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(57) ABSTRACT 

Interconnects and perimeter Spacers for a fuel cell Stack are 
provided as flexible elements which can conform to non 
planarities in a Stack's electrolyte elements and thereby 
avoid inducing torsional Stresses in the electrolyte elements. 
The interconnects are foil elements about 0.005 inches thick, 
formed of a Superalloy such as Hastelloy, Haynes 230, or a 
Stainless Steel. The perimeter Spacers comprise a plurality of 
laminate thin Spacer elements, each thin Spacer element 
being a laminate of Superalloy and a “Soft' material Such as 
copper, nickel, or mica. The Spacer elements can Slide past 
one another; thus the perimeter Spacers can be physically 
thick, to form the gas flow Spaces within the Stack, while 
also being torsionally flexible. 
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FUEL CELL STACK HAVING FOIL 
INTERCONNECTS AND LAMINATED SPACERS 

TECHNICAL FIELD 

0001. The present invention relates to fuel cells; more 
particularly, to Stacks comprising a plurality of individual 
cells being both physically Separated and electrically con 
nected by interconnect elements, and most particularly, to 
Such a fuel cell Stack wherein the interconnect elements are 
thin foils and the Spacers are laminates of foils formed 
alternately of Superalloy and a compliant material. 

BACKGROUND OF THE INVENTION 

0002 Fuel cells which generate electric current by con 
trollably combining elemental hydrogen and oxygen are 
well known. In one form of Such a fuel cell, an anodic layer 
and a cathodic layer are Separated by a permeable electrolyte 
formed of a ceramic Solid oxide. Such a fuel cell is known 
in the art as a “solid oxide fuel cell” (SOFC). Either pure 
hydrogen or reformate is flowed along the outer Surface of 
the anode and diffuses into the anode. Oxygen, typically 
from air, is flowed along the outer Surface of the cathode and 
diffuses into the cathode. Each O molecule is split and 
reduced to two Of ions at the cathode/electrolyte interface. 
The oxygen ions diffuse through the electrolyte and combine 
at the anode/electrolyte interface with four hydrogen ions to 
form two molecules of water. The anode and the cathode are 
connected externally through the load to complete the circuit 
whereby four electrons are transferred from the anode to the 
cathode. When hydrogen is derived from “reformed” hydro 
carbons, the “reformate” gas includes CO which is con 
verted to CO at the anode/electrolyte interface. Reformed 
gasoline is a commonly used fuel in automotive fuel cell 
applications. 
0003) A single cell is capable of generating a relatively 
Small Voltage and wattage, typically about 0.7 volts and leSS 
than about 2 watts per cm of active area. Therefore, in 
practice it is usual to Stack together in electrical Series a 
plurality of cells. Because each anode and cathode must 
have a free Space for passage of gas over its Surface, the cells 
are separated by perimeter Spacers which are vented to 
permit flow of gas to the anodes and cathodes as desired but 
which form Seals on their axial Surfaces to prevent gas 
leakage from the Sides of the Stack. Adjacent cells are 
connected electrically by “interconnect elements in the 
Stack, the outer Surfaces of the anodes and cathodes being 
electrically connected to their respective interconnects by 
electrical contacts disposed within the gas-flow Space, typi 
cally by a metallic foam or a metallic mesh which is readily 
gas-permeable or by conductive filaments. The Outermost, or 
end, interconnects of the Stack define electrical terminals, or 
“current collectors, connected acroSS a load. 

