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(57) ABSTRACT 

In an air-metal fuel cell battery (FCB) system, Wherein a 
plurality of movable cathode structures are mounted Within 
a compact housing through Which metal-fuel tape is trans 
ported along a predetermined path While an ionically-con 
ductive medium is disposed betWeen the metal-fuel tape and 
each movable cathode structure at points of contact. In 
illustrative embodiments, the movable cathode structures are 
realized as rotatable cathode cylinders, and transportable 
cathode belts. The ionically-conductive medium is realized 
as a solid-state ionically-conductive ?lm applied to the 
cathode structures and/or metal-fuel tape, as Well as ioni 
cally-conductive belt structures transported at the same 
velocity as corresponding cathode structures (e.g. cathode 
cylinders or belts) at the locus of points at Which the 
ionically-conductive medium contacts the moving cathode 
structure and the moving metal-fuel tape. By virtue of the 
present invention, the volumetric poWer density character 
istics of PCB systems can be signi?cantly improved, While 
the likelihood of damage to the cathode structures and 
metal-fuel tape is substantially reduced. 
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METAL-AIR FUEL CELL BATTERY SYSTEM 
EMPLOYING A PLURALITY OF MOVING 
CATHODE STRUCTURES FOR IMPROVED 

VOLUMETRIC POWER DENSITY 

RELATED CASES 

[0001] This is a Continuation-in-Part of: copending appli 
cation Ser. No. 09/074,337 entitled “Metal-Air Fuel-Cell 
Battery Systems” ?led May 7, 1998; and copending appli 
cation Ser. No. 08/944,507 entitled “High-Power Density 
Metal-Air Fuel Cell Battery System” by Sadeg Faris, et al. 
?led Oct. 6, 1997, said application being assigned to Reveo, 
Inc. and incorporated herein by reference in its entirely. 

BACKGROUND OF INVENTION 

[0002] 1. Field of Invention 

[0003] The present invention relates to metal-air fuel cell 
battery (FCB) systems designed to produce electrical poWer 
from metal-fuel tape transported over a plurality of moving 
cathode structures in order to increase the volumetric poWer 
density characteristics of the system. 

[0004] 2. Brief Description of the Prior Art 

[0005] In copending US. application Ser. No. 08/944,507 
entitled “High-Power Density Metal-Air Fuel Cell Battery 
System”, Applicants disclose several types of novel metal 
air fuel cell battery (FCB) systems. During poWer genera 
tion, metal-fuel tape is transported over a stationary cathode 
structure in the presence of an ionically-conductive medium, 
such as an electrolyte-impregnated gel applied to the surface 
of the cathode or metal-fuel tape. In accordance With Well 
knoWn principles of electrochemistry, he transported metal 
fuel tape is oXidiZed as electrical poWer is produced from the 
system. 

[0006] FCB poWer generation systems of the type dis 
closed in US. application Ser. No. 08/944,507 have numer 
ous advantages over prior art electrochemical poWer gen 
eration devices including, for eXample, the generation of 
electrical poWer over a range of output voltage levels 
selectable to particular electrical load conditions. Also, 
oXidiZed metal-fuel tape can be reconditioned (i.e. 
recharged) during battery charging cycles carried out during 
electrical poWer generation, as Well as separately therefrom. 

[0007] HoWever, When using such prior art technology it 
has been very difficult to produce FCB systems having high 
volumetric poWer density characteristics measured, for 
eXample, in kiloWatts/cm3. Consequently, it has not been 
possible to generate large amounts of electrical poWer from 
prior art FCB systems occupying relatively small volumes of 
physical space. 

[0008] Thus, there is a great need in the art for an 
improved metal-air fuel cell battery system Which avoids the 
shortcomings and draWbacks of prior art systems and meth 
odologies. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0009] Accordingly, it is a primary object of the present 
invention to provide an improved metal-air fuel cell battery 
(FCB) system Which avoids the shortcomings and draW 
backs of prior art systems and methodologies. 
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[0010] Another object of the present invention is to pro 
vide a FCB system having improved volumetric poWer 
density (VPD) characteristics While avoiding the shortcom 
ings and draWbacks of prior art systems and methodologies. 

[0011] Another object of the present invention, is to pro 
vide such a FCB system, Wherein metal-fuel tape is trans 
ported over a plurality of moving cathode structures during 
system operation. 

[0012] Another object of the present invention, is to pro 
vide such a FCB system, Wherein the metal-fuel tape, 
ionically-conducting medium and cathode structures are 
moved at substantially the same velocity at points Where the 
ionically-conducting medium contacts the cathode struc 
tures and the metal-fuel tape during discharging and recharg 
ing operations, thereby minimiZing the generation of fric 
tional (e.g. shear) forces among the cathode structures, 
ionically-conducting medium and metal-fuel tape in the 
system, and thus reduce the amount of electrical poWer 
required to drive the tape transport mechanism, the shedding 
of metal-oxide particles from metal-fuel tape Which can 
become embedded Within the cathode structures, and the 
likelihood of damage or destruction of the cathode structures 
and metal-fuel tape. 

