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Description

TECHNICAL FIELD

[0001] The present invention relates to electrolytic manganese dioxide and a method for its production, and its appli-
cation. More particularly, it relates to electrolytic manganese dioxide to be used as a cathode active material for e.g.
manganese dry cells, particularly alkaline manganese dry cells, and a method for its production.

BACKGROUND ART

[0002] Manganese dioxide is known as a cathode active material for e.g. manganese dry cells, particularly, alkaline
manganese dry cells, and has such merits that it is excellent in storage stability and is inexpensive. In particular, alkaline
manganese dry cells using electrolytic manganese dioxide as the cathode active material are excellent in the cell per-
formance in a wide range of rate, that is low rate discharge, middle rate discharge and high rate discharge, and thus
are widely used in digital cameras, portable information devices, game machines and toys, and further improvement in
cell performance in high rate and middle rate discharge has been desired in recent years.
[0003] Heretofore, in order to improve the cell performance in high rate discharge of an alkaline manganese dry cell,
electrolytic manganese dioxide has been proposed which is characterized in that in XRD measurement using CuKα as
the radiation source, the half width of the (110) is at least 1.8° and less than 2.2°, the peak intensity ratio of X-ray
diffraction peaks (110)/(021) is at least 0.70 and at most 1.10, and further JIS-pH (JIS K1467) is at least 1.5 and less
than 5.0 (Patent Document 1). Further, electrolytic manganese dioxide has been proposed such that the potential
measured in a 40 wt% aqueous KOH solution by using a mercury/mercury oxide reference electrode as the standard
(hereinafter referred to as alkali potential) is high (Patent Documents 2 to 4).
[0004] Further, in order to improve the cell performance in middle rate discharge of an alkali manganese dry cell,
electrolytic manganese dioxide has been proposed such that the potential measured in a 40 wt% aqueous KOH solution
by using a mercury/mercury oxide reference electrode as the standard is at least 280 mV and less than 310 mV, and
the full width at half maximum (FWHM) of the (110) by XRD measurement using CuKα as the radiation source is at least
2.2° and at most 2.9° (Patent Document 5).

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]

Patent Document 1: JP-A-2017-179583
Patent Document 2: Japanese Patent No. 4827501
Patent Document 3: U.S. Patent No. 6527941
Patent Document 4: Japanese Patent No. 5428163
Patent Document 5: Japanese Patent No. 5909845

DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

[0006] Even with the electrolytic manganese dioxides disclosed in Patent Documents 1 to 5, cell performance in high
rate discharge and middle rate discharge is not sufficient, and electrolytic manganese dioxide capable of further improving
cell performance in high rate discharge and middle rate discharge has been desired.
[0007] It is an object of the present invention to provide electrolytic manganese dioxide which is useful as a cathode
active material for a manganese dry cell and an alkaline manganese dry cell excellent in cell performance particularly
in high rate discharge and middle rate discharge, and is different from conventional ones in that the average size of
mesopores is large and the alkali potential is high, a method for its production and its application.

SOLUTION TO PROBLEM

[0008] The present inventors have conducted extensive studies on electrolytic manganese dioxide to be used as a
cathode active material for a manganese dry cell, particularly an alkaline manganese dry cell, and as a result, have
found that by electrolytic manganese dioxide having such features that the average size of mesopores is at least 6.5
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nm and at most 10 nm and the alkali potential is at least 290 mV and at most 340 mV, it becomes to be a cathode
material which is excellent in cell performance particularly in high rate discharge and middle rate discharge, and thus
have accomplished the present invention.
[0009] That is, the present invention resides in the following [1] to [9].

