher than 30° C. 

Its results are shown in FIG. 4. 

0502. Although not definite, a reason thereof is assumed 
to be that nickel high-order oxides controlled in temperature 
limit the quantity of Saturation vapor under the atmosphere, 
in other words, that the absolute humidity is controlled and 
kinetic energy of water molecules can be limited. 
0503) Regarding self-discharge of the positive ole mate 
rial during its storage, when taking account of the number of 
water molecules around the anode active material grains and 
the degree of their collision, it will be very effective for 
preventing deterioration of the nickel high-order oxide to 
decrease collision of water molecules against the anode 
active material by decreasing the temperature, decreasing 
the quantity of Saturation vapor in that atmosphere, that is, 
by decreasing the number of water molecules and decreasing 
the kinetic energy of the water molecules. 
0504. In the present invention, storage experiments were 
carried out by assuming that the lead time until assembling 
the batteries is 30 days. However, the invention is not 
necessarily limited to it. 
0505 Also, the active material is not limited to complex 
nickel oxyhydroxide. 
0506. This is the case also regarding the production 
method. That is, the same effects will be obtained even with 
nickel oxyhydroxide obtained by using an arbitrary oxidiz 
ing agent. 
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0507 By adding carbon and an electrolytic solution to the 
anode active material obtained by the above-explained 
method and by molding it, the anode mixture was prepared. 
Respective components of the anode mixture were com 
bined by the following weight ratio, taking the molding 
strength, etc. of the anode mixture into consideration. 
0508 Complex nickel oxyhydroxide:carbon: 12N KOH= 
100:6:5 

0509. The density of the mold obtained here was approxi 
mately 3.22 g/cm. 
0510 For the cathode, a cathode mixture was prepared by 
using anhydrous silver or lead-free Zinc alloy used in known 
manganese dioxide-Zinc primary batteries. 
0511 Composition of zinc gel of the cathode mixture was 
determined as follows. 

0512 Zinc:Water-absorbing 
KOH-100:15:55 

binder: 12N 

0513 Density of the zinc gel then obtained was approxi 
mately 2.70 g/cm. 
0514. As the electrolytic solution, a 12N KOH aqueous 
Solution was used. 

0515. The anode mixture and the cathode gel thus 
obtained were packed into a can while measuring their 
masses, and an electrolytic solution is poured by the ratio of 
1.3 ml/Ah relative to the theoretic capacity of the anode. 
Then, the can opening was sealed with a seal member 
incorporating a metal plate/cathode top having a collector/ 
gas release vent, thereby to obtain the AA size nickel-Zinc 
primary battery shown in FIG. 1. 
0516. After the completed batteries were exposed to an 
atmosphere of 20° C. for three days to render them active, 
constant current discharge of 150 mA 1.0V cut-off was 
carried out in an atmosphere of 20°C., thereby to measure 
the discharge capacity. 

0517. As a result, a linearity has been confirmed to exist 
between the oxidation ratio of the anode active material 
obtained here and the discharge capacity of a enclosed 
nickel-Zinc primary battery assembled by using it. 

0518. That is, when the same amount of active material 
is packed, it has been confirmed that those maintaining a 
high oxidation ratio provide a high discharge capacity 
whereas those changed to a low oxidation ratio provide a 
low discharge capacity. 
0519) Although detailed explanation is not made here 
about relations between the humidity and the storage period, 
it will be readily understood that self-discharge of the anode 
active material can be further Suppressed by controlling the 
humidity in addition to the temperature. 

Example 56 

0520. Using the apparatus of FIG. 5, eutectic ball-shaped 
nickel hydroxide containing 5% Zn and 1% Co in a eutectic 
form was first prepared. 
0521. The reaction vessel 21 is equipped with a tube 22 
for separating core generating portions and crystal growth 
portions. While supplying 8 volume 96 of 25% ammonium 
aqueous solution to 2M nickel Sulfate aqueous solution, 
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0.158M zinc sulfate aqueous solution and 0.035M cobalt 
Sulfate aqueous solution, and while controlling pH to 
approximately 11.5 through 11.9 with a pH controller 23, 
6.5M sodium hydroxide solution was continuously supplied, 
and after being stabilized by the residence time of one day, 
slurry was extracted by an overflow technique. 

0522) 
370 C. 

