
;dee3e<29\"~*6T2+011 DESCRIPTION ALKALINE DRY BATTERY Technical Field   The
present invention relates to an alkaline dry battery which has an excellent
positive electrode utilization rate during discharge under a heavy load and
an intermediate load, and in which a decrease in electrical capacity during
discharge under a light load is suppressed. Background Art With the recent
advancement and development of portable information devices such as
cellular phones, there has been a demand for alkaline dry batteries capable
of discharging under a heavy load. In response to this, for the purpose of
improving heavy load discharge characteristics of alkaline dry batteries,
the conventional alkaline dry batteries have employed, as a positive
electrode additive, an anatase titanium oxide (e. g., Japanese Laid-Open
Patent Publication No. Hei 8-510355), a titanium-containing composite oxide
(e. g., Japanese Laid-Open Patent Publication No. Hei 9-139201) and a
barium compound such as barium sulfate (e.g., International Publication No.
WO 00/30198). However, although the addition of titanium oxide, a   2
titanium-containing composite oxide or a barium compound to a positive
electrode improves the heavy load discharge characteristic to some extent,
it does not yield a sufficient active material utilization rate. Moreover,
in order for the aforesaid conventional additives to provide sufficient
effects, they need to be employed in a large amount. Accordingly) a 



filled amount of manganese dioxide which serves as an active material in
the positive electrode decreases, thereby decreasing the electrical
capacity of the battery and reducing the light load discharge
characteristic thereof. This also causes a great inconvenience for the use
of equipment such as timepieces which require discharging under a light
load, since there still exists a considerable demand for alkaline dry
batteries. It is an object of the present invention to provide an alkaline
dry battery which has excellent heavy load and intermediate load discharge
characteristics) and in which reduction in light load discharge
characteristic is suppressed. Disclosure of Invention In order to solve the
foregoing problems, the present invention provides an alkaline dry battery
which comprises: a negative electrode: an alkaline electrolyte; and a
positive electrode comprising manganese dioxide and a graphite powder,
characterized in that the positive electrode comprises an additive selected
from the group consisting of   3 Ti(OH)4 and Ti0(OH)2. It is preferable
that the positive electrode comprises 0.01 to 5 parts by weight of the
additive per 100 parts by weight of manganese dioxide. When the positive
electrode comprises Ti0(OH)2, the average particle size of T10(OH)Z iS
preferably 10-1 to 10-a m. Brief Description of Drawings 



FIG. 1 is a front view, partly in cross section, of one example of an
alkaline dry battery in accordance with the present invention. Best Mode
for Carrying Out the Invention The present invention improves the positive
electrode active material utilization rate during discharge under a heavy
load and an intermediate load by containing at least one selected from the
group consisting of Ti(OH)4 and T10(OH)2 in the positive electrode. On the
other hand, although the proportion of the positive electrode active
material in the positive electrode material mixture is reduced by the
addition of the aforesaid additives to the positive electrode, the filling
properties of the positive electrode material mixture are improved by the
addition and the filled amount of the positive electrode active material
increases under the same molding conditions since these additives have
functions as a binder. The   4 addition of the aforesaid additives in the
amount range in accordance with the present invention therefore does not
decrease the filled amount of the positive electrode active material, so
that reduction in light load discharge characteristic can be suppressed. As
thus described, the feature of the present invention lies in that the
positive electrode comprises manganese dioxide as a positive electrode
active material, a graphite powder as a conductive agent and at least one
selected from the group consisting of Ti(OH)4 and Ti0(OH)Z as an additive.
It is thought that containing these additives in the positive electrode
improves the electrolyte retention in the positive electrode active
material to suppress an increase in internal resistance at the end of
discharge, which is caused by an insufficient supply of the electrolyte
into the positive electrode active material, thereby preventing a rapid
decrease in voltage at the end of discharge. Ti0(OH)2 in the present
invention is in the form of fine powder and has a particle size of 10-1 to
10-8 m, which is much smaller than particle sizes (10-' to 10-5 m) of
anatase titanium oxides conventionally used as positive electrode additives
and, therefore, T10(OH)Z has a larger contact area with the positive
electrode active material when added to the positive electrode in a certain
amount. Accordingly, an effect greater than conventional effects can be
obtained by   5 the addition of a small amount of Ti0(OH)Z, and this is
desirable as the additive. A particle size of less than 10-1 m of Ti0(OH)Z
causes a secondary agglomeration during preparation of the positive
electrode material mixture, preventing uniform mixing of the positive
electrode material mixture. Further, a particle size of greater than 10-8 m
results in a decreased surface area of the particles, reducing the effect
thereof. Furthermore, when added to a material mixture comprising manganese
dioxide and a graphite powder, these additives also function as a binder to
improve the moldability of the positive electrode, thereby providing the
effect of increasing the filled amount thereof. It is preferable that the
positive electrode comprises 0.01 to 5 parts by weight of at least one
selected from the group consisting of Ti(OH)4 and Ti0(OH)2 per 100 parts by
weight of manganese dioxide. The reason is that the content of less than
0.0l part by weight results in insufficient improvement in heavy load and
light load discharge characteristics, and the content of more than 5 parts
by weight causes reduction in light load discharge characteristic. Further,
containing 0.5 to 3 parts by weight per 100 parts by weight of manganese
dioxide is particularly preferred. As the manganese dioxide and the
graphite powder, conventionally used ones may be used. Similarly, as the
6 



