; dee3e<29\ " ~*6T2+011 DESCRI PTI ON ALKALI NE DRY BATTERY Technical Field The
present invention relates to an al kaline dry battery which has an excel | ent
positive electrode utilization rate during di scharge under a heavy | oad and
an internediate load, and in which a decrease in electrical capacity during

di scharge under a light load is suppressed. Background Art | ent
advancenent and devel opnent of portable information devi cesumummmmln\m

cel lul ar phones, there has been a demand for al kaline dry batt eggs capabl e
of discharging under a heavy | oad. IDESCRIP@OSN to this, for the purpose of

i nproving heavy | oad di scharge characteristics of alkaline dry batteries,
the conventional alkaline dry batteries have enployed, as a positive

el ectrode additive, an anatase titaniumoxide (e. g., Jap n i en
Pat ent Publ iACHALDRE NoRY HEATTERY10355), a titaniun}containimwmummmgm@”mmoxide
(e. g., Japanese Lai d-Open Patent Publication No. Hei 9-13920;% and a
bari um conmpound such as bariumsulfate (e.g., International Pu PPCation No.
WO 00/ 30198). However, although the addition of titanium oxide, a 2
titani um comeahAi8gl CRigsi te oxi de or a barium conpound to a positive

el ectrode i nproves the heavy | oad di scharge characteristic to sonme extent,

it does not yield a smhéigtfntaghivuft I8 eFdRited! itbi At ADEaT R aWor eover,

in order for the aforesaid conventional additives to provide sufficient

effects, thenutteed wRide REDladYegtcblént PO taRRUBLectB6® ditddlivhtdon
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. Hel 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



filled anobunt of nmanganese di oxi de which serves as an active material in
the positive el ectrode decreases, thereby decreasing the electrical
capacity of the battery and reducing thejslight |oad discharge
characteristic thereof. This al so causes a great inconvenience for the use
of equi pnent such as tinepieces which require discharging under a |ight

| oad, since there still exists a considerable demand for al kaline dry
batteries. It is an object of the present invention to provide an al kali ne

dry battery Wb huRaSoPeedslingNEollfoy Y d Qﬁ&d@‘@r‘ At BAPBE Hdhmdord dbsgharge
characteristics) and in which reduction in |light |oad di scharge
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foregoing pro e present invention provides an alkaline dry battery
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positive el ectrode conprising manganese di oxi de and a graphite powd
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preferably scription
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
timepleces 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



FIG 1is a front view, partly in cross section, of one exanple of an

al kaline dry battery in accordance with the present invention. Best Mde
for Carrying Qut the Invention The present invention inproves the positive
el.ectrode active material utilization rate during discharge under a heavy
| oad and an internmedi ate | oad by containing at | east one selected fromthe
group consisting of Ti(OH4 and T10(OH) 2 in the positive electrode. On the
ot her hand, although the proportion of the positive el ectrode active

‘material i ngiheuPosidd Maotbgs§i rode nmaterial mxture is reduced by the
addi tion of t?le Zforesai g?angtives to the positive electrode, the filling

properties of the pos{tiye e%tr]rpggﬁe%g??évgggﬁ_tt%g Scit@gyLved by the

addition and the filled anount o ectrode active nateri al
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anount range_Lk_.agGco ggaﬁf j e . nvention therefore does not
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selected fromthe group consisting of Ti(OH4 and TiO(OH)Z as an additive.
It is thought that containing these additives in the positive el ectrode

i nproves t h%ﬁle%cbéglzi‘.lhﬁt{cﬁ{ et iD?Qwi'LH %he positive el ectrode active

mat erial to SUppress armr Increasée I n 'Aternal resistance at the end of

di scharge, which is ¢ ed, hy. an d ffrcie I, e_el.ectrol yte
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anat ase titani um oxi deS conventionally used as positive el ectrode additives
and, therefore, T10(OH)Z has a |arger contact area wth the positive

el ectrode active material when added to the positive electrode in a certain
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6 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



negative el ectrode and the al kaline electrolyte, conventionally used ones
can be enployed. In the followi ng, the present invention is specifically
descri bed by way of exanples; however, the present invention is not |imted
thereto. Exanples 1 to 5 FIG 1 shows a front view, partly in cross
section, of an alkaline dry battery fabricated in exanples of the present
invention. In FIG 1, a battery case 1 acconmpdates therein a positive

el ectrode material m xture 2 nolded into short cylindrical pellets, a gel
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titanium oxides conventionally used as positive electrode
additives and, therefore, TiO(OH), 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



characteristic, the alkaline dry battery in fresh state (inmediately after

fabrication) was continuously discharged with a 2.2 ~ load until the

of f-1oad voltage reached 0.9 V to neasurg the discharge duration time. Wth
a.result obtained using an additive-free alkaline dry battery (Conparative
Exanpl e 1) considered as the reference value 100, the heavy | oad discharge
characteristic was represented as an index. The results of the evaluation

were shown in Table 1. 9 Further, the internedi ate | oad di scharge
characteristj .evalu d_in.th I [ h se.of the heavy
| oad di schasr-idé %@ %tg%?a}lero%ts% (s:"l,“a%;(c%ﬂ) ﬁ@?%g(ggii’e%?bmggggo%f’i nuously

di scharged w th 0 ~2 .load. ver, the light |oad discharge
characterisﬁ%ﬁlﬁggﬁ%fgiJgFégdPgQiﬁe'sane manner as in the case of the heavy

