
United States Patent [191 
Uetani et a1. 

[54] DRY CELLS 
[75] Inventors: Yoehlo Uetnni; Roknrou Ikebata; 

Takayuld Togo; Tuglyasu Iwamaru, 
all of Ibaraki, Japan 

[73] Assignee: Hitachi Muell, Ltd., Osaka, Japan 

[21] Appl. No.: 865,907 
[22] Filed: Dec. 30, 1977 

Related US. Patent Documents 

Reissue of: 
[64] Patent No: 3,874,932 

Issued: Apr. 1, 1975 
Appl. No.: 370,433 
Filed: Jun. 15, 1973 

[51] Int. Cl.3 ............................................ .. H01M 6/06 
[52] US. Cl. .................................. .. 429/201; 429/224; 

429/229; 429/232 
[58] Field 01‘ Search ............. .. 429/201, 199, 224, 232, 

429/166, 167, 164, 135, 142, 229, 232 

[56] References Cited 
U.S. PATENT DOCUMENTS 

1,292,764 1/1919 l-lambuechen .................... .. 29/6231 
3,019,141 1/1962 Priebe ............ .. 429/134 
3,098,771 7/1963 Huber ................. .. 429/199 
3,428,494 2/ 1969 Watanabe et a1. ..... .. 29/6235 
3,440,104 4/1969 Huber ................. .. 429/199 
3,795,545 3/ 1974 Kamai . ...... .. 429/135 

3,888,699 6/1975 Urry ........................ .. 429/200 X 

[11] a Re. 30,458 

[45] Reissued Dec. 23, 1980 

3,892,591 7/1975 Uetani et a1. ....................... .. 429/201 

FOREIGN PATENT DOCUMENTS 
1069726 11/1959 Fed. Rep. of Germany . 
1558934 1/ 1969 France . 
1170480 11/1969 United Kingdom . 

Primary Examiner-Anthony Skapars 
Attorney, Agent, or Firm-Birch, Stewart, Kolasch & 
Birch 

[57] ABSTRACT 
A dry cell comprising a zinc anode, a depolarizing mix 
and a separator which functions to separate the anode 
from the depolarizing mix, said depolarizing mix con 
taining manganese dioxide as its main component and 
acetylene black immersed in an electrolyte having zinc 
chloride as its main ingredient, said depolarizing mix 
containing water and chlorine in an amount of about 50 
to 90 parts by weight and about 5.5 to 14.5 parts by 
weight, respectively, per 100 parts by weight of manga 
nese dioxide, the chlorine being present in the form of 
said zinc chloride or zinc chloride with added hydro 
chloric acid; said depolarizing mix also containing said 
electrolyte in an amount in millimeters determined by 
multiplying the BET total surface area of manganese 
dioxide and acetylene black in mZ/gram by a value of 
about 0.008 to 0.015, and said depolarizing mix further 
containing the electrolyte in an amount of about 2 to 4 
ml. per gram of acetylene black. 

14 Claims, 3 Drawing Figures 
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DRY CELLS 

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

The present invention relates to a dry cell. More 
particularly, it relates to improvements in a dry cell 
containing a zinc anode and a depolarizing mix, the 
depolarizing mix containing as its main component 
manganese dioxide immersed in an electrolyte. The 
electrolyte has zinc chloride as its main ingredient. The 
improved dry cell of the present invention possesses an 
increased cell efficiency. 

In conventional Leclanche-type dry cells, ammonium 
chloride has been used as the main electrolyte. A gener 
ally accepted cell reaction is as follows: 

As calculated from the above cell reaction, the 
amount of ammonium chloride necessary is about 61 
parts by weight per 100 parts by weight of manganese 
dioxide. Such a large amount of ammonium chloride 
cannot be added as a liquid electroyte. Thus the addi 
tional amount there'of should be added in the solid form 
by tempering the depolarizing mix with the solid ammo 
nium chloride and molding it into a shape. The addition 
of such a large amount of the ammonium chloride to 
conventionally employed dry cells naturally results in 
limiting the amount of active material of the cathode or 
manganese dioxide and the conductive adjunct or acet 
ylene black to be added. During discharge it also causes 
the formation of zinc diamine chloride, Zn(NH3)2Cl2, 
etc., in and around the depolarizer mix. The zinc di 
amine chloride thus formed prevents the diffusion of 
ions and electronic conduction in the depolarizing mix, 
resulting in an increase in the internal resistance of the 
dry cells. Thus the cell efficiency is adversely affected. 

