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ELECTROLYTICALLY REGENERATIVE
HYDROGEN-OXYGEN FUEL CELL
Yames E. Webb, Administraior of the National Aero-
nautics and Space Administration, with respect to an
invention of Bernard M. Wilner, West Covina, Harvey
A Frank, Pasadena, Eugene Findl, Granada Hills, and

Martin G. Klein, Sunnyvale, Calif.
Filed May, 17, 1967, Ser. No. 640,457

Int. Ci. HOIm 27/02
U.S. CL 136—86 4 Claims

ABSTRACT OF THE DISCLOSURE

The fuel cell comprises a plurality of bi-polar clec-
trically conductive plates each of which has a rim por-
tion having transversely exiending slots therein forming
passages for gas flow in a direction perpendicular to the
plane of the plate. On one side of the plate a plurality of
circumferentially spaced depressions are provided gen-
erally adjacent alterna‘e of said slots. Each depression is
connected to one diametrically opposite it by a groove in
the plate resulting in a radial-spoked pattern, A thin pas-
sage disposed in the plate extends between each depres-
sion and the respective slot to which it is adjacent. The
same pattern of depressions and grooves is provided on
the other side of the plate and the depressions on said
other side communicate with the remaining second set
of alternate slots in the rim through thin passages in the
plate. An electrolyte containing nonconductive mat is
sandwiched between each bi-polar plate and the bi-polar
plate adjacent thereto and in compressed condition be-
tween the opposing hydrogen and oxygen electrodes of
the adjacent plates. Integral gas storage means are pro-
vided with a coacting bellows arrangement for equalizing
the gas pressure in the storage means.

The invention described herein was made in the per-
formance of work under a NASA contract and is subject
to the provisions of section 305 of the National Aero-
nautics and Space Act of 1958, Public Law 85-568 (72
Stat. 435; 42 U.S.C. 2457).

This invention relates in general to fuel cells and more
particularly to a regenerative-type fuel cell.

Regenerative-type fuel celis are known in the prior art.
One such regenerative-type cell is disclosed in U.S. Patent
No. 3,132,972, issued May 12, 1964 to Frank A, Ludwig.

The present invention is directed to a self-contained
electrolytically regenerative fuel cell with integral, but
separate storage for the electrolyte and each of the gases
utilized, and more particularly a fuel cell which includes
bi-polar plates incorporating gas manifold means and
distribution means therein for providing for the effective
flow of the utilized gases and of the gases produced at
the electrodes, to and from the electrodes and the storage
areas of the cell. During discharge of the cell, the stored
gases are recombined at the electrodes. The same elec-
trodes serve as the reacting surfaces for both the charge
and discharge mode of operation.

While bi-polar electrodes for fuel cells are known in
the art, and for instance as illustrated in U.S. Patent
2,969,315 issued Jan. 24, 196! to F. T. Bacon, the pres-
ent arrangement provides an improved arrangement of
bi-polar plates which eliminate prior art problems of
leaks, gas distribution, matrix assembly, and compression
problems. The present fuel cell arrangement also elim-
inates differential pressure gradients in the unii, thereby
preventing undesirable thermochemical reactions.

Accordingly, an object of the invention is to provide a
novel regenerative type of fuel cell.
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Another object of the inveniion |
pact and efficient regenerative-iype
life and reliability, with integral storage
actants and the products.

A further object of the inv:
regenerative-type fuel cell haviy
therein and including bi-polar pi
sets of transversely extending slot ritn thereof for
gas flow, with gas distribution means formed in a side of
the plate and communicating with respective of said slots
for effective distribution of the fuel and oxidizing gases
to and from the electrodes and the storage areas of the
cell.