[0013] Another object of the present invention is to pro 
vide such a system, Wherein velocity synchroniZation of the 
metal-fuel tape, cathode structures and ionically-conductive 
medium is realiZable in a variety of Ways. 

[0014] Another object of the present invention is to pro 
vide such a system, Wherein each moving cathode structure 
is realiZed as a cylindrically-shaped rotational structure 
having ultra-?ne perforations formed in the surface thereof 
and a holloW air-?oW passageWay extending from one end 
thereof to the other end thereof in order to permit oxygen 
transport to the interface betWeen the ionically-conducting 
medium and metal-fuel tape during system operation. 

[0015] Another object of the present invention is to pro 
vide such a system, Wherein each rotating cylindrical cath 
ode comprises a plastic holloW cylinder about Which is 
attached is a cathode element made from nickel mesh 
sponge fabric embedded Within carbon and catalyst material. 
Another object of the present invention is to provide such a 
system, Wherein during poWer generation operations, each 
cylindrical cathode structure is rotated at a controlled angu 
lar velocity, and a continuous supply of metal-fuel tape is 
transported over the surface of the rotating cathode cylinders 
at a velocity, at Which the metal-fuel tape, ionically-con 
ducting medium and cathode cylinders move at substantially 
the same velocity at the points (i.e locus) of contact therea 
mong in the system. 

[0016] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conducting 
medium is realiZed in the form of an ionically-conducting 
belt that runs over each rotating cathode cylinder in the 
system, betWeen the cathode surface and metal-fuel tape 
transported thereover. 

[0017] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conducting belt is 
made from an open-cell plastic material impregnated With 
ionically-conducting material capable of supporting ionic 
transport betWeen the moving cathode and anode (metal 
fuel) structures in the system. 



US 2001/0007725 A1 

[0018] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conducting 
medium is realized in the form of a solid-state-?lm applied 
to the outer surface of each rotating cathode cylinder, and the 
metal-fuel tape is realized in the form of Zinc-fuel tape 
realiZed as a thin strip of Zinc, or Zinc poWer miXed With an 
binder and carried on a polyester substrate, or Zinc poWder 
impregnated Within a substrate. 

[0019] Another object of the present invention is to pro 
vide such a system, Wherein each cathode structure is 
realiZed as a rotating cathode cylinder having ultra?ne 
perforations formed in the surface thereof and a holloW 
central core Which enables the transport of oXygen to the 
interface betWeen the ionically-conductive medium and 
metal-fuel tape. 

[0020] Another object of the present invention is to pro 
vide such a system, Wherein each cylindrical cathode com 
prises a plastic holloW cylinder about Which is attached is a 
cathode element made from nickel mesh fabric (for current 
collection) embedded Within carbon, catalytic and binder 
material. 

[0021] Another object of the present invention is to pro 
vide such a system, Wherein each cylindrical cathode is 
rotated at a controlled angular velocity and the metal-fuel 
tape is transported over the surface of the rotating cathode so 
that both the metal-fuel tape and the cathode structure move 
at substantially the same velocity at the locus of points at 
Which the ionically-conducing medium contacts both the 
metal-fuel tape and the cathode structure. 

[0022] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conductive 
medium is realiZed in the form of an ionically-conductive 
belt, transported (i.e. running) betWeen tWo or more trans 
port cylinders. 

[0023] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conductive belt is 
fabricated from an open-cell plastic material impregnated 
With an ionically-conductive material Which enables ionic 
transport betWeen the moving cathode and anode structures 
in the system. 

[0024] Another object of the present invention is to pro 
vide such a system, Wherein velocity control can be achieved 
in a variety of Ways, for example: by driving each cylindrical 
cathode With the gears of a neighboring cathode cylinder; by 
driving each cylindrical cathode structure With a belt that is 
also used to transport the metal-fuel tape (i.e. betWeen 
supply and take-up reels or hubs Within a cassette type 
device); by driving each cylindrical cathode structure and 
supply and take-up hubs of a fuel cassette device using a set 
of synchronously controlled motors. 

[0025] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conductive 
medium is realiZed as a solid-state ?lm applied on the outer 
surface of the cylindrical cathode structure, and the metal 
fuel tape is realiZed in the form of thin Zinc tape, Zinc poWer 
miXed With an binder and carried on a polyester substrate, or 
Zinc poWder impregnated Within the substrate of the tape 
itself. 

[0026] Another object of the present invention is to pro 
vide a metal-air fuel cell battery system, Wherein each 
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rotatable cathode structure is realiZed as a cathode belt 
structure having ultra?ne perforations in the surface thereof 
and a holloW central core for enabling oXygen transport to 
the interface betWeen the ionically-conductive medium and 
the metal-fuel tape. 