In order to diminish these defects, it has been pro 
posed to limit the amount of the water in the depolariz 
ing mix within a ratio of 23 to 39 percent by weight by 
tempering the depolarizing mix with an electrolyte of a 
water solution of zinc chloride to an extent of 15 to 40 
percent by weight. Another proposed improvement 
restricts the amount of electrolyte in the depolarizer 
mix to about 60 to 71 percent by [weight] volume by 
tempering the depolarizing mix with an electrolyte of 
zinc chloride solution. The proposed dry cells have an 
improved cell efficiency to some extent, but they are 
not yet satisfactory. 
Even with the water ratio in the depolarizing mix set 

within the same range as when using the electrolyte in 
the same concentration as proposed, a favorable cell 
efficiency is not attained by itself. If there is a lack of 
chlorine necessary for the cell reaction or an unbal 
anced presence of the amounts of chlorine and water in 
the depolarizing mix, the availability of manganese di 
oxide is impaired. This increases the internal resistance 
of the cells, which diminishes the cell efficiency. 
Under the same conditions as set forth hereinabove, a 

favorable cell efficiency may not necessarily be ob 
tained because of an unstable efficiency which results 
from an inadequate mixing ratio and an inadequate ratio 
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of the speci?c surface areas of manganese dioxide and 
acetylene black to be employed. 

Furthermore, in the above proposed improvements 
no considerations have been made as to the amount of 
electrolyte in the depolarizing mix with respect to acet 
ylene black working as a carrier of the electrolyte. 
As the results of extended studies, it has been found 

that solid ammonium chloride, which had been hereto 
fore added in a large amount to the depolarizing mix, is 
not a required material for the cell reaction. Rather, it 
limits the amount of manganese dioxide and acetylene 
black to be filled and produces zinc diamine chloride 
which causes an increase in the internal resistance of the 
dry cell. It has also been found that a high concentration 
of the ammonium chloride in the electrolyte impairs the 
surface wettability of acetylene black, etc., when the 
depolarizing mix is tempered with the electrolyte, so 
that the concentration of ammonium chloride in the 
depolarizer mix should be as low as possible. In order to 
secure stable discharge characteristics and the proper 
discharge capacity of dry cells, it has been found neces 
sary for manganese dioxide, acetylene black, and an 
electrolyte to be present together in an appropriate 
ratio. 

Accordingly, it is an object of the present invention 
to provide a dry cell with an increased cell efficiency. 
Another object of the present invention is to provide 

a dry cell having a depolarizing mix which contains 
manganese dioxide, water, and chlorine in an appropri 
ate ratio. 
A further object of the present invention is to provide 

a dry cell wherein manganese dioxide, acetylene black, 
and an electrolyte are present in an appropriate ratio. 
Other objects, features and advantages of the present 

invention will become apparent during the course of the 
following description, the claims, and the accompany 
ing drawings. 

Table 1 shows the amounts, expressed in parts by 
weight, of manganese dioxide‘, acetylene black, zinc 
chloride, ammonium chloride and water in the depolar 
izing mix tempered in various ratios with an electrolyte 
containing zinc chloride as its main component. The 
table also contains the amounts of water and chlorine 

TABLE 1 
Dry CellsI parts by weight 

B C D E F 

[3 l2 l0 l0 8 
2.6 2.4 2 2 L6 
1.8 L3 2 2.6 L3 

l 
8 

A 

Manganese dioxide ll 
Acetylene black 2 
Zinc chloride 0.9 
Ammonium chloride 0.5 
Water 8 
Water (HzO/MnOg) 73 
Chlorine 
(Cl/MnOz) 

Components 0 

l . 5 
0,5 0.3 0.5 0.6 
5.2 7.2 7.5 8 

2 

4 
4 

40 60 75 80 40 100 

4.3 7.2 5.6 l0.4 13.5 8.5 7.8 

in parts by weight per 100 parts by weight of the manga 
nese dioxide in the depolarizing mix. 
Among these test dry cells, dry cell G is a conven 

tional one having ammonium chloride as the main elec 
trolyte, and it is used for comparative purposes. 