Other objects and advantages of the invention will be
apparent from the following description 1 i conjunc-
tion with the accompanying drawings wherein:

FIGURE 1 is a generally diagrammatic pariially brol
longitudinal sectional view of a regenerative fuel cell ¢
structed in accordance wiiir the present invention;

FIGURE 2 is a diagrammatic illu%tm 1on of the regener-
ative fuel cell and schematically showing the hi-polar
plates, the asbestos electrolyte mat and the passage means
for transmittal of the gases to and from the elecirodes;

FIGURE 3 is an elevational view of one of the bi-
polar plates and illustrating the hydrogen electrode s
thereof;

FIGURE 4 is an enlarged fragmentary, sectional view
taken generally along the plane of line 4—4 of FIGU
3 looking in the direction of the arrows;

FIGURE S is a fragmentary sectional view iaken
erally along the plane of line 53 of FIGURE 3 loo
in the direction of the arrows;

FIGURE 6 is a fragmentary sectional view taken
erally along the plane of lire -—§ of FIGURE 3 look
ing in the direction of the urrows:

FIGURE 7 is an elevational view of the opposiie side
of the bi-polar plate shown in FIGURE 3, and more par-
ticularly the oxygen electrode side:

FIGURE 8 is an elevational
plates of the fuel cell;

FIGURE 9 is a sectional view tuken g
the plane of 9—9 of FIGURE & looking i
of the arrows:

FIGURE 10 is a fragmentary sectional view iz
along the plane of line 10—18 of FIGURE &

FIGURE 11 is an elevational view of the other end
plate of the fuel cell;

FIGURE 12 is a sectional view faken generally
the plane of line 12—12 of FIGURE 11 looking in
direction of the arrows;

FIGURE 13 is a sectional view iaken generally
the plane of line 13—13 of FK}UR}: 11 look
direction of the arrows;

FIGURE 14 is an elevational view of one of the
Iating spacer plates which separate the bi-polar pia

FIGURE 15 is a vertical sectzumﬁ view
erally along the plane of line 1515 of FIGY
looking in the direction of the arrows;

FIGURE 16 is a diagrammatic loy
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the fuel cell module for equalizin
the storage areas.

he regenerative fuel cell of the |
a combination hydrogen/oxygen
a waler electrolysis cell in one ¢
the charge mode of operation, wa
absorbent matrix (such as asbestos
drogen and oxygen clectrodes of adjace
trode plates is electrolyzed, to produce | oger
oxygen at the respective electrode. As gas is evolv
it is fed by fluid distribution means and manifold passage
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way means in the bi-polar plates, to storage tank areas
integral with the fuel cell. During discharge, the stored
gases are recombined at the electrodes to form water,
which returns to and is absorbed by the asbestos matrix.
The same electrodes serve as the reacting surface for
both the charge and discharge modes of operation. Con-
centrated aqueous electrolyte, such as concentrated aque-
ous potassium hydroxide is contained in the aforemen-
tioned asbestos matrix, and serves as the electrolyte and
the source of water for electrolysis. The quantity of elec-
trolyte employed is such that the solution is totally ab-
sorbed by the asbestos matrix, and no free liquid cxists
within the system. With the integral storage tankage sec-
tions, there is no flow of materials in and out of the unit
and it is operated as a sealed or closed mechanism,

Referring now to FIGURE 1 there is disclosed a gas-
tight housing 10 comprising cylindrical section 12 having
closed end 12« and a cylindrical section 14 likewise com-
prising a closed end 14a, with sections 12 and 14 being
bolted or secured to one another as at 18. Sealing means
19 coacting between the sections 12 and 14 and the flange
20 of end plate 21 (FIG. 11) of the fuel cell module 22,
insure that the housing is maintained in sealed relation-
ship. Section 12 of the housing may be adapted to store
the fuel gas or hydrogen while section 14 may store the
oxidizing gas or oxygen. A bellows mechanism 24 may be
disposed in section 14 and internally thereof may com-
municate with section 12.