[0027] Another object of the present invention is to pro 
vide such a system, Wherein each cathode belt structure 
comprises an open-cell type plastic substrate, Within Which 
nickel mesh fabric or like material is embedded Within 
carbon and catalytic material. 

[0028] Another object of the present invention is to pro 
vide such a system, Wherein during system operation, each 
cathode belt structure is transported at a controlled velocity 
betWeen tWo or more transport cylinders, While metal-fuel 
tape is transported over the surface of the cathode belt 
structure at substantially the same velocity at the locus of 
points at Which the ionically-conducing medium contacts 
both the metal-fuel tape and the cathode structure. 

[0029] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conductive 
medium of the system is realiZed in the form of an ionically 
conductive belt structure transported betWeen metal-fuel 
tape and each cathode belt structure at substantially the same 
velocity as the cathode belt structure and metal-fuel tape at 
the locus of points at Which the ionically-conductive 
medium contacts both the metal-fuel tape and the cathode 
belt structure. 

[0030] Another object of the present invention is to pro 
vide such a system, Wherein the ionically-conductive 
medium of the system is realiZed in the form of a solid-state 
?lm integrated With the outer surface of the cathode belt 
structure so as to establish contact With the anodic metal-fuel 
tape transported thereover. 

[0031] Another object of the present invention is to pro 
vide such a system, Wherein the metal-fuel tape is realiZed 
in the form of thin Zinc tape, Zinc poWer miXed With a binder 
and carried on a polyester substrate, or Zinc poWder impreg 
nated Within the substrate itself. Another object of the 
present invention is to provide a system, Wherein the metal 
fuel tape, cathode structures and ionically-conductive 
medium are moved relative to each other so that frictional 
(e.g. shear) forces generated among the metal-fuel tape 
ionically-conductive medium and cathode structures are 
substantially reduced. 

[0032] Another object of the present invention is to pro 
vide a metal-air FCB system, Wherein a condition of hydro 
static drag is maintained betWeen the metal-fuel tape and the 
ionically-conductive medium (e.g. belt or layer) as Well as 
betWeen the cathode structure (eg cylinder or belt) and the 
ionically-conductive medium (i.e. belt or layer) so that all 
three of these moving system components can be moved at 
substantially the same velocity (at points Where the ioni 
cally-conductive medium contacts the metal-fuel tape and 
the cathode structure) When only one or more of these 
moving system components are actively transported or 
rotated using a motor driven by mechanical (e.g. spring 
Wound), electrical, or pneumatic forces. 

[0033] These and other Objects Of The Present Invention 
Will become apparent hereinafter and in the Claims To 
Invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] For a more complete understanding of the Objects 
of the Present Invention, the following detailed Description 
of the Illustrative Embodiments Of the Present Invention 
should be read in conjunction With the accompanying DraW 
ings, Wherein: 

[0035] FIG. 1A is a schematic representation of a ?rst 
illustrative embodiment of the metal-air fuel-cell battery 
(FCB) system of the present invention, Wherein a plurality 
of cathode cylinders are rotatably mounted Within a compact 
support ?xture (i.e. housing), and metal-fuel tape stored 
Within a cassette-type cartridge is transported over the 
surface of the rotatably mounted cathode cylinders With an 
ionically-conductive medium disposed betWeen the metal 
fuel tape and cathode cylinders at the locus of points at 
Which the ionically-conductive medium contacts each cath 
ode cylinder and metal-fuel tape; 

[0036] FIG. 1B is an elevated side vieW of the FCB 
system depicted in FIG. 1, shoWing the path of travel of the 
metal-fuel tape through the compact support ?xture, and the 
location of tape path guides and cathode and anode contact 
ing elements mounted thereWithin, Wherein the ionically 
conductive medium is either applied to the rotating cathode 
cylinders or moving metal-fuel tape as a viscous gel, or 
integrated With the metal-fuel tape or moving cathode cyl 
inders as a solid-state ?lm, that is transported at substantially 
the same velocity as the metal-fuel tape and moving cathode 
cylinders at the locus of points at Which the ionically 
conductive medium contacts the metal-fuel tape and the 
cathode cylinder during system operation; 

[0037] FIG. 2A is cross-sectional vieW of a section of a 
?rst type of metal-fuel tape that can be used in the system of 
FIG. 1, realiZed in the form of thin layer of metal fuel; 

[0038] FIG. 2B is cross-sectional vieW of a section of a 
second type of metal-fuel tape that can be used in the system 
of FIG. 1, realiZed by depositing metallic poWder and binder 
on a substrate; 

[0039] FIG. 2C is cross-sectional vieW of a section of a 
third type of metal-fuel tape that can be used in the system 
of FIG. 1, realiZed by impregnating metallic poWder Within 
a substrate material; 

[0040] FIG. 2D is a cross-sectional vieW of a cathode 
cylinder in the system of FIG. 1, in Which an ionically 
conductive solid-state ?lm layer is applied over the outer 
surface thereof; 

