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(57) Abstract

An improved air cathode structure (10) for
use in primary batteries and the like. The ca-
thode structure includes a matrix active layer
(11), a current collector grid (12) on one face of
the matrix active layer, and a porous, nonelectri-
cally conductive separator (15) on the opposite

face of the matrix active layer, the collector grid
and separator being permanently bonded to the
matrix active layer. The separator has a prese-
lected porosity providing low IR losses and high
resistance to air flow through the matrix active
layer to maintain high bubble pressure during
operation of the battery. In the illustrated em-
bodiment, the separator was formed of porous
polypropylene. A thin hydrophobic film (16) is
provided, in the preferred embodiment, on the
current collecting metal grid.

PUMP

ELECTROLYTE




FOR THE PURPOSES OF INFORMATION ONLY

Codes'used to identify States party to the PCT on the front pages of pamphlets publishing international ap-
plications under the PCT.

AT Austria KR Republic of Corea
AU Australia LI Liechtenstein
BE Belgium . LK Sri Lanka
BG Bulgaria ) LU Luxembourg
BR Brazil MC Monaco

CF Central African Republic MG Madagascar
CG Congo MR - Mauritania
CH Switzerland MW Malawi

M Cameroon NL Netheriands
DE Germany, Federal Republic of NO Norway

DK Denmark RO Romania

F1 Finland SD Sudan

FR France - SE Sweden

GA Gabon SN Senegal

GB United Kingdom SU Soviet Union
HU Hungary ™ Chad

Jp Japan TG Togo

KP Democratic People’s Republic of Korea us United States of America




WO 84/03589 PCT/US84/00202

-1-

AIR CATHODE STRUCTURE MANUFACTURE

Technical Field
The United States Government has rights in this invention

pursuant to Purchase Order No. 5513309 with The Continental Group, Inc.
under Prime Contract No. W-7405-ENG-48 between The University of
California and the U. S. Department of Energy. This invention relates
to primery battery structures and, in particular, to air cathode

structures for use therein.

Background Art
In one form of known electrochemical cell for use as a primary

battery, aqueous electrolyte is flowed between a reactive metal anode
and an air cathode. The anode is conventionally formed of a chemically
and electrochemically reactive metal, such as lithium and sodium.
Illustratively, such electrochemical cells are disclosed in U.S. Letters
Patent 3,791,871 of Leroy S. Rowley, 4,001,043 of William R. Momyer, and
4,269,907 of William R. Momyer, et al, disclosures of which are hereby
- incorporated by reference.

It has been found that air cathode structures, such as those
developed for fuel cells, are not adsptable for wuse in such
electrochemical cells as they have been found to have insufficient
durability to withstand degradation by the electrolyte flowing across
the electrolyte face of the cathode element, and the pressure imbalances
which are present st the cathode structure during discharge of the
electrochemical cell.

Illustratively, in U.S. Letters Patent 4,364,805 of Douglas K.
Rogers, an air cathode is disclosed utilizing air blow-through at
pressures in the range of 2 to 15 psig.

In U.S. Letters Patent 4,269,907 of William R. Momyer et al, an
electrochemical cell is disclosed wherein the reactive metal anode 1is
separated from the cathode by a nonconductive flow screen.

In U.S. Letters Pstent 3,438,815 of Jose D. Girer, an
electrochemical device is disclosed wherein at least one of the anode
and cathode comprises an integral porous metal layer in physical contact
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with a separate catalytic layer. The integral pofous metal layer is in
contact with the eletrolyte of the cell in operation thereof.

In the above indicated U.S. Letters Patent 4,269,907 of William
R. Momyer et al, a nonconductive porous element is disposed between the
anode and cathode to maintain proper spacing therebetween.

. Disclosure of Invention

The present invention comprehends an improved air cathode
structure for use in a primary battery having a reactive metal anode and
an agueous electrolyte which is flowed against one surface of the air
cathode structure. The invention comprebends provision of such an air
cathode structure having a matrix active layer, a current collector grid
on one face of the matrix sctive layer, and a porous, nonelectrically
conductive separstor on the opposite face of the metrix active layer,
the collector grid and separator being permanently bonded to the matrix
active layer, the separator having a preselectea porosity providing low
IR losses and high resistances to air flow through the matrix active
layer to maintain high bubble pressure characteristics thereof. |

In the illustrated embodiment, the separator comprises porous
polypropylene.

In a modified embodiment, the separator comprises asbestos
paper. ,
- The invention further comprehends the improved method of
forming such an improved sir cathode structure for use in & primary
battery wherein an electrically insulative porous separator is
integrally bonded to a face of a matrix active layer opposite the
current collector face thereof. -

In the illustrated embodiment, the step of integrally bonding
the separator to the matrix active layer comprises a step of thermsl
- bonding. g

In the illustrated embodiment, the thermal bonding is carried
out under pressure.

Illustratively, the separator, in the illustrated emobiment, is
bonded to the matrix active layer by hot pressing thereof thereagainst.

The porosity of the insulative separator is preselected to
minimize IR drop therethrough while maintaining & high resistance to air
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flow through the matrix active layer.
The improved air cathode structure and method of manufacture

thereof are extremely simple and economical while yet providing the
highly improved primary battery means discussed above.