In this process, the temperature was maintained at 

0523 The slurry obtained was repetitively dewatered and 
washed, and when pH of the washing water became 7 
through 8, it was finally dewatered and dried. 
0524 Grains thus obtained were confirmed to be eutectic 
nickel hydroxide of 5% Zn and 1% Co by confirming by 
powder X-ray analysis that the crystals were nickel hydrox 
ide (here was confirmed that Zn and Co peaks did not 
appear) and by confirming that 5% Zn and 1% Co are 
contained in the nickel hydroxide in a eutectic form by 
dissolving the powder in hydrochloric acid and quantita 
tively determining it by atomic absorption. 
0525) Subsequently, after adding 7 parts by mass of 
Co(OH), to 100 parts by mass of nickel hydroxide grains 
containing 5% Zn and 1% Co in a eutectic form, while 
stirring them and spraying 15 parts by mass of 10N NaOH, 
heating by microwaves was carried out to obtain complex 
nickel hydroxide grains including cobalt high-order oxide on 
their surfaces, and sodium hypochlorite was further added to 
the system to promote oxidation. Finally, the mixture 
washed and dried, thereby to obtain complex nickel oxyhy 
droxide including a cobalt high-order oxide. 
0526. The product obtained was confirmed to be complex 
nickel oxyhydroxide grains by XRD identification and by 
confirming by back titration of ammonium ferrous Sulfatef 
potassium permanganate that almost all quantity of Ni had 
become trivalent. 

0527. Additionally, the Ni purity of the complex nickel 
oxyhydroxide at that time was measured by EDTA titration 
or ICP analysis, and was evaluated to be 54%. 
0528. It was also confirmed by a laser technique that 
grain size distribution of complex nickel oxyhydroxide at 
that time drew a curve having the Dso value of 10 um and 
approximated to a regular distribution ranging from 1 to 20 
um, Furthermore, the grains were confirmed to be an aggre 
gation of ball-shaped grains and approximately ball-shaped 
grains by using a scanning electron microscope. 

0529 Graphite and an electrolytic solution were added to 
the anode active material obtained by the above-explained 
method, and through roller compaction processing using a 
roller compactor (WP230x80 manufactured by Turbo 
Kogyo) under a wire pressure in the range from 0.49x10" 
through 4.48x10 N/cm and appropriate granulation pro 
cessing using a granulator (GRN-T-54S manufactured by 
Nippon Granulator), anode mixture grains ware prepared. 
0530. The first yield of grain size classification in the 
range from 200 to 800 um in this process is shown in Table 
18. 

0531. In general, granulation is carried out in a system 
configured to return a part of powder granulated too finely 
to the roller compactor return a part of powder too coarse to 
a granulator. However, when the first yield is high, it 
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contributes to decreasing damage to the active material by 
compression and friction. Therefore, this is a very important 
technique. 

TABLE 1.8 

Molding stress Primary granulation yield 
(x10' N/cm) (%) 

O49 45 
O.99 50 
1.51 55 
2.02 58 
2.51 61 
2.99 63 
3.48 64 
3.97 64 
4.48 64 

0532. It is appreciated from Table 18 that the molding 
stress by the roller compactor is preferably not smaller than 
1.5x10' N/cm. 
0533. In this experiment, the limit of the molding pres 
sure was 4.48x10 N/cm, and under pressures beyond it, a 
torque limiteracted and disabled preparation of compressed 
powder. 
0534) Taking account of the durability of the roller com 
pactor as well, the range from 1.5x10 to 3.5x10' N/cm is 
appropriate. 
0535. After that, granulated powder in the range from 
200 to 800 um obtained by the molding pressure in the range 
from 1.51x10 to 3.48 10 N/cm of the roller compactor was 
packed in a size AA mold, and molded by arbitrary pres 
Sures, thereby to obtain positive mixture grains having 
various molding densities. 
0536 Respective components of the anode mixture are 
mixed by the following weight ratios, taking the molding 
strength, etc. of the anode mixture into account. 
0537) Complex nickel oxyhydroxide:Carbon: 12N KOH= 
100:6:5 

0538 For the cathode, a cathode mixture was prepared by 
using anhydrous silver and lead-free Zinc alloy used for 
known manganese dioxide-Zinc primary batteries. 
0539. The following composition was used as the zinc gel 
composition of the cathode mixture. 
0540 Zinc:Water-absorbing 
KOH-100:15:55 