[0041] FIG. 3 is a schematic representation of a second 
illustrative embodiment of the metal-air fuel-cell battery 
(FCB) system of the present invention, Wherein a plurality 
of cathode cylinders are rotatably mounted Within a compact 
support ?Xture, and metal-fuel tape stored Within a cassette 
type cartridge is transported over the surface of the rotatably 
mounted cathode cylinders While an ionically-conductive 
belt structure is transported at substantially the same veloc 
ity as the metal-fuel tape and cathode cylinders at the locus 
of points at Which the ionically-conductive belt contacts the 
cathode cylinders and metal-fuel tape; 

[0042] FIG. 3A is an elevated side vieW of the (FCB) 
system depicted in FIG. 3, shoWing the path of travel of the 
metal-fuel tape through the compact support ?Xture, and the 
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location of path guides and cathode and anode contacting 
elements mounted thereWithin, relative to the ionically 
conductive belt structure; 

[0043] FIG. 4 is a cross-sectional vieW of a section of the 
ionically-conductive belt used in the system of FIG. 3; 

[0044] FIG. 5A is cross-sectional vieW of a section of a 
?rst type of metal-fuel tape that can be used in the system of 
FIG. 3, realiZed in the form of thin layer of metal fuel; 

[0045] FIG. 5B is cross-sectional vieW of a section of a 
second type of metal-fuel tape that can be used in the system 
of FIG. 3, realiZed by depositing metallic poWder and binder 
on a substrate; 

[0046] FIG. 5C is cross-sectional vieW of a section of a 
third type of metal-fuel tape that can be used in the system 
of FIG. 3, realiZed by impregnating metallic poWder Within 
a substrate material; 

[0047] FIG. 6 is a third illustrative embodiment of the 
FCB system, Wherein metal-fuel tape is transported over a 
plurality of cathode belt structures at substantially the same 
velocity at the locus of points at Which the ionically 
conductive medium contacts the metal-fuel tape and the 
cathode belt structure, and Wherein each cathode-contacting 
structure engages the outer surface of the cathode belt 
structure and each corresponding anode-contacting structure 
is disposed opposite the cathode-contacting structure; 

[0048] FIG. 6A is an elevated side vieW of the FCB 
system shoWn in FIG. 6; 

[0049] FIG. 6B is an partially cut-aWay perspective vieW 
of one pair of cathode and anode contacting structures 
employed in the system of FIG. 6, shoWn contacting the 
cathode belt structure and metal-fuel tape With ionically 
conductive medium disposed therebetWeen; 

[0050] FIG. 6C is an partially cut-aWay cross-sectional 
vieW of one pair of cathode and anode contacting structures 
employed in the system shoWn in FIG. 6B, shoWn rotatably 
mounted relative to the cathode belt structure and metal-fuel 
tape disposed therebetWeen; 

[0051] FIG. 7A is a cross-sectional vieW of a section of a 
?rst type of metal-fuel tape that can be used in the system of 
FIG. 6, realiZed in the form of thin layer of metal fuel, and 
coated on one-side thereof With a thin layer of ionically 
conductive gel or solid-state ?lm; 

[0052] FIG. 7B is cross-sectional vieW of a section of a 
second type of metal-fuel tape that can be used in the system 
of FIG. 6, realiZed by depositing metallic poWder and binder 
on a substrate, and coated on one-side thereof With a thin 
layer of ionically-conductive gel or solid-state ?lm; 

[0053] FIG. 7C is cross-sectional vieW of a section of a 
third type of metal-fuel tape that can be used in the system 
of FIG. 6, realiZed by impregnating metallic poWder Within 
a substrate material, and coated on one-side thereof With a 
thin layer of ionically-conductive gel or solid-state ?lm; 

[0054] FIG. 8 is a cross-sectional vieW of a section of a 
?rst-type of cathode belt structure for use in the system of 
FIG. 6, on Which an ionically-conductive viscous gel is 
applied during system operation, or an ionically-conductive 
solid-state ?lm is applied during manufacture; 
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[0055] FIG. 9 is a fourth illustrative embodiment of the 
FCB system, Wherein double-sided metal-fuel tape is trans 
ported over a common solid-state, ionically-conductive belt 
structure Which, in turn, is transported over a plurality of 
cathode belt structures at substantially the same velocity at 
the locus of points at Which the ionically-conductive belt 
contacts both the metal-fuel tape and the cathode belt 
structure, and Wherein each cathode-contacting structure 
engages the outer surface of the cathode belt structure and 
each corresponding anode-contacting structure is disposed 
opposite the cathode-contacting structure; 

[0056] FIG. 9A is an elevated side vieW of the FCB 
system shoWn in FIG. 9; 

[0057] FIG. 9B is an partially cut-aWay perspective vieW 
of one pair of cathode and anode contacting structures 
employed in the system of FIG. 9, shoWn rotatably mounted 
relative to the cathode belt structure and metal-fuel tape 
disposed therebetWeen; 

