
1,061,063                                        5
TABLE V                        Sal ammoniac
37 parts                       Zinc chloride
18  ,,                       Water
100,,                       Mercuric chloride
0.3  ,,                       Flour
19  ,,                       Cornstarch
30  ,,         Thermo-contractile vinyl tube 29 is formed  The sealing ring
35 serves to exhaust gases     mainly by polyvinyl chloride, to which is
and to prevent electrolyte leakage, and is made     mixed polyvinyl acetate
or polyvinylidene  of a high-quality paper which is water-proof  35 5
chloride, or with which is copolymerized  treated by paraffin wax dissolved
in a suitable     polyvinyl acetate or polyvinylidene chloride,  solvent
such as trichloroethylene.     with addition of a small amount of
plasticizer    A preferred construction of the present dry     and a minute
amount of stabilizer. It is  cell is as described above, and in manufac-
0.05-0.5 mm in thickness, and when heated,  turing the same, the
conventional steps of  40 10  contracts both in longitudinal and
latitudinal  insertion of the paper washer 6 and of form-     directions.
ing the sealing layer 5 can be omitted.       Thermoplastic resins are
readily deformable   The characteristics of dry cells embodying     under
temperatures higher than their soften-  the present invention as shown in
Fig. 1 and     ing point but lower than their flowing point.  those of
conventional dry cells as shown in  45 15  When an extruded tube of
suitable diameter  Fig. 1 have been compared to each other by     and
length of thermoplastic resin is heated to  various tests and experiments
described below.     a temperature below its flowing point but     higher
than its softening point, to thermally  (1) Constant-Resistance Discharge
Tests.     expand the tube to a suitable diameter, and    Dry cells were
discharged through constant 20  then quenched, the tube is under the con-
resistances at a discharge temperature of 20  50     dition of expansion by
residual strain even at  [err] 1[err] C., and characteristic curves of dis-
normal temperatures. When such an expanded  charge voltage v. discharge
time for various     tube is heated to a temperature above the  discharge
resistances are shown in Tables VI     softening point, the residual strain
is removed,  to XI and Figs. 4 to 10, wherein No. 1 curves 25 and the tube
contracts to the diameter before  correspond to the present invention,
while  55     the expansion. The thermo-contractile tube  No. 2 and No. 3
curves correspond to groups     29 is obtained by utilization of the above-
A and B of conventional dry cells, respec-     mentioned property of
thermoplastic resin. In  tively.     place of such a thermo-contractile
tube, an    Table VI shows the results of continuous 30  elastic tube
expanded by a mechanical force  discharges through 4[err] resistance are
shown  60     to a suitable diameter may be used, and then  in Fig. 4.
the mechanical force may be removed.        6
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1,061,063                                                TABLE IX
Service Time (minutes)                                                1.1 V
0.9 V                             No. 1               720
930                             No. 2               270                540
No. 3               370                670          Table X shows the
results of tests wherein  tances for 2 hours continuously every day for
cells were discharged through 5.6-ohm resis-  6 days, the results being
shown also in Fig. 9.  5
TABLE X                                                  Service Time
(hours)                                       1.1 V          1.0 V
0.9 V                         No. 1          13             15.8
19.2                         No. 2           2.4            3.8
5.2                         No. 3           4              5.9
9.8         Table XI shows the results of tests where  discharges and
56-minute stoppages were re-     cells were discharged through 6.67-ohm
resis-  peated for 10 hours every day, the results     tances for 4
minutes, and then after 56-  being shown also in Fig. 10. 10 minute
stoppage of discharges, next 4-minute
TABLE XI                                                     Service Time
(minutes)                                                            0.93 V
No. 1                        1610                                No. 2
1080                                No. 3                        1170   15
Thus, it has been confirmed that the cells    Cells were discharged with
constant cur-  20     of present invention have constant-resistance-  rents
at a temperature of 20 [err] 1[err] C., and the     discharge sustaining
time or capacity about  results are shown in Table XII and Fig. 11.     1.5
to 3 times that of conventional cells.  No. 1 cells are of the present
invention, while     (2) Constant-Current Discharge Test.        No. 3
cells are conventional cells of group B.