0541) The zinc gel density then obtained was 2.70 g/cm. 
0542. Used as the electrolytic solution was a 12N KOH 
solution in which ZnO was dissolved to the saturation point. 

binder: 12N 

0543. Using various kinds of anode mixtures thus 
obtained, so as to ensure that the anode becomes the capacity 
regulating pole, a capacitively larger amount of the cathode 
gel was introduced into a can by a given measured mass, and 
the can opening was sealed by crimping with a seal member 
incorporating a metal plate/cathode top having a collector/ 
gas release vent, thereby to obtain the size AA nickel-Zinc 
primary battery shown in FIG. 1. 
0544 Discharge capacities and anode utilization factors 
upon 100 mA/0.8 Vcut discharge at 20° C. relative to the 
molding density of the anode mixture at that time are shown 
in Table 19. 
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0545. It is appreciated from Table 19 that favorable anode 
molding densities range from 2.7 to 3.5 g/cm. 

TABLE 19 

Molding density Discharge capacity Anode utilization factor 
(g/cm) (mAh) (%) 

2.45 1349 8O 
2.72 1647 88 
3.04 1925 92 
3.25 2O58 92 
3.52 218O 90 
3.82 207 7 79 

Comparative Example 18 

0546) Another battery as Comparative Example 18 was 
prepared by the following method. 
0547 The battery as the Comparative Example basically 
has the same configuration except the anode active material 
used in the Examples. 
0548. The anode active material employed here used, as 

its base, nickel hydroxide grains obtained by simply mixing 
sodium hydroxide solution to nickel sulfate solution. 
0549. This is a conventionally used method of preparing 
nickel hydroxide. 

0550 That is, this method does not include either strict 
pH control by using ammonium aqueous Solution or con 
stant stirring during chemical reaction. 
0551 Further, the method does not carry out eutectic 
addition of zinc or cobalt inside either. 

0552. Furthermore, the method does not carry out coating 
by a cobalt compound outside either. 
0553 Alump of nickel hydroxide this obtained was once 
introduced into a known crusher, and crushed into grains of 
a grain size distribution approximately the same as that of 
electrolytic manganese dioxide grains used in typical alkali 
manganese primary batteries (MnO Zn primary batter 
ies). 
0554) That is, the grain were sized such that the Ds value 
by the laser technique became 40 through 50 um, and had 
grain sizes ranging from 1 to 120 Lum. 
0555. Further, the grains thus obtained were oxidized by 
Sodium hypochlorite into nickel oxyhydroxide grains in the 
same manner as the Examples. 
0556. They are next washed and dried, and finally, a light 
stress was added to them to adjust the grain sizes to a 
distribution approximately equal to that before oxidation. 
0557. These grains were confirmed to be nickel oxyhy 
droxide grains similarly by XRD identification and by 
confirming by back titration of ammonium ferrous Sulfatef 
potassium permanganate that Substantially all quantity of Ni 
had become trivalent. 

0558) Additionally, the Ni purity of the nickel oxyhy 
droxide at that time was measured by EDTA titration, and 
evaluated to be 60%. 

0559). Furthermore, it was confirmed through a scanning 
electron microscope that the grains had irregular forms. 
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0560 Using the anode mixture thus obtained, a anode 
mixture of the same composition as that of the Examples 
was prepared and underwent roller compaction processing 
by the molding stress in the range from 0.51x10 to 3.49x 
10' N/cm (WP230x80 manufactured by Turbo Kogyo) and 
adequate granulation processing (GRN-T-54S manufactured 
by Nippon Granulator), thereby to obtain a granular anode 
mixture. 

0561. The first yield of grain size classification in the 
range from 200 to 800 um in this process is shown in Table 
2O. 

TABLE 20 

Molding stress Primary granulation yield 
(x10' N/cm) (%) 

O.S1 27 
1.02 33 
1.52 37 
2.01 41 
2.52 44 
3.03 44 
3.49 44 

0562. It is appreciated from Table 20 that the molding 
stress promising a high granulation yield in this system is in 
the range from 1.5x10 to 2.5x10' N/cm; nevertheless, the 
granulation yield is low in any of the versions as compared 
with Table 18 of Example 56. Thus the Examples are 
confirmed to be superior. 
0563 Especially when it is compared with the yield 
under a molding stress in the preferable range from 1.5x10' 
to 3.5x10' N/cm among Examples, the yield of the Example 
is confirmed to be higher as much as approximately 20%. 

