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P4D (54) PRIMARY DRY CELL (71)   We, UNION CARBIDE CORPORA-  considerably
higher service capacity, i.e. 50 TION, a corporation organised and existing
hours of service on discharge per unit of under the laws of the State of
New York, weight and volume, and (3) superior shelf United States of
America, of 270 Park  life particularly at high temperature storage. 5
Avenue, New York, State of New York,    Despite these rather important
advant- 10017, United States of America (assignee  ages, however, there are
a number of trouble- 55 of LEWIS FREDERICK URRY), do hereby de-  some
problems which have limited the more clare the invention, for which we pray
that  widespread commercial use of the magnes- a patent may be granted to
us, and the ium dry cell. One of the more significant 10 method by which it
is to be performed, to  problems is the so-called "delay effect" en- be
particularly described in and by the fol- countered in the use of the
magnesium dry 60 lowing statement: -                      cell. This
phenomenon is manifested as a The present invention relates to improve-
low starting voltage when the electrical load ments in primary dry cells.
is applied, followed by a rise to the more 15   Primary dry cells -are
composed essenti-  normal discharge operatng level. The delay ally of a
consumable metal anode, a cathode  may reach many seconds in length and
may. 65 depolarizer usually manganese dioxide and   be explained as the
time necessary to elec- an electrolyte.
trochemically disrupt the inhibitive film The familiar Leclanche primary
dry cell which normally protects the wetted surfaces 20 conventionally used
as the power source in  of the magnesium from attack on open cir-
flashlights and other portable electric de-  cuit.
70 vices, comprises a zinc anode, a cathode de-    Another problem
encounter with  the. polarizer mix cake containing manganese  magnesium
dry cell is that of gas generation. dioxide and a conductive material such
as  The magnesium dry cell when on discharge 25  carbon black or graphite,
and an electro-  generates hydrogen copiously due to react- lyte consisting
of  an  aqueous  solution of  ivity of the working magnesium anode with  75
water. It is therefore necessary to use costly zinc chloride and ammionium
chloride (i.e. resaleable mechanical vents which will vent sal ammoniac).
Various inhibitors such as mercuric chloride, chromates, etc. may also 30
be used in relatively small amounts within yet prevent loss of moisture and
ingress of the electrolyte.                         air on shelf storage.
Of course, one of the  80 Another type of primary dry cell which  major
drawbacks of the magnesium dry cell has attracted considerable attention in
recent pensive in te fact that magnesium is an ex- years is the magnesium
dry cell. This dry  pensive raw material and consequently the 35 cell
system is very similar to the conven-  is high.
85 tional Leclanche dry cell. Basically, the mag-  Most of the problems
encountered with nesium dry cell comprises a magnesium  the magnesium dry
cell can be attributed to anode, a cathode depolarizer mix cake con-  the
magnesium anode. It has now been found taining manganese dioxide and a
conductive  in accordance with the present invention 40 material and an
electrolyte. The electrolyte  that if a zinc anode is used instead of a 90
consists essentially of an aqueous solution  magnesium anode with basically
the same containing a magnesium salt such as mag-  manganese dioxide
cathode depolarizer mix nesium chloride, magnesium chloride, mag-  cake and
same type of electrolyte as em- nesium perchlorate or magnesium bromide,
ployed in the magnesium dry cell, a 45   The magnesium dry cell offers a
number  primary dry cell system can be made which  95 



of important advantages over the conven-  effectively circumvents these
problems while tional Leclanche dry cell. Some of these  at the same time
retaining some important advantages are (1) a higher working voltage
advantages of the magnesium dry cell. Such of between about 1.5 and 1.6
volts, (2) a     a primary dry cell system differs from the    2
1,356,422     2 conventional Leclanche dry cell mainly in  turn will react
with the zinc chloride elec- the absence of ammonium chloride from the
trolyte to form a hard, dense material hav- electrolyte. In particular,
this dry cell system  ing the formula ZnCl[err].4Zn(OH). Because has been
found to possess a service capacity  the cell does dry - out on discharge,
it has 5 which is superior to that of the conventional been found that the
solution volume of the 70 Leclanche dry cell.                     cathode
depolarizer mix cake must be high It has been proposed in the prior art to
enough to satisfy the above reaction and produce primary dry cells using a
zinc anode to insure electrolyte paths from the anode and an aqeous zinc
chloride electrolyte, how-  to cathode throughout the useful life of the 10
ever, these prior art cells differ significantly  cell.