0004. In the prior art, the interconnect elements are 
relatively thick, flat plates formed of a Superalloy or StainleSS 
Steel. Also, the perimeter Spacers that form the gas flow 
Spaces adjacent to the electrodes are typically formed from 
sheet Stock having a thickness Selected to yield a desired 
height of the flow Space. 
0005 One problem encountered in prior art fuel cell 
stacks is that they are relatively bulky and heavy. It is very 
desirable to reduce the height and weight of a Stack without 
Sacrificing performance. 
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0006 Another problem encountered in some prior art fuel 
cell stacks involves the brittleness of the ceramic oxide 
electrolyte elements. In Some fuel cells, the anode is a 
relatively thick Structural element Supporting a thin electro 
lyte layer and a thin cathode layer. Such a fuel cell is said to 
be "anode-Supported.” The ceramic oxide electrolyte ele 
ments, which extend to the edges of the Stack in contact with 
the anodes, typically are not optically flat and are also quite 
brittle. The anodes may also not be optically flat. Prior art 
perimeter Spacers, being monolithic, cannot twist to accom 
modate non-planarities in the electrolyte elements and 
anodes, So that Sealing between the non-flat Surfaces 
becomes difficult. Also, because of the non-flat Surfaces, an 
electrolyte element may be cracked during assembly of the 
Stack. In either case, failure of the Stack can occur. Avoiding 
these problems by finishing the electrolyte elements to be 
optically flat is cost-prohibitive. 

0007. It is a principal object of the present invention to 
provide a fuel cell Stack that is lighter and Smaller than prior 
art fuel cells of the same electrical capacity. 
0008. It is a further object of the present invention to 
provide Spacer means for a fuel cell Stack that can Sealably 
conform to non-planarities in the electrolyte elements and 
will not induce torsional StreSS in Such elements. 

SUMMARY OF THE INVENTION 

0009 Briefly described, the interconnects and perimeter 
Spacers for a fuel cell Stack are provided as flexible elements 
which can conform to non-planarities in a Stack's elements. 
The interconnects are foil elements about 0.005 inches thick, 
formed of a Superalloy, such as Hastelloy or Haynes 230, or 
Stainless Steel. The thick perimeter Spacers comprise a 
plurality of thin Spacer elements. Each Spacer element is a 
laminate of a Superalloy and a compliant Soft material Such 
as copper, nickel, or mica. The Spacer elements can Slide 
past one another; thus the perimeter Spacers can be physi 
cally thick, to form gas flow Spaces within the Stack, while 
also being torsionally flexible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. These and other features and advantages of the 
invention will be more fully understood and appreciated 
from the following description of certain exemplary embodi 
ments of the invention taken together with the accompany 
ing drawings, in which: 

0011 FIG. 1 is a schematic cross-sectional view of a 
prior art two-cell Stack of Solid oxide fuel cells, 

0012 FIG. 2 is an isometric view of a fuel-cell stack 
comprising five cells, 

0013 FIG.3 is an isometric view like that shown in FIG. 
2, showing the addition of current collectors, end plates, and 
bolts to form a complete fuel cell stack (exploded view) 
ready for use; and 

0014 FIG. 4 is a schematic cross-sectional view of a 
two-cell Stack of Solid oxide fuel cells in accordance with the 
invention, showing the use of a laminate foil spacers and a 
foil interconnect element for providing the reformate and air 
flow passageways across the anodes and cathodes, respec 
tively. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0015 Referring to FIG. 1, a prior art fuel cell stack 10 
includes elements normal in the art to Solid oxide fuel cell 
Stacks comprising more than one fuel cell. The example 
shown includes two fuel cells A and B, connected in Series, 
and is of a class of Such fuel cells Said to be “anode 
Supported” in that the anode is a structural element having 
the electrolyte and cathode deposited upon it. Element 
thicknesses as shown are not to Scale. 

