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Summary 

It IS suggested that some of the design technology used m alkahne fuel 
cells be applied to the design of nickel-cadmium aerospace cells. In particu- 
lar, the use of an electrolyte reservoir coupled with appropriate pore size 
engineering of the electrodes and separator should result m cells of superior 
performance as well as increased tolerance to manufacturing variations 

Introduction 

Sealed nickel-cadmium cells for aerospace applications have been made 
for several decades by a number of manufacturers. Although each manufac- 
turer has his own set of processes, procedures, and design techniques, these 
cells owe much of their long cycle life to the electrochemical couples em- 
ployed and the physical properties of the separator material used. The 
separator has the combination of pore size distribution and wetting charac- 
tenstics which permits the oxygen evolved at the positive electrode during 
the latter stages of charge to have access to the metalhc cadmium on the 
negative electrode, while at the same tnne holding enough electrolyte to 
mamtam good ionic conductivity between the electrode pairs. This condition 
is usually referred to as being “starved” m terms of the amount of electro- 
lyte. Depending on the particular separator type and number of layers, the 
characteristics of the electrodes, and the compression on the plate pack, a 
particular electrolyte loading value (X cm3/A h) will yield the proper balance 
m terms of gas permeability and electrolyte conductivity A particular 
manufacturer will adjust the electrolyte loading value to obtain a certain 
cell pressure on overcharge based on the experience gamed from past per- 
formance. There are possible difficulties associated with this procedure 
which may well result m substandard performance of the cell This results, in 
part, from the statistical aspects among groupings of plate packs and/or cell 
sets and, m part, from the growth with cycling charactenstics of the elec- 
trodes used in these cells. 

It is the purpose of this paper to descnbe 111 detarl a somewhat analo- 
gous situation among groupmgs of alkaline fuel cells where the stochastic 
aspects have been much more accurately documented, and then to illustrate 
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how this problem was elemmated using strarghtforward principles of pore 
size engmeermg [ 11. This is followed by a suggested method of adapting these 
same design princrples to nickel-cadmium cells. It must be kept m mmd that 
when cells are cycled to typically twenty percent depth of discharge, eighty 
percent. of the capacity is unused and its associated weight is sunply dead 
weight. Some of this dead weight might be put to better use by trading it 
for a scheme that would increase the time during which the cell would be 
workmg more closely to its optimum set of operating parameters 

Background 

In the early stages of the development of alkaline fuel cell technology 
at what is now called International Fuel Cells, a cell was made up as shown 
m Fig. 1 These cells employed a fixed, trapped amount of electrolyte withm 
each cell. The oxygen electrode was a thm screen onto which was placed a 
mixture of catalyst powder and Teflon The Teflon content was such as to 
render the electrode wet proof. The separator was an asbestos mat fully 
filled with electrolyte and the hydrogen electrode was a thick (-0.060 m.) 
sheet of smtered mckel which was catalyzed more or less uniformly through- 
out. The pore sizes of the individual components were selected so that 
the separator would at all times be filled with electrolyte. The electrolyte- 
gas interface would be set up somewhere wrthm the thick nickel smter. As 
conditions arose that resulted m temporary changes m the volume of the 
electrolyte, this interface simply moved slightly to the right or left. 

Hydrogen Electrode 0060 n 

Catalyzed Nickel Smter 

Electrolyte/Gas Interface 

Asbestos Separator 0 020 m 

compressed to 0 012 m 

Oxygen Electrode 0 006 m 

Hydrophobx Catalyzed Screen 

Fig 1 Schematic of a smter-screen fuel cell 

Optimum volume 

Optimum volume is a term that is used to describe the effect of electro- 
lyte volume on cell performance and, m particular, that volume which 
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results in the peak performance of the cell. The reason for a change m 
performance with cell electrolyte volume (mterface position) and an opti- 
mum volume can be readily seen with the help of Fig. 1. If the electrolyte- 
gas interface is very close to the gas cavity (right hand edge of the hydrogen 
electrode) then most of the catalytic surface is covered with electrolyte The 
slow diffusion of hydrogen through the bulk electrolyte, along with the 
relatively high ionic IR drop across this thick electrode will result m poor 
cell performance. As the mterface recedes mto the smtered electrode, there 
will be a greater degree of electrolyte film-catalyst surface-gas interface, 
and performance will increase. As this interface approaches the matrix, the 
diffusion of gas mto, and water vapor out of, this smter becomes the con- 
trolling factor, and agam performance falls off. This discussion is not meant 
to imply any similarity between a nickel-cadmium cell and a hydrogen- 
oxygen fuel cell It is only meant to illustrate how a cell can have a preferred 
amount of electrolyte for optimum operation. 

