
GB2005062B.   1 SPECIFICATION                                 ing paste,
fluoric resin, nylon or the like having a melting point (about [err])
higher Method of manufacturing positive electrode    than the decomposition
temperature of the for non-aqueous cell                          viscous
agent. However, it has been found 5
70  that the performance of a cell manufactured This invention relates to a
method of manu-   according to this method depends on the facturing a
positive electrode for a non-aque-  atmosphere in which the heat-treatment
was ous cell.                                     carried out. Namely, when
a viscous agent In manufacturing positive electrodes for    and a binder
are added to manganese dioxide 10 cells in which manganese dioxide is used
as    75 active material powder and heat-treatment is an active material, a
paste-type method may   subsequently performed at a temperature of be
considered for obtaining a thin positive   about [err]under vacuum or in an
inert electrode from the viewpoint of high-rate dis-  atmosphere, the
viscous agent is decomposed charge characteristics. In this case, it has
at a temperature in the vicinity of [err]. This 15 been proposed to add to
manganese dioxide    80  decomposition is oxygen consumption reac- active
material powder, a viscous agent solu-  tion, in which the manganese
dioxide is re- tion also serving as a binder, such as polyvi-  duced,
thereby to decrease the amount of nyl alcohol or methyl cellulose, thereby
to   effective manganese dioxide, thus resulting in form paste, which is
subsequently applied to  a decrease in the discharge capacity. 20 the
supporting member, and to heat-treat  85   According to the present
invention there is such paste-applied supporting member at term-  provided
a method of manufacturing positive peratures lower than the decomposition
tem-  electrodes for non-aqueous cells comprising perature of the viscous
agent. In this method,  the steps of, adding to manganese dioxide however,
there is inconvenience, particularly  active material powder, a binder and
a viscous 25 in the case of the positive electrodes for non-   90 agent
solution decomposable at temperatures aqueous cells. Namely, the positive
electrode  lower than the melting point of said binder, used for
non-aqueous cells should be acti-   thereby to form paste, applying said
paste to vated with water sufficiently removed. How-   a supporting member,
and heat-treating said ever, at temperatures around [err] corm-
paste-applied supporting member firstly at the 30 bined water may not be
removed from the   95  decomposition temperature of said viscous manganese
dioxide, although adherent water    agent in an oxidization atmosphere and
sec- may be removed. In order to remove the        ondly at the melting
point of said binder combined water, it is therefore required to   under
vacuum or in an inert atmosphere. perform heat-treatment at temperatures
higher   Some embodiments of the invention will 35 than [err] preferably in
the range from  100 now be described, by way of examples, with [err]
reference to the accompanying drawing in Alternatively, it is possible to
prepare start-  which the single figure illustrates a compari- ing active
material of manganese dioxide from  son of discharge characteristics
between a cell which adherent water and combined water       in which a
positive electrode manufacturing in 40 have been removed as much as
possible by    105 accordance with the present invention is used,
previously heat-treating the manganese diox-  and a cell in which a
positive electrode partic- ide at temperatures in the range from [err]
ularly made for the comparison is used. to [err]. In this case, however,
when such      The present invention relates to a method of manganese
dioxide is mixed with a conductive  manufacturing positive electrodes for
non- 45 agent and a viscous agent during the manu-   110 aqueous cells in
which manganese dioxide is facture, water is again adhered to the man-
used as positive active material and light ganese dioxide. For removing
such re-adhered  metals such as lithium sodium or aluminium water, it is
required to perform heat-treatment  are used as negative active material,
while an at temperatures higher than [err], preferably  organic solvent
such as propylene carbonate 50 at a temperature of approximately [err].
115 or y-butyrolactone in which a solute such as However, when a viscous
agent decompos-       lithium perchlorate or lithium fluoborate is able at
a temperature of about 200 to [err]   being dissolved, is used as an
electrolyte. such as polyvinyl alcohol or methyl cellulose  According to
the present invention, mangan- is alone used also as a binder, it is not
ese dioxide active material powder is added 55 possible to perform
heat-treatment at tempera- 120 with a binder having a high melting point
tures higher than the decomposition tempera-  such as fluoric resin or
nylon, and a viscous ture of such a viscous agent.                 agent
solution decomposable at temperatures Accordingly, the above described
method of  lower than the melting point of the binder using only a viscous
agent serving also as a  such as polyvinyl alcohol or methyl cellulose, 60
binder is not sufficient as a method of manu-  125 thereby to form paste,
which is subsequently facturing the positive electrodes for non-aque-
applied to the supporting member, and thus ous cells.
paste-applied supporting member is then heat- In order to overcome the
inconveniences     treated firstly at the decomposition tempera-
above-mentioned, it may be proposed to use,   ture of the viscous agent in
an oxidization 65 in addition to a viscous agent used for form-   130
atmosphere and secondly the melting point of    
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GB2005062B    2 the binder under vaccum or in an inert atmo-  secondly at
270'C for 180 minutes under sphere.