75 from those of the present invention in the    In the practice of the
present invention, formulation of the cathode depolarizer mix  the cathode
depolarizer mix is made in the cake as will be explained hereinafter.
usual manner by first dry blending particles According to the present
invention there  of manganese dioxide, finely-divided carbon 15 is provided
a primary dry cell comprising  black, e.g. acetylene black and optionally,
80 a zinc anode, a cathode depolarizer mix  minor amounts of various
inhibitors, such cake containing manganese dioxide, carbon as mercuric
chloride. Conventionally, this black and an inner electrolyte, and a separ-
blend is then wetted with the inner electro- ator interposed between said
anode and said  lyte to produce a uniformly moistened mix 20 cathode
depolarizer mix cake, wherein the  of a consistency suitable for molding to
the 85 ratio, by weight, of manganese dioxide to  shape of the cathode mix
cake. carbon black in said cathode depolarizer mix   It has now been found
in accordance with cake is within the range of from 4: 1 to 9: 1, the
present invention that if the cathode mix the inner electrolyte is selected
from 6 nor-  formula is devised using a high solution 25 mal aqueous zinc
chloride solution or an  volume of between 60 and 71 per cent, a 90 aqueous
solution containing at least one of  moldable mix of suitable consistency
for magnesium perchlorate, magnesium bromide, forming the cathode
depolarizer mix cake zinc perchlorate and zinc bromide and said  can be
made which contains enough inner inner electrolyte constitutes from 60 to
71  electrolyte to insure full service delivery. 30 per cent by volume of
the total cathode In attaining this high solution volume, a 95 depolarizer
mix cake. As used herein and in the appended   number of related factors
must be taken claims, the term "inner electrolyte" is in-  into account in
devising the cathode mix tended to denote the electrolyte normally
formula. The ratio, by weight, of manganese 35 incorporated within the
cathode depolarizer  dioxide to carbon black, for example, should mix cake.
The term "outer electrolyte" as  be fairly high in order to maintain the
cell 100 used herein and in the appended claims is  depolarization
discharge capacity although intended to denote the electrolyte normally  a
substantial percentage of the very highly absorbent carbon black is
required in order immobilized within the conventional separ- 40 ator
interposed between the metal anode  to incorporate sufficient electrolyte.
It has and cathode mix cake. As well understood  been found that the ratio,
by weight, of 105 by those skilled in the art, the outer electro-
manganese dioxide to carbon black should lyte may be immobilized with a
suitable  be mantaied in the range of 4:1 to 9:1. gelatinizing agent such
as flour or starch to    The concentration of the electrolyte solu- 45 form
a conventional paste separator or the 



separator medium may be one of the con-  found that a dry cell using a 6.0
normal 110 ventional film separators such as carboxy- solution of zinc
chloride in water exhibits methylcellulose  coated  paper thoroughly  a
slightly higher service capacity than a cell wetted with the outer
electrolyte.       using a 9.8 normal electrolyte solution. This 50   The
present invention is predicated on  is belived due to the higher water
content the discovery which is an outgrowth of of the less concentrated
electrolyte solution. 115 earlier experimental work with the magnes-
Besides the aqueous zinc chloride electro- ium dry cell, that a primary dry
cell utiliz-  lyte mentioned, electrolytes using several ing a zinc anode
and an aqueous metallic' other salts are also useful in the practice of 55
halide salt electrolyte can' be made having  the present invention. It is
possible within a high service capacity if the cathode mix  the scope of
the present invention, for ex- 120 formulation is devised using a high
solution  ample, to employ aqueous electrolyte solu- volume, i.e. per cent
by volume of inner  tions as used in the magnesium dry cell, e.g.
-electrolyte. In the case of a primary dry  magnesium perchlorate and
magnesium bro- 60 cell using an aqueous zinc chloride electro-  mide.
Preferably, however, the electrolyte lyte, for example,' it has been found
that  solution is an aqueous solution of a zinc salt 125 during the
electrochemical process which  such as zinc perchlorate and zinc bromide
takes place on discharge, water is consumed  as well as zinc chloride of 6
normal solution or tied up in the form of a zinc hydroxide  as mentioned
above. The use of the zinc salt 65 reaction product. This reaction product
in  is preferred because it is more compatible    3
1,356,422                                     3 with the zinc anode and
thus anode corro-  65 per cent solution volume. The ratio, by sion problems
are avoided.              weight, of manganese dioxide to acetylene The
present invention will now be further  black in the formulation was 8.7: 1.