0016 Each fuel cell includes an electrolyte element 14 
Separating an anodic element 16 and a cathodic element 18. 
Each anode and cathode is in direct chemical contact with its 
respective Surface of the electrolyte, and each anode and 
cathode has a respective free Surface 20.22 forming one wall 
of a respective passageway 24.26 for flow of gas acroSS the 
surface. Anode 16 of fuel cell B faces and is electrically 
connected to an interconnect 28 by filaments 30 extending 
acroSS but not blocking passageway 24. Similarly, cathode 
18 of fuel cell A faces and is electrically connected to 
interconnect 28 by filaments 30 extending across but not 
blocking passageway 26. Similarly, cathode 18 of fuel cell 
B faces and is electrically connected to a cathodic current 
collector 32 by filaments 30 extending across but not block 
ing passageway 26, and anode 16 of fuel cell A faces and is 
electrically connected to an anodic current collector 34 by 
filaments 30 extending acroSS but not blocking passageway 
24. Current collectors 32.34 may be connected across a load 
35 in order that the fuel cell stack 10 performs electrical 
work. Passageways 24 are formed by anode Spacers 36 
between the perimeter of anode 16 and either interconnect 
28 or anodic current collector 34. Passageways 26 are 
formed by cathode spacers 38 between the perimeter of 
electrolyte 14 and either interconnect 28 or cathodic current 
collector 32. 

0017 Referring to FIGS. 2 and 3, a plurality of indi 
vidual fuel cells may be Stacked together to form a Stack 12 
similar to Schematic stack 10 shown in FIG. 1. Stack 12 
comprises five Such cells. To form a complete working fuel 
cell assembly 13 (FIG. 3), stack 12 is sandwiched between 
an anodic current collector 34 and a cathodic current col 
lector 32 which in turn are sandwiched between a top plate 
15 and a gas-manifold base 17, the entire assembly being 
sealingly bound together by bolts 19 extending through 
bores in top plate 15 and threadedly received in bores in base 
17. 

0.018 Preferably, the interconnect and the current collec 
tors are formed of an alloy, typically a “Superalloy,” which 
is chemically and dimensionally stable at the elevated tem 
peratures necessary for fuel cell operation, generally about 
750° C. or higher, for example, Hastelloy, Haynes 230, or a 
Stainless Steel. The electrolyte is formed of a ceramic oxide 
and preferably includes Zirconia stabilized with yttrium 
oxide (yttria), known in the art as YSZ. The cathode is 
formed of, for example, porous lanthanum Strontium man 
ganate or lanthanum Strontium iron, and the anode is 
formed, for example, of a mixture of nickel and YSZ. 
0019. In operation (FIG. 1), reformate gas 21 is provided 
to passagewayS24 at a first edge 25 of the anode free Surface 
20, flows parallel to the surface of the anode across the 
anode in a first direction, and is removed at a Second and 
opposite edge 29 of anode surface 20. Hydrogen and CO 
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diffuse into the anode to the interface with the electrolyte. 
Oxygen 31, typically in air, is provided to passageways 26 
at a first edge 39 of the cathode free surface 22, flows 
parallel to the Surface of the cathode in a Second direction 
orthogonal to the first direction of the reformate (second 
direction omitted for clarity in FIG. 1), and is removed at a 
Second and opposite edge 43 of cathode Surface 22. Molecu 
lar oxygen gas (O) diffuses into the cathode and is cata 
lytically reduced to two Of ions by accepting four electrons 
from the cathode and the cathodic current collector 32 (cell 
B) or the interconnect 28 (cell A) via filaments 30. The 
electrolyte is permeable to the Of ions which pass by 
electric field through the electrolyte and combine with four 
hydrogen atoms to form two water molecules, giving up four 
electrons to the anode and the anodic current collector 34 
(cell A) or the interconnect 28 (cell B) via filaments 30. Thus 
cells A and B are connected in Series electrically between the 
two current collectors, and the total Voltage and wattage 
between the current collectorS is the Sum of the Voltage and 
wattage of the individual cells in a fuel cell Stack. 
0020 FIG. 4 shows an improved two-cell stack 44 in 
accordance with the invention. Stack 44 is similar to prior art 
stack 10 shown in FIG. 1 but incorporates several improve 
ments over the prior art. 
0021 First, prior art interconnect element 28 is relatively 
thick, heavy, and inflexible, having a typical thickness of 
about 3.5 mm or greater. Its thickneSS and weight contribute 
to the overall weight and size of a prior art stack, and its 
inflexibility contributes to the risk of cracking a non-planar 
electrolyte element or compromising the Sealability between 
elements, as discussed above. Improved interconnect ele 
ment 28a is formed as a flexible foil having a thickness of 
less than about 0.5 mm and preferably about 0.127 mm 
(0.005 inch). Like the prior art interconnect 28, foil inter 
connect 28a is preferably formed of an alloy which is 
chemically and dimensionally Stable at the elevated tem 
peratures necessary for fuel cell operation, for example, a 
Superalloy Such as Hastalloy, Haines 230, or a stainleSS Steel. 

