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I. INTRODUCTION

The Buffalo Electro-Chemical Company, Inc. is investigating the use of HaOg
in a long 1ife primary cell under a contract with the Office of Naval Research. At the
outset of this investipation, it was decided that there were two possible cells to
be considerad. The first would utilize the oxygen from external decomposition of
H»0a, and the second would utilize the 1aD2 directly. |

The oxypen electrode characteristics under normal conditions of tempera-

tvre and pressure were well known and the oxygen electrode is commercially available

1n the Kational Carher Co. air cells. The development of an HaQOg electrode on the
other hand has never been acccmplished. The theoretical capacity of a cell
utilizing an HaOa electrode; however, is such that an attempt to develop this
#lectrode was desiradble. Such a cell would utilize the heat of decomposition of
tna HaOz directly; whereas, this energy would be lost in a cell utilizing the
agrzen only. In this case. the lost energy could be recovered by utilizing the

Hala deco-positlon productis in a turbine prior to supplying the oxygen portion

¢

2

*ne calls, In addition, a cell which would develop power with reasonable
rlficiency on elther oxygen or air would be suitable for a dual operating pro-
puliion system.

-y

an { rat whase of tha work; therefore, consisted of < study of the

wnn ol tha verman fras Ha0y obnoa Lational Garbon air cell and, in particular, a

¥
4

stuly ol Fao affeel of alovolod te-poraiurs sind increased elacirolyte concentra-

t12n g Ll parfsr=ancn of this ¢ell. It is this phase that has heen cnrploted
tan ropsriad Terndn,
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are ngver obhteined. The oxygen actually

To wlraline: Lz + gD + 22 e Ol 1 10z B =076

-+ -
In Wit GQ & 21( + 28 ———e ”902 .‘—‘O = .682

Cormercial air «.01ls, consisting of porous carbon electrodes combined
W% ™ brdlie zine wlectrodes, dre run in strongly alkaline electrolytes, The
Forrigge in vl o wreoaxzcenoelectrod. from L0682 to T.075 wolts is made up
rw o incesase in the potentin)l 10 the zinc electrode which reacts as follows:

Lad ad ~ . - ™
Tr alkddines in 4+ LOHT ——=3 Inlz + 2H20 + 2e :.‘B = 1.216

r rr W -
oot Zr —p Ty A28

v

E* = .763

AT SCOrE OF WK

A3 oripunally set up, the work on oxrgen cells was divided into two

L. Stady of *he arorailon of Nioticnal Carbon air cells with
¢ ten at variaus Pa-reratures and with varying electrolyte
Toranafrations,

<o Tnves'is~tvoan of porous metals in place of porous carbon
{ov ser-ep olochraltes,

A~rk on Pnrt O wos barsly started hefore the O alectrode work was dropped

Sovorosloa mare yntensive invesiicotion of the possibilities of an Ha0z cell.

Foarras —etal odaestr Yo were frael, Porous stainless siepl was ungatis-

oty resyiga t8 cew Deyeatasng of apg o dnert and dnsulating oxdde f[ilm. Porous
+ S TRICTED
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4n Julibe bronze material) also formed an oxide film, bub

brev ooprer wleciryde vias dropped. Ons preliminary test on a porous Kickel electrode

frdfe ¢+ nd tnet thig materasl was satisfactory in ot electrolyte (test was run
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merely confirmed the work of others with Iickel

Tre tulk of ihe work dune by the Buffalo Blesiro-Chemlcal Compary on

wirrea w91ls has Yoen with she National Carbon C2500 air cell uvlectrode.  Several

TLA WMTE T ir ACTJ0 alr cell zlectrode while *h test set up and
theosrarehing procaduare yers Leang Jdeveloped. -Absut this time, the 03500 electrode
oy ead bhee ACTOD an hationel Carkon sir cells and since 1t nhad many obvious

X »

Lo dges aver thee SCT 0, tne C3D0D wins uwsed for all further work. The maxdimum
L ocotbaru o aperinion ard, therefsre, the maamn electrolyte concentration

core o toer gt d Yoy tlae et rags.ostanes oL the porous carbon clectrode in bha

, - - Camgr e e o m - s
M + (.;‘..‘. Sla’.v: N -:-‘ [B RN B !\l;{ LrI::LL

T G5O nleetprsde dgne-bly consisied of a plastic holder containing

fueomorad haekged poavtag sarton piotes of apprcdrnately 25 saq.oine arca ceiwean two

Pl v L aane L ew or Dlates T ound IX, with a 3/8n sgacs bedteeo Lan L i0 af
S Dmevs 50 vms Aoy wn crovided bebtwann the earton ylates to allow

veosLrellatyn Saromreplein s ceren 23 Lhe nlectirada. Tre edectroloce usod inoour
sra= oy oy Loarern TN THL The 2ell oas suppled Yo Gntionad Sartom Gy used

‘ 3 - . 1 % - - s - A H s 3. ( v. 4
Volaw w pleapd Y daessome jra Treeging voint g lower fhan thato ool Wadl

L) ey - -4 l -u‘-
Sos e mne s 0 sswes e =3 g red faogeal off fhe ot an vgseciro 4w Irom
' - [
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2ixr.  Pure owxyper: at 1l psi,s was snen supplied from an HeOz generator or an Oe
vtle to the cell, This incured a slight excess of oxygen in most. cases. A
wolre ywae drilled din one zirne plate to allow for the introduction of a thin
zine sirip as 2 refzrence eloceirode,

7. YOLTASE MSAS'REVENT CIHCUIT

3

The Trirsry —sosuring instrument in the circuit for voltage reasure-
=t Figure L, was 2 Fischer Tty meter available from previous work. This was
e cinnially o vacuue eabs voltreser having a range of 0 to 1.0 volls and cali-
Frated An QL 01 ¥ oarits, Inoarder to extend the range of the meter, a series
A gmltaren G taprad of 0 tao lv" ¢olls and used to oprose the measnred volt-
cve thos radaewnp Lt o loss than 1 wolt, The following potential measurements

craked S owmden o mrth LS R oot ool ups

e wfurence Line vi. 3, gen elacirode.
oo Cell zaine vs. aiysen zlecirods
1. Anlicanan a1at g, eull zinc,
e Zalitretisn mesagsreent on the dry cells,
V. SUUANT AR T UNT U JULL LOWDING CINCUIT
Thir evnrant was ~eacgred Yoroa £0 v rilliareter fitted with
et Y e T wmpory chandtt, Froare 2,0 Tha first tnhree roanned coald Lo

A - >~ AT 13 ‘b S by b k¥ aYel M i .,
Sonend fromoq aelvietsr omyltel, ™t o the 100 ampere shand had 40 be

cannricted

o)l owrn Yetbeed witle a oseries af *Yro o variable resistors,

T, T L shmr) A e pgy s e throw sirdteh was used b5 connont

H . £ ' ~ F s .
roaopasietars yr cLtrer varian ov orarallal. The Yhres raciviars wory rod un
-~ " - % I F . . -
srLom far Lew s owve o Decta (g 4y D aemaras) . For nd oo earrend ) ovde 710 a
; : )
=y . I e L D ome e Rl o T 7,8 o f:}ar:o-w‘ 5 i ir‘ r ,r«‘ ‘r'.f [
3y - Pl SRl
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otner 0.5 ohm resistor was conneched in parallel with them. The latter resistor
couid be used for fine adjustment of the load.

FIL. TEST THOCEDURE AND RIESULTS

The cell consisting of the electrode assembly and approximately L liters
of electrolyte in a L-1liter beaker was placed on an electric hot plate. A stirrer
was usnd to insure uniform temperature and electrolyte distribution. Readings
wers talon 28 the cell was heating up and as 1t cooled down,

The follewing aat  woere obiained:

1. Jpen cirenit voltage of tne cell,

2. Open circuit voltage of reference vs. oxygen electrode,

3. Curreat drawn {rom the cell.

L. €91l zinc vs. oxypen voltage (cell voltage) for these currents.
. QReference zinc vs. oxygen voltage (reference voltage) for

thase currents.

e Terporature of the cell.

Prelicinary tests wers ruan al congtant temperature, and plots of cell
anl reforance valiare vs. current worg preparod,  Above about L arperes, these
plate woey stral cht linns.

Fartnpr fnate wore run at 3 current levels (6, 12, and 1S a~ ares), and

rlata »f refrrence woliaps we ta-pirature at those levels were prevared, Fiures
Lo, B, M, oand X&. From Lbege curves, a series of lines of rafaorance voliage vs,
iffarent tamperaturns wore prepared, Fijures £, 7, 7, 11 and 13,

Thesa tazts ware ropaated vaing six different concentratisnsg of NaOM
covcteaiyble, 03, 12, L2 T3, A3, and 70 per cent by weight, and curves of NulH

neanrratitn wg. celfepente welctea oL 18 ar-ares loading were yreparad [or enll

N B . o, - ala. v - . 1 oy P
Cummeraturesy L , . e Yy AT T G, ™o T, Ol »rnbs o vrriation
a %S RICTED
5 4
e e —— e~ -
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with NaOH concentratinn at temperatures o 80°C were also plotted, Fijure 15.

TITI. OPERVTIRS LIVITATIONS OF CELL

During preliminary operation at 100°C, the plastic binder in the carbon
plectrode softened and tended to pull awsy from the metal backing. Cell operation
was, therefore, liritud to 20°C for the “ulk of tho testing.

7 T addition, high temperziure operation with lower strength electrolytes
retad Lhe renroducibllivy of the data. This was probably the result of pinatra-
von of the Lwwer strongbth electrol L anmto the carbon electrode due to destruction
2 the alectr-' “.afing Oreration 1 temperatures 1p ‘o 85°C was possible

s th 29, 30, and LO por eo:nt 5304 clecirolytes, but the affect of the electrolytes

*n ton alacirads ot thase terperciares ~ade the results questionable. Therefore,
insrg an Lthase 3 Lawer oiransth oloo*rolytes were rermin several times and the cell
Berorature wog limted to 95°C,

The results wiith 70 rer cront NaldH also were not reproducible. This was
f.u 3 the hich rolbting point of Shis cluctrolyte (about A5°C). Althoupgh the cells
wvare neanyd by oa hat plate to koap ' elecirolyte molten, the 0a was supnliced

dractly frona eylindur at ros~ tempgerature and apparently caused freeczing of the

TY rar ogant WA olocirealstn an tha Aloctradn

ﬂ

urface.  Readings wore; therelore,
EEAE LR A R B

.

The =aximim 2aprent “heb enild e drown from the c2ll was, of ~3irae,

mregient an the {nernal restatomes of She cell, polarizatisn of *he eloctrodas,

ol o=inloa= aptareil Tagd that oondd b applicd. T™ho =a1xi-Tim eurrant dranrnm wias
Amarens The *ast dIayals oF A0 10, and 15 amperes were chosan Facousa thay

soaa e obtadmed wotn LD PR Jancralotes used over Yhe taneredurg rangn

s e 1y 5\"“"".'” e e Ay 6 r;ﬁ*}“}'?,j ‘Y Tt nenql L"Ell Foealaias s T * et el
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besrdy

The results of identical tests run with different electrodes indicated
slipht variations betweesn these electrodes; therefore, an entire series of tests

w18 cirefully performed on one C30500 electrode. The results of this series, as

o1%lined and discussed herein, should be interpreted as indicating the general

effocks of terpearature and concentration of the electreciyte on the CG500 oxygen

TX. DISCHSSIO! OF BESIULTS

e 31

rom the first sets of preliminary tests, it was obvious that operation

ki terer . . Ipar

s Lo ra~  _-merature operati-..  Therafore, our

r{forts ware concenirated on obtaining good data at as high a temperaturec as the
70O could feasibly operate. The data at low temperatures were, therefore,
rathor sketchy. The curves for L0, S0, and 60°C on Figure lu are shown as dashed

“ines to indicate that the results are more of a gqualitative nature.

R

From Fiyures L; 5, 8, 10 and 12, <ve can sae that in all cases, raising

thi wunperature increases the reference voltage of the cell. This is due to a

< pr e,

tlocraase in polarization of the Op 2lecirode, There is, also, a dacrease in
intarnal resistance of the cell as the temperature is raised which mekes the
i=provoment in cell wvoltape even more marked than the irmrovement in reference

voltaze, 14 cin .3y te seen in Fijures L, 6, 8, 10 and 12 that ihu cdate Of

B B g SR S ik,

oha po of raference woltagpn with tempornture decreases at higher temperatures

ey

e s~

foroa riven strenpth elecirolyte and the rate of chanpge of rofarence voltaps over
a -iwen iesporature rance ia jrostor {or stronger electrolytos,

3 Fijure 1L {lluséirates the nffoct of concentration and temperature of

gleetralyte on reference voltage for a given load on the cell. At room tempera-

¥ fora, S Malar NalZi (277) was the =ost suitable electrolyte. The polarization of

o =al) wag lass and e cogductivity was greater than that for any hipgher

méroettoalectrolytn, Ay *ha tesora‘ure wias {ncreased, the high strangth

RESIRICTED




ssineteylyies | ~a v M1y untll - zbout T0°C there s little difference

jo 3

streg =i hi e on lerroversnt.,  This was confivy-ed, to
Glaph, by taw brinf tests o VX0 UatH, althoush reproducible results conld
ot ba otieined fop rengons dizeussed above,

; the cell wnltaze decreased with incresserd

ot

r
3
P
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3
2
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ta
f
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all tempercztures, Fi/ure 15. Howaver,
* al-ve 3L thege errvng modiccd as the temperature increased, indicatin,: that
i owiectrolvta condremivity increased with tenperature at a greater rate as the
slestvslen o morntratdion (neveasad.  The internal cell resistauc» wis a5 pread
waaeger, thet theoaroressed eondantivity and the reduced polarization of the
wooorteade o wers Trnealfeiont B0 raico tho cell voltage for A0% NadH at RO°C ahove

VisE Pap 20T N=2T nt i anee tasmeeraiure degpite the fact thot in the crse of

~ E ) .
o,y sfirseen 1.r:,l'§-’. R T VOO R YIS t&"’l’.’.

S U A S A I TN S A S

(1) aor Feeesrciars speratiaon reduced »ath polarization and intnrnal
oo b el s D Ml 2ding on oywren alechrode,

1 e ntratad elactrolyte ~lso relneed valariza-
TL T .y

oY drere wan oan ot oS4 rolyite concentration lor vindmun

nbers o.or o dtanc s 3f fom o zell for a given oyerating temperature,

. “ P é ~ . oo el . wp
poere ro ot oam o onolaisY fhve e ol concentrated 2lectrolyie and
Do ocroat e Pon es mddgren st rasalt In dncreased cacacioy of fhe sxyen
: . ,
e ey ctent o Foegsioynereage wn a jrassical aell will rw odoeapdant on
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vk raported cloertere by the National Carbon Co, ras.lroed i- u |
when pressure is incroosod., anwreinie,
v.ve high

lecirode
ht be constructed which would

*n-rficial effect zn an oxygen ol
>t ra, hipgh pressure cell mig
L. Laen 2 eell using oxrren from the decoposition of Hnadz corhined with a
»nine ogcrating on the heat of Jecomposition of the Ha0r should :-ield a very
’r
The cell could 2185 be opnroted on air when air is
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