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ABSTRACT

A cadmium-air cell nas been developed that will deliver at leest 500
deep discharge cycles without any significant lcss in electrical ounpacity
and vsithout any decreuse in closed circuit 1 rtential. HowSvel. after one
year's storage (at roam temperature), the cell becomes cathode limiting
with a resulting 15% loss in electrical capasiiy and & large drop in cell
potential. Cadmium poisoning of the air-cutbode can te avoided by con~
structing the unit cells with washed dry charged cadmium anodes. A paper
design of a 24 volt, 25 ampere-hour cadmium-air battery indicates the
folloving characteristice:

a. L2 watthours/pound
b. 2.35 vatthours/in
¢. Price - about $500.00

d. $0.0017 per watthour per cycle (asswming 500 cycles)
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CAIMIUM~-ATR CELL STUDIno
INTRODUCTION

The cadmium-air battery vas selected as the simplest system to develop
a3 &n electrically rechargeable metai-air battery. Zinc is a "hornets nest"
of problem areas, such as shorting by zinc dendrites, "shspe~change” loss
of electrical capacity by zinc erosion and corrosion and redox capacity loes
by soluble and/or colloidal platimm (oxygen catalyst of bifunctional air
cathodes), irop, nickel, and other impurities whick possess low hydrogen
overvoltages. In the main, cadaium-air was selected as & stepping-stcne
tomrd the develcpment of the more sophisticsated, economically practical,
ad higher energy density zinc air system. However, it should be noted
that cadmiun-air or csdmium-~oxygen batteries should establish a niche in
the betr:ry field for limited applications, such as space exploration, wtere

cost 1s ncr oxicical, but vhere long 1ife, as well as kigh encrgy density,is
requirsd.

In general, the cadmivm-air batiery is of 1M to the battery
techrologist in that:

-~

a. It has & theoretical cnergy density of 202 watthours per
pound.

b, ZThe stability and cycle life of the alkaline cadsius anode
have been demosstrated in nick_el-c.hiulv and siiver-cadmium Datteries.

c. The caduium anoCe has 3 low seif discharge rate.

->.d. ‘The cost cf the system should be cusmcsble to that of nickel-
. cadmim betterins, assaming the pletimm losding of the air-cathode is less
* thasi 6 mg/oC and/or an inexpensive oxygen cstelyst is employed.

Companies and Govermment Agencies reporced to have been engagr
cadaium-air battery development sve: (1) Gemerel Electric, (2) Ein
- ~(3) Leeson= Moos, {k) Union Carbide, (5) US Army Electronics Comsand,

(6) Yardney Electric, (7) Astropower, {8) Energy Research, {?) Elet.ro-
Optical, and others.

The USAECOM program on cadaiwm-air batteries was initisted ir the fall
of 196‘?.1 ghg gmblq areas and their solutions were repcried in earlier
t Al

repoxta. In surmary, the problems ard tzeir sclutions are ag follows:
Problea Souuxtion
1. Shortirg thru the mesbrane .

Remove CQO, from the in flowing air
supplyanﬁchu‘geatnedi s to
high rates (about 10 mA/cm<}.

by cadaium penetration
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Prcblem Solution

2. Capacity "fade out” and memory- 2. C(Op removal, employ 20-30% KOH
type losses in capacity dby the electrolyte and vccasional over-
cadmivm anode charge of the cell at mediim to

low zate of charge (trickle and/or
pulse type charging).

3. Poisoning of the air cathode 3. Saturate the electrolyte with
zincate or alminate ions,
removal and, as reported in this
report, the employment of washed
dry-charged cadmium anodes.

Lk, Water Losg L. Design a sump at the base, sides,
and. top of this unit cell. 4an
el2ctrolyte level indicator should
be provided and the cell shauld be
"topped" with distilled weter when
the cell. levei is low. Also, the
use of 5-10 mil polyamide felt on
the electrode faces provides
sufficient "irrigation.”

5. Instability of most state-of- 5. At present the bifunctional

“he-art air cr cxygen cathodes - platimm catalyzed Leesona cathode

(of the bifunctional charging is regarded as state-of-the-art.

and discharging types). The use of perovskites as air elec-
trode cs g should be inves-

tigatei.’ In sddition, air csthode
weeping or flooding can be pre-

N vented by use of multi-layed wet-
proofed snd optizwmly catalyzed
air cathodes. Each layer has a
different degree of hydrophodicity-
the most hydrophobic laysr being
on the electrode-air interface.