Table 2 shows the discharge duration of time tested 
with UM-2 dry cells having the same components as 
shown in Table l. The tests were carried out by dis 
charging at a load resistance of 4 ohms until the terminal 
voltage reached 0.85 volt. The test results that were 
obtained on a continuous drain are shown as l and that 
obtained on an intermittent drain, where the discharge 
was made for 30 minutes a day, is shown as ll. 
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TABLE 2 
Discharge Dura- Dry Cells Tested 

tion, minutes A B C D E F O 

l 300 250 320 350 320 270 200 
ll 300 300 400 450 410 320 400 

As shown in Table 2, the tested dry cells D and E are 
superior to the cells A, B, F and G in cell characteristics 
on both continuous and intermittent drain. The test dry 
cell C is more effective on continuous drain than the 
latter. 
The test dry cells A and B contain in the depolarizing 

mix a solid ammonium chloride in a lesser amount than 
cell G and, therefore, contain a larger amount of manga 
nese dioxide and acetylene black. However, during 
discharge the cell A permits products containing pre 
dominantly Zn(OH); to be formed and sedimented be 
cause of the lack of chloride content in the depolarizer 
mix. On the other hand, the cell [A] Bis sedimented 
with products containing mainly ZnCl2.Zn(OH)2 and 
/ or ZnCl2.4Zn(OH)2 because of the lack of water in the 
depolarizing mix even though the chlorine content is 
sufficient. These products sedimented in the depolariz 
ing mix prevent the diffusion of ions causing an increase 
in the internal resistance of the cell, which prevents the 
manganese dioxide from working to its full extent. In 
the test dry cells C, D, and B, there are formed upon 
discharge, water-rich products such as ZnCl2.4ZnO.l 1 
H20 which serve to maintain the favorable ionic con 
ductivity in the depolarizing mix even at the last stage 
of discharge. This may keep the availability of the man 
ganese dioxide at a high level and produce an increased 
cell efficiency. For the test cell F, since the amount of 
water with respect to manganese dioxide is too large in 
the depolarizing mix, the amount of manganese dioxide 
and acetylene black required necessarily a sufficient cell 
efficiency. 

It has now been found that it is desirable to limit the 
amount of water to a range of about 50 to 90 parts by 
weight and the amount of chlorine to about 5.5 to 14.5 
parts by weight based on 100 parts by weight of man ga 
nese dioxide. Within these preferred ranges, the dis 
charge reaction takes place without an increase in the 
internal resistance, which is maintained as low as possi 
ble. At the same time, the availability of the manganese 
dioxide is increased. 

Besides zinc chloride, the chlorine necessary for the 
cell reaction may also be provided in the form of hydro 
chloric acid which is added to the zinc chloride. Where 
zinc flowers or ZnO is added to the depolarizing mix, 
the hydrochloric acid may be reacted partially with the 
zinc flowers to give zinc chloride. The reaction is as 
follows: 

ZnO + ZHCIHZnClZ + "10 

It has been further found that there is a close relation 
ship between the surface areas of manganese dioxide 
and acetylene black and the amount of the electrolyte to 
be ?lled. This relationship also may affect to a great 
extent the cell efficiency because the electrolyte is re 
tained with manganese dioxide and acetylene black in 
the depolarizing mix. It has accordingly been found 
advantageous to adjust the amount of the electrolyte to 
be added to the depolarizer mix in accordance with the 
total surface areas of the solid ingredients of the depo 
larizer mix. An ideal condition of the depolarizing mix 
is that the acetylene black particles wrap up the manga 
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4 
nese dioxide particles and then the former are situated in 
succession and the electrolytes are also present succes» 
sively with each other. Even if the weight ratio of the 
amount of electrolyte with respect to the depolarizing 
mix is constant, the solid ingredients of the depolarizer 
mix may not be fully wrapped up by the electrolyte, 
where the total surface areas of the manganese dioxide 
and acetylene black are very large. It therefore follows 
that the electrolytes are not situated so successively that 
an adverse effect on the ionic conductivity of the depo 
larizing mix is produced. Where the total surface areas 
of the two components are too small, the electronic 
conductivity in the depolarizing mix decreases because 
the depolarizer mix is impregnated into its contact sur 
faces with the surplus of the electrolyte. 