negative electrode and the alkaline electrolyte, conventionally used ones
can be employed. In the following, the present invention is specifically
described by way of examples; however, the present invention is not limited
thereto. Examples 1 to 5 FIG. 1 shows a front view, partly in cross
section, of an alkaline dry battery fabricated in examples of the present
invention. In FIG. 1, a battery case 1 accommodates therein a positive
electrode material mixture 2 molded into short cylindrical pellets, a gel
negative electrode 3 and a separator 4. As the battery case 1, a steel case
whose inner surface is nickel-plated can be employed. A plurality of
positive electrode material mixtures 2 are placed in intimate contact with
the inner surface of the battery case 1. Further, the separator 4 is
disposed inside the positive electrode material mixture 2, and the inside
thereof is filled with the gel negative electrode 3. The positive electrode
material mixture 2 was prepared as follows: First, manganese dioxide and
graphite were mixed in a weight ratio of 90:10, and Ti(OH)4 was further
added in predetermined amounts (x parts) by weight) listed in Table 1 per
100 parts by weight of manganese dioxide, followed by   7 mixing. It is to
be noted that Ti(OH)4 used in the present example had an average particle
size of 10-6 m. Three parts by weight of an alkaline electrolyte was added
per 100 parts by weight of the obtained mixture, which was sufficiently
stirred and then compression molded into flakes. Subsequently, the positive
electrode material mixture in flake form was pulverized into granules,
followed by classifying with a sieve, and those having 10 to 100 mesh were
compression molded into hollow cylindrical shape to give the positive
electrode material mixture 2 in pellet form. Two pieces of this positive
electrode material mixture 2 were inserted into the battery case 1, and
then remolded by means of a compressing jig so as to be placed intimate
contact with the inner wall of the battery case 1. In the aforesaid manner,
a separator 4 having a bottom and cylindrical shape was disposed at the
center of the positive electrode material mixture 2 placed inside the
battery case 1, and a predetermined amount of an alkaline electrolyte was
injected into the separator 4. After an elapse of a predetermined time, the
separator 4 was filled with the gel negative electrode 3 comprising an
alkaline electrolyte, a gelling agent and a zinc powder. As the gel
negative electrode 3, a gel comprising 1 part by weight of sodium
polyacrylate as a gelling agent, 33 parts by weight of 40 wt% sodium
hydroxide as an alkaline electrolyte and 66 parts by weight of the zinc
powder was   8 employed. As the separator 4, non-woven fabric made mainly
of polyvinylalcohol fibers and rayon fibers was used. Subsequently, a
negative electrode current collector 6 was inserted in the center of the
gel negative electrode 3. It should be noted that a gasket 5 and a bottom
plate 7 serving as a negative electrode terminal were combined integrally
with the negative electrode current collector 6. Then, the opening end of
the battery case 1 was clamped to the periphery of the bottom plate 7, with
the end of the gasket 5 disposed therebetween, to seal the opening of the
battery case 1. Finally, the outermost surface of the battery case 1 was
covered with an outer jacket label 8, thereby giving an alkaline dry
battery. The alkaline dry batteries thus obtained were evaluated in the
following manner. [Evaluation] In order to evaluate the heavy load
discharge 