The purpcse of this work wes to integrate the above-listed improve-
ments into cadzium-air cells whicn would ve life cycied. In sddition, it
wvas of interzst to determive the shelf life characteristics cf the system.

EXCRRTHMENTAL PRCCEIURE

Tr 2 sgonge cadmivm ancdes were prepered in the following nenner:
(») Cacxium cxade (Fisher Certified. Cst. ¥o. C-16) waz hamogeneously
blended with 5% by weligkt of carbonyi nickel powler (Internstionel Hickel
Company, Ty . 25)) and 5% by weight of ferric orxide extender (Fisher
Certitied, Cat. No. T-215), and (b) kk g of the cadmium oxide mixX ere
=oid pressed into an electIiie ~ontaining au Aldex paper vrsp (Aldine
Corporation), a nickel P t yrid (Exmwet Corporation), and a .005" thick
nickel tab. The electrode dinensions were: 0.035" in thickmess, 3-1/2" in
heignt, end 2-3/6" in width, and the electrode porosity (in the fully
charged state) was 62.5%.

v
A S e, ST,



The unit cadmium-air ceils were constructed as follows: The sponge
czdmiunm anode was inserted into a heat-sealed paiysmide Pellon bag of 5 mil
“thickness (2506 K, Pellon Corporstior). Around this, one and a quarter
layers of RAL 2991 membrane wvere laterally wrapped (Radiation Applications,
Inc.). The wrapped negative was then inserted intc an open "U"-type Pellon
interseparator. This completed the separator system for the unit cell.

The electrode pack was finally inserted intc s dicell containing stete-of-
the-art bifunctional air-cathodes manufactured by Leesonma Moos Corpcrstion.
Nylon mesh air spaces of 100 mil thickness were »placed on the air side of

the air-cathodes, and the camplete unit cell was secured between lucite
supports.

The instrumentation employed in this program is shown in Fig. 1. The
unit cadmium~air cell was contsined in & reaction kettle.

An electrolyte
reservoir provided clectrolyte to the electrodes by meeans of the wicking
action of the Pellon wraps. The cell wms cycled using an sutomatic cycler
wvith the voltage cutoff set to zero vclts on discharge exd 1.9 ¥ on charge
(C/5 rates of charge and dischargej. Refarence readings were taken vith
A potentiometer using a partially charged nickel-hydroxide reference elec-
trode. Charge-discharge curves were automatically recorded by a Honeywell-
Electronik voltage recorder. then desired, carbon diocxide was removed from
the incoming flow of aixr by mesns of A scrcbber which contuined KOH sclu-
tion. All texts on this program were rur at room temperature ambient.

DISCUSSION AND KESULTS

B~-I Curves of Cadmium-Air Cells

E-I curves of cadmium-air cells containing 20% XOH (CA~69-1) and
KOH (CA-69-2) are shown in Fig. 2: it current demsities up to 250 mA/i:
the cadmium apcde sustains very little polsrizatioo or IR drov. However,
the Leesons platinized cathode is subject to considersble polarization with
306 XOH electrolyte at current densities higher then 100 mA/in®

. In20%
KOH electrolyte the cathode suffers little pclarization st current densi-
ties 2~ high as 250 ms/ic,

Atr flov was st normsl convection at current densities below 10G mA/in.
At higher current dens‘ties, the air flow was pusped at s small pressure of

severel inches of water. Air vas ccrubbed in these tests. Pertinent
design features ere also shorwn in Pig. 2. ‘

On the basis of these results, 20% KOH was selected az electrolyte for
cadnium-air cell develoim al and testing in tais progrem.

Capacity Maintensnce of Formed and Unformed Cells

T™wo similarly designed snd constricted cadmi:m-air cells were cycled
at 300% depth of discharge. As shown in Fig. 3, toe cell with an unformed
cadniyr: anode lost about ooe third of its initial capacity in kO cycles.