1,061,063                                      9
TABLE XII                Discharge               No. 1
No. 3              current                 mA           1.1 V          O.9V
1.1 V         0.9V                  300         252 min.       360 min.
105 min.      185 min.                  500         114  ,,        167  ,,
36  ,,         84  ,,                  700          69  ,,        113  ,,
18  ,,        54  ,,        Thus, it has been confirmed that the con-
The results of tests with regard to elec-    stant-current discharge
service times of the  trolyte leakage are shown in Table XIII. The
present dry cells are about 2 to 3.5 times  conventional cells under test
are of group A 5  those of conventional cells.                 and show
wide ranges of variations in number  10    (3) Electrolyte Leakage.
of leakage default.                                           TABLE XIII
Number of cells leaked                          Test procedure
Present                                                        invention
Conventional               Continuously discharged through 4-ohm
resistance until the time when terminal              voltage drops to 0.7 V
0             0               Continuously discharged through 4-ohm
resistance for 24 hours, and then left              open-circuited at
20[err] C. for 15 days     0           0 -  75               Continuously
discharged through 4-ohm              resistance for 24 hours, and then
left              open-circuited at 20[err] C. for 50 days     0
15 -  100               Continuously discharged through 4-ohm
resistance for 24 hours, and then left              open-circuited at
30[err] C. for 30 days     0           0 -  100               Continuously
discharged through 1-ohm              resistance at 0 C. for 30 days
0          20 -  100               Continuously discharged through 4-ohm
resistance at 30 C. for 30 days             0           0-  100
Continuously discharged through 125-ohm              resistance at 30[err]
C. for 60 days         2           6 -  100        It is then clear that
there is little fear of  0.85 volt by discharges through 4-ohm resis-
electrolyte leakage in dry cells of the present  tances for 30 minutes
every day. This reveals  20 15 invention.
that conventional cells (No. 2) cannot be
stored beyond for about two years, but the    (4) Storage Periods.
present dry cells can be stored for about three      Fig. 12 shows
decreases in  sustaining  years, with loss of capacity of only about 10%.
periods of the cells until the voltages drop to            10
1,061,063     (5) Influence of Temperature.                 temperatures,
and flowing out of compounds       Conventional dry cells cannot operate at
or electrolytes at high temperatures do not     low temperatures below -
15[err] C. or -20 C.,  occur, so that stable performances are ex-     as
the electrolytes freeze up. In addition,  pected over a wide range of
-15[err] C. to 5  below -5[err] C., for example, the sealing layer
100[err] C., without fear of electrolyte leakage  20     compounds become
brittle and tend to cause  nor deformation of sealing layers.
electrolyte leakage. On the other hand, at    Fig. 13 shows the results of
continuous     high temperatures above 60[err] C., for example,
discharging of the new dry cells at 100[err] C.     the compounds become
soft to flow out, re-  through 4-ohm resistance. Conventional cells 10
sulting in flowing out of electrolytes. Thus,  did not operate at such a
high temperature.  25     the operative range of conventional dry cells
Fig. 14 shows the results of continuous dis-     are from about - 5[err] C.
