Office de la Propriete Canadian CA 2111757 C 2004/03/16
Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 1 1 1 757
Un organisme An agency of | 12 BREVET CANADIEN
Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1993/12/17 (51) CL.Int.>/Int.CI.° HO1M 4/50
(41) Mise a la disp. pub./Open to Public Insp.: 1995/06/18 (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2004/03/16 SAl, LIJUN, US;

ADAMS, WILLIAM A., CA;
CONWAY, BRIAN, CA;
QU, DE YANG, CA

(73) Proprietaire/Owner:

UNIVERSITE D'OTTAWA/ UNIVERSITY OF OTTAWA,
CA

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : CATHODE DE BIOXYDE DE MANGANESE RECHARGEABLE
(54) Title: RECHARGEABLE MANGANESE DIOXIDE CATHODE

0.4 :
0.3 | :
0.2 | 1
0.1 ]
% 0.0 -
. —0.1 i
o)

T 097 )
0>7 R
2 -0.3 -
|
> =0.4 - ]
0.5 1 o\ 3 1thcycle -
~0.6 | . = ]
0.7 - )

-0.8
O 1 2 3 £ O

Time/ Hour
(57) Abrége/Abstract:

A method of enforcing a regular manganese dioxide cathode to become gradually and substantially rechargeable Is described,
where the cathode capacity Is increased towards the theoretical capacity of the cathode. The method involves mixing 20-51 wt%
MnQO,, 5-25 wt% metallic bismuth and 30-70 wit graphite powder to form a homogenous mixture, subjecting the mixture to a

pressing force to form an electrode and subjecting the electrode to successive discharge/charge cycles at a rate where the

cathode capacity becomes greater than 75 % of the theoretical capacity after 4-11 cycles. The method provides for a simple and
Inexpensive way of forming a rechargeable manganese dioxide cathode without complex chemical synthesis.
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FIELD OF THE INVENTION

This invention relates to a method of producing a
rechargeable manganese dioxide cathode. The method provides for the
physical mixing of powders of manganese dioxide, metallic bismuth
and carbon/graphite, forming an electrode and subjecting the
electrode to successive discharge/charge cycles to produce a
rechargeable cathode.

BACKGROUND OF THE INVENTION

In the past, there has been a need for an inexpensive and
effective way of forming a rechargeable manganese dioxide cathode
by a physical mixing of compounds without a complex chemical
process. There has also been a need for a rechargeable cathode that
1s rendered gradually and eventually substantially rechargeable in
situ by subjecting the cathode to successive discharge/charge

cycles. Furthermore, there has been a need for a manganese dioxide
cathode that substantially increases the total capacity of the
cathode by a factor of two, that is from the 1l1-electron to 2-

electron reaction capacity.

In addition, there has also been a need for a cathode
that increases the energy density to cost ratio and that allows
manganese dioxide battery systems to be operated at relatively

higher power loads than existing forms of cathode.
Prior Art

US patent 5,156,934 (Kainthia) discloses a method of
making a rechargeable modified manganese dioxide cathode for use as
a battery electrode. A method of mixing manganese dioxide with an
aqueous solution of a water soluble salt component is described

where the product is precipitated from solution. Further steps of
washing, filtering and drying are conducted to obtain the modified
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manganese dioxide material. Combining the material with a
conducting and reinforcing component and binder forms an electrode
material. This patent does not disclose a method of forming a
rechargeable manganese dioxide cathode by a solid mixing process
and subjecting an electrode to a discharge/charge cycle to obtain
rechargeability.

U.S. Patent 4,451,543 (Dzieciuch) discloses a
rechargeable cell which is characterized by a positive electrode
formed from a manganese oxide electrode material containing a heavy
metal selected from lead, bismuth and/or mixtures thereof. The
electrode can be recharged in the absence of zincate ions some 200
to 300 times at a higher depth of discharge than an unmodified
manganese dioxide electrode. This patent does not disclose a
method of forming a rechargeable manganese dioxide cathode by a
solid mixing process and subjecting an electrode to a
discharge/charge cycle to obtain rechargeability.