By unrormed, it ismeant that the anode was initially in the cxide ctate and
reqrired in siti charging. The cell vith a dry cbarged (formed} cadaiv=

anode sufferad no capacity ines in 50 cycles and was allcvad to iife cycle
(to be diccussed in the next section).
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In the case of the unformed cell, it was noted that the electrolyte in
the sump was brownish with suspended and colloidal oxides ani/or hydroxides
of cadmium., It appears that the unformed anode sheds suffi ient amounts of
oxide and hydroxide to ccntaminate the air cethode. By contamination it
is meant that catalytic platinmun sites were wetted and pari;ially flooded as
a result of cadmium oxide-hydroxide precipitation. In short, the unformed
cadmiwm anode has a negative synergistic effect on its catiande mate. This
results {n the cell becoming positive limiting on discharpge and the
resulting capacity loss increases with each subzequent cycle.

Life Cycling of CA-69-1

The capacity maintenance curve of Cell CA-69-1 is uilown in Fig. 4. It
should be noted that the capacity loss was almost nil fuor 450 cycles. After
450 cycies, the cell was stored in the semi-~charged sta:e for one year. As
shown in Table I and in Fig. 4, the cell was positive limiting after onme
year of storage. The resulting capacity loss was abou! 20% and the closed
circuit vcltage had dropped from O.73 to 0.50 volts. Reference readings
showed that these losses were caused by the air cathode. After about
30 cycles (Cycle 48C), the net capacity loss was 12%. The closed circuit
voltage, however, did nct improve apprecisably.

After Cycle 480, the old cathode was rerlaced with an urused Leesona
air-cathode. After two cycles, ithe cell capacity was back to 3.0 ampere-
hours, which is the same as the initial cell capacity. This cell was left
to life cycle without interruption.

Froe these tests, it is apparent that the USAECOM cadmium anode
possesscs many desired features. the main oane being its stability on shelf
and during life cycling. In addition, its energy density is more than twice
that of the coaventional sintered-nickel cadmium anode,“ and it is inexpen-
sive to fabricate (mold pressing, stokes pressing, and contimous roll
pasting on a screen-grid).

Paper Design of a 24 Volt, 25 Ampere-Hour Cadmium-Air Battery

It is of ':lnterest to the battery technologist cnd design engineer to
determine what a laboratory cell would look like as & finished product in
the field. For this purpose, a paper design was worked up for a 2k volt,
25 ampere-hour cadmium-&ir battery. The pertinent design data are 1isted
as follows: .

a. Height of cell - 7.25"

b. Thickness of cell - 0.394" (air spacers being 0.200" thick)
Ce Wid.th Of cell bt 3075"

d. Weight of negative cell - 92.50 g

e. Veight of cathode/cell - 32.0 g

f. Weight of cell - 202.70 g (C.U45 1b)
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Table I. Performance of Cadnmium-Air Cells

CA-69-1: Negative - fully formed, 90% Cd, 5% Ni, and 5% Fey0s;
Cathode -~ Leesona Air-Cathode at 6 mg/eme; 3
Separator - (+) 2 x .005" Pellon/l x .003" RA 1-2991,

2 x .005" Pellon (-);
Electrolyte - 20% KOH; Co, Removal -~ Yes.

Cycle Charge Rate Input Discharge Capacity CCV Negative
No.. (ma) (Ah)  Rete (mA) (An) (V) Balf Cell
Potential
1 550 3.30 500 3.05 o.TT 0.80
10 55C 3.30 500 3.05 0.78 0.80
20 55C 3.30 500 3.05 0.78 0.80
30 550 3.30 500 3.05 0.78 6.80
40 550 3.30 500 3.05 0.78 0.80
50 550 3.30 S00 3.05 0.78 0.80
100 550 3.30 500 3.05 0.77 0.80
200 550 3.30 500 3.00 0.76 0.79
300 550 3.30 500 3.00 0.75 0.79
koo 53¢ 3.30 500 3.00 0.7k 0.79
450 . 550 3.30 500 3.00 0.73 0.78
Cell on stend, partially charged for 1 year.
1451 580 3.30 500 2.ho:(+) 0.50 0.T78
460 550 3.30 500 2.40°(+) 0.50 0.78
k80 550 3.30 500 2.60 0.50 s.78
Change air cathodes with unused Leesona Electrodes.
181 550 3.30 500 3.00 0.75 0.78
500 550 3.30 500 2.95 0.75 0.78
*Positive limiting on discharge
CA-69-2: 3Scme as Ch-89-1 except electrolyte is 30% KOH
1 55¢ 3.30 500 3.05 0.76 0.80
5 550 3.30 500 3.05 0.76 0.80
10 550 3.30 500 3.05 2.76 0.80

CA-69-3: 3Same as CA-69-1 except negative is unformed.