In accordance with the present invention, manganese 
dioxide may have a BET surface area of about 30 to 120 
m2/ gram, and acetylene black may have a BET surface 
area of about 50 to 90 mZ/gram. The mixing ratio, by 
weight, of the two components manganese dioxide and 
acetylene black may be advantageously selected from 
about 4/1 to 9/1. Using the manganese dioxide and 
acetylene black having the same surface areas as men 
tioned above at their various proportions, UM-Z dry 
cells were assembled by adding an electrolyte contain 
ing zinc chloride as the main ingredient. These UM-2 
dry cells were tested with respect to the relationship in 
the cell efficiency between the total surface areas of 
both the manganese dioxide and acetylene black, and 
the amount of electrolyte in the depolarizing mix. 
FIG. 1 shows the relationship of the total surface 

areas of manganese dioxide and acetylene black with 
the amount of electrolyte in the depolarizer mix. As 
shown in said ?gure, the area indicated by oblique lines 
between the two solid straight lines A and B is the zone 
where a favorable cell efficiency can be obtained when 
manganese dioxide and acetylene black are present in 
the correct proportion with respect to the electrolyte. 
Within this area, the internal resistance also may be 
maintained at a low level. It now has been found that 
the amount of electrolyte within the area between the 
two solid lines A and B may be calculated by multiply 
ing the total surface areas of both the manganese diox 
ide and acetylene black by a value K having a range of 
about 0.008 to 0.015. The addition of the electrolyte in 
an amount above the line A produces an excessive 
amount of electrolyte in the depolarizing mix and thus 
decreases the electronic conductivity. An amount of 
electrolyte corresponding to the area below the line B 
reduces the amount of electrolyte in the depolarizer 
mix, which causes a decrease in the ionic conductivity. 
FIG. 2 shows the relationship of the value K with 

respect to the discharge duration of time of the tested 
UM-2 dry cells. The dry cells tested were assembled by 
using ll / g. of manganese dioxide having a BET surface 
area of 50 mzg. and 2 g. of acetylene black having a 
BET surface area of 70 m2/ g. and by adding the electro 
lyte in an amount determined by multiplying the total 
surface areas of the two components by the value K 
between 0 and 0.020. The test was carried out at a con 
tinuous discharge of [4] 2 ohms with respect to the K 
values and the discharging was continued until the ter 
minal voltage was down to 0.9 volt. The dry cells 
which came within the range of the value K of about 
0.008 to 0.015 advantageously had a longer discharge 
duration period of time and a higher short-circuit cur 
rent value when compared with those which fell out of 
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said range. As shown in FIGS. 1 and 2, the letter C 
indicates a dry cell which was assembled by using an 
electrolyte calculated by using a multiplication factor of 
0.005. D represents a dry cell using a factor of 0.012, 
and E represents a dry cell using a factor of 0.017. 

It has been further found to be desirable to mix the 
manganese dioxide, the acetylene black, and the electro 
lyte in the proper proportion in the depolarizing mix. 
The following example shows a composition of the 
depolarizing mix: 

TABLE 3 
Components of the Weight Volume 
Depolarizing Mix percent percent 

Manganese dioxide 55.6 26.6 
Acetylene black 6.4 8.0 
Zinc hydroxide [6.8108 0.6 
6N Zinc chloride solution 37.2 64.8 

As calculated from the above composition, about 4.5 
m1. of the electrolyte is present for every 1 g. of acety 
lene black. Such a large amount of the electrolyte is not 
advantageous because of the increase in the internal 
resistance. 

FIG. 3 shows the relationship of the amount of elec 
trolyte with respect to l g. of acetylene black to the 
internal resistance. The UM-Z dry cells tested were 
assembled by tempering a mixture of manganese dioxide 
and acetylene black having a mixing ratio (manganese 
dioxide/acetylene black) of 4.5/1 by weight with an 
electrolyte containing 20 percent by weight of zinc 
chloride and 5 percent by weight of ammonium chlo 
ride. 
As will be apparent from FIG. 3, the internal resis 