[1] Electrolytic manganese dioxide, characterized in that the average size of mesopores is at least 6.5 nm and at
most 10 nm, and the alkali potential is at least 290 mV and at most 350 mV.
[2] The electrolytic manganese dioxide according to the above [1], characterized in that the sulfate group (SO4)
content is at most 1.5 wt%.
[3] The electrolytic manganese dioxide according to the above [1] or [2], characterized in that the sodium content
is at least 10 wt ppm and at most 5,000 wt ppm.
[4] The electrolytic manganese dioxide according to any one of the above [1] to [3], characterized in that the structural
water content is at least 3.70 wt%.
[5] The electrolytic manganese dioxide according to any one of the above [1] to [4], characterized in that the area
of micropores is at least 46 m2/g and at most 60 m2/g.
[6] A method for producing the electrolytic manganese dioxide as defined in any one of the above [1] to [5], which
comprises producing manganese dioxide by electrolysis in a sulfuric acid/manganese sulfate mixed electrolyte,
characterized in that the sulfuric acid concentration in the electrolyte is continuously increased from low concentration
to high concentration while the manganese/sulfuric acid concentration ratio in the electrolyte is kept constant at 0.50
or lower from the initiation of electrolysis to the completion of electrolysis.
[7] The method for producing the electrolytic manganese dioxide according to the above [6], characterized in that
the temperature of the electrolyte at the time of electrolysis is at least 80°C and at most 98°C.
[8] A cathode active material for a dry cell, characterized by comprising the electrolytic manganese dioxide as defined
in any one of the above [1] to [7].
[9] A dry cell characterized by comprising the cathode active material for a dry cell as defined in the above [8].