The  - described, by way of example, with refer-  real density of the
wetted mix was 2.285 5 ence to the accompanying drawing, where-  grams per
cubic centimeter and the weight  65 in:
ratio of water-in the electrolyte wetted mix Figure 1 is a vertical section
of a primary  to manganese dioxide in the mix was 0.460: dry cell embodying
the present invention;  1. This provided 1.65 grams of water per and
ampere-hour of manganese dioxide theoreti- 10   Figure 2 is a graph showing
comparative  cal capacity.                         70 discharge voltage
curves.                 The cells made in the above example Referring now
to Figure 1, there is shown  used a methylcellulose separator and the a
cylindrical primary dry cell comprising a  outer electrolyte was a 6.0
normal solution zinc cup or can 10 containing the cathode  of zinc chloride
in water. 15 depolarizer mix cake 12 which is molded    The two curves
shown in the graph of 75 in the usual manner around a central carbon
Figure 2 illustrate the advantage in improved electrode rod 14 to form  a
conventional  service capacity of primary dry cells made cathode bobbin.
The cathode bobbin rests  in accordance with the present invention. on a
paper washer 16 in the bottom of the  Curve 1 represents the continuous
discharge 20 zinc cup or can 10 and is separated from  of the "AA" size
cells made in the above 80 the side walls of the zinc cup or can 10
example on a 72 ohm load at 75[err]F. Curve 2 by a thin film separator 18
such as carboxy-  represents the discharge of a typical prior
methylcellulose coated paper or a methyl-  art Leclanche dry cell under the
same drain cellulose separator. The dry cell is provided  conditions. It
will be seen that the primary 25 with a top seal 20 which may be made of
dry cells of the present invention exhibit a  85 wax or pitch poured onto
the top of the  higher working coltage than the conven- bobbin washer 22
within the open end of  tional Leclanche dry cells and that this volt- the
zinc cup or can 10.                 age is sustained for a longer period of
time. The thin film separator 18 is thoroughly  From these tests then, it
is evident that the 30 wetted with the outer electrolyte which may  primary
dry cells of the present invention  90 be a concentrated solution of zinc
chloride  possess a high service capacity. 



in water. Usually, the outer electrolyte is the same concentration as the
inner electro-    WHAT WE CLAIM IS: - lyte, e.g. 6.0 normal zinc chloride.
1. A primary dry cell comprising a zinc 35   The following example will
serve to illus-  anode, a cathode depolarizer mix cake con- 95 trate the
practice of the present invention:  taining manganese dioxide, carbon black
and A number of "AA" size primary dry cells  an inner electrolyte, and a
separator inter- were made using a zinc cup anode and an  posed between
said anode and said cathode aqueous zinc chloride electrolyte, the con-
depolarizer mix cake, wherein the ratio, by 40 struction of the cells being
basically the  weight, of manganese dioxide to carbon 100 same as that
shown in Figure 1. The cathode  black in said cathode depolarizer mix cake
depolarizer mix cakes for each of the cells  is within the range of from
4:1 to 9:1, the were molded from an electrolyte wetted mix  inner
electrolyte is selected from 6 normal prepared in the manner as described
above  aqueous zinc chloride solution or an aqueous 45 and having the
following formulation:    solution containing at least one of magnes- 105
ium perchlorate, magnesium bromide, zinc Cathode Mix       % by   %   by
Volume  perchlorate and zinc bromide and said inner Ingredients      Weight
at 70[err]F.    electrolyte constitutes from  60 to 71 per cent by volume
of the total cathode de- 50 Artificial [err]    55.6         26.6
polarizer mix cake.                     110 (produced by
2. A  primary dry cell as claimed in electrolytic methods)
claim 1, wherein the inner electrolyte is an Acetylene black     6.4
8.0     aqueous solution containing a magnesium Zn(OH)2 (powder)  0.8
0.6     salt selected from  magnesium  perchlorate 55 6.0N [err] solution
37.2      64.8      and magnesium bromide.                  115 -
-           3. A primary dry cell as claimed in claim Total
100.0       100.0     1 wherein the inner electrolyte is an aqueous
solution containing a zinc salt selected from The cathode depolarizer mix
cake made  zinc perchlorate and zinc bromide. 60 with this formulation had
approximately a    4. A primary dry cell as claimed in any 120    3
1,356,422 with the zinc anode and thus anode corro-  65 per cent solution
volume. The ratio, by sion problems are avoided.              weight, of
manganese dioxide to acetylene The present invention will now be further
black in the formulation was 8.7:1. The described, by way of example, with
refer-  real density of the wetted mix was 2.285 5 ence to the accompanying
drawing, where-  grams per cubic centimeter and the weight 65 in:
ratio of water in the electrolyte wetted mix Figure 1 is a vertical section
of a primary  to manganese dioxide in the mix was 0.460: dry cell embodying
the present invention;  1. This provided 1.65 grams of water per and
ampere-hour of manganese dioxide theoreti- 10   Figure 2 is a graph showing
comparative  cal capacity.                        70 discharge voltage
curves.                 The cells made in the above example Referring now
to Figure 1, there is shown  used a methylcellulose separator and the a
cylindrical primary dry cell comprising a  outer electrolyte was a 6.0
normal solution zinc cup or can 10 containing the cathode  of zinc chloride
in water. 15 depolarizer mix cake 12 which is molded    The two curves
shown in the graph of 75 in the usual manner around a central carbon
Figure 2 illustrate the advantage in improved electrode rod 14 to form  a
conventional  service capacity of primary dry cells made cathode bobbin.