tance of the dry cells tested is relatively low where 
about 2 to 4 ml. of the electrolyte was added with re 
spect to l g. of acetylene black. Patricularly within the 
range of about 2.5 to 3.8 ml. of the electrolyte added, 
the internal resistance of the cells was constantly main 
tained at the lowest level. The addition of the electro 
lyte in an amount of less than 2 ml. with respect to l g. 
of acetylene black diminished the ionic conductivity in 
the depolarizing mix. Where more than 4 ml. of the 
electrolyte was added with respect to l g. of acetylene 
black, the electrolyte was held between the surfaces of 
the acetylene black particles where they are in contact 
with each other. This increases to some extent the 
contact resistance between the depolarizer particles and 
thus limits the electronic conductivity, causing an in 
crease in the internal resistance of the dry cells. Such a 
tendency was ascertained experimentally with the con 
centration of zinc chloride and/or the ratio of manga 
nese dioxide and acetylene black slightly changed. It 
now has been found that it is desirable to use the elec 
trolyte in the depolarizing mix in an amount of about 2 
to 4 ml. with respect to l g. of acetylene black. Within 
the preferred range, the dry cells of the present inven 
tion raise the availability of manganese dioxide to a high 
level while favorably maintaining the ionic and elec 
tronic conductivities in the depolarizer mix and reduc 
ing the internal resistance. 

Table 4 shows the amounts of the ingredients in the 
depolarizing mixes, the ingredients being manganese 
dioxide, acetylene black, zinc chloride, ammonium 
chloride and water. It also shows the amounts of the 
electrolyte with respect to l g. of acetylene black. The 
depolarizing mix was made by tempering with an elec 
trolyte containing 20 percent by weight of zinc chloride 
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6 
and 5 percent by weight of ammonium chloride at a 
variety of ratios. 

TABLE 4 
Test Dry Cells 

Ingredients A B C D 

Manganese dioxide g. l2.3 11.2 8.8 9.5 
Acetylene black g. 2.3 2.l 1.6 23 
Zinc chloride g. 0.9 1.5 1.7 0.8 
Ammonium chloride g. 0.2 0.4 0.4 3.2 
Water 3. 3.3 5.8 6.5 2.6 
Electrolyte nil/g. 1.6 ll 45 1.6 

In the table the test dry cell D is a conventional one 
containing ammonium chloride as the main electrolyte 
and is used for comparison. 

Table 5 shows the short circuit currents and the dis 
charge duration of time when these test dry cells were 
discharged at a load resistance of 4 ohms until the termi 
nal voltage was down to 0.85 volt. The discharge dura 
tion of time was also tested with test cells under the 
same conditions as stated above except that the dis 
charge was made intermittently for 30 minutes a day. 
The test results are shown in the table: 

TABLE 5 
Dry Cells Tested 

Results A B C D 

Short Ciucuit Current A 5.2 7.5 4.8 5.3 
Continuous Discharge Duration 220 350 270 200 
of Time, minutes 
Intermittent Discharge Dura- 390 450 320 400 
tion of TimeI minutes 

In a dry cell A, the amount of the electrolyte was too 
small for acetylene black and vice versa in dry cell C, 
leading to an increase in the internal resistance of the 
cells and thus impairing the cell efficiency. The test dry 
cell B possessed the higher short circuit current and the 
longer discharge duration of time than the other cells 
because acetylene black and the electrolyte were added 
at a desirable ratio, providing a cell with the advanta 
geous ionic and electronic conductivities and thus main 
taining a low internal resistance. 

In considering the electrolyte to be used according to 
the present invention, it was found that a zinc chloride 
concentration of below 13 percent by weight does not 
enable the paste material to become fully solidi?ed and 
does not permit the paste layer to maintain its viscosity 
and stability. Such dry cells may lose their ability to 
retain the electrolyte during long storage. The ionic 
conductivity also may be decreased. A zinc chloride 
concentration of above 27 percent by weight tends to 
prevent the diffusion of ions accompanying the dis 
charge reaction and to diminish the cell efficiency. 
Where more than 10 percent by weight of ammonium 
chloride is used in the depolarizer mix, zinc diammine 
chloride may be formed under some discharge condi 
tions, which may cause the same disadvantages as those 
that conventional dry cells containing the ammonium 
chloride as the main electrolyte possess. Although am 
monium chloride is not a requisite material for the cell 
reaction, it is preferred to use about 2 to 8 percent by 
weight of ammonium chloride. It may be particularly 
desirable to use ammonium chloride at times when zinc 
chloride is hydrolyzed and sedimented as its basic salts 
in an electrolyte having zinc chloride as the main com 
ponent. Thus it may be advantageous to employ in the 
electrolyte of the present invention, zinc chloride in an 
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amount of about 13 to 27 percent by weight and ammo 
nium chloride in a concentration of less than about 10 
percent by weight, preferably about 2 to 8 percent by 
weight. The electrolyte of the present invention having 
such a composition functions to uniformly coat the 
many complex surfaces of the manganese dioxide and 
the acetylene black particles, said particles and said 
electrolyte being uniformly distributed. Using the acet 
ylene black and the electrolyte in the same mixing ratio 
as that to be used in the present invention by tempering 
the depolarizer mix with a conventional electrolyte 
having ammonium chloride as the main component, the 
depolarizing mix may become very sticky and may not 
be handled easily. However, the use of an electrolyte 
having such a composition as stated above efficiently 
expedites the operation without troublesome handling 
problems. 