ADVANTAGEOUS EFFECTS OF INVENTION

[0010] The electrolytic manganese dioxide of the present invention achieves excellent cell performance particularly
in high rate discharge and middle rate discharge when used as a cathode material of an alkaline dry cell, and further,
according to the production method of the present invention, the electrolytic manganese dioxide of the present invention
can be obtained.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, the present invention will be described in more detail.
[0012] The electrolytic manganese dioxide of the present invention is such that the average size of mesopores is at
least 6.5 nm and at most 10 nm. If the average size of mesopores is smaller than 6.5 nm, the concentration polarization
of the electrolyte retained in the electrolytic manganese dioxide particles tends to be large at the time of discharge and
the voltage drop tends to be large, and as a result, the cell performance particularly in high rate discharge and middle
rate discharge tends to be low. If the average size of mesopores is larger than 10 nm, the density of the electrolytic
manganese dioxide particles tends to be low and as a result, the packing density in the dry cell tends to be low. To
further improve cell performance in high rate discharge and middle rate discharge, the average size of mesopores is
preferably at least 6.5 nm and at most 9.5 nm, more preferably at least 6.5 nm and at most 9.0 nm. The average size
of mesopores is measured in accordance with <Measurement of average size of mesopores> in Examples.
[0013] The electrolytic manganese dioxide of the present invention is such that the alkali potential is at least 290 mV
and at most 350 mV. If the alkali potential is lower than 290 mV, the cell performance particularly in high rate discharge
and middle rate discharge tends to be low. If the alkali potential is higher than 350 mV, the cell performance particularly
after storage tends to be low. The alkali potential is preferably at least 295 mV and at most 335 mV, more preferably at
least 300 mV and at most 330 mV.
[0014] The electrolytic manganese dioxide of the present invention is such that to achieve more excellent cell per-
formance in high rate discharge and to keep high cell performance after storage when used for an alkaline manganese
dry cell, the sulfate group (SO4) content is preferably at most 1.5 wt%, more preferably at most 1.3 wt%.
[0015] The electrolytic manganese dioxide of the present invention is such that to further suppress corrosion of a metal
material such as a can and to further achieve more excellent cell performance in high rate discharge when used for an
alkaline manganese dry cell, the sodium content is preferably at least 10 wt ppm and at most 5,000 wt ppm, more
preferably at least 10 wt ppm and at most 3,000 wt ppm. Sodium content in the electrolytic manganese dioxide is derived
mainly from sodium hydroxide used as a neutralizing agent.
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[0016] The electrolytic manganese dioxide of the present invention is such that to further achieve more excellent cell
performance in high rate discharge when used for an alkaline manganese dry cell, the structural water content is preferably
at least 3.70 wt%, more preferably at least 4.10 wt%. The structural water content means water content quantitatively
measured as the H2O desorption amount at from 110°C to 320°C by thermogravimetric analysis. By setting the temper-
ature range of the thermogravimetric analysis to be at least 110°C, physically adsorbed H2O (water of adhesion) which
desorbs at lower temperature is excluded, and by setting the upper limit to be 320°C, the water content is distinguished
from O2 discharged by reduction of MnO2. The structural water content is measured in accordance with <Measurement
of structural water content> in Examples.
[0017] The electrolytic manganese dioxide of the present invention is such that to further achieve more excellent cell
performance in high rate discharge when used for an alkaline manganese dry cell, the area of micropores is preferably
at least 46 m2/g and at most 60 m2/g, more preferably at least 46 m2/g and at most 53 m2/g. The area of micropores is
measured in accordance with <Measurement of area of micropores> in Examples.
[0018] The electrolytic manganese dioxide of the present invention is such that to achieve more excellent cell per-
formance in high rate discharge of a dry cell to be higher and to maintain the packing density of the cathode mixture in
a dry cell to be higher, the BET specific surface area is preferably at least 20 m2/g and at most 30 m2/g, more preferably
at least 24 m2/g and at most 27 m2/g.
[0019] The electrolytic manganese dioxide of the present invention is such that to readily further improve cell perform-
ance in high rate/middle rate/low rate discharge when used for an alkaline manganese dry cell, the average particle size
is preferably at least 20 mm and at most 80 mm, more preferably at least 20 mm and at most 70 mm.
[0020] Now, the method for producing electrolytic manganese dioxide of the present invention will be described.
[0021] In the method for producing electrolytic manganese dioxide of the present invention, the sulfuric acid concen-
tration in the electrolyte is continuously increased from low concentration to high concentration while the manganese/sul-
furic acid concentration ratio in the electrolyte is kept constant at 0.50 or lower from the initiation of electrolysis to the
completion of electrolysis, whereby electrolytic manganese dioxide such that the average size of mesopores is at least
6.5 nm and at most 10 nm and the alkali potential is at least 290 mV and at most 350 mV can be produced.
[0022] In the method for producing electrolytic manganese dioxide of the present invention, the sulfuric acid concen-
tration in the electrolyte is continuously increased from low concentration to high concentration, and as the low concen-
tration, the sulfuric acid concentration at the initiation of electrolysis is preferably at least 15 g/L and at most 40 g/L, and
as the high concentration, the sulfuric acid concentration at the completion of electrolysis is preferably at least 45 g/L
and at most 75 g/L, and the sulfuric acid concentration at the initiation of electrolysis is more preferably at least 20 g/L
and at most 40 g/L, and as the high concentration, the sulfuric acid concentration at the completion of electrolysis is
more preferably at least 45 g/L and at most 65 g/L.
[0023] As the electrolyte in the electrolytic cell, a sulfuric acid/manganese sulfate mixed solution is used. Here, the
sulfuric acid concentration is a value excluding sulfate ions of manganese sulfate.
[0024] The method for producing electrolytic manganese dioxide of the present invention is not particularly limited,
and to increase the current efficiency and to suppress evaporation of the electrolyte at the time of electrolysis, the
temperature of the electrolyte is preferably at least 80°C and at most 98°C, more preferably at least 90°C and at most 97°C.
[0025] In the method for producing electrolytic manganese dioxide of the present invention, the manganese concen-
tration in the electrolyte feed solution is not limited and may, for example, be preferably at least 20 g/L and at most 60
g/L, more preferably at least 30 g/L and at most 50 g/L.
[0026] In the method for producing electrolytic manganese dioxide of the present invention, the electrolysis current
density is not limited and to increase the production efficiency and to improve the electrodeposition state of the electrolytic
manganese dioxide, it is preferably at least 0.2 A/dm2 and at most 0.7 A/dm2, more preferably at least 0.3 A/dm2 and
at most 0.6 A/dm2.
[0027] The method for producing electrolytic manganese dioxide of the present invention is to mill the electrolytic
manganese dioxide obtained by the electrolysis. For the milling, for example, a roller mill, a jet mill, etc. may be used.
The roller mill may, for example, be a centrifugal roller mill, a vertical type Loesche mill, etc. Among roller mills, in view
of excellency in cost and durability and being suitable for industrial use, preferred is a roller mill which is capable of
milling a raw material having such a hardness that the micro Vickers hardness is at least 400 HV (JIS Z2244), and which
has a mill motor of at least 20 kW and at most 150 kW.
[0028] There is no particular limitation as to the method of using the electrolytic manganese dioxide of the present
invention as a cathode active material for an alkaline manganese dry cell, and by a known method, it may be mixed with
additives and used as a cathode mixture. For example, to the electrolytic manganese dioxide (cathode active material),
graphite for imparting conductivity, an electrolyte, etc. may be added to prepare a mixed powder, which may be press-
molded in a disc-shape or ring-shape to obtain a powder molded body which is useful as a cathode mixture. The cathode
mixture, a negative electrode, a negative electrode current collector, a separator and an electrolyte are put in a cathode
can, which is sealed to obtain a cell (dry cell).
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EXAMPLES