U.S5. Patent 4,520,005 (Yao) discloses a method of making
a birnessite compound. The birnessite compounds contain bismuth,
manganese, oxygen and water 1in a specific ratio range. The method
of preparation is characterized by mixing Mn(NO3), with a nitrate
of bismuth or lead or mixtures thereof. The cathode material is
formed by adding sodium hydroxide to the solution to form a
suspension. The precipitate is formed by passing oxygen through
the suspension from which the birnessite compound is recovered
after washing it with water and drying. This patent does not
disclose a rechargeable manganese dioxide cathode by a solid mixing
process and subjecting an electrode to a discharge/charge cycle to
enable rechargeability,

Canadian Patent 1,310,362 (Kordesch) discloses a
rechargeable alkaline manganese dioxide 2zinc cell having an

improved cumulative capacity where the cathode is preconditioned.
Preconditioning of the cathode is achieved by cycling the cathode /



10

15

20

25

30

35

® 2111757

3

providing for partial discharge of the cathode (electrochemical
reduction), providing for the chemical reduction of the manganese
dioxide, and incorporating additives in the manganese dioxide so as
to provide a cathode overcharge reserve. Those cells which were
preconditioned demonstrated an improved cumulative capacity over
the initial 5 cycles. A decrease in capacity was observed in these
cathodes at later cycles. This patent does not disclose a method
of forming a rechargeable manganese dioxide cathode with bismuth by
a solid mixing process.

European Patent Application 84/305352 discloses physical
mixing of a MnO,, bismuth oxide, graphite powder and 9M KOH
solution with an organic swelling agent to form a paste. Electrodes
formed from this paste demonstrated an increase in its percentage
of utilization based on two electrons during cycling. This patent
application discloses only those electrode compositions with an
active component of manganese dioxide less than 3 wt%.

Canadian Patent 1,226,033 discloses reacting manganese
dioxide chemically with a metal salt where the metal may be
bismuth, lead or mixtures of bismuth and lead. Incorporating this
material into an electrode produces an electrode which may be
discharged to a substantial extent of its two electron capacity.
This patent is particularly directed to a "chemical method" for
preparing an improved manganese dioxide electrode material.

Wroblowa (Journal of Electroanalytical Chemistry 238, 93
(1987)) discloses physical mixing of a MnO, compound with Bi,O,
compounds, forming an electrode and subjecting them to successive

discharge and charge cycles.

SUMMARY OF THE INVENTION

In accordance with the invention, a method is disclosed
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of enforcing a regular manganese dioxide cathode to become
gradually and substantially rechargeable, where the cathode
capacity 1is increased towards the theoretical capacity of the
cathode, comprising the steps of:
a) mixing 20-51 wt% MnO,, 5-25 wt¥ metallic bismuth and 30-70
wt¥ graphite powder to form a homogenous mixture:
b) subjecting the mixture to a pressing force to form an
electrode;
c) subjecting the electrode to successive discharge/charge
cycles at a rate where the cathode capacity becomes greater
than 75 ¥ of the theoretical capacity between 4-11 cycles.

The present invention further provides a rechargeable
cathode enforced to become gradually and substantially rechargeable

prepared in accordance with the method of the invention.

Specifically, the invention provides a method of

preparing a cathode comprising the steps of:
a) mixing 20 wt% MnO,, 5 wt% metallic bismuth, 70 wt% graphite

powder with a 44 um size and 5 wt%¥ PTFE as a binder to form a

homogenous mixture:;

b) subjecting the mixture to a pressing force to form an
electrode;

Cc) subjecting the electrode to successive discharge/charge
cycles at a C/4 rate where the cathode capacity becomes

greater than 80 % of the theoretical capacity between 4-11
cycles.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more
apparent from the following description in which reference is made
to the appended drawings wherein:
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Figure 1 is a typical discharge curve for a cathode

5

prepared by the invention with voltage plotted along the ordinate
and time along the abscissa.