0564) Presumably, its reason lies in that, because the 
nickel oxyhydroxide grains are ball-shaped grains, Substan 
tially ball-shaped grains or their combination, stress con 
centration is alleviated upon roller compaction, and this 
contributes to uniform compression and close packing of 
grains, and hence ensures an adequate strength against later 
granulation by the granulator. 

0565. In this experiment, the limit of the molding pres 
sure was 3.49x10' N/cm, and under molding pressures 
beyond it, a torque limiteracted and disabled preparation of 
compressed powder. 

0566 Its reason can be assumed to lie in that conven 
tional nickel oxyhydroxide grains are irregular in shape and 
stress concentration occurs upon roller compaction. 

0567. After that, by using granulated powder of 200 to 
800 um obtained under a molding pressure (through the 
granulator) in the range from 1.52x10 to 2.52x10 N/cm, 
which was better among Comparative Examples, and by 
packing the granulated powder in a size AA mold and then 
molding it with arbitrary pressures, anode mixture molds 
having various kinds of molding densities were obtained. 

0568. Then, using these anode mixture molds and com 
bining the same Zinc gel, the same Saturated ZnO-contained 
electrolytic solution, etc. as those of Example 56, size AA 
nickel-Zinc primary batteries of the same configuration were 
prepared. 
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0569 Discharge capacities and anode utilization factors 
upon 100 mA/0.8 Vcut discharge at 20° C. relative to the 
anode molding density at that time are shown in Table 21. 

TABLE 21 

Molding density Discharge capacity Anode utilization factor 
(g/cm) (mAh) (%) 

2.11 886 61 
2.32 1134 71 
2.51 1278 74 
2.89 1392 70 

0570. It is appreciated from Table 21 that the molding 
density promising a high granulation yield in this system is 
in the range from 2.32 to 2.89 g/cm; nevertheless, the 
granulation yield is low in any of the versions as compared 
with Table 19 of the Examples (excluding the molding 
density of 2.45 g/cm). Thus the Examples are confirmed to 
be superior. 

0571 Especially when it is compared with the yield 
under a molding density in the preferable range from 2.7 to 
3.5 g/cm among Examples, the yield of the Example is 
confirmed to be higher as much as approximately 20 to 
250%. 

0572 Presumably, its reason lies in the large differences 
not only in molding density but alto in utilization factor by 
the use of ball-shaped grains, Substantially ball-shaped 
grains or their combination as the nickel oxyhydroxide 
grains. 

0573. A reason why a high utilization factor is obtained 
by using nickel oxyhydroxide grains of Example 56 is 
assumed to lie in alleviation of damage to the active material 
upon roller compaction, readiness for compact packing 
because of the spherical shape of the grains, and Sufficient 
and reliable contact between grains. 

0574. It might be another reason thereof that nickel 
oxyhydroxide contains Zinc and cobalt inside in a eutectic 
form and is therefore stable in crystallographic structure. 

0575) Furthermore, a battery made by using a anode mold 
having the molding density of 3.25 g/cm providing the 
highest anode utilization factor among Examples 56 and a 
battery made by using a anode mold having the molding 
density of 2.52 g/cm providing the highest positive utiliza 
tion factor among Comparative Examples 18 were prepared, 
and they were exposed to an atmosphere of 60° C. for 20 
days. Thereafter, by returning the temperature to 20°C., and 
carrying out 100 mA/0.8 Vcut discharge, their anode utili 
Zation factors were calculated, and determining their anode 
utilization factors initially obtained under the same condi 
tions (that is, the positive utilization factor 91% of the 
battery using the anode mold of 3.25 g/cm in Table 19 and 
the anode utilization factor 65% of the battery using the 
anode mold of 2.51 g/cm in Table 21) to be 100%, respec 
tively, relative utilization factors were evaluated. They are 
shown as capacity holding coefficients in Table 22. 
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TABLE 22 

Capacity holding coefficient 
Type of battery (%) 