to about 60[err] C.      charging at -15[err] C. through 4-ohm  resis-
Because of the fact that the present inven-  tance. The service times of
such dischargings     tion employs a sealing member 24 of soft  are shown
in Table XIV. 15 plastics material, electrolyte leakage at low
TABLE XIV                                                 No. 1
No. 2                        Temperature
0.75 V             0.75 V                           100[err] C.       1400
min.        No discharging                           -15 C.           305
min.           112 min.          From the above, as well as, from Fig. 15
of  broken line curves to conventional ones of     the drawings, it is
obvious that the present  group A.     invention  provides very good
temperature     Dry cells of the present invention (No. 1),
characteristics in comparison to conventional  and conventional dry cells
of two different 35  dry cells. Particularly, even at a low tem-  groups
(No. 4 and No. 5) were stored at 50     perature of -15[err] C. or so, the
new dry cells  90[err] C. for 8 hours, and then left at normal     have
useful life of about three times that of  temperature for ten days. These
cells were     conventional ones. In addition, deterioration  discharged
continuously at 20[err]1[err] C. through     during storage at high
temperatures is far less  4-ohm resistances. No. 4 cells shew flowing 40
than conventional ones.                       out of sealing layers and
electrolyte leakage  55
during the storing, and No. 5 cells shew        Fig. 15 shows relations
between tempera-  electrolyte leakage at cap portions, and corro-     tures
and service times for respective cutoff  sion  proceeded  during
normal-temperature     voltages, when cells were continuously dis-
discharging. On the contrary, No. 1 cells did     charged through 4-ohm
resistance. Solid line  not show anything wrong. Their characteristic  60
45  curves correspond to new  dry cells, and  changes are shown in Table
XV.                                              TABLE XV
Service time in minutes to                      0.75-V  by discharging
through 4-ohm resistance
Deterioration  Proportion   Proportion                       Before
After          rate         before           after
exposure to   exposure to                     exposure       exposure
high temp.    high temp.       (%)              (%)            (%)
No. 1         960             860             10            100
100          No. 4          353           250              29
37             30          No. 5          650            240             63
68             28
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Humidity.                  conditions continuously through 4-ohm resis-
Conventional dry cells deteriorate remark-  tances to 0.75 V. No. 1 cells
did not show     ably under high-humidity atmosphere, in gen-  any change
until the experiments have com-     eral, but dry cells of the present
invention  pleted, but No. 3 cells shew flowing-out of  15 5  (No. 1) do
not show any deterioration sub-  sealing compound after storage for one
day,     stantially, even under such a high humidity  and the compound
flowing-out increased day     that dew may fall on the cell casings.    by
day, the manner of deterioration of such       Under severe conditions,
such as a high  cells being shown in Table XVI. No. 1 cells     temperature
of 70 [err] 2[err] C. and a high humidity  were tested up to 60-day
storing, but pre- 20 10  of 90[err]2%, the cells were stored for definite
served 671-minute capacity.     periods, and then discharged under the same
TABLE XVI                  Period of                 storing
Characteristics          No. 1         No. 3                  Before
Voltage (V)              1.68          1.60                 storing
Current (A)              7.5           6.6
Capacity (minutes)     960             380
Voltage (V)             1.685          1.62                   1 day
Current (A)              10.8          9.9
Capacity (minutes)     1195            768
Voltage (V)              1.645         1.57                   5 days
Current (A)              11.0          8.6
Capacity (minutes)       1262          67.3
Voltage (V)             1.625        1.55                  10 days
Current (A)              10.5          7.7
Capacity (minutes)       1331          633
Voltage (V)              1.58          1.45                  20 days
Current (A)              10.0          4.7
Capacity (minutes)       1181          521
Voltage (V)              1.55          1.44                  30 days
Current (A)              8.0           3.5
Capacity (minutes)     940             240       (7) Water-proofness Tests.
water wiped out of the cells. The cells were         (i) In-water
maintenance test           then continuously discharged at 20[err]1[err] C.
25    Dry cells were immersed into water-service  through 4-ohm
resistances. The results are  30     water and left at normal temperature
for 40  shown in Table XVII.     days. After then, the cells were taken out
and          12                                     1,061,063
TABLE XVII                  Immersion                Period
Characteristics         No. 1          No. 3
Voltage (V)             1.70           1.60                 10 days
Current (A)             8.35           7.31
Jacket print  Jacket print                                 Appearance
discoloured    discoloured
slightly      slightly                                  Voltage (V)
1.68           1.58                 40 days
Current (A)             8.32           7.33
to 1.2 V       187             45                               Capacity
to 1.0 V        310            160                              (minutes)
to 0.75 V      960           465           (ii) Maintenance Test in
Sea-Water.    days. Changes in characteristics are shown in   5      Dry
cells were immersed into 3% table-salt Table XVIII.    water, and left at
normal temperature for 11                                          TABLE
XVIII                                       Characteristics    No. 1
No. 3                                      Voltage (V)         1.72
1.62              Before immersion
Current (A)         8.60           7.77
Voltage (V)         1.70           1.585              After one-day
immersion           Current (A)          8.36          7.57
Voltage (V)         1.66           1.50              After 7-day
immersion           Current (A)          7.97          6.89
Voltage (V)         1.64           1.48              After 11-day
immersion           Current (A)          7.70          6.61           (iii)
Discharge Test in Boiling Water.  after ten minutes has elapsed, were
discharged       Dry cells of the present invention were  continuously
through 4-ohm resistance. The 10  immersed into boiling water of 100[err]
C., and  results are shown in Table XIX.