An mterestmg senes of expernnents was carried out on a group of 36 
mdividual cells of this type which illustrates several charactenstics of group- 
mgs Usmg a technique which is peculiar to the fuel cell industry and is not 
particularly germane to the discussion at hand, the optimum volumes of each 
one of these cells was determined. 

Figure 2 shows the histogram of these results. The results, of course, 
show a considerable standard deviation or spread m the values of the opti- 
mum volume. These results are particularly significant m that fuel cells are 
filled as a group that are stacked together m a manner that results m each 
cell receivmg approximately the same volume. This, of course, would result 
m some cells recewmg more than their optunum amount and some cells re- 
ceivmg less than their optimum amount. 

Before being able to discern whether this would result m acceptable or 
unacceptable performance of this particular groupmg of cells, a second 
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OPTIMUM ELECTROLYTE VOLUME, cm3 

Fig 2 Dlstrlbutlon of optimum electrolyte volumes 
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charactenstlc called volume tolerance, must be known. As the name implies, 
volume tolerance describes the cell performance as a function of the electro- 
lyte volume. In essence, the shape of the electrolyte volume uersus cell 
performance curve 1s a measure of the volume tolerance of the cell. Wlthout 
gomg mto the detals of the matter, It can be stated (and it should be obvl- 
ous) that d the groupmg of cells as shown m Fig. 2 were all filled with 13 
cm3 of electrolyte, then three of the cells would be over filled whereas 
eight cells would be under filled. 

The answer to this problem m the fuel cell mdustry was the invention 
of what was called the electrolyte reservoir [2] The thick, nickel smter 
electrode was replaced with a thm screen Teflon-catalyst type gas electrode 
slml1a.r to the oxygen electrode (Fig. 3) Placed behind the hydrogen elec- 
trode was a porous nickel smter with a waffled pattern on It so that reactant 
gas could flow on the back side of the electrode while the smter would also 
be m contact with it. Here agam, the pore size and pore size dlstnbutlon of 
each component 1s carefully selected so as to maintain proper electrolyte 
placement The electrolyte reservoir has the largest pore size of wettable 
material so that it will freely accept and give up electrolyte as the cell under- 
goes temporary wetting or drymg condltlons The electrodes themselves 
under normal condltlons do not undergo any changes m their electrolyte 
volume; only changes m the electrolyte concentration as the water content 
temporanly IS m excess of, or 1s less than, that value about which the control 
pomt 1s fixed. 

Figure 4 1s a plot of the volume tolerance characterlstlcs of three 
different cell constructions that have been used over the years by IFC The 
slanted striught line depicts the characterlstlcs of the cells that employ the 
electrolyte reservoir behind the screen hydrogen electrode The curve show- 
mg the mtermedlate degree of volume tolerance was the conflguratlon 
described earlier with the thick smtered electrode The cell constructxon 
showmg a very mmunal amount of volume tolerance was of yet an earlier 
level of technology Cells with the widest degree of volume tolerance are 
the type used aboard the Space Shuttle Groupings of these cells are much 
less affected by the stochastic aspects associated with groupings of mdlvldual 
cells 

1 OXYGEN ELECTRODE ._ 

2 ELECTROLYTE MATRIX 

3 HYDROGEN ELECTRODE ._ 

4 ELECTROLYTE RESERVOIR 

5 ELECTROLYTE INTERFACE 

WETTABILITY OF 2>1 A 3>4 

Fig 3 Fuel cell employmg electrolyte reservoir 
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Opilmum Volume (Vop)Oehned As Cell 
Eleclml~e Volume At Peak Cell Performance 