[0058] FIG. 10 is a ?fth illustrative embodiment of the 
FCB system, Wherein metal-fuel tape is transported over a 
plurality of cathode belt structures (each coated With an 
ionically-conductive ?lm layer) at substantially the same 
velocity at the locus of points at Which the ionically 
conductive ?lm coating contacts both the metal-fuel tape 
and the cathode belt structure, and Wherein each cathode 
contacting structure engages the outer surface of the cathode 
belt structure and each corresponding anode-contacting 
structure is disposed opposite the cathode-contacting struc 
ture; 

[0059] FIG. 10A is an elevated side vieW of the FCB 
system shoWn in FIG. 10; 

[0060] FIG. 10B is an partially cut-aWay perspective vieW 
of one pair of cathode and anode contacting structures 
employed in the system of FIG. 10, shoWn contacting the 
cathode belt structure and metal-fuel tape With ionically 
conductive medium disposed therebetWeen; 

[0061] FIG. 11 is a siXth illustrative embodiment of the 
FCB system, Wherein double-sided metal-fuel tape is trans 
ported over a plurality of cathode belt structures (each 
coated With an ionically-conductive ?lm layer) at substan 
tially the same velocity at the locus of points at Which the 
ionically-conductive ?lm layer contacts both the metal-fuel 
tape and the cathode belt structure, and Wherein a pair of 
cathode-contacting structures engages the outer surfaces of 
a pair of cathode belt structures betWeen Which a pair of 
ionically-conductive belts and double-sided metal-fuel tape 
are interposed With an anode-contacting element engaging 
the double-sided metal-fuel tape; 

[0062] FIG. 11A is an partially cut-aWay perspective vieW 
of one set of cathode and anode contacting structures 
employed in the system of FIG. 14, shoWn contacting the 
cathode belt structures, With ionically-conductive belts and 
double-sided metal-fuel tape disposed therebetWeen; and 

[0063] FIG. 12 is a seventh illustrative embodiment of the 
FCB system, Wherein multiple streams of metal-fuel tape are 
simultaneously transported over a plurality of cathode belt 
structures, and simultaneously taken up on a take-up reel in 
order to reduce bending of metal-fuel tape during system 
operation. 
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DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS OF THE 

PRESENT INVENTION 

[0064] The present invention provides a novel Way of 
improving the volumetric poWer density (VPD) character 
istics of PCB systems by using a plurality of moving cathode 
structures closely arranged together for transporting metal 
fuel tape and ionically-conducting medium at substantially 
the same velocity as the cathode structures at the locus of 
points at Which the ionically-conductive medium contacts 
the cathode structures and the metal-fuel tape. The objective 
to be achieved by this condition of operation is to improve 
the volumetric poWer density characteristics of the FCB 
system, While minimiZing the generation of frictional (e.g. 
shear) forces among the metal-fuel tape, ionically-conduct 
ing medium and cathode structures and thus reduce the 
amount of electrical poWer required to transport the likeli 
hood of damaging the cathode structures and metal-fuel tape 
used in the FCB system. 

[0065] First Illustrative Embodiment of the FCB System 

[0066] As shoWn in FIGS. 1 through 2C, the ?rst illus 
trative embodiment of the FCB system 1 comprises a 
metal-fuel tape discharging device (i.e. “engine”) 2 contain 
ing a plurality of cylindrically shaped cathodes 3 rotatably 
mounted Within a compact ?Xture (i.e. housing) 4. The 
actual number of cathode cylinders provided for in any 
particular embodiment of the present invention Will depend 
on the application at hand. Also, While it is understood that 
the actual physical arrangement of the cathode cylinders 
Within the housing 4 Will vary from application to applica 
tion, it Will be advantageous to arrange the cathode cylinders 
in an array formation (e.g. 3x3, 4x5, or N><M). The guiding 
principle When arranging a plurality of cylindrical cathodes 
Within the ?Xture housing to construct a tape discharging 
engine should be maXimiZe the volumetric poWer density 
characteristics of the metal-air FCB system. 

[0067] In the illustrative embodiment of the present inven 
tion shoWn in FIG. 1, each of the cylindrical cathodes 3 in 
the engine 2 is realiZed as a plastic cylindrically-shaped 
structure having a holloW center 6 With ?ne perforations 
formed in the surface thereof. The function of these ?ne 
perforations is to permit oxygen transport to the interface 
formed betWeen the ionically-conductive medium 7 and 
metal-fuel tape 8 transported over the respective cathode 
cylinder. In general, each cathode cylinder 3 can be made 
from plastic, ceramic, composite or other suitable material. 
The outer diameter of each cathode cylinder can be similar 
in siZe, or different in siZe, depending on factors such as 
velocity control, poWer generation capacity, etc. 
[0068] As shoWn in FIG. 1, the compact housing 4 
comprises a pair of spaced apart panels 4A and 4B having 
pairs of holes formed therein, Within Which each cathode 
cylinder in the array thereof can be rotatably mounted by 
Way of bearings or like structures. Top and bottom panels 
can be used to maintain the spacing betWeen panels 4A and 
4B. Other panels can be used to enclose side openings of the 
housing. In general, each cathode cylinder 3 is rotated by a 
suitable drive mechanism Which can be realiZed in a number 
of different ways, eg using an electric or pneumatic motor, 
gears, drive belts, or like devices knoWn in the tape transport 
art. 