[0029] Now, the present invention will be described in further detail with reference to Examples and Comparative
Examples, but the present invention is by no means limited by these Examples.

<Measurement of average size of mesopores>

[0030] The average size of mesopores of electrolytic manganese dioxide was measured as follows.
[0031] The mesopore size was measured by using high precision multi-sample gas adsorption amount measuring
apparatus (Autosorb-iQ, trade name, manufactured by Anton Paar). The electrolytic manganese dioxide was dehydrated
at 150°C for 4 hours in vacuum, and then using argon as the adsorbent, the argon adsorption amount was measured
at 87 K within a pressure range of from 0.0001 to 760 Torr. NLDFT was applied to the obtained adsorption isotherm to
calculate the pore size distribution, and the pore volume and the pore area of pores within a range of from 2.02 to 49.03
nm were respectively taken as the mesopore volume and the mesopore area. In NLDFT, fitting was conducted using a
zeolite/silica cylindrical pore model. The average size of mesopores was calculated from (4 3 mesopore volume/mes-
opore area).

<Measurement of alkali potential>

[0032] The alkali potential of electrolytic manganese dioxide was measured in a 40 wt% aqueous KOH solution as
follows.
[0033] To 3 g of the electrolytic manganese dioxide, 0.9 g of graphite as a conductive agent was added to obtain a
mixed powder, and 4 ml of a 40 wt% aqueous KOH solution was added to this mixed powder, to obtain a mixture slurry
of the electrolytic manganese dioxide, graphite and the aqueous KOH solution. The potential of the mixture slurry was
measured, using a mercury/mercury oxide reference electrode as the standard, and the obtained value was taken as
the alkali potential of the electrolytic manganese dioxide.

<Measurement of sulfate group and sodium contents>

[0034] The sulfate group and sodium contents in electrolytic manganese dioxide were quantitatively measured by
dissolving the electrolytic manganese dioxide in nitric acid and hydrogen peroxide and measuring the obtained solution
by ICP.

<Measurement of structural water content>

[0035] The structural water content of electrolytic manganese dioxide was measured using a thermogravimetric ana-
lyzer (TG/DTA6300, trade name, manufactured by Seiko Instruments Inc.) as follows.
[0036] Water of adhesion was removed by heating the electrolytic manganese dioxide in the thermogravimetric analyzer
in a stream of nitrogen up to 110°C and holding it for 16 hours. Then, the electrolytic manganese dioxide was heated to
240°C and held for 12 hours, and further heated to 320°C and held for 12 hours, and the weight loss from 110°C to
320°C was taken as the weight of the structural water. Then, the electrolytic manganese dioxide was heated to 620°C
and held for 1 hour to remove substances which can desorb from the electrolytic manganese dioxide, and the weight
after drying was obtained. By dividing the weight of the structural water by the weight after drying, the structural water
content of the electrolytic manganese dioxide was obtained. The heating rate for the measurement was 10°C/hour. The
desorbed substance from 110°C to 320°C being H2O was confirmed by mass spectrometric analysis of the desorbed
substance.

<Measurement of area of micropores>

[0037] The area of micropores of electrolytic manganese dioxide was measured as follows.
[0038] In the pore size distribution calculated by NLDFT as described above, the pore area of pores within a range of
from 0.41 to 2.02 nm was taken as the area of micropores.