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TABLE XIX                                             Voltage (V)
Appearance                         After 0 hour           1.69
No change                           ,,  2 hours          1.40
,,  4,,              1.32                           ,,  6,,
1.24                           ,,  8,,              1.23                 ,,
WHAT WE CLAIM  IS: -                          7. A primary cell according
to claim  6, 45       1. A primary cell consisting of a container,  wherein
a  positive  electrode  depolariser     a current-collecting terminal rod,
and active  mainly composed of electrolytic manganese 5  elements enclosed
in said container, which  dioxide, an electrolyte mainly composed of
cell has a sealing member of resilient plastics  ammonium chloride and a
positive electrode     material having a central sleeve providing a  carbon
rod are arranged in the negative elec-  50     central bore for penetration
therethrough of  trode container consisting of zinc.     said terminal rod,
and a concentric outer flange  8. A primary cell according to claim  7, 10
provided at its outer peripheral root with a  wherein the sealing member
comprises an     portion into which is inserted the upper end  inner sleeve
having a bore for receiving the     of said container, for sealing the
opening of  positive electrode and which is smaller in  55     said
container; a cylindrical film member of  diameter than said electrode,
which bore is     plastics material with its upper end in close  bevelled
at its lower end, an outer sleeve con- 15  contact with the periphery of
said sealing  centric with the inner sleeve for contacting     member, for
covering the side surface of said  the upper inner wall of the negative
electrode     container; and a jacket for enclosing therein  zinc
container, which outer sleeve is also  60     said container with said film
member, the  bevelled at its lower end, a flange portion     upper and
lower ends of said jacket being  provided on the periphery of the sealing
20  bent inwardly for respectively sealing both  member, a rib formed on
the upper surface     ends of said container.
periphery of said flange portion and a rib       2. A primary cell
according to claim  1,  formed on the lower surface periphery of said  65
wherein after the top portion of said current  flange portion, a groove
provided between the     collecting terminal rod arranged in the con-
second mentioned rib and said outer sleeve, 25  tainer has been preheated
the container is  into said groove the upper end of the zinc     sealed by
means of said sealing member, and  container being fitted, a groove
provided on     thus said current collecting terminal rod and  the upper
surface of said sealing member  70     said central bore of said sealing
member are  into which the flange of the cap of the posi-     weldedly
bonded.                              tive electrode terminal which is
concentric 30    3. A primary cell according to claim  1,  with said bore
is inserted, a groove into which     wherein a part of the connecting
portion dis-  an insulating ring is fitted and a rib contact-     posed
between the inner sleeve and the outer  ing with a sealing plate provided
on the outer  75     sleeve of said sealing member is made to the
periphery of the second mentioned groove,     thickness 0.2-1.0 mm.
and a groove formed between the third men- 35    4. A primary cell
according to claim  1,  tioned rib and the rib provided on the upper
wherein the sealing member is composed of  surface of said flange portion.
polyethylene.                                   9. A primary cell
substantially as herein  80        5. A primary cell according to claim  1,
described with reference to the accompanying     wherein a
thermo-contractile resin tube is em-  drawings. 40  ployed as the
cylindrical film  member of                 For the Applicants:
plastics.                                         LLOYD WISE, BOULY & HAIG,
6. A primary cell according to claim  5,             Chartered Patent
Agents,      wherein polyvinyl chloride is employed as the
Norman House,      thermo-contractile resin tube.
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