Referring to FIGURE 2 which schematically illus-
trates the fuel cell module construction, the latter may
comprise a plurality of bi-polar plates 26 which have
integral transverse manifold channels or slots 28, 28a
therethrough (FIGS. 4 and 5) with hydrogen and oxygen
electrodes 30, 32 being disposed between and preferably
attached to the bi-polar plates 26. As can be best seen
in FIGS. 3 and 7, slots 28 are alternated with slots 28a
along the rim of each plate 26. Gas distribution means 31
is formed in the sides of the plates for uniform move-
ment of the gases to and from the respective electrodes.
Such gas distribution means, in the embodiment illus-
trated, comprises depressions 34 (FIGURE 3) in the hy-
drogen side of the bi-polar plates and depressions 36
(FIGURE 7) in the oxygen side of the bi-polar plate.
Such depression means are communicated with the re-
spective gas transmitting slots by internal passages 38,
38a extending between each depression 34 or 36 and the
respective rim slot 28 or 28a. The depressions 34, 36
_in the respective side of the plate are preferably coupled
together by channels 40, 42 in the respective side of ‘the
plate. An asbestos mat 45 (FIGURE 2) is placed between
each set of opposing electrodes 30, 32, and a ring-like in-
sulating spacer member 48 is disposed between adjacent
bi-polar plates, and is employed to obtain the desired
compression of the asbestos mats 45, The integral gas
distribution means 31 and manifolding 28, 28a permits
hydrogen and oxygen gas to flow out from behind the
back side of the respective electrode through the mani-
fold passages 28, 28« and into the respective gas storage
compartment 5¢ and 52 disposed in housing 16. As afore-
mentioned in the arrangement illustrated, the end plate
21 of the fuel cell stack or module 22 separates the oxy-
gen storage section 52 from the hydrogen storage sec-
tion 50.

Fuel cell grade asbestos may be utilized for the as-
bestos mats 45, each having a dry thickness of approxi-
mately 0.060 inch. Such mat is preferably compressed, as
aforementioned during cell assembly, to approximately
6.04 'inch. This compression decreases the cross leakage
of hydrogen and oxygen gases through the mat, and
causes a partial penetration of the electrolyte in the bed
or mat into each of the opposing clectrodes.

During charging of the fuel celi, or in other words
electrolysis, water may be decomposed from the mat at
the rate of approximately 0.336 gram per ampere-hour
of charge. Limitations exist as to the extent of charging,
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- when the bi-polar plate assemblies ¢

4
aside from the obvious one of i
loss of ionic convectivity, If the ¢}
leakage of hydrogen and oxyg
mairix may become appreciable
sults in water formation chemically

equals that due to electrolysis, resufting
of heat,

During discharge, water is fors
the asbestos matrix, Excessive ra
will result in flooding of the res
crease in performance. The effects and mmndtlmxs of the
system in regards to drying out towards the end of the
charge, and flooding towards the ¢nd he discharge, are
mass transpor{, rate dependent pr wer rates
of charge and discharge allow the u f capaci-
ties without encountering performarnce fall-c

Since the electrodes 3¢, 32 serve
and discharge operations, their constiuct
somewhat different from that of an &l

ibsorbed by
of water

hoin the charge
i 1 preferably
ode used ex-
k ation. From
a purely electrolysis standpoint it is ¢ = 1o have 2
nearly flooded system, whereas for the primary cell op-
eration a somewhat dryer reacting surface is usually de-
sirable. A suitable type of electrode (many of which are
known in the art) may comprise & porous plague that is
fabricated by sintering carbonyl nickel powder, evenly
spread over a nickel screen. The plaques employed may
be approximately 0,020 inch thick. These plagues may then
be catalyzed with platmum black to loadings of 20 mgs.
Pt/cm.2, As opposed to primary celis, it appears that the
reaction zone within the electrodes of the regenerative
cell of the invention, shifts in and out as the waler con-
tent in the asbestos mats change during the charge and
discharge cycles. By utilizing an electrode catalyzed 1
depth, peak performance can be obtained over a longes
period of charge and discharge.

Gas distribution screens 53 (FIGURE
type may be attached as by spot welds
plates in recesses 58 formed of for instan
nickel sheets or nickel gauze of fine miesh.
electrodes may then be spot wel ‘
tached to the gas distribution screens
electrode 30 on one side of the bi-pol
oxygen electrode 32 disposed on the otl
plate. The electrolyte saturaied asbestos mat 45 is
oriented and compressed between the electrodes on
jacent plates. The bi-polar plate assemblies are sia
alternately or more specifically until the desired num
of cells are obfained to form the fuel cell moduls, w
alternate hydrogen and oxygen electrodes.