1 550 3.30 500 2.90 0.75 .80
10 550 3.30 500 2.63 0.73 0.80
20 550 3,30 500 2.6 0.7T1 0.80
30 55C 3.30 500 2.32 0.68 0.80
ko 550 2.30 560 2.12 0.65 0.80

9




g. VolLume of cell - 10.4 1n3

h. Number of cells/battery - 32
1. Volume of battery - 256 in3 -
J. Weight of battery - 1h.4 1b
k. Watthours at C/5 rate ~ 600
1. Watthours/pound - 41.5

m. Watthours/ind - 2.35

Of additional interest to a battery engineer and technologist is what
will the bathery cost? The pertinent cost estimates are as follows:

a. Price of platimm at 6 mg/cm? and at $5.00/g $304.

b. Other cathode varts $ 53.
¢. Price of cadmium anodes $ 2s5.
d. Price of separators $ 23.
e. Price of electrolyte $ 1.
f. Price of frames, covers, etc. $ 8.
'OTAL MATERIAL COST ik,
g. Labor at $3.00/hr $ 25.
h. Overhead at 110% {very conservative) $ =T,
1, Profit (109) 50.
' TOTAL PRICE $516.
J. Price per watthour $ 0.8
k. Price per watthour per cycle $ 0.00:7

AP UL wie¥s data it is seen that the cadmivmeair buttery could be

5o e gyztem 1€ the prize of the platinm cetalyzed iy cathodes
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CONCIUSIONS

A cadmium-air cell has been developed that: (a) will deliver at least
500 cycles at 1Q00% depth of discharge for zach cycle, (b) has an euergy
density of about 50 watthours per pound at the five hour rate of discharge,
and (¢) has a cadmium &node that does not lose capacity or significantly’
change its voltage characteristics after SOC duep cycles.

After one year of storage in the partially charged stute, the cadmivam
anode did not suffer any losses in electrical capacity or voltage character-
istics. However, the platimm-catalyzed, bifunctional Leesona air-cathode
did suffer about a 15% drop in capacity after one year on shelf (rom
temperature). In addition, the air-cathode exhibits a large drop in closed
circuit poterrial after the one year storage. Washing the cell and charging
the electrolyte did not revive the cathode to any spprecisble extent. Only
changing the "aged” cathode witk an umised Leescna electrode could revive
the ce2ll to its init{al perforxance.

In situ formstion of the cadaium enode promotes roisoning of the air-
cathode. This is believed to be due to the precipitation and settling out
of soluble cedmiaste ions, as well as colloidal and suspended cadmium oxide
and/or hydroxide on the active catalytic sites of the air-cathode. This
poisoning results in ?arge losses in electrical capacity, the logses
increasing with increased cycling of the cell. This situsticn can be
avcided by coestructing the cadmium-air cell with washed dry charged cedmium
anodes (charging the ancde in a tank of 20-30$mﬁnndu'ane1ectrodepcck
pressure of sbout 1-3 psi)

A paper design of tbe ceduium-air battery of nominal 25 Ah capecity
and of 2L volts, and constructed with unit cells of the CA-69-1 design,
possesses the followiung characteristics:

a. 42 watthours/pound
b. 2.35 watthours/in>

- ©. Price of battery - about $500.00 at :w.Bé/ath (cost of
air cathodes being $360.00)

Frcm these parameters it is seen that a chesper air-cethode, as well
as a more stable one, is reqaired to meike the USAECOM cadmium-air system
wore practicable.

FUTURE WORK

On the ;asis of the successt.& R&D efforts on the cadmium-ai:- system
at USAECOM, the followirng work app:ars to be warranted:

g. Development of @ir electrodes “La“ are more stable on shelf
than the state-of-the-art Leesoaa cathodes employed in the USAECOM cadrmiuwz-
air models. Also, to select andf/or develop 1loss expensive bifunctional air
electrodes than the piatinmm-catalyzed Leesona air cathodes.
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b. Test actual cadmium-air battery cells at various temperatures
and rates of discharge. Also, to determine the siability of the cemium-
eir system on shelf in the charged and dischargzd states at various tem-

peratures.

c. To attein cycle life data at various temperaturez of optimuely
Gesigned and constructed cadmium-air batteries.

d. To develor a closed cadmiwm-oxygen system for space applica-
tions.
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