The cathode bobbin rests  in accordance with the present invention. on a
paper washer 16 in the bottom of the  Curve 1 represents the continuous
discharge 20 zinc cup or can 10 and is separated from  of the "AA" size
cells made in the above 80 the side walls of the zinc cup or can 10
example on a 72 ohm load at 75[err]F. Curve 2 by a thin film separator 18
such as carboxy-  represents the discharge of a typical prior 



methylcellulose coated paper or a methyl-  art Leclanche dry cell under the
same drain cellulose separator. The dry cell is provided  conditions. It
will be seen that the primary 25 with a top seal 20 which may be made of
dry cells of the present invention exhibit a 85 wax or pitch poured onto
the top of the  higher working coltage than the conven- bobbin washer 22
within the open end of tional Leclanche dry cells and that this volt- the
zinc cup or can 10.                age is sustained for a longer period of
time. The thin film separator 18 is thoroughly  From these tests then, it
is evident that the 30 wetted with the outer electrolyte which may  primary
dry cells of the present invention  90 be a concentrated solution of zinc
chloride  possess a high service capacity. in water. Usually, the outer
electrolyte is the same concentration as the inner electro-    WHAT WE
CLAIM IS: - lyte, e.g. 6.0 normal zinc chloride.     1. A primary dry cell
comprising a zinc 35   The following example will serve to illus-  anode, a
cathode depolarizer mix cake con- 95 trate the practice of the present
invention:  taining manganese dioxide, carbon black and A number of "AA"
size primary dry cells  an inner electrolyte, and a separator inter- were
made using a zinc cup anode and an  posed between said anode and said
cathode aqueous zinc chloride electrolyte, the con-  depolarizer mix cake,
wherein the ratio, by 40 struction of the cells being basically the
weight, of manganese dioxide to carbon 100 same as that shown in Figure 1.
The cathode  black in said cathode depolarizer mix cake depolarizer mix
cakes for each of the cells  is within the range of from 4:1 to 9:1, the
were molded from an electrolyte wetted mix  inner electrolyte is selected
from 6 normal prepared in the manner as described above  aqueous zinc
chloride solution or an aqueous 45 and having the following formulation:
solution containing at least one of magnes- 105 ium perchlorate, magnesium
bromide, zinc Cathode Mix       % by   % by Volume  perchlorate and zinc
bromide and said inner Ingredients      Weight    at 70[err]F.
electrolyte constitutes from  60 to 71 per cent by volume of the total
cathode de- 50 Artificial [err]    55.6        26.6     polarizer mix cake.
110 (produced by                              2. A  primary dry cell as
claimed in electrolytic methods)                   claim 1, wherein the
inner electrolyte is an Acetylene black    6.4         8.0      aqueous
solution containing a magnesium [err] (powder)  0.8          0.6     salt
selected from magnesium  perchlorate 55 6.0N [err] solution  37.2      64.8
and magnesium bromide.                 115 -                      3. A
primary dry cell as claimed in claim Total             100.0      100.0
1 wherein the inner electrolyte is an aqueous solution containing a zinc
salt selected from The cathode depolarizer mix cake made  zinc perchlorate
and zinc bromide. 60 with this formulation had approximately a    4. A
primary dry cell as claimed in any 120    4
1 356,422                                      4 one of the preceding
claims wherein the  as illustrated in the accompanying drawing. separator
is wetted with an outer electro- lyte consisting essentially of an aqueous
W. P. THOMPSON &  CO., solution containing the same metallic salt as
12 Church Street, 5  present in the inner electrolyte.
Liverpool L1 3AB. 5. A primary dry cell substantially as
Chartered Patent Agents. hereinbefore described with reference to and
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