Stacking may be accomplished by assembling
bi-polar plate assemblies on a series of insulated b
60 disposed through holes 62 around the periphery
the bi-polar plates 26. Bolts 60 may be insulate
sleeve of Teflon. The bi-polar plates Zé mount gas sea
or gaskets 64 on opposne sxdes therwi wmw prever

2} of known

which are adapted for conveying mg
gases to and from the storage areas

sembled stacked relation in the §
plates 26 may have recesses formed ¢
in FIGURES 4 and 6, for mounting

Bolts 60 may have spring assemb
such as Belleville springs, coacting
of each bolt and the end plate 78 of the
for aiding in holding the bi-polar plates in
tion, Insulating washers 72 (FIGURE [} may ¢ !
tween the end ring 74 of the bellows assembly 24 and thy
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threaded holding nuts 76 on bolis 64, for insulating the
bolts 66 from end plate 21.

Slots 28, 28a are preferably localed in the spaces be-
tween the bolt holes 62, as best seen in FIGURES 3 and
7. Circular depressions 34, 36 preferably have diameters
roughly equal to the cord length of the respective curved
slots 28, 284. Each depression 34 or 36 is connected to
the one diametrically opposite it by the aforementioned
channel or groove 46 or 42 in the plate, resulting in the
and 7. Each channel 40 or 42 is preferably of a lesser
generally radial-spoke pattern illustrated in FIGURES 3
and 7. Each channel 40 or 42 is preferably of a lesser
depth than the associated depression 34 or 36.

Referring to FIGURE 7 which illustrates the opposite
or oxygen side of the bi-polar member 26, the pattern
of depressions 36 and grooves 42 for conveyance of the
oxidizing gas is rotated about an axis perpendicular to
the plate, so that the depressions 36 on such other side
are not aligned with those (e.g. 34) on the FIGURE
3 side but instcad are staggered with respect thercto.
Depressions 36 communicate with the curved slots 28a
through the relatively thin pussages 38« in the plate, and
in a manner generally similar to those for the depressions
34 on the FIGURE 3 side. Both sides of said bi-polar
plate member have recesses therein formed complemen-
tary to the gasket 64 and receiving the latter in mounted
relation, and which completely encircles each of the bolt
holes 62 and the curved slots 28, 28« in the plate, thus
preventing inter-cell gas mixing via the oxygen and hy-
drogen manifolds.

As shown for instance in FIGURE 1, the bi-polar
plates are alternated with the spacers 48 (FIGURES 13
and 14) in a stack, with such spacers being formed of
an insulating material such as, for instance, fiberglass
combined with a suitable resin. Spacers 48 have slot
openings 28" and 284’ formed complementary to the
manifold openings 28 and 284 in the bi-polar plates, and
bolt openings 62’ formed complementary to bolt open-
ings 62 in the plates 26. The gaskets 64 on the plates
are adapted to engage in sealing relation about the open-
ings 28’, 284’ and 62’ on the intermediate spacers 48.
In the embodiment illustrated there are twelve bolts
utilized for holding the bi-polar plates and associated elec-
irodes and spacers in stacked condition. An insulating
sheath 80, formed of some electrical insulating mate-
rial, such as Teflon, may completely encircle the fuel cell
module, as shown in FIGURE 1.

The aforementioned end plates 21 and 76 (FIGURES
11 and 8) of the stack are similar to the bi-polar plates
26 except that no gas distribution means or in other words
depressions or channels arep rovided in their outer sides.
The manifold slot means 28 for carrying the hydrogen
gas, as can be seen in FIGURES 9 and 10, extend through
end plate 76 and communicate with the storage area 50
which is adapted to store the hydrogen gas therein. The
oxygen manifold slot means 28a dead-end at the end
plate 70 and thus there is no communication between the
oxygen depressions 36 and associated passages 384, and
the hydrogen gas storage area 50. Sealing means 82 co-
acting between the bolts 66 and end plate 70 seal the
bolt openings 62 in plate 70 from the gas storage area 5.

End plate 21 has the gas manifold slots 28a which are
adapted to carry the oxidizing gas, extending complete-
ly through the plate 21 as best shown in FIGURE 12,
thus communicating the manifold slots 28« with the stor-
age area 52 of the housing 16, such storage area 52 being
adapted to store the oxygen gas therein. The hydrogen
slots 28 dead-end at plate 21, with such hydrogen slots
being connected by the passages 38 (FIGURES 11 und
13) to the hydrogen depressions 34 in the inner side of
piate 21. As can be seen in FIGURE 13, such depres-
sions 34 in plate 21 have apertures 84 extending from
the respective depression through the plate thus commu-
nicating depressions 34 and the hydrogen slots 28 with
the interior of bellows assembly 24, which is secured to
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end plate 21 by the afor
acting nuts 76, It will be se
gen storage area 56 is in ¢
terior of the bellows assem
fold slots 28 and communi
21,