| oad di scharge characjerist.iqg, except.t t bat.tier r j\nuousl y
di scharged with a 39 yqrgtiﬁiﬁﬁé%geésﬁl?%‘;Sofﬁ\%ﬁegé evr}a{tl%%tsllll?rjl(gﬂ\klére al so
shown in Table 1
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al kaline dry batteries. It is ta.be.noted. that TiQ2 had an average particle
si ze of 10- é:owpr%:ﬁéngﬁg?ré%qneeﬁes ' 8§1§?‘ M %%519?‘&%3(1?9"@%’{1 eﬁees% wer e
eval uated i%d%ﬂ%igggea s£”¥ﬂhé¥iohnagxgngl§héf 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), and TiO(OH), per 100 parts
by weight of manganese dioxide. The reason is that the
content of less than 0.01 part by weight results in
insufficient improvement in heavy load and light load
discharge characteristics, and the content of more than 5
parts by welght causes reduction in light load discharge
characteristic. Further, containing 0.5 to 3 parts by weight
per 100 parts by weight of manganese dioxide 1s particularly
preferred.
As the manganese dioxide and the graphite powder,

conventionally used ones may be used. Similarly, as the



Table 1 Exanpl e No. Anobunt added (part(s) by weight)D scharge duration

ti meTi 02Ti (OH) 4Ti O(OH) z2. 2 Sal0 6Z39Com Ex.|000100100100Com

Ex. 20. 100100101100Com Ex. 3100 ~10710598Com Ex.45001039894Exanpl e

100. 0010101100100Exanpl e 200. 010105103100Exanpl e 3010110106100Exanpl e
405011110699Exanpl e 5010011110692Exanpl e 6000. 001100100100Exanpl e

7000. 01105103100Exanpl e 8001112109100Exanpl e 900511310899Exanpl e
10001011310993 It is found from Table 1 that both the addition of Ti(CH)4

and that of Ti 0 2 jn._.an .amunt, of 1o wei ght per 100
parts by wef§HE %?gﬁﬁkﬁgﬁggf gt xF@% gﬂ%%%ﬁEH%%EgE%§%£%b1oad di schar ge
characteristic of the bat t.er ut reducing the light |oad
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characteristics was greater in Exanple 8 than in Exanple 3. The reason was
presumably that TiO(OH)Z had a particle size of 10-9 m which was snaller
t han that of Tisg¥%4 and thus yielded a |arger contact area with the
positive el 85atttYe material when added in the same anount, thereby

achieving a greater e ct. of inproving, the characteristics. Besides, the
same effect was al so %%geﬂvéﬂ‘%?eﬁ rﬂﬁ&t%’reew'ofpaﬁ%h&—ﬂ‘ﬁ i AR vas
Sit

added to th%ﬁpgn a&%gline 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), was further added in
predetermined amounts (x part(s) by weight) listed in Table 1

per 100 parts by weight of manganese dioxide, followed by



el ectrode. Industrial Applicability As descri bed above, according to the
present invention, it is possible to provide an alkaline dry battery which
has excell ent heavy | oad and internediatg | oad di scharge characteristics,
and in which reduction in light |oad discharge characteristic is

suppr essed. 12 CLAIM5 1. An alkaline dry battery conprising: a negative
el ectrode; an alkaline electrolyte; and a positive el ectrode conprising
manganese di oxi de and a graphite powder, characterized in that said
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positive el ec e conpri ses I Ng an averdge parti SI ge of
10-1 to 108

TASE. As. AU, KGRt Z%%%b&k@?ﬂ&'ﬂ?‘&%lﬁﬁcwg ﬁ‘[‘fﬂ%ently 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 pileces 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
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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 dispoéed 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 obtalned 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 Q 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.
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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 Q 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 Q 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 TiO(OH),,
in place of the positive electrode additive Ti(OH),, in
predetermined amounts (x part(s) 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 TiO(OH), used in the present example

had an average particle size of 10°° m.

Comparative Examples 1 to 4

Positive electrode material mixtures 2 were produced
in the same manner as in Example 1, except for adding TiO,, in
place of the positive electrode additive Ti(OH),, in

predetermined amounts (x part(s) by weight) listed in Table 1
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alkaline dry batteries. It is to be noted that TiO, had an
average particle size of 10"® m. The characteristics of the

alkaline dry batteries were evaluated in the same manner as in

Example 1.
Table 1
Amount added . . .
Example No. (part(s) by weight) Discharge duration time
TiO, Ti(OH}, | TiO(OH), 2.2 Q 10 Q 39 Q
Com. Ex.1 0 0 0 100 100 100
Com. Ex.2 0.1 0 0 100 101 100
Com. Ex.3 1 0 0 107 105 98
Com. Ex.4 5 0 0 103 98 94
Example 1 0 0.001 0 101 100 100
Example 2 0 0.01 0 105 103 100
Example 3 0 1 0 110 106 100
Example 4 0 5 0 111 106 99
Example 5 0 10 0 111 106 92
Example 6 0 0 0.001 100 100 100
Example 7 0 0 0.01 105 103 100
Example 8 0 0 1 112 109 100
Example 9 0 0 5 113 108 99
Example 10 0 0 10 113 109 93

It is found from Table 1 that both the addition of
Ti(OH), and that of TiO(OH), in an amount of 0.01 to 5 parts by
weight per 100 parts by welght 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
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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 characteristilic is suppressed.
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TiO(OH),.
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
1l or 2, wherein said positive electrode comprises TiO(OH),
having an average particle size of 107! to 10® m as said

additive.