0022 Second, prior art anode spacer 36 and cathode 
spacer 38 are monolithic and formed from sheet stock 
having a thickness Selected to yield the desired height of the 
anode passageways 24 and cathode passageways 26. Being 
inflexible, the prior art spacers also contribute to the risk of 
cracking a non-planar electrolyte element upon assembly of 
the stack as shown in FIG. 3, and/or compromising the 
sealability between the elements. As shown in FIG. 4, prior 
art spacers 36.38 are replaced by improved spacers 36a,38a, 
each comprising a plurality of thin elements 46, each pref 
erably about 0.127 mm in thickness. Each element 46 is 
formed as a laminate comprising a Superalloy and a Soft and 
malleable material Such as copper, nickel, or mica. Prefer 
ably, a foil of dielectric Soft material, Such as mica 48, is 
placed next to each of electrolyte elements 14 and anodes 16 
to insulate the foil interconnect 28a electrically from short 
circuiting through the electrolyte elements, as shown in 
FIG. 4, and to Seal against gas leakage. Phologopite or 
fluorophlogopite mica is especially effective at Sealing 
against the irregular and porous Surface of the electrolyte. 

0023. Using a plurality of thin spacers allows the height 
of the flow Spaces to be varied as may be desired among 
different fuel cell stacks simply by varying the number of 
Spacers included for each flow Space. For example, in a 
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currently preferred embodiment of a fuel cell Stack, cathode 
flow space 26 is formed by five such spacers and anode flow 
Space 24 is formed by three Such Spacers. Further, Selection 
of Spacer materials according to their thermal expansion 
properties allows the yield Strength and thermal expansion 
of a Stack to be specified, and thermal expansion of the 
Spacers can provide Sealing force for the Seals against the 
electrolyte elements and the interconnect and current col 
lectors. Further, forming thick Spacers by assembling a 
plurality of thin laminated foil spacers, Such that the foils 
may slide past one another as needed, results in a thick 
spacer which is nonetheless sufficiently flexible to conform 
to a non-planar electrolyte element without cracking it. 
0024. While the invention has been described by refer 
ence to various Specific embodiments, it should be under 
stood that numerous changes may be made within the Spirit 
and Scope of the inventive concepts described. Accordingly, 
it is intended that the invention not be limited to the 
described embodiments, but will have full scope defined by 
the language of the following claims. 
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1. A perimeter Spacer for use in a fuel cell Stack, com 
prising between two and ten laminate Spacer elements 
positioned adjacent to one another, at least one of Said Spacer 
elements being formed of a Superalloy and a Soft material, 
wherein Said Soft material is Selected from the group con 
Sisting of copper and dielectric materials and wherein at 
least one of the outermost of the laminate Spacer elements is 
formed of mica for Sealing and insulating disposition against 
an electrolyte element in Said fuel cell Stack. 

2. A perimeter Spacer in accordance with claim 1 wherein 
Said dielectric material is mica. 

3. A perimeter spacer in accordance with claim 1 config 
ured for Spacing an electrolyte element from an interconnect 
element, wherein Said perimeter Spacer includes between 
two and ten laminate Spacer elements. 

4. A perimeter Spacer in accordance with claim 2 wherein 
at least one of the outermost of the laminate Spacer elements 
is formed of mica for Sealing and insulating disposition 
against an electrolyte element in Said fuel cell Stack. 
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