In the depolarizing mix of the present invention, the 
amounts of electrolyte and water are higher than those 
of conventional paste-type cells. Accordingly, the de 
polarizing mix may be preferably adopted for paper 
lined dry cells and paste-layer dry cells. The paper-lined 
dry cells have a structure in which a porous material 
such as kraft paper is disposed between the zinc can and 
the depolarizing mix. The paste-layer dry cells have the 
depolarizing mix tamped into a zinc can previously 
coated with a paste to form the paste layer on the inte 
rior side of the can. When the present invention is used 
for paper-lined dry cells, it may be preferred to apply a 
paste in a ratio of about 8 to 70 g./mZ to the separator. 
Where the amount of the paste material is less than 8 
g./m1, electrolyte retained in the separator may be ad 
sorbed during storage, thereby impairing the storage 
capacity. When more than 70 g./m2 is employed, the 
discharge efficiency on continuous overload drain may 
decrease. 

In accordance with the present invention, manganese 
dioxide and acetylene black may be advantageously 
mixed together in the depolarizing mix in a ratio by 
weight of about 4/1 to 7/1 of manganese dioxide to 
acetylene black. The addition of acetylene black in a 
ratio of more than 4/1 necessarily decreases the amount 
of active material, manganese dioxide, to be added. 
Where the ratio of acetylene black is less than 7/ l, the 
internal resistance of the depolarizer mix tends to in 
crease. The acetylene black functions to provide the 
depolarizer mix with favorable conduction and retain 
the electrolyte therein. 
According to the present invention, the preferred 

amount of electrolyte is about 2 to [6 parts by weight 
per one part by weight] 4 ml per gram of acetylene 
black. An insufficient amount of electrolyte may impair 
the reaction of manganese dioxide and diminish the 
ionic conductivity of the depolarizing mix as a whole. 
On the contrary, an excessive amount of electrolyte is 
not desirable for the electronic conductivity of the dry 
cells. A surplus of the electrolyte may be impregnated 
into the contact surfaces between the depolarizer mix 
particles which increases the contact resistance between 
the particles. 
The following examples serve to be illustrative of the 

present invention, but are not to be considered as limit 
mg. 

EXAMPLE 1 

A mixture of 82 g. of manganese dioxide, 18 g. of 
acetylene black and 1.3 g. of zinc flowers was gradually 
added, while stirring, to 45 g. of an electrolyte contain 

0 

S 

20 

25 

45 

65 

ing 20 parts by weight of zinc chloride and 5 parts by 
weight of ammonium chloride. After the manganese 
dioxide and acetylene black were fully immersed, a 
depolarizing mix was prepared by taking 18 g. from 
such a mixture and molding it into a cylindrical shape 
having a diameter of 19 mm. and a length of 30 mm. 
A piece of kraft paper was coated on its one side with 

a paste material such as starch or methyl cellulose in an 
amount of 40 g. per square meter to form a paste layer. 
A separator made of this material was inserted into the 
zinc can with'the paste material layer facing the inner 
wall of the can and being in contact with said can. 
The cylindrically shaped depolarizing mix was then 

put into the can. Then, 4.7 g. of said electrolyte was 
poured onto the depolarizing mix and at the same time, 
immersed into the separator, functioning to solidify the 
paste material. A carbon rod was then forced upright 
into the center of the depolarizer mix, and a dry cell was 
assembled by conventional procedures. 
The UM-2 dry cell in the depolarizing mix, manga 

nese dioxide and acetylene black in a ratio of 4.5/1 by 
weight of manganese dioxide to acetylene black, water 
in an amount of about 74 parts by weight and chlorine 
present as zinc chloride in an amount of about 10 parts 
by weight per 100 parts by weight of manganese diox 
ide. The electrolyte is present in an amount of about 4.5 
parts by weight per one part by weight of acetylene 
black. 
The UM-Z dry cell possesses the following advanta 

geous cell characteristics: 