[0069] In the illustrative embodiment shoWn in FIG. 1, 
each of the cathode cylinders 3 is provided With a gear 9 
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formed at one end thereof Which intermeshes With the gear 
of a neighboring cathode cylinder Within the cathode array. 
A geared motor 10, coupled to the gear 11 meshing With one 
of the cathode cylinders, can be used to impart torque to a 
particular cathode cylinder, Which in turn is imparted to all 
other cathode cylinders Within the array. With this arrange 
ment, the array of cathode cylinders mounted With the 
housing 4 cooperate to transport a supply 12 of metal-fuel 
tape 8 from cartridge 12, along a predetermined tape path 
Way Within the housing of the system. As shoWn, tape 
guiding rollers 14A and 14B can be strategically installed 
Within the engine housing 4 to guide the metal-fuel tape 
along the predetermined tape pathWay through the housing. 
Also, tape guiding de?ectors 15 can be strategically located 
Within the housing to self-guide the metal-fuel tape through 
the housing, as Well as assist in automatic (e.g. self) treading 
of metal-fuel tape being supplied from open-type reels and 
cartridge devices. 

[0070] In general, details regarding the construction of the 
cathode cylinders of the present invention are disclosed in 
copending application Ser. No. entitled “Metal-Air 
Fuel Cell Battery System Employing Metal Fuel Tape And 
LoW-Friction Cathode Structures “?led on the same date 
hereof, and incorporated herein by reference in its entirety. 
As taught therein, and illustrated in FIG. 2D, a cathode 
element 16 is mounted over the outer surface of each 
cathode cylinder 3. Preferably, each cathode element 16 is 
made from nickel mesh fabric embedded Within carbon and 
catalytic material. Preferably, the metal-fuel tape 8 is trans 
ported betWeen a pair of supply and take-up reels 17A and 
17B, contained Within a cassette or like cartridge, as taught 
in Applicant’s copending application Ser. No. 09/074,337. 
Also, the metal-fuel tape for use With the FCB system of 
FIG. 1 can be fabricated using any of the techniques taught 
in application Ser. No. 09/074,337. 

[0071] In the event that the cathode-cylinder based engine 
2 is employed Within a Metal-Fuel Tape Discharging Sub 
system, then each of the subsystems contained Within the 
Metal-Fuel Tape Discharging Subsystem disclosed in 
copending application Ser. No. 09/074,337 can be incorpo 
rated into the system schematically depicted in FIG. 1. 
Thus, as taught in Applicant’s copending application Ser. 
Nos. 09/074,337 and 08/944,507, the interior portion of each 
cylindrical cathode structure 3 in the cathode-cylinder based 
engine can be equipped With an oxygen-injection chamber 
(connected to an air pump or oxygen source), one or more 
pO2 sensors, one or more temperature sensors, discharging 
head cooling equipment, and the like, so that system con 
troller 20 can control the p02 level Within the cathode 
element 16, as Well as maintain the temperature of the 
discharging heads during discharging operations. 

[0072] Similarly, in the event that the cathode-cylinder 
based engine 2 is employed Within a Metal-Fuel Tape 
Recharging Subsystem, then each of the subsystems con 
tained Within the Metal-Fuel Tape Recharging Subsystem 
disclosed in copending application Ser. No. 09/074,337 can 
be incorporated into the system schematically depicted in 
FIG. 1. Thus, as taught in Applicant’s copending application 
Ser. No. 09/074,337, the interior portion of each cathode 
cylinder 3 can be equipped With an oxygen-evacuation 
chamber (connected to a vacuum pump or like device), one 
or more pO2 sensors, one or more temperature sensors, 
recharging head cooling equipment, and the like, so that 
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system controller 20 can control the p02 level Within each 
cathode element 16, as Well as maintain the temperature of 
the recharging head during recharging operations. 
[0073] As shoWn in FIG. 1, each cathode cylinder 3 is 
rotated about its aXis of rotation at an angular velocity 
controlled by gears and drive unit (e.g. motor) driving the 
cathode cylinder. The metal-fuel tape 8 is transported over 
the surface of each cylindrical cathode element 16 by a 
fuel-tape transporter 21 operable during discharging and 
recharging operations. The cathode cylinder drive unit and 
the fuel-tape transporter 21 are controlled by system con 
troller 20 so that the metal-fuel tape 8, array of cathode 
structures 3 and ionically-conductive medium are trans 
ported at substantially the same velocity at the locus of 
points at Which the ionically-conducing medium contacts the 
metal-fuel tape and the cathode structures. By controlling 
the relative movement betWeen the metal-fuel tape, ioni 
cally-conductive medium and the cathode cylinders Within 
the engine housing, the system controller 20 effectively 
reduces the generation of frictional (e.g. shear) forces 
thereamong. This condition of operation results in a reduc 
tion in the amount of electrical poWer required to transport 
the metal-fuel tape, ionically-conductive medium and cath 
ode structures, It also reduces shedding of metal-oxide 
particles from the metal-fuel tape and becoming embedded 
With the porus structure of the cathodes. In turn, this 
decreases likelihood of damage or destruction of the cylin 
drical cathode elements 16 and metal-fuel tape 8. 