vacuum, thus producing a positive electrode. The description hereinbelow
will discuss in  In this Example 3, the melting point of detail examples in
which the present invention  nylon powder used as-a binder. is relatively 5
is embodied.                             70  lower than those of binders
used in Examples 1 and 2. It is therefore preferred to apply this -Example
1                                  Example 3 to the case  in which
manganese Manganese dioxide powder which had been    dioxide as starting
material has previously prepared by heat-treating commercially avail-  been
heated at temperatures in the range 10 able electrolytic manganese dioxide
at temper-  75 from [err] ature within the range from [err],    Two
heat-treatment steps used in the manu- as active material, and acetylene
black as a  facturing method in accordance with the pres- conductive agent,
and tetrafluoroethylene-   ent invention may provide following effects.
hexafluoropropylene copolymer powder. (melt-   In the first heat-treatment
step in which 15 ing point of about [err]) as a binder were  80
heat-treatment is performed at the decomposi- mixed at a ratio of 90:8:2 to
form a mixture.  tion temperature of a viscous agent in an 2% by weight of
a 10% polyvinyl alcohol    oxidization atmosphere, it is possible to re-
solution which had been prepared by dissolv-  strain a decrease in the
amount of effective ing polyvinyl alcohol powder (decomposition  manganese
dioxide and to dehydrate the 20 temperature of about 200C) in water, was
85 water contained in the viscous agent because * added to the previously
prepared mixture and  the viscous agent is decomposed in an oxidi- then
-mixingly kneaded to form paste. Such   zation atmosphere. paste was
applied to a supporting member       In the second heat-treatment step,
heat-, made of stainless net. Thus paste-applied sup-  treatment is
performed at the melting point 25 porting member was then heat-treated,
firstly   90 (high temperature) of a binder under vacuum at [err] for 30
minutes in an oxidization    or in an inert atmosphere, thereby to suffici-
atmosphere (in the air), and secondly at     ently remove the water present
in the elec- 300C for 90 minutes under vacuum, thus      trode. There is a
tendency that in an  oxidiza- producing a positive electrode.
tion atmosphere or in the air, decomposition 30
95 of the binder is accelerated, which may exert Example 2
a bad influence upon the manganese dioxide Manganese dioxide powder in
Example 1 as   active material. Such problem may be avoided active
material, acetylene black as a conduc-  because the second heat-treatment
is per- tive agent, and polytetrafluoroethylene resin  formed under vacuum
or in an inert atmo- 35 powder (melting point of about [err]) as a    100
sphere. . binder were mixed a ratio of 90:8:2, to form   The description
hereinafter will- discuss a a mixture.
cell in which a positive electrode according to 2% by weight of a 5% methyl
cellulose      the present invention is used. solution which had been
prepared by dissolv-   A cell was formed by a positive electrode of 40 ing
methyl cellulose powder (decomposition    105 about 1.0.5 mm diameter and
about 2 mm temperature of about [err]) in water, was    thickness stamped
out from the positive elec- added to the previously prepared mixture, and
trode obtained. in Example 1, and a negative then mixingly kneaded to form
paste. Such    electrode of about 8 mm diameter stamped paste was applied
to a supporting member    out from a lithium plate which had been rolled 45
made of stainless net. Thus paste-applied sup- 110 in a predetermined
thickness in an argon- porting member was then heat-treated firstly
substituted dry box. As an electrolyte, propy- at [err] for 30 minutes in
an oxidization    lene carbonate in which lithium perchlorate atmosphere,
and secondly at [err] for 90     was being dissolved was used, while as a
minutes under vacuum, thus producing a pos-  separator a non-woven fabric
-of polypropylene 50 itive electrode.                         115 was used.
The cell dimension. is of about 1 1.6 6 mm outer diameter and about 5.4 mm
height. Example 3                                     For comparison with
the present invention, Manganese dioxide powder in Example 1 as   a
positive electrode was separately manufac- active material, acetylene black
as a conduc-  tured by heat-treating a paste-applied support- 55 tive
agent, and nylon powder (melting point of. .120 ing  member at [err] for 90
minutes under about [err]) as a binder were mixed at a     vacuum
immediately after applying said paste ratio of. 88:8:4 to form a mixture.
thereto without subjecting to the heat-treat- 2% by weight of a 10%
polyvinyl alcohol    ment in n oxidization atmosphere. solution in Example
1 was mixed to the previ-  Comparison of discharge characteristic with 60
ously prepared- mixture and then mixingly  125 load of 5.6  K was made
between a cell A in kneaded to form paste. Such paste was ap-    which a
positive electrode according to the plied to a supporting member made of
stain-  present invention is used, and a' cell B pre- less net. Thus
paste-applied supporting mem-  pared for comparison, as shown in the accom-
ber was then heat-treated, firstly at [err] for  panying drawing. 65 30
minutes in an oxidization atmosphere, and  130   As apparent from the
drawing, the dis-    
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GB2005062B        3 charge capacity of the cell A is larger in about
cordance with the method claimed in any 20% than the cell B.
preceding claim. Concerning a binder and a viscous agent, Printed for Her
Majesty's Stationery Office the following ones may be used in the present
by Burgess & Son (Abingdon) Ltd.-1 982. 5 invention.