Fig 4 

L Medwm Volume Tolerance 
L Narrow Volume Tolerance 

I I 

05 06 07 06 09 10 11 12 13 14 15 16 

FRACTIONAL VOLUME CHANGE V/V,P 

Cells constructed with different degrees of volume tolerance 

Flooded-starved design for nickel-cadmium cells 

It is hkely that a nickel-cadmium cell has an optimum electrolyte 
volume associated with it. The optimum electrolyte volume m this case is 
related to the balance required between the cell iornc resistance and the gas 
recombmation charactenstlcs. Probably, among a groupmg of cells there 
would be a certam distnbutlon associated with the optnnum volume values. 
When a group of cells is filled, some cells are probably overly filled while 
others are under filled. The growth charactenstlcs of the nickel electrode, 
coupled with the chemical degradation of the nylon separator material 
m the KOH and oxidative environment, may result m a change in the cell 
optimum volume. What 1s suggested is to adopt, where feasible, some of the 
techniques used m the alkaline fuel cell field mto the nickel-cadmium 
technology 

Figure 5 shows a simphstlc diagram of a mckel-cadmium cell that 
employs an electrolyte reservoir conslstmg of a wettable material with a 
pore size mtermediate between the large, gas-filled pores and the small, 
electrolyte-filled pores of the separator. Even m well behaved nickel elec- 
trodes, there is an mcrease m the fine pore structure of the active material 
which would tend to draw electrolyte out of the separator [ 11. If a reservoir 
were present it could yield up electrolyte as needed to replace the amount 
lost to the electrodes The placement of the reservoir at the bottom is Just 
meant to be Illustrative. Dependmg on the pore size charactenstics of the 
separator, the reservoir function could be performed by the separator itself. 
It should be noted here that there are driving forces other than capillary 
pressure (pore size) that come mto play m these cells which need to be taken 
into account when domg an overall cell design They mclude diffusional 
forces and migrational forces, and possibly some electro-osmotic effects. 
In nickel-cadmium cells m contrast to nickel-hydrogen cells, there is a 
greater amount of electrolyte volume change due to the water associated 
with the electrochemical reaction. 

The steps mvolved m designing a flooded-starved cell might proceed as 
follows: 
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_-TERMINALS-. 

SEPARATOR ANODES 

-FINE PORE REGION 0 CAmODES 

- COURSE PORE REGION m CONTROLLED 
CAPILLARY SUMP m 

Fig 5 A flooded-starved design for nickel-cadmium cells 

(1) Investigate the electrolyte volume tolerance characteristics of 
nickel-cadmium cells. This should be done both from an optimum volume 
pomt of view as well as a volume tolerance pomt of view 

(n) Investigate the stochastic aspects of the optimum volume charac- 
terlstrcs so the degree of variance wlthm a cell population can be estimated 

(111) Establish the net plate expansion characterlstlcs (while under the 
pack compression) of both the nickel and cadmium electrodes 

(IV) Establish the pore size and pore size dlstnbutlon characteristics of 
the cell plates as a function of cyclmg, electrolyte cornpositron, plate addi- 
tive, etc 

(v) Establish the pertinent physical characterlstlcs of chemically stable, 
oxldatlon-res&ant separator materials These would include then compres- 
nbrhty-pore size dlstrlbutlon charactenstlcs 

(vi) Calculate the reservoir requirements so as to keep the cell(s) withm 
proper electrolyte tolerance bounds over the expected hfetlme of the cell(s) 

Conclusion 

A methodology for mcreasmg or extendmg the useful hves of nickel- 
cadmium cells and battenes is suggested based on a somewhat analogous 
situation that was present m early technology, trapped electrolyte, alkalme 
fuel cells. The fuel cell mdustry was able to document and quantize the 
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problem. The solution came when the volume tolerance characterlstlcs of 
the cells were widened This same approach is suggested for first quantemg 
the problem and then gathermg the required data to develop a modified 
nickel-cadmium cell design. 

References 

1 K M Abbey and L H Thaller, Proc 17th IECEC, 1982, Vol 2, AIAA, New York, 
pp 157 -764 

2 J. K Stedman and C L Bushnell, Matnx-type fuel cell, US Pat #377981 I (1973) 