<Measurement of BET specific surface area>

[0039] The BET specific surface area of electrolytic manganese dioxide was measured by nitrogen adsorption by a
BET one point method. As the measuring apparatus, a gas adsorption specific surface area measuring apparatus (Flow
Sorb III, trade name, manufactured by Shimadzu Corporation) was used. Prior to the measurement, the electrolytic
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manganese dioxide was dehydrated by heating at 150°C for 1 hour.
[0040] <Measurement of average particle size>
[0041] The average particle size (50% size) of electrolytic manganese dioxide was measured by a particle size dis-
tribution measuring apparatus (Microtrac MT3300EXII, trade name, manufactured by MicrotracBEL Corp.) at HRA mode.
No dispersion treatment such as ultrasonic dispersion was conducted at the time of measurement.

<Measurement of cell performances in high rate discharge and middle rate discharge>

[0042] The cell performances in high rate discharge and middle rate discharge were measured as follows.
[0043] 65 g of the electrolytic manganese dioxide, 2.9 g of graphite and 5.1 g of a 37 wt% aqueous potassium hydroxide
solution were mixed by a V mixer for 20 minutes, calendered by a roller compactor under a pressure of 30 MPa, and
further classified by a sieve into 180 mm to 1 mm to obtain cathode mixture granules. 3.5 g of the cathode mixture
granules were pressed by a mold having an outer diameter of 13 mm and an inner diameter of 9 mm under 2.7 t/cm2

to prepare a ring-shaped molded product. Three such ring-shaped molded products were put in a cathode can for AA
dry cell and pressed under 2.7 t/cm2 to conduct secondary molding.
[0044] In the inside of the ring-shaped secondarily molded cathode mixture, a cylindrical separator was set, 1.6 g of
a 37 wt% aqueous potassium hydroxide solution was dropped on the bottom of the dry cell, the dry cell was left at rest
for 30 minutes, 6 g of an anode gel having 67 wt% of Zn particles mixed with a 37 wt% aqueous potassium hydroxide
solution having polyacrylic acid dissolved, was injected into the inside of the cylindrical separator, and the cathode can
was sealed with an anode can equipped with a current collecting rod to prepare a dry cell. The dry cell was stored at
20°C for 7 days, and the number of 1.5 W pulses was counted in accordance with 1.5 W discharge method as stipulated
by American National Standards Institute (ANSI) and was taken as the cell performance in high rate discharge, and the
discharge capacity measured in accordance with 0.25 A discharge method was taken as the cell performance in middle
rate discharge. Measurement was conducted at 20°C.

EXAMPLE 1

[0045] Electrolysis was conducted by using an electrolytic cell which has a heating device, and a titanium plate as an
anode and a graphite plate as a cathode, which are suspended so as to face each other.
[0046] Using as an electrolyte feed solution an aqueous manganese sulfate solution with a manganese concentration
of 45 g/L, and keeping the electrolysis current density to be 0.34 A/dm2 and the manganese/sulfuric acid concentration
ratio in the electrolyte to be 0.25, electrolysis was conducted for 15 days while the sulfuric acid concentration in the
electrolyte was continuously increased from 38 g/L at the initiation of electrolysis to 63 g/L at the completion of electrolysis.
The temperature of the electrolyte was 93°C until the sulfuric acid concentration reached 40 g/L and changed to 97°C
when the concentration reached 40 g/L.
[0047] After the electrolysis, the electrodeposited plate-shaped electrolytic manganese dioxide was washed with pure
water and then milled to obtain a milled product of the electrolytic manganese dioxide. Then, this electrolytic manganese
dioxide milled product was put in a water bath and stirred, and an aqueous sodium hydroxide solution was added, to
conduct a neutralization treatment so as to bring the pH of the slurry to be 4.2. Then, the electrolytic manganese dioxide
was washed with water, filtered for separation and dried, and subjected to a sieve with an opening of 63 mm to obtain
an electrolytic manganese dioxide powder. Of the obtained electrolytic manganese dioxide, the results of evaluation
(the average size of mesopores, the alkali potential, the sulfate group content, the sodium content, the content of structural
water, the area of micropores, the BET specific surface area, the average particle size, the cell performance in high rate
discharge and the cell performance in middle rate discharge, the same applies hereinafter) are shown in Table 1.
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EXAMPLE 2

[0048] Electrolysis was conducted in the same method as in Example 1 except that the sulfuric acid concentration at
the initiation of electrolysis was 30 g/L, and that the sulfuric acid concentration at the completion of electrolysis was 49
g/L. The results of evaluation of the obtained electrolytic manganese dioxide are shown in Table 1.