Published at The Patent Office, 25 Southampton Buildings,. A binder
includes fluoric resin such as tet-   London, WC2A 1AY, from which copies
may be obtained. rafluoroethylenehexafluoropropylene copoly- mer,
polytetrafluoroethylene resin, or tetra- fluoroethylene-ethylene copolymer,
and nylon 10 having a melting point in the vicinity of 300C. A viscous
agent includes polyvinyl alcohol and methyl cellulose. As thus described,
according to the present 15 invention of manufacturing positive electrodes
for non-aqueous cells, manganese dioxide ac- tive material powder is added
with a binder and a viscous agent solution decomposable at temperatures
lower than the melting point of 20 the binder, thereby to form paste, which
is subsequently applied to a supporting member, and such paste-applied
supporting member is then heat-treated, firstly at the decomposition
temperature of the viscous agent in an oxidi- 25 zation atmosphere, and
secondly at the melt- ing point of the binder under vacuum or in an inert
atmosphere, thereby to restrain a de- crease in the amount of effective
manganese dioxide due to oxygen consumption reaction 30 at the time of
decomposition of the viscous agent,.thus providing improvements in the cell
performance. CLAIMS 35   1. A method of manufacturing positive electrodes
for non-aqueous cells, comprising the steps of, adding to manganese dioxide
active material powder, a binder and a viscous agent solution decomposable
at tem- 40 peratures lower than the melting point of said binder, thereby
to form paste, applying said paste to a supporting member, and heat-
treating said paste-applied supporting member firstly at the decomposition
temperature of 45 said viscous agent in an oxidization atmo- sphere and
secondly at the melting point of said binder under vacuum or in an inert
atmosphere. 2. A method of manufacturing positive 50 electrodes for
non-aqueous cells as set forth in claim 1, in which nylon or fluoric resin
such as polytetrafluoroethylene resin, tetrafluoro- ethylene-ethylene
copolymer or tetrafluoro- ethylene-hexafluoropropylene copolymer may 55 be
used as a binder. 3. A method of manufacturing positive electrodes for
non-aqueous cells as set forth in claim 1, in which polyvinyl alcohol or
methyl cellulose may be used as a viscous agent. 60   4. A method of
manufacturing positive electrodes for non-aqueous cells substantially as
hereinbefore described with reference to the examples. 5. A non-aqueous
cell provided with a 65 positive electrode when manufactured in ac-    
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GB2005062B    3 charge capacity of the cell A is larger in about  cordance
with the method claimed in any 20% than the cell B.
preceding claim. Concerning a binder and a viscous agent, Printed for Her
Majesty's Stationery Office the folowing ones may be used in the present
by Burgess & Son (Abingdon) Ltd.-1982. 5 invention.
Published at The Patent Office, 25 Southampton Buildings.. A binder
includes fluoric resin such as tet-   London. WC2A 1AY, from which copies
may be obtained. rafluoroethylenehexafluoropropylene copoly- mer,
polytetrafluoroethylene resin, or tetra- fluoroethylene-ethylene copolymer,
and nylon 10 having a melting point in the vicinity of 300C. A viscous
agent includes polyvinyl alcohol and methyl cellulose. As thus described,
according to the present 15 invention of manufacturing positive electrodes
for non-aqueous cells, manganese dioxide ac- tive material powder is added
with a binder and a viscous agent solution decomposable at temperatures
lower than the melting point of 20 the binder, thereby to form paste, which
is subsequently applied to a supporting member, and such paste-applied
supporting member is then heat-treated, firstly at the decomposition
temperature of the viscous agent in an oxidi- 25 zation atmosphere, and
secondly at the melt- ing point of the binder under vacuum or in an inert
atmosphere, thereby to restrain a de- crease in the amount of effective
manganese dioxide due to oxygen consumption reaction 30 at the time of
decomposition of the viscous agent, thus providing improvements in the cell
performance. CLAIMS 35   1. A method of manufacturing positive electrodes
for non-aqueous cells, comprising the steps of, adding to manganese dioxide
active material powder, a binder and a viscous agent solution decomposable
at tem- 40 peratures lower than the melting point of said binder, thereby
to form paste, applying said paste to a supporting member, and heat-
treating said paste-applied supporting member firstly at the decomposition
temperature of 45 said viscous agent in an oxidization atmo- sphere and
secondly at the melting point of said binder under vacuum or in an inert
atmosphere. 2. A method of manufacturing positive 50 electrodes for
non-aqueous cells as set forth in claim 1, in which nylon or fluoric resin
such as polytetrafluoroethylene resin, tetrafluoro- ethylene-ethylene
copolymer or tetrafluoro- ethylene-hexafluoropropylene copolymer may 55 be
used as a binder. 3. A method of manufacturing positive electrodes for
non-aqueous cells as set forth in claim 1, in which polyvinyl alcohol or
methyl cellulose may be used as a viscous agent. 60   4. A method of
manufacturing positive electrodes for non-aqueous cells substantially as
hereinbefore described with reference to the examples. 5. A non-aqueous
cell provided with a 65 positive electrode when manufactured in ac-    