TABLE 6 
Discharge Duration 

Discharge Conditions of Time 

Continuous Discharge at 2 ohms I30 minutes 
intermittent Discharge at 2 ohms I80 minutes 
Continuous Discharge at 75 ohms 170 hours 
Intermittent Discharge at 75 ohms 170 hours 

EXAMPLE 2 

A depolarizing mix was prepared with 19 g. of the 
same mixture as produced in Example 1. A UM-2 dry 
cell was assembled by the same procedures as men 
tioned above. 
The dry cell contains manganese dioxide and acety 

lene black in a ratio, by weight, (manganese dioxide 
/acetylene black) of 82/18 and about 3.3 ml. of the 
electrolyte per gram of acetylene black. 

' The dry cell possessed the same cell characteristics as 
those obtained in Example 1 and shown in Table 6. 

EXAMPLE 3 

11 g. of manganese dioxide having a BET surface 
area of 50 mz/g. was mixed with 2 g. of acetylene black 
having a BET surface area of 70 m2/ g. The total surface 
of this mixture is 50X ll+70><2=690 (ml). The 
amount of electrolyte was 8.28 ml. which was deter 
mined by multiplying the total surface area thereof by 
0.012. Of the 8.28 ml. of the electrolyte to be added, 5.0 
ml. was added to said mixture to immerse the manga 
nese dioxide and acetylene black. Then, the depolarizer 
mix was molded into a cylindrical shape having a 19 
mm. diameter and a 30 mm. length. 
The depolarizing mix was placed in a zinc can con 

taining a separator prepared by the same procedures as 
in Example 1. Onto the depolarizing mix placed in the 
can, was poured an additional 3.28 ml. of the electro 
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lyte. The dry cell was then assembled in the same man 
ner as stated above. 
The UM-2 dry cell also exhibited the same character 

istics as those produced in Example 1 and shown in 
Table 6. 
The invention being thus described, it will be obvious 

that the same may be varied in many ways. Such varia 
tions are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?ca 
tions as would be obvious to one skilled in the art are 
intended to be included herein. 
What is claimed is: 
l. A dry cell comprising a zinc anode, a depolarizing 

mix and a separator which functions to separate the 
anode from the depolarizing mix, said depolarizing mix 
containing manganese dioxide as its main component 
and acetylene black immersed in an electrolyte contain 
ing about 2 to 3. 4 percent by weight of ammonium chloride 
and having zinc chloride as its main ingredient, said 
depolarizing mix containing water and chlorine in an 
amount of about 50 to 90 parts by weight and about 5.5 
to 14.5 parts by weight, respectively, per 100 parts by 
weight of manganese dioxide, the chlorine being pres 
ent in the form of said zinc chloride or zinc chloride 
with added hydrochloric acid. 

[2. A dry cell having a zinc anode, an electrolyte 
containing zinc chloride as its main ingredient, and a 
depolarizing mix containing a mixture of manganese 
dioxide, acetylene black, and said electrolyte, said depo 
larizing mix containing water and chlorine in an amount 
of about 50 to 90 parts by weight and about 5.5 to 14.5 
parts by weight, respectively, per l00 parts by weight of 
manganese dioxide, the electrolyte being present in said 
depolarizing mix in an amount in milliliters determined 
by multiplying the BET total surface area of manganese 
dioxide and acetylene black in mz/gram by a value of 
about 0.008 to 0.015.] 

3. A dry cell having a zinc anode, an electrolyte 
containing about 2 to 3.4 percent by weight of ammonium 
chloride and having zinc chloride as its main component, 
and a depolarizing mix containing a mixture of manga 
nese dioxide, acetylene black, and said electrolyte, said 
depolarizing mix containing the electrolyte in an 
amount of about 2 to 4 ml. per gram of acetylene black, 
the content of water and chlorine in said depolarizing 
mix being about 50 to 90 parts by weight and about 5.5 
to 14.5 parts by weight, respectively, per 100 parts by 
weight of manganese dioxide, the chlorine being present 
in the form of said zinc chloride or zinc chloride with added 
hydrochloric acid. 