The bellows assembly 24, as ! t
the pressure between the two «
ing thus minimizing pressure ¢
The state of charge in the hou
a conventional pressure transduc
the charge may be limited by 2
switch 88, when the desired iank
The bellows assembly, which s
dion-like construction, may be se
ring-like end plate 74 (FIGURE
21 of the fuel cell module, and
90 of the bellows assembly being
ber, thus isolating the interior
from the exterior oxygen storage
the bolts 680 may extend through
illustrated in FIGURE 1 und there
stop plate 92 secured as by ¢
porting bolt extension porticns
pansion of the hollows assem
that if and when end plate %6
engages abutment 92, no furihe:

End plate 70 may have a siud
positive terminal lead 98, while the housing
the negative terminal of the fuel ceil.

In conventional batteries, cyc
changes in the physical or chemica
reactant, such as dendritic growt
components and irreversible sic
discharge proceed, the density
rial causing flaking, crumbling
Full utilization cannot be made
rial because some is covered
of the electrodes. These cosu
of shaliow depth discharges in cor
obtain a long cycle life. Since ihe react
the fuel cell of the invention are i
limitations due to conditions not

The normal operating temperai
proximately 70° to 90° C. For wuliic
perature can usually be maintal
during the operation thereof. Of ¢
pendent upon the ambient tem
tion and type of operating cycle. €
generally occurs between approximatel:
C. when cycle life is considered.

From the foregoing discussion
drawings it will be seen that the p
a self-contained electrolytically regener:
integral but separate storage areas
each of the gases utilized. The
polar plates possessing infegral ms
veying the fuel and oxidizing xa
areas of the cell, and also emboc
means in the plates, for effective
the electrodes and reacting ar
pases. Gas leakage problems and
are materially improved, result
and efficiency of the fuel cell.

The terms and express
used as terms of descriptio
there is neo infention, in {
pressions, of excluding any
tures shown or described, ¢
recognized that various modif
the scope of the invention claimed.

What is claimed is:

1. In a regenerative fuel cel
pair of adjacent bi-polar elect
plates having a porous electrode o

and
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in generally opposed relation to the electrode on the ad-
jacent plate, a non-conducting porous bed between and
in contact with said electrodes, said bed being adapted to
hold an elecirolytic solution therein, insulating means
separating said electrode plates, and means in each of
said plates providing fluid passage means communicating
with the respective electrode from exteriorly of said plate,
said last named means comprising spaced depressions in
both sides of said plates spaced circumferentially about
said plate and slots extending transversely through said
plates adjacent the perimeters thereof, and passages in
said plates connecting certain of said slots with said de-
pressions on one side of each plate, the other of said slots
being connected to said depressions on the other side of
each plate, and channels on cach side of said plate con-
necting all of said depressions on the respective side to-
gether, said channels extend radially from the axial center
of said plate to a respective one of said depressions provid-
ing a spoke-like arrangement of fluid passage means,

2. In a regenerative fuel cell comprising at least one
pair of adjacent bi-polar electrode plates. each of said
plates having a porous electrode on a side thereof disposed
in generally opposed relation to the electrode on the ad-
jacent plate, a non-conducting porous bed between and
in contact with said electrodes, said bed being adapted to
hold an electrolytic solution therein, insulating means
separating said electrode plates, and means in each of
said plates providing fluid passage means communicating
with the respective electrode from exteriorly of said plate.
gas storage means communicating with said fluid passage
means for storing fuel and oxidizing gases during regen-
eration of said cell, and an extensible and contractable
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bellows assembly coacting
equalizing the pressure between {
means.

3. A fuel cell in accordance
means comprises depression meas
of said plate and slot means extending
plate, and passage means connecting
said depression means, said passage mc
the plane of said plate.

4. A fuel cell in accordance w
plate has said depression means or bye
the depression means on one side b
spect to the depression means on the othe: . and with
the depression means on each side communicating respec-
tive of said slot means in said plate, and end plates coact-
ing with a stack of said bi-polar piates
having depression means on only the inner
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