[0074] In general, velocity control among the cathode 
structure, ionically-conductive medium and metal-fuel tape 
can be achieved in various Ways in the FCB system of FIG. 
1. For eXample, one Way Would be to drive the array of 
cathode cylinders using a set of engaging gears, as shoWn in 
FIG. 1. Another Way Would be to drive the array of cathode 
cylinders using a belt structure that is also used to transport 
the metal-fuel tape 8 (eg betWeen supply and take-up reels 
or hubs Within a cassette type-device. Yet another Way 
Would be to drive the array of cathode cylinders using a ?rst 
set of DC-controlled motors, While driving the supply and 
take-up hubs of the fuel cassette device using a second set 
of DC-controlled motors, synchroniZed With the ?rst set of 
DC-controlled motors. Other Ways of achieving velocity 
control Will become apparent to those skilled in the art 
having had the bene?t of reading the present disclosure. 

[0075] In general, it Will be desirable in most applications 
to mount a plurality of pairs of “rotatable” cathode and 
anode contacting elements 23 about each cathode cylinder 
shoWn in FIGS. 1 and 1A. Such an arrangement Will enable 
maXimum current collection from each rotating cathode 
cylinder in the FCB system, at the output voltage speci?ed 
by the cathode and anode materials. Speci?cally, as shoWn 
in FIGS. 1 and 1A, an electrically-conductive “cathode 
contacting” element 23A is rotatably supported at the ends 
of each cylindrical cathode structure 3 by a pair of brackets 
or like structures. When properly mounted, each cathode 
contacting element 23A is arranged in electrical contact With 
its nickel mesh fabric eXposed on the outer edge portion 
thereof and is permitted to rotate about the aXis of rotation 
of the cathode-contacting element as the cylindrical cathode 
structure is rotated about the aXis of rotation of the cylin 
drical cathode structure. 

[0076] Also shoWn in FIG. 1, an electrically-conductive 
“anode-contacting” element 23B is rotatably supported by a 
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pair of brackets or like structures so that it is arranged in 
electrical contact With the underside surface of the metal 
fuel tape 8, and permitted to rotate about the axis of rotation 
of the anode-contacting element as the metal-fuel tape is 
transported over the rotating cathode cylinder With the 
ionically-conductive medium disposed therebetWeen. As 
shoWn in FIG. 1, the cathode cylinder and anode contacting 
elements 23A and 23B are electrically connected to electri 
cal conductors (e.g. Wiring) 24 Which are terminated at an 
output poWer controller 25. In turn, the electrical load 26 is 
connected to the output poWer controller 25 for receiving a 
supply of electrical poWer from the FCB system. 

[0077] As shoWn in FIGS. 1 and 1A, during discharging 
operations, oxygen-rich air ?oWs along the holloW central 
bore 6 formed through each cathode cylinder, and through 
the ultra ?ne perforations formed in the cathode structure to 
reach the interface betWeen ionically-conductive medium 
(e. g. electrolyte) 7 and the metal-fuel tape 8. During recharg 
ing operations, oxygen liberated from reduced metal-fuel 
tape ?oWs along the holloW central bore 6 formed through 
each cathode cylinder 3, and through the ultra ?ne perfora 
tions formed in the cathode structure to reaches the ambient 
environment. 