4. The dry cell of claim 1, wherein the concentration 
of zinc chloride in the electrolyte is about 13 to 27 
[parts] percent by weight. 

[5. The dry cell of claim 2, wherein the concentra 
tion of zinc chloride in the electrolyte is about 13 to 27 
parts by weight] 

6. The dry cell of claim 3, wherein the concentration 
of zinc chloride in the electrolyte is about 13 to 27 
[parts] percent by weight. 

[7. The dry cell of claim 1, wherein ammonium chlo 
ride is present in the electrolyte in an amount less than 
about 10 parts by weight] 
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[8. The dry cell of claim 2, wherein ammonium chlo 

ride is present in the electrolyte in an amount less than 
about 10 parts by weight] 

[9. The dry cell of claim 3, wherein ammonium chlo 
ride is present in the electrolyte in an amount less than 
about 10 parts by weight] 

10. The dry cell of claim 1, wherein the separator is 
coated with a paste material in an amount of about 8 to 
70 g./rn2. 

11. The dry cell of claim 10, wherein the paste mate 
rial is starch or methyl cellulose. 

12. The dry cell of claim 1, wherein the weight ratio 
of manganese dioxide to acetylene black is about 4/1 to 
7/ l. 

[13. The dry cell of claim 2, wherein the weight ratio 
of manganese dioxide to acetylene black is about 4/1 to 
7/ 1.] 

14. The dry cell of claim 3, wherein the weight ratio 
of manganese dioxide to acetylene black is about 4/ l to 
7/ 1. 

15. A depolarizing mix for use in a dry cell compris 
ing manganese dioxide as its main component and acet 
ylene black immersed in an electrolyte containing about 
2 to 3.4 percent by weight of ammonium chloride and 
having zinc chloride as its main ingredient, said depolar 
izing mix containing water and chlorine in an amount of 
about 50 to 90 parts [be] by weight and about 5.5 to 
14.5 parts by weight, respectively, per 100 parts by 
weight of manganese dioxide, the chlorine being pres 
ent in the form of said zinc chloride or zinc chloride 
with added hydrochloric acid. 

[16. A depolarizing mix for use in a dry cell compris 
ing a mixture of manganese dioxide, acetylene black, 
and an electrolyte having zinc chloride as its main in 
gredient, said depolarizing mix containing water and 
chlorine in an amount of about 50 to 90 parts by weight 
and about 5.5 to 14.5 parts by weight, respectively, per 
100 parts by weight of manganese dioxide, the electro 
lyte being present in said depolarizing mix in an amount 
in milliliters determined by multiplying the BET total 
surface area of manganese dioxide and acetylene black 
in mz/gram by a value of about 0.008 to 0.015.] 

17. A depolarizing mix for use in a dry cell compris 
ing a mixture of manganese dioxide, acetylene black, 
and an electrolyte containing about 2 to 3.4 percent by 
weight of ammonium chloride and having zinc chloride 
as its main ingredient, said depolarizing mix containing 
the electrolyte in an amount of about 2 to 4 ml. per gram 
of acetylene black, the content of water and chlorine in 
said depolarizing mix being about 50 to 90 parts by 
weight and about 5.5 to 14.5 parts by weight, respec 
tively, per 100 parts by weight of manganese dioxide, 
the chlorine being present in the form of said zinc chloride 
or zinc chloride with added hydrochloric acid. 

18. The depolarizing mix of claim I 5, wherein the con 
centration of zinc chloride in the electrolyte is about 13 to 
27 percent by weight. 

I 9. The depolarizing mix of claim I 7, wherein the con 
centration of zinc chloride in the electrolyte is about 13 to 
27 percent by weight. 

20. The depolarizing mix of claim 15, wherein the weight 
ratio of manganese dioxide to acetylene black is about 4/1 
to 7/1. ‘ 

21. The depolarizing mix of claim I 7. wherein the weight 
ratio of manganese dioxide to acetylene black is about 4/ l 
to 7/1. 
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