Brief Description of the Drawing
Other features and advantages of the invention will be apparent

from the following description taken in conmnection with the accompanying
drawing wherein the figure is a fragmentary perspective view of the air
cathode structure embodying the invention.

Best Mode for Carrying Out the Invention
In the illustrative embodiment of the invention as disclosed in

the drawing, an improved air cathode structure gererally designated 10
for use in a reactive metal-aqueous electrolyte-air primary battery is
shown to include a matrix active layer 11. A current collector grid 12
is provided on one face of the cathode layef 11.

As indicated briefly above, in such reactive metal-aqueous
electrolyte-air cathode batteries, the electrolyte flowing from a
delivery pump P tends to degrade surface 13 of the cathode against which
it is flowed, i.e., opposite the air surface 14 to which the collector
grid 12 is bonded.

) As indicated briefly above, “the invention comprehends the
provision of a porous control layer 15 on surface 13. In the
illustrated embodiment, porous layer 15 comprises & layer of porous
polypropylene, which is permanently bonded to the matrix active layer 11
surface 13 as by thermal bonding thereto. Illustratively, the
polypropylene layer is permanently bonded to the layer 11, in the
illustrated embodiment, by a hot pressing operation.

As further shown in the drawing, a hydrophobic, thin protective
film 16 is provided on the current collector grid 12, and in the
illustrated embodiment, this film comprises a polytetrafluorcethylene
film, which is similarly permanently bonded to the grid in the hot
pressing operation.

Porous layer 15 effectively defines a separator for effectively
preventing electrical shorting between the cathode and anode at the
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narrow electrode spacings conventionally utilized in reactive
metal-HZO-air primary batteries. 7

Further, the porous layer 15 permits the pressurized air
directed to surface 14 through the layer 16 and grid 12 to be at a
positive pressure, such as in the range of 2 to 15 psig, relative to the
electrolyte pressure.

Still further, the porosity of the separatdr layer 15 is
preselected to minimize IR losses in the battery while maintaining the
desired back pressure, i.e. maintaining a high "bubble pressure" for the
air electrode structure. By maintaining the high bubble pressure, air
is effectively precluded from percolating through the porous structure
into the electrolyte, while yet being efficiently provided to the matrix
active layer 11 in the operation of the battery. )

Other porous materisls may be utilized within the scope of the
invention and, illustratively, the porcus layer 15 may be formed on
Quinterra asbestos paper. '

Air cathodes manufactured as discussed above showed high
resistance to degradation by the flowing electrolyte, while providing
high electrical performance at discharge rates, such as 200 milliamperes

- per square centimeter.

In the illustrated embodiment, the matrix active layer had a
thickness of approximately 8 to 10 mils, the collector grid had a
thickness of approximastely 4 to 5 mils, the poypropylene porous layer
had a thickness of approximately 3 to 5 mils, and the porous
polytetrafluorcethylene layer had a thickness of several mils. All of
the layers where permanently bonded together by the hot pressing
operation. As 1indicated above, the insulating porous layer 15
effectively prevents shorting of the cells during discharge, while
providing improved prevention of degradation by the flowing electrolyte
and maintained high bubble pressure in the operation of the battery.

The foregeing disclosure of specific embodiments is
illustrative of the broad inventive concepts comprehended by the
invention.

G
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Claims

1. For use in a primary bsttery having a reactive metal anode, and an
agqueous electrolyte, air cathode structure comprising:

a matrix active layer;

a current collector grid on one face of the matrix active
layer; and

a porous, nonelectrically conductive separator on the opposite
face of the matrix active layer, said collector grid and
separator being permanently bonded to the matrix active
layer, said separator having a preselected porosity
providing low IR losses and high resistance to air flow
through the matrix active layer to maintain high bubble
pressure characteristics thereof.

2. The air cathode structure of Claim 1 wherein said separator

comprises porous polypropylene.

3. The air cathode structure of Claim 1 wherein ssid separator

comprises asbestos paper.

4. The air cathode structure of Claim 1 further including an outer
protective layer permanently bonded on the collector grid.

5. The air cathode structure of Claim 1 furher including an outer
protective polytetrafluorcethylene layer permanently bonded on the

collector grid.

6. The method of forming an improved air cathode structure for use in a
primary battery, comprising integrally bonding an electrically
insulative porous separator to a face of a matrix active layer
opposite the current collector face thereof.

7. The method of forming an air cathode structure of Clsim 6 wherein
said step of integrally bonding the separator to the matrix active
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layer comprises a step of thermal bonding.

The method of forming an air cathode structure of Claim 6 wherein
said step of integrally bonding the separator to the matrix active
layer comprises a step of thermally bonding the separator to the
matrix active layer under pressure.

The method of forming sn air cathode structure of Claim 6 wherein
said step of integrally bonding the separator toc the matrix active
layer comprises a step of hot pressing the separator to the matrix
active layer under pressure.

The method of forming an air cathode structure of Claim € wherein
the porosity of the insulative separator is preselected to minimize
IR drop therethrough whilé maintaining a high resistance to air flow
through the mstrix active layer. '
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