Figure 2 is a typical discharge curve for a cathode
prepared by the invention where the pressing force is 3000 psi
with voltage plotted along the ordinate and time along the
abscissa.

Figure 3 1is a typical discharge curve for a cathode

prepared by the invention where the pressing force is 6000 psi
with voltage plotted along the ordinate and time along the

abscissa.

Figure 4 1is a typical discharge curve for cathodes
prepared by the invention with different particle sizes of the
bismuth modified graphite powders with voltage plotted along the
ordinate and time along the abscissa.

DETAILED DESCRIPTION OF INVENTION

The manganese dioxide cathode material was prepared by
mixing a Y-MnO, material (International common sample I.C. No. 2)
with bismuth modified graphite. The bismuth modified graphite was
prepared by mixing graphite (Lonza™ KS-44, Lonza™ KS-6 or Ketjen™
Black) and metallic bismuth (BDH catalogue # 7440-69-9) to form a
homogenous mixture using a mortar and pestle and high speed blender
or ball mill. The KS-44 graphite has a 44 um particle size and the
KS-6 graphite has a 6 um particle size. Ketjen™ black graphite is
a very high surface area graphite. Bismuth powder used was either
200 or 500 mesh. A polytetrafluoroethylene (Teflon™) suspension
(60% w/w in distilled water and NH,-H,O0, pH 10) may be added as a
binder. The use of binders is well known in the art. The mixture
was rolled to form a film which was then compressed on a nickel

mesh to form an electrode. A 9M aqueous KOH electrolyte was used
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and the reference electrode was Hg/HgO.

The cathodes prepared in this manner were subjected to
successive constant current charge/discharge cycles. With
increasing cycle number, an increase in capacity was observed
towards the theoretical two-electron capacity for a manganese
dioxide cathode. As well, it was observed that the higher the
graphite ratio, that is the ratio of modified graphite to manganese

dioxide resulted in a longer cycle life.

The cathode of the present invention is illustrated in
the followling examples which are not to be construed as

limitations.

Example 1

Figure 1 shows the capacity over time of a cathode
prepared in accordance with the invention. The initial mixture
comprised 20 wt% Y-MnO,, 5 wt% bismuth powder, 70 wt% graphite (KS-
44) powder. The cathode was subjected to successive constant
current discharge/cycles at a C/4 rate. It is evident from the
graph that at and beyond the 11th cycle, the cathode demonstrates
greater than 80% of the full 2-electron capacity, the capacity
incrementally increasing between the 1st and 11th cycles.

Example 2
Figures 2 and 3 show the capacity over time (first 7

cycles) of a cathode comprising an initial mixture of 25 wt% y -
MnO,, 50 wt¥ Lonza™ graphite (KS-44), and 25 wt% metallic bismuth
powder (200 mesh) compressed to form a cathode with a 3000 psi
(Figure 2) and 6000 psi (Figure 3) compression force respectively.
The cathode was subjected to successive discharge/charge cycles at
a C/9 rate. As shown in Figure 1, it is evident that at and beyond
the 7th cycle, the cathode demonstrates greater than 80% of the
full 2—ele¢tron capaclty, the capacity incrementally increasing
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between the 1st and 7th cycles. A comparison of Figures 2 and 3
indicates that the lower compression force of 3000 psi resulted in
a cathode with a faster capacity modification rate.

Example 3

Figure 4 shows the effect of the metallic bismuth
particle size on rechargeability at a C/10 rate over 2 cycles. The
solid line shows a cathode prepared from 50% MnO,, 20% bismuth (500
mesh), and 30% graphite (KS-6). The dashed lines show a cathode
prepared with Lonza™ KS-44 graphite. It is evident from this graph
that a smaller graphite particle size increases the initial
capaclty of the cathode.