[0078] In the illustrative embodiment shoWn in FIG. 1, the 
ionically-conductive medium 7 is realiZed as an ionically 
conductive ?uid or viscous gel applied in the form of a thin 
?lm over the outer surface of each cathode cylinder 3 in the 
FCB system. The ionically-conductive ?uid/gel 7 can be 
applied to the surface of the cathode element or metal-fuel 
tape in either a continuous or periodic manner to ensure that 
ionically-conductive medium is suf?ciently replenished dur 
ing system operation and thus maintain an optimum level of 
hydroxide ion concentration at the interface betWeen the 
ionically-conductive medium and metal-fuel tape. Notably, 
the required thickness of the ionically-conductive ?lm layer 
Will vary from application to application, but typically Will 
depend on a number of factors including, for example, the 
electrical conductivity of the ionically-conductive medium, 
the current ?oW expected to be produced by the FCB system 
during discharging operations, the surface area of the cath 
ode element, and the like. 
[0079] Ionically-conductive ?uid/gel 7 for use With the 
FCB system of FIG. 1 can be made using the folloWing 
formula. One mole of potassium hydroxide (KOH) and one 
mole of calcium chloride are dissolved in 100 grams of 
Water. The function of KOH is to provide a hydroxide ion 
source, Whereas the function of calcium chloride is as a 
hygroscopic agent. 
[0080] Thereafter, one-half (0.5) of a mole of polyethylene 
oxide (PEO) is added to the mixture as an ion carrier. The 
mixture is then blended for about 10 minutes. Thereafter, 0.1 
mole of cellulose methoxycarboxylic acid, a gellant, is 
added to the blended mixture. This procedure results in the 
generation of an ionically-conductive gel suitable for appli 
cation to the surface of each cylindrical cathode element 16 
Within the FCB system or metal-fuel tape 8 transported 
through the FCB system. 
[0081] Alternatively, ionically-conductive medium 7 can 
be realiZed as a solid-state ionically-conductive ?lm applied 
to the outer surface of the cylindrical cathode element 16, or 
the inner surface of the metal-fuel tape. 

[0082] In this alternative embodiment of the present 
invention, the solid-state ionically-conductive ?lm can be 
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formed on the cathode element or the metal-fuel tape using 
either of the folloWing formulas set forth beloW. 

[0083] In accordance With the ?rst formula, one mole of 
KOH, a hydroxide source, and 0.1 mole of calcium chloride, 
a hygroscopic agent, are dissolved in the mixed solvents of 
60 milliliters of Water and 40 milliliters of tetrahydrogen 
furan Thereafter, one mole of PEO is added to the 
mixture as an ion carrier. Then, the resulting solution (e.g. 
mixture) is cast (i.e. coated) as a thick ?lm onto the outer 
surface of each cylindrical cathode element 16, or as a thick 
?lm onto the underside surface of the metal-fuel tape 8, as 
the case may be. Using the above formulation, ionically 
conductive ?lm can be obtained With a thickness in the range 
of about 0.2 mm to about 0.5 mm. As the mixed solvents (i.e. 
Water and THF) Within the applied ?lm coating are alloWed 
to evaporate, an ionically-conductive gel-like (i.e. solid 
state) ?lm is formed on the outer surface of the cathode 
element 16, or on the underside surface of the metal-fuel 
tape 8, as the case may be. 

[0084] According to the second formula, one mole of 
KOH and 0.1 mole of calcium chloride are dissolved in the 
mixed solvents of 60 milliliters of Water and 40 milliliters of 
tetrahydrogen furan The function of KOH is as an 
ion source, Whereas the function of the calcium chloride is 
as a hygroscopic agent. Thereafter, one mole of polyvinyl 
chloride (PVC) is added to the solution in an amount 
suf?cient to produce a gel-like substance. The solution is 
then cast (coated) as a thick ?lm onto the outer surface of 
each cathode element 16, or as a thick ?lm onto on the 
underside surface of the metal-fuel tape, as the case may be. 
Using the above formulation, ionically-conductive ?lm can 
be obtained With a thickness in the range of about 0.2 mm 
to about 0.5 mm. As the mixed solvents (i.e. Water and THF) 
Within the applied coating are alloWed to evaporate, an 
ionically-conductive gel-like (i.e. solid state) ?lm forms on 
the outer surface of each cylindrical cathode element 16, or 
on the underside surface metal-fuel tape, as the case may be. 

[0085] When using the ionically-conductive media 7 
described hereinabove, it Will necessary to provide a means 
for achieving “Wetting” betWeen (1) the ionically-conduc 
tive medium 7 and the metal-fuel tape 8, and (2) the 
ionically-conductive medium 7 and each movable cathode 
cylinder 3. One Way of achieving Wetting Would be to 
continuously or periodically apply a coating of Water (H2O) 
and/or electrolyte make-up solution to the surface of the 
metal-fuel tape 8 (and/or ionically-conductive medium 7) 
during system operation to enable a suf?cient level of ionic 
transport betWeen the metal-fuel tape and the ionically 
conductive medium and also betWeen the movable cathode 
cylinder and the ionically-conductive medium. Notably, the 
thickness of the Water and/or electrolyte make-up coating 
applied to the metal-fuel tape (and/or the ionically-conduc 
tive medium) Will depend on the transport speed of the metal 
fuel tape, its Water absorption properties, surface tempera 
ture of the cathode cylinder etc. In the illustrative embodi 
ment shoWn in FIG. 1, Wetting of the metal-fuel tape and/or 
ionically-conductive medium can be carried out using appli 
cator 70 and dispensing mechanism 71. It is understood, 
hoWever, that other methods of Wetting the metal-fuel tape, 
cathode cylinder and ionically-conductive medium may be 
used With excellent results. 

[0086] While the illustrative embodiments schematically 
depicted in FIGS. 1 and 1A and described hereinabove are 






