EXAMPLE 3

[0049] Electrolysis was conducted in the same method as in Example 1 except that the manganese/sulfuric acid
concentration ratio in the electrolyte was kept at 0.34, that the sulfuric acid concentration at the initiation of electrolysis
was 38 g/L, and that the sulfuric acid concentration at the completion of electrolysis was 56 g/L. The results of evaluation
of the obtained electrolytic manganese dioxide are shown in Table 1.

COMPARATIVE EXAMPLE 1

[0050] Electrolysis was conducted in the same method as in Example 3 except that the manganese/sulfuric acid
concentration ratio in the electrolyte was 0.75 for the first 10 days and was 0.34 for the latter 5 days, and that the
temperature of the electrolyte was kept at 97°C from the initiation to the completion of electrolysis. The results of evaluation
of the obtained electrolytic manganese dioxide are shown in Table 1.
[0051] It is found from Table 1 that by producing electrolytic manganese dioxide at a manganese/sulfuric acid con-
centration ratio and at a sulfuric acid concentration in each of Examples 1 to 3, the obtained electrolytic manganese
dioxide has a larger average size of mesopores, a higher apparent alkali potential and more excellent cell performance
in high rate discharge and middle rate discharge, as compared with Comparative Example 1.
[0052] The entire disclosures of Japanese Patent Application No. 2018-223660 filed on November 29, 2018 and
Japanese Patent Application No. 2019-156545 filed on August 29, 2019 including specifications, claims, drawings and
summaries are incorporated herein by reference in their entireties.

INDUSTRIAL APPLICABILITY

[0053] Since the electrolytic manganese dioxide of the present invention has specific average size of mesopores and
alkali potential, it is useful as a cathode active material for manganese dry cells, in particular alkaline manganese dry
cells, excellent in cell performance particularly in high rate discharge and middle rate discharge.

Claims

1. Electrolytic manganese dioxide, characterized in that the average size of mesopores is at least 6.5 nm and at most
10 nm, and the alkali potential is at least 290 mV and at most 350 mV.

2. The electrolytic manganese dioxide according to Claim 1, characterized in that the sulfate group (SO4) content is
at most 1.5 wt%.

3. The electrolytic manganese dioxide according to Claim 1 or 2, characterized in that the sodium content is at least
10 wt ppm and at most 5,000 wt ppm.

4. The electrolytic manganese dioxide according to any one of Claims 1 to 3, characterized in that the structural
water content is at least 3.70 wt%.

5. The electrolytic manganese dioxide according to any one of Claims 1 to 4, characterized in that the area of
micropores is at least 46 m2/g and at most 60 m2/g.

6. A method for producing the electrolytic manganese dioxide as defined in any one of Claims 1 to 5, which comprises
producing manganese dioxide by electrolysis in a sulfuric acid/manganese sulfate mixed electrolyte, characterized
in that the sulfuric acid concentration in the electrolyte is continuously increased from low concentration to high
concentration while the manganese/sulfuric acid concentration ratio in the electrolyte is kept constant at 0.50 or
lower from the initiation of electrolysis to the completion of electrolysis.

7. The method for producing the electrolytic manganese dioxide according to Claim 6, characterized in that the
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temperature of the electrolyte at the time of electrolysis is at least 80°C and at most 98°C.

8. A cathode active material for a dry cell, characterized by comprising the electrolytic manganese dioxide as defined
in any one of Claims 1 to 5.

9. A dry cell characterized by comprising the cathode active material for a dry cell as defined in Claim 8.
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