70 
58 

Example 56 
Comparative Example 18 

0576) From Table 22, superiority of Example 56 to Com 
parative Example 18 is confirmed in terms of capacity 
holding coefficient. 
0577. Its reason is considered to lie in that, because the 
nickel oxyhydroxide grains of the Example contained Zinc 
and cobalt in a eutectic form, its oxygen overvoltage was 
large, and Suppresses self-discharge. 
0578. Another reason may be that the nickel oxyhydrox 
ide grains containing Zinc beforehand in a eutectic form 
could easily take in Zinc ions Saturated in the electrolytic 
Solution during its storage, and as a result, could prevent 
elution of Zing into the electrolytic Solution during storage of 
the cathode and hence could prevent self-discharge in the 
cathode. 

0579. It is further presumed that, because the anode and 
the cathode were prevented from self-discharge, respec 
tively, generation of oxygen gas and hydrogen gas was also 
prevented from the respective poles, which in turn prevented 
oxidation and deoxidization of their opposite poles by those 
gases, and this brought additional good effects for prevent 
ing self-discharge. 
0580 Although the Examples shown here were basically 
of the AA size, they are not limited to it but are applicable 
to various sizes. 

0581 Moreover, although the Examples are shown as 
using complex nickel oxyhydroxide coated by a high-order 
cobalt compound as the anode active material, the same 
effects have been confirmed even when using nickel oxy 
hydroxide, and the anode active material is not limited to 
that. 

INDUSTRIAL APPLICABILITY 

0582. As explained above, the enclosed nickel–zinc pri 
mary battery has excellent properties regarding capacity 
holding coefficient during storage, energy density, high 
efficiency discharge property, and so on, and has a high 
capacity, without losing the discharge rate property. There 
fore, it is optimum for use as a power source of various kinds 
of portable electronic devices such as portable radio sets or 
cassette tape recorders especially in devices required to have 
a heavy-load property. 

0583. The production method of a enclosed nickel–zinc 
primary battery according to the invention is optimum for 
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mass-producing the high-performance battery according to 
the invention, inexpensively, easily and stably. 

1-28. (canceled) 
29. A method of method of producing a battery-use 

compressed nickel compound anode comprising: precipitat 
ing nickel hydroxide compound grains while mixing and 
stirring an inorganic nickel salt aqueous Solution and an 
alkali aqueous solution; coating Surfaces of said nickel 
hydroxide compound grains with a cobalt compound; oxi 
dizing said nickel hydroxide compound grains coated by 
said cobalt compound and thereby transforming same to 
nickel oxyhydroxide compound grains coated by said cobalt 
compound; adding an anode mixture additive to said nickel 
oxyhydroxide compound grains coated by said cobalt com 
pound and granulating a mixture for an anode mixture 
produced thereby; and molding the granulated anode mix 
ture into an anode mold. 

30. The method of producing a battery-use compressed 
nickel compound anode according to claim 29, wherein said 
adding an anode mixture additive to said nickel oxyhydrox 
ide compound grains coated by said cobalt compound and 
granulating a mixture for an anode mixture produced 
thereby, further comprises roller compacting said mixture 
for said anode mixture by introducing said mixture for said 
anode mixture between double rolls to produce a com 
pressed powder, granulating said compressed powder by 
introducing said compressed powder between double rolls 
having mating projections on roll Surfaces thereof to pro 
duce a granulated powder, and Sorting said granulated 
powder of a desired grain size range with a sieve to produce 
a sorted granulated powder. 

31. The method of producing a battery-use compressed 
nickel compound anode according to claim 30, wherein said 
double rolls apply a stress per unit length in the range from 
1.5x10' N/cm to 3.5x10' N/cm to said mixture for said 
anode mixture during said roller compacting by introducing 
said mixture for said anode mixture between said double 
rolls. 

32. The method of producing a battery-use compressed 
nickel compound anode according to claim 30, wherein said 
grain size range of said sorted granulated powder ranges 
from 200 um to 800 um. 

33. The method of producing a battery-use compressed 
nickel compound anode according to claim 32, wherein said 
molding comprises compression molding of said sorted 
granulated powder, having grain sizes ranging from 200 um 
to 800 um, to produce said anode mold having an anode 
molding density ranging from 2.7 g/cm to 3.5 g/cm. 

34-35. (canceled) 