characteristic, the alkaline dry battery in fresh state (immediately after
fabrication) was continuously discharged with a 2.2 ~ load until the
off-load voltage reached 0.9 V to measure the discharge duration time. With
a result obtained using an additive-free alkaline dry battery (Comparative
Example 1) considered as the reference value 100, the heavy load discharge
characteristic was represented as an index. The results of the evaluation
were shown in Table 1.   9 Further, the intermediate load discharge
characteristic was evaluated in the same manner as in the case of the heavy
load discharge characteristic, except that the battery was continuously
discharged with a 10 ~2 load. Moreover, the light load discharge
characteristic was evaluated in the same manner as in the case of the heavy
load discharge characteristic, except that the battery was continuously
discharged with a 39 S~ load. The results of these evaluations were also
shown in Table 1. Examples 6 to 10 Positive electrode material mixtures 2
were prepared in the same manner as in Example 1, except for adding
Ti0(OH)Z, in place of the positive electrode additive Ti(OH)4, in
predetermined amounts (x parts) by weight) listed in Table 1 per 100 parts
by weight of manganese dioxide, to obtain alkaline dry batteries. The
characteristics of the alkaline dry batteries were evaluated in the same
manner as in Example 1. It is to be noted that Ti0(OH)2 used in the present
example had an average particle size of 10-9 m. Comparative Examples 1 to 4
Positive electrode material mixtures 2 were produced in the same manner as
in Example 1, except for adding Ti02, in place of the positive electrode
additive Ti(OH)4, in predetermined amounts (x parts) by weight) listed in
Table 1   10 per 100 parts by weight of manganese dioxide to obtain
alkaline dry batteries. It is to be noted that Ti02 had an average particle
size of 10-6 m. The characteristics of the alkaline dry batteries were
evaluated in the same manner as in Example 1. 



Table 1  Example No.Amount added (part(s) by weight)Discharge duration
timeTi02Ti(OH)4Ti0(OH)z2.2 Sa10 6Z39Com. Ex.l000100100100Com.
Ex.20.100100101100Com. Ex.3100 ~10710598Com. Ex.45001039894Example
100.0010101100100Example 200.010105103100Example 3010110106100Example
405011110699Example 5010011110692Example 6000.001100100100Example
7000.01105103100Example 8001112109100Example 900511310899Example
10001011310993 It is found from Table 1 that both the addition of Ti(OH)4
and that of Ti0(OH)2 in an amount of 0.01 to 5 parts by weight per 100
parts by weight of manganese dioxide improved the heavy load discharge
characteristic of the alkaline dry battery, without reducing the light load
discharge characteristic. As in Example 1 and Example 6, too small an
addition of the additive yielded only a little effect of improving the
active material utilization rate of the positive electrode, thereby hardly
improving the heavy load discharge characteristic. As in Example 5 and
Example 10, too large an   11 addition of the additive reduced the light
load discharge characteristic. With respect to the added amount of 1 part
by weight, which is considered as optimum, the improvement in
characteristics was greater in Example 8 than in Example 3. The reason was
presumably that Ti0(OH)Z had a particle size of 10-9 m, which was smaller
than that of Ti(OH)4 and thus yielded a larger contact area with the
positive electrode active material when added in the same amount, thereby
achieving a greater effect of improving the characteristics. Besides, the
same effect was also observed when a mixture of Ti(OH)4 and Ti0(OH)2 was
added to the positive 



electrode. Industrial Applicability As described above, according to the
present invention, it is possible to provide an alkaline dry battery which
has excellent heavy load and intermediate load discharge characteristics,
and in which reduction in light load discharge characteristic is
suppressed.   12 CLAIMS 1. An alkaline dry battery comprising: a negative
electrode; an alkaline electrolyte; and a positive electrode comprising
manganese dioxide and a graphite powder, characterized in that said
positive electrode comprises an additive selected from the group consisting
of Ti(OH)4 and T10(OH)2. 2. The alkaline dry battery in accordance with
claim 1, wherein said positive electrode comprises 0.01 to 5 parts by
weight of said additive per 100 parts by weight of manganese dioxide. 3.
The alkaline dry battery in accordance with claim 1 or 2, wherein said
positive electrode comprises Ti0(OH)2 having an average particle size of
10-1 to 108 m as said additive.
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