UNCLASSIFIED

AD NUMBER

AD491782

CLASSIFICATION CHANGES

TO: unclassified

FROM: restricted
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 1 Apr
1949. Other requests shall be referred to
Army Signal Corps, Washington, DC.

AUTHORITY

E.O. 10501, 5 Nov 1953; USAEC ltr, 27 Jul
1971

THIS PAGE IS UNCLASSIFIED




. UNCLASSIFIED

wf77E2

'-"‘”'*MEFENSE DOCUMENTATION CENTER
fOR
S"!ENT!F!C AND TECHNICAL INFORMATION

CAMERON SfAHON ALEXANDRIA, VIRGINIA

UNCLASSIFIED




NOTICE: When government or other drawlngs, speci-
fications or othsr data are used for any purpose
other than in connection with e definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatscever; and the fact that the Govern-
ment may have formulated, furnished, or in any wvay
supplied the sald drawings, specifications, or other
data 1s not to be regarded by impllication or cther-
wige as in any mamuner licensing the holder or any
other person or corporation, or conveying any rights
or permlssion Lo manufacture, use or sell any
patented invention that may in any way be related
thereto.



R. MALLORY & GO
«lianapolio, T

LORGT
EWG. 404 5n002

REFORT WO, 3

QUARTERLY PROGRESS REPORT ON
LOW TEMPERATURE DRY CELLS

(Apzrid 2, 1049) PERIOD: January 1, 1949 to
arch 31, 1949

CONTRACT NQ. ¥<26~030~ac-38157 "
PIIE NO. 6= P/, 801 (3525) SCEL,
liedifiention No, 1

Dept. of the Avmy Frojectt 3«16~03-022
QL . N2

cwaty AY A 0




LR SR L L

{gsle

wilii

Wil

Y

R AN




s

)

Po B, FALLORY 5 CO.,
Indianepolis, Indiana

I3,

@ EEG. 4045-003

73 -y
(1) guartzriy erockmss wepeny, @ 1. =)

@'LOW TCHPERATURS DRY TRLLS , |

@ 39p

./ Aprug,

q 20180

1 Tan =21 Mar 49,

A= o
3-022, SC+ 20228

L PO

Adsel s wnr

[CRLRE e Y




oL

s v T wTE e e F AR AR

L G T

g

L i

Wy

Té\ﬁl@ ‘E COb Exﬁfi Y

Abatvact

I Introductory = .
I7 Yavestigation of the beat high and low temporature
porformance of the RM eolectro-chemicnl aystenm.

A, Experimental work to deternmine the offects
of high and low temperature storage upon
standard R - coll mtructures,

B, Study of tho baslo physical chemiatry of tha
RM alactrolyte aysten.
. BEffeat, of K500 upon the KOR=2n0-H20 eystem
e uatnration turves' for KaC0y in the '
RM elecirolyte systen at room temperature __
b. Bffest of KoCO03 on freazing point
o. Effeet of KoCO3 on conductivity
d, Chemleal anelyaie of elentrolyte with
£ 003 rrosent (method)

2. Efrect &f Zn0. content of elactralyte

—on-gasaing 0hgmet-or1atiee (w1 gamated am;faz}" '

a. Gaselng tests

b, Storage tasts om. R Shraaturas

3. Stenderdigabion of Haring Cell
a. Instantansous teating procedure
b. Accopted tasbing procodurs _

4. Polavization at =552
g, Effeat of Zn0 content of 30% KOH (eutectio)

b. Bffect of amalgsmation of zine ameds -
(prolimivary study)

Ca Btrusturer
1. Performance of standard NMA oylindrical cell
atruebure - Liquid electrolyte ve. gol

2, Anoda gol tram‘:ﬁ in HMB 4 styust ..ura

&, Bagio oall dasign gad modif iaationa
b, Low temparaturs tosting, aquipment, gnd
{tochnigque