Example 4
A cathode was prepared with 42 wt% MnO,, 6.2 wt$% Bi,O,, 48

wt¥ graphite and 3.8 wt% binder and was subjected to
charge/discharge cycles at C/10 rate as described above. By the
fourth cycle, the cathode demonstrated greater than 70% of the two

electron capacity.

Example 5

A cathode was prepared with 51 wt% y-MnoO2, 19 wt% Bi,0,,
and 30 wt% graphite (Ketjen™ Black) and was subjected to
charge/discharge cycles at a C/8 rate as described above. By the
fifth cycle, the cathode demonstrated a capacity of greater than
85% of the two electron capacity. This experiment showed the effect
of a high surface area carbon black graphite in improving the
capacity modification rate.

Example 6

ITwo cathodes were prepared with 70 wt% y-MnO, and 30 wt%
graphite (KS-6 and KS-44 respectively) and were subjected to a
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single discharge cycle at a C/30 rate. The cathode prepared with
the KS-6 graphite showed a 30 % greater initial capacity than the
cathode prepared with a smaller particle size of graphite.

The terms and expressions which have been employved in
this specification are used as terms of description and not of
limitations, and there is no intention in the use of such terms and
expressions to exclude any equivalents of the features shown and
described or portions thereof, but it is recognized that various
modifications are possible within the scope of the claims.
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Claims:

. A method of enforcing a regular manganese dioxide cathode to become gradually and
substantially rechargeable, where the capacity of the cathode is increased towards the
theoretical capacity, comprising the steps of:

a. mixing 20-31 wt % MnO,, 5-25 wt % metallic bismuth and 30 - 70 wt % graphite
powder to form a homogenous mixture;

b. subjecting the mixture to a pressing force to form a cathode; and

C. subjecting the cathode to successive charge/discharge cycles in an electrolyte at a

charge/discharge rate where the cathode capacity becomes greater than 75% of the
theoretical capacity of the cathode between 4 - 7 cycles.

2. The method of claim | further comprising mixing up to 5 wt % of a binder with the Mn0,,
metallic bismuth and graphite to form the homogeneous mixture.

3. The method of claim 2 where the binder 1s polytetratluoroethylene (PTFE).

4. The method of claim 3 where the electrolyte YM KOH.

5. The method of claim 4 where the metallic bismuth has a particle size of 200 - 500 mesh.

6. The method of claim 5 where the pressing force 1s 3000 - 6000 pounds per square inch.

7. The method of claim 6 where the graphite has a particle size of 6 to 44 microns.

8. The method of claim 7 where the charge/discharge rate 1s a C/4-—(/10 rate.

9. A rechargeable cathode prepared in accordance with claim 1.

10. A method of enforcing a regular manganese dioxide cathode to become gradually and

substantially rechargeable, where the capacity of the cathode is increased towards the
theoretical capacity, comprising the steps of:

a. mixing 20 wt % Mn0,, 5 wt % metallic bismuth, 70 wt % graphite powder with a 44
um size and 5 wt % PTFL as a binder to form a homogenous mixture;

b. subjecting the mixture to a pressing force to form a cathode; and

C. subjecting the cathode to successive charge/discharge cycles at a C/4 rate where the

cathode capacity becomes greater than 80% of the theoretical capacity of the cathode
between 4 - 7 cycles.

1. A cathode prepared in accordance with claim 10

12. A method of enforcing a regular manganese dioxide cathode to become gradually and
substantially rechargeable, where the capacity of the cathode i1s increased towards the
theoretical capacity, comprising the steps of:

a. mixing 25 wt % MnQO,, 25 wt % metallic bismuth, and 50 wt % graphite powder with a
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44 nm size to form a homogenous mixture:

b. subjecting the mixture to a pressing force to form a cathode; and

C. subjecting the cathode to successive charge/discharge cycles at a C/9 rate where the
cathode capacity becomes greater than 75% of the theoretical capacity of the cathode

between 4 - 7 cycles.

13. A cathode prepared in accordance with claim 12.
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