D. Bvaluation of spacer materials

B, Call dosien

1. Developrent of working equations
2, Blectrode requirerenta .
&. Cathods

b, Anods

a. Sersen vs. plano electrodos

Iﬂs Plansg' for Muture Work

IV Appendiz I

V Indox

e,
TR
o

Fon

o ®n

9-10

13

13«17 -

8
18-19
21~38

39

10
e -3e Undt-celd i S

1022

cat 4 15 Gl e N Dhe 0Bl A ORSRIEDL, padh s

kB0 SR AL AR

i




] ‘" ABSTRACT

N\
N

“Expar:lmen_tal work 3 om= i

--'_u._"u-v:u - 7 = ‘t
Ot g-eond ""’"."‘. _“r. b ha '.@ffectS'Df bigh (1:13\‘,5‘! Bga:nd

low («fO®F) tempsrature atom affects upon standard RM qells
was continned. '

A gbudy of the effesct of K§ 03'on the freagzing point and on

: conductivity in the KOHeZn H%D syatem is prosanted. Solub;xl"étty
data for XabU3 in KORN30, and in KOH=ZnO (saturated with A0

£ form) » HZO, e obtained at rcom tempsratuxe, -

B The garasing tazota for dotermining the ef‘f«ao“c,gg‘k_;‘:he Zn0 content
of olactrolyte on amalgamatod anodos have-bser conoluded. Storege

teata on IR siruatures, gowparing verious olectrolyten, have—besn -4
~eoncluded and tha data"&%almaﬁ.’) ,

"I wan1a1ty of the latest modificstion ofHaring Cell hes—beon o

A e St o
a

astablishad, and it is now baing uked to study electrode polarization ;
in the Y ayaton, Total polarization and auotde passivity, as liniting o
", factors in low-tempsraiure cell dasign, are vresented ms fwnotions - . LA
- © O or tha 7A0 contont of electynlyic (308 VGH) cnd sleotvode current F
donsitys . o ' ; B
. ; o i
Development of a unit oell for evaluation of cell etructure ia &=+ 3
-glven, and theorstissd end practidal considerntions of low-tomporaturs 1
ooll doglgn ard prosenteda : . 3
{
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RESTRICTED L

I INTRODUCTORY

o

The basic lines of approsch, as cutlined in the second
quarterly revort, are teing followed,

Emphazis io being plaoad upon the following limitations of
low temperature oporation:

1. Anocde passivity

2. Total nolarization

3. Spacer propertice

4. Sundry phyeical liritations

The effoot of KpC03 on the electrolyte ip boing inventipated
beckuse it is a common contaminant in KOH, Ao such, it 1s -
necsssary to determine what 1imitations 1t imposes and to what
sxtent it can be tolerated if found to be deletericus.

Nith @11 limitatione defined and taken into eonsideration,
the final sell structuro can bo determined with. some degree of
- Thedratical -eonaiderations can at least indlcate a — 777
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1T IEXT

Investigation of tho beat high and low tewperature pnrform&nco
of the RM @lectro-choricel system.

‘A Experimentel work to determine tho effeots of high and low
tomperature atorage upen the standard RY cell structure,

Storage teats at =809F indiocate a loss in capmeity of 3.3%
for the RVBZ-4 structurs and 12,1% for the RMBe3 struoture, ovar
the firat three month storage pericd. Open cironit voltage (Voc
dropped ebont 1 willivolt, and shgrt e¢ireult current (Iscgadroppud
ahout 0.3 amp. (a5 memsured &t 23°G). Disaszembled cellz of both
types showed decomposed barrisra, The dexter paper in the RMB-3
structure showed severe merserzabdion, while the feltril in the
RVBZ~4 abrueture showed little or no change,

Similar tosts nt 113%F indicate a loss in capacity of £.6%
for the RMB-s structure and & loss of 25.6% for the RMB-3 strueture,
over the firpt three month storags peried. Voo dropped 4 millivolis
for the former and 7 millivolts for the latter. Iso waa aubstantially
wnchenged for the- RVB~4, but increased sbout 0.5 amps for the- RMB=-3‘._
Teo (2} [M3=3 gelis-{oub of 45 ¢s113) wors doad; and oxorination
revaalad thet all-ef the: antize gomponenta had_baen_exhausted.. . Baryiers_

“énd anods roll FREETASONS (OBXLET DApST) hed deocmposed to a semi-

charrad condition %hich in turn prohebly aonbributed to ihteraal
short cireuit.

B. Study of the basia physical chemistry of tha RM eleetrolyte
systen, : '

“

1, Effect of 3003 upon KOM-Zu0-Aa0 syatém.

8, Solubility of Ko00g 4n the KOHeHsO oystem and in
X\OH-ZnO-HQO syetem with Znd eaturated to the "Gt form as given in

the pecond quarterly renoxt was- m:tarmined &t 23% by smelysisof . .

" saturatéd solutlons, The data iz grsphically expressed in Figure .

T apponded, Over & wide rengo, the presence of Zn0 inersasea the .
solubility of Kg003.

b. The offeut of X2004 on electrolyte freezing polnt
15 4llustrated in Figures II end IIT appended, tha Lformer withowt,
and tho labber with, Zn0 present, It is indicated that KpCUjrestriots
the Liquid range at <55°C with 4% Zn0 present, and widens tha liquid
range at =559 without ZnD present.

¢. Conduetivity at <5500 ia generally decreasad by the
presencs of E2003 both wlth and without zine oxide pr«nsent ag ir
ghowtt by Table I appendedn
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RESTRICTED

d.  Ths wethod of ahemlcal .analynis outlinsd in the
second quarterly report may be extended by continuing the titration
to the methyl orange ond point, At thie point, all of tho Za0 is
nmautralized, By deterwmining the Zn0 separately {by weans of a
X;Fe(ON)g titration), tho analysis way Yo caloulated as follows
(éOH, K003, Zn0 prosent): : -

Y » Bt. of electrolyte sample (graus
K =~ ;”E KON :

L « % KoCO

Z~% 20 g .

P ~ millicquivslentes to phenolpht.alein.end point

M ~ Additional pquivalents to mothyl crange end point

# o gn %00 4n semplo (Analysle by K FE(CR)s titration)

% & (3/%) 100
E oS W - 9

K 2 5.61 (EH) « 19772
2. Effect of ZaD content of elestrolyte on gansing

e. The pgeesing tosts deseribad in the seeond quariarly
report have boem concluded and the reguiie are given in Figure IV
appendad, In gensral, iaereasing Fal ineresses stability s 307
KOM eloctrolyta (eutectla). Between 0.4% and 2.0% 4n0, 1ittle or
ne Gifference in siabllity s Indlezted. .
' b. Storage tests at $55% on. the 1R structure, using
varioug electrolytes, have bean concluded, and tho data ip given in
Table II-appendad, - Tho elactrolyten tested ware ag followat -
(A) 33.9% KOW ~ 6.4% Zn0, (B) 29.2% KOH - 5,0 4n0, (C) 29,73 KOH -
1,0% Zn0, (D) 30% KOH - Of2nD, and (E) 29,98 KOH ~ 12,58 Zn0, It 43
indicatad that 75-10-100 (34.5% KOH «~ 5,.% Zn0) alsotrolyte ia

praforable o n 30% KOH electrolyhe, rogardless of Zn0 content, for

room temperaturs operation of the 1R atructure. With the KOH content

~ gonatant, no significant diffevence in perforirance ls indleated wlth

Zn0 Contents halow the "07 curve. Howsver, at or near ths #A? aurve,
psrformance la minimum, -

Two (2) 1IN aslls stored for 0 days at 55°C wers
opened, and the olectrolyte was analyzed by the method ontlined abovs.

Origineld Fine) Compositlom

Electrolyte -

Compositien ~ Cell #1 Oall #2
id0):4 - 303 778 16,08
K200, 0 O 7.158 9,88
Zno 0 4.86% 5,18

A
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The elactrolyte vns anslyzed asz though KOH, RoC0O3,
and ZnO were tha tnly substances presént and the rasults wors
caloulated on that basig. The inerease in X3C09 and 7n0 contento
indicated that aide reastions hsd ccourred during storage. The
KoCO4 possibly resulted from oxidatlon of the cellulose weteriel
(Dexgor paper and parchkin barrier) to COg by the depolarizer,

It may be significant that tho Zn0 contante obtained on storage
are very cloge to the "A" ourve values for paturation of Znd in
the vespeotive KOH contente determined. This shift in compopition
during etorage is of suweh magnitude that 11 warrante further
investigation.

3. Stendardizetion of the Harlug Coll
a, Instantanscus testing procedurs

It was necemsary to establish a stendard procedure
for all polariaation measurements and to determine tho degres of
durlication posaible with the modified Maring Cell structura.
Since the contract. stipwlates a primary cell ta operats at ~54%0
(-659%), thin temperaturs was solested for initial low damparaiure
worke T -

Exploratory tests waro made to determine the
feagibility of obtaining instentensous polarization values for a
given cell ab various curvent Jdenslilos, The teats were condueted
in the following manner. A Baring cell was agsombled using an
unamalgamated sheet zinc anode, a consolidated (95% 1g0-5% graphite)
cathode, 30% KOH eleatrolyte, and zine plated stesl referense
electrodea, Tha current drain was inoreased Ly 0.25 ma, increments -
at two minute intervals, and the respective electrode polarisgation
values were dotertined for each ecurrent, FPolarization and eritisal
ourrant density data for a number of runs ware quite erratic as
shown in Figure V appended; the abave method, therefors, was discarded.

be Accepted testing procedura.

4 ) A methed was found to produce the deaired duplication
of datas i1t is an follows.

- Cell - modified Faring ccll with " bore, s presented
. 4n the aecond quarterly rsport, .
! Anode = xinoc disc, 1.25 inch diameter, blanked from

strip (.025" thicknoas), cloansd with C0l,. The enodes were unamalgamated.
Cathode = congolidated at 15,000 P.8,I. frem (.5%
graphite, 95% ng) regramlatod depolarizer, having d gramular size

mesh, C :

B Skt 5. B B, s AL B o= b A DA
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Ret'eranco sloctrodra ~ 040" ing wira, olegnnd
with CCl; and polished to high lustre with shteol wool. Bxploratory _.
toate indiented preferonce for solid zine wiro over zine plated
drill rod, as spacifled in the instantanecus testing otudy, based
on beatter eonslstenoy of roqults., The referoncs electrodan aro
ged in tha unemalpanated stateg

Flectrolyte - 30% KO, 0F Zn0. This compogitlon was
congiderad beot for initlal low temperature work Prom the standpoins
of conductivliy and freezing point data.

The temperature was held to =54°C #1°C bty on acetone ~
dry 1c¢e bath., Polarization measuroments were taken inltielly and at
30 minute intervals thereaftor, during the 2 hour teat period; with
current drain held constant,

The degree of duplleation for idemtleal runa was
good, the averago deviation for the anode polerization haing wall
within a 10 millivolt linmit, while the cathode polarization exhibiied
a momavhat largor average davigtlon., The degrese of preclsloa obtainod

" 4a given in Table IIT apnended. From thio deta it was concluded that

the wodified Naring Cell cam bo used to dotermine clecirodo polarizatlen,
The ahove procodurz has bosn egtebliahed in this laboratory ag standard
for polarization measurements at lew tamparatures.

In general, the anode polarization inereases 40 e
maxima during the firast howr and remaine conetanit thereafior at any
glver drain rate less than the critical current density, Specific

© values are shown in Flgure VI appended,

The cathode polarization generally docrsassa with
tims, with e tendency to lowel out near the end of the two (2) hour
tosts Figura VIT appended lv a graphic roprasentation of ecathodn
rolarization as a function of time ot fimed current deneities. This
is in secordancs with the froquently observed phenomena of an initial
inormase 1n closed oircuit wvoltage (Veo) for sn RM cell on test,

Total polarization i3 generally at a maximum et the
beginning of the tests and tends to dscroases thereafter, Flgure
VIII appended prasents meximum total polarization and initlml ancis
and cathoda polarizatlons as a functien of currant density.

Puplication, using anelgamated ancdes, is not of tho
came degree of precisiocn, ce 1s shown in Table IV apponded. Anodes
were amalgamated by adding mercury (from a calibrated caspillary) to
the weighed zine dipc. The resuliing anodes, containing approximately
4.85% Hg by weight, were agod under 30% KOH electrolyte for 40 heurs
ot 5590 to assure homogeneity, Tha refarence eloctrodes wero left

I
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in the unamalgamated state and the slight votentisl (found to bo
practicelliy constant for a given test, aad aqual to approximately

20 mv) developad betwsen them and the amalgameted smode is-oorrscied - -
for in the final measurements. The observations are graphically
exnraased in Figure VI appsrded; the compariaon of mmelgameted to
unspalgemated anocdes indicates thet although polarisation for the
amalgamated condition may be initially greater, amalganated anodas

require mors time {0 bseome possive at a given current denaity.

" 4. Polarization at «55°C

a. Rffect of Zn0 content of 30¢ KOH electrolyte (eutectic)

on polarization at =54°C («65°F),
- \
A series of doterminations were made by the standardized

prucedurs, uasing the wedifled Haring Cell, to investigate the effecta
of the Znd content of 308 KOU elgetrolyte on polarizetion. Unamalgamated
sine anedes were uszed for all teste. Solutions were prepared containing
304 KOH and 0,2,4,6,8, and 1G¥ Zn0, respeetively. Data for this series
of rung, aa shown in Table V eppended, showa that Zn0 content of the
slactrolyte does not appreciably affect anode polarization at a given

current density urtll the erdticel equilibriim valne (Ze). ia wemehed, — ~ T i

at which point the cnode hecomes passive. Increasing the nd vontent

Towera-the euvrend dehsity oh whishi the ansda hazsmea passive. The o -

data also showa that cathode polarization is independent of Zn0
concontration. Figure IX apponded prosenta the relation of criticel
currant dennlty (Mk) to the Zn0 content of tha elactrolyte. It may be
simnificant that the anode prasivity line intercepts the ordinate at
26 ».11.2, the caturatien (A curve) value, s roported in Figure VII
of the escond guarterly report for 30% KOH olectrolyts, At the pameo
time; data wars obtainsd for Voo, '

Closed edivoui’ woltege ls a function of open eirouit
voltage, polarization, and oleetrolytic conductance. In the cass of
low tomperature cell depipgn it is indloated that large elsctrodeo arsas
and cloge slactrode spacings will be reguired, Under-these viroumstances
the offect of conductivity 1s of suech minox importence, as compsred
to the effect of polerization, thet it may be neglected, Initial
closed cirenit voltage (Vee) mey be plotted as a function of ecurrent

. dengity and electrolyte composition. Arbitrarily asetting Vee (e.g.,

at 1,15) for the minimum deairable locad voltago, tha allowable total
nolarization can be exproesed as a function of Zn0 concentration and
tha eriticsl currant density (Mk);this is also given zraphicelly in

Plgure IX eppanded. The value of Mk at the intersection of the two

lines repraasnting the limiting conditiona of ancde passivity and

- total polarizetion is the mazximum prectical value for use in cell

dssign. The maximum Mc with Vee = 1,15, io 1.6 milliamperes/in?
for the case at hand.  {Sas Tipure IX appended,) s
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~--gmooth—as-those-produsing polarization grester tham that of —
" unamalgamated anodes, This indicates thet the trus effect of

b, FEffact of amalgamziion of zine mnode (proliminary
atudy) :

Firat it was noted {rom the stondardization procedurs
results that amalgamation of tha anode raduced “he precision of
neaguremant of polarization,

Upon making a atudy of the effect of amslgemation
(4..85% Hg) on anodt pasgivity, comditions were obtained which producsd
ancds polarizations which wero lesp for the amalpgamated conditilen
than for the unamalgamated. The ariticsl current density (Mk) for
this case was uniformly higher than for unamalgamated ancdea for
eorragponding volues of Ze. The fact that thess rasults show
rolarization for smalgamated anodes to be leasg than the polerization

~ for wsemalgemated anodes as contrasted o the previnus data obtained

during -the standardization of the medified Haring cell may te
explained by observations indieating.a greater effective arsa per

-aquare insh (¥) for tho eanode material used in the lagt investigation,

Visual examination indicated g more irregular surface on the mafez'ial

(uged in the last investipation) which produced lower polu'izaticn. =

Pr&f:llemtar teata wope mada on amalpsmated- and

’m.analga'm ted anodes and represeitative values are as foilows.

Unamaigamated = (7 to 10} x 10°¢ in, .
Amalgamatod (4:85% Hg) = (70 to 80) x 1076 in,
Metallographio examination shows an extremely

' irregular surfece on amalgmnated sine, prepared as outlined abova.

" From the ejparantly conﬂioting rosultas from
avalpamated enode polarization studdes, it is indicated that the .
effestive aran par square inch (Y) is not eapily reprodusible by
any known technique. The amalgamated ancdes produsing polariﬁation
lower then that of unasslgamated ancdes wers definitely not as .

e e i B e i L b

-1

1

)
" mmv‘mlamq .
Looroalg i

amalgamation is to inoreass polarization, tut that this effect can

be offsat Ly an inarease in the effectiva arsa per square inch (¥)

es A romult of surfacs distortion. Unless Y can be reproduced, :
polarization on an amelgamated ancde will vary in the same pioportion.
Due allowangs for this rangs will have to be made in any tentativa
cell dasign.

B Structureﬂ

1. Ferformance of RMA (5/8" diamater z 133'/32" h:lgh)
cylﬂndrical oell structurs,

-5
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RESTRICTED

Gentinuing v-or! roported br.wioualy, a8 comparigon was
made painted gel cleotrolyte and ligquid electrolyts in the standard

PR abructure at lovw terperaturs, Tew {2) sbrorbents were-umsed—--—— —— —— .

for tha 1iquid type, 1 « eabestos, 2 - Dertor papar. Under 30 ohm
load, cell utilization was bottor with liquid elsetrolyte than with
213 and of the two ahsorbents, Dextor was the botiers This date
is maentad in Table VI appended, .

2, ‘Anode gol toaﬁs in RMBe4 atructuro..

It hae bean suggested in the past that a gel ancde type
atmcture might be suitod for low temparaturn use. v

Prwious work 1in these laboratories with anode gl
(Zn povder mixed with electrolyte gelled with C.M.C.) in %he RiBes
structure har 1ad 4o certain coneluslony regarding its uae in
ptandard siruaturee at roow tommruturh

These enlla gcnornlly gavo higher Tso velues tham normal
struaturaa, but d4d not perform as efficiently at high rates of
W-ratas ot dmﬂ——hwcw apode-gal-parforasas well...

e i 2t i

Fx!on al:l. of tha rsm:lta :Lt 18 mgmrdad h ghly imprnbabl;c
that these structures, or any stmuurd pttdcture ocan ba madifisd to
maey Low temperature rsquivsmanta.  This 4 bonns ocub quite @nrkadly

- by the theoretical conmdwuﬁionn which . i‘ollorn - o
3o Umpol S -

' Dnaic Gnll dauign md modi.i‘iaationa

. The Unit Ooll ip the ruault of a mmi falt for the
_bagic etudy of gtructure, The theory of the Unit Cell is that the

 performance of a unit olectrode aves undor coll onditionA I8 &

measura of the performance of “the tobtal-strusture.— Whether-the -

-may-be sampled by its oquivalent, representative unit oell,
undt aren-(of the Unit Gell electrodes) was sat at ome (1) du‘y
thus the Unit Gell is & cell having anode and cathode (plane maa
of 1 in“ erch, with an electrolyte saturated epacer sandwiched
betwean,. At close spacings, enything other then & 13l ratio of
ancde to cathode (plane) arsss im nobt condsivadbly of any practical
-value, henea . only the 1:1 ratio will be considersd, Tho ratilo of
slestrods ares 0 uswble ooll volume (A/V) btecomes: -

ultimate struoture be wourd, wiacked, or 1nhm:gi1ts p@rrmunpo*" .
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-~ 0Only those structures yielding the best performence-in-the unit -

6411 hould be ponsidered Zor thaluliinate Ehmigtuney st

Cage I Eloctrodes Adotive on One Side Only ...
[y S S
/v PelsX in 2/11‘13

Cass II Eloctragos Aotive on Hoth Sides

.\ )
AN b 5 Rf1p3
/V_ m(c*x) in /.’m
" where B = Elactrode Spacing, in,

C 2 Totsl Cathode Thicimasa, in,
X 2 Total Ancde Thiclmess, in,

For any evontual atrustuve, Gaaé II applies in order

" 4o meot low temperature requirements with a preater degres of suscess.

, By uping the possible matorinia of aconstruetion in
this menner, it ip not necessary to formulate complex,structures
 ghish involve sxpenaive die moking and tize ccnsuming assewmbly.
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T T T T A Megt wnit 201l design Ao dezerdbod dn Figurs X
appandad, Tn early attempts, £5 Whatwan Filter Paper vas dsod ng :
tho spacer maderdal, Howsver, 1t wag soon loarned that 1L the
sleotrods epecing =wus made equal to that of the orlginal thlcimens

of tho papor (,006") the unit cell become bulged, Thia condition

was found to be caused by swolling of the paper ~- an incrcass of

© 1008 over the original thickuness,

The Pirst modification of the unit cell sonelsted of

adding sbtecl braces of the same dimensions an the lusite braces -~~~ 7 b

(or platus), the idaa belng 1o nake electrode spacing more uniform,
This was found %o help, bub it left a grea’ deal to bs desired at ) )
~gWnlY sleutreas spaoing (4.6., B.DOLY), Btohing patternia on the T
anode 1llustrated the effect of askew clestrodes, whish is meat
pronounced at ewall spacinge, They aleo indiceted that whioh was
later found to be trus with ‘he medified Haring Coll; namely, thet
0all performanae 4is affected aignificently by the amount and .
conpoaition of the eleotrolyte. Satisfnetary duplication was
obtadned with this modification using a Webril (Produet of Kendall
Mi1ls) spacar ab en.electrode npeolng of ,045". Oathode utilization
{Uc) at «55°C for cells with unamalganated zing ancdes (.005" sheet)
averaged £1.4% as compared to R8.5% for cells with amalgemated anodes
{3,6% Rg)s The.dats is presented in Tablu VIII appernded, Uo was
dstorminad by oclonlation of cell outpubt { to DGV cuteff ) as
racordsd, and by stondard chemionl analyals of the eatbode for
totel Agd., Cathofos for the Unit Cell are propared with depolarizer
on ons aide only, ' ' C
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Taking Jnto offect the amownt of olectrolyte per

e e—ee o .—.unih area meant that the Unit Jell hed to be modified once mora,

Thia latest modiflostion, the "3 cell, 4o duscrlbgd in Figure XI
appended. Tha plane area of the olcctvodo is 1 in“, an it mes
befare, tut now the eell is oircuvlar in shaps. One of the common
falluron bafore wes the osll geal, vhioh whon feulty, allowad

€0y (from the dry ice used as roi‘rigonnt) to attmck the electrolyte, .

Thu 750 asl) was allownd to remain undsr test conditions for 100
. hours n‘b =5550, Analysis showed 1ittle or no abmorption of COZ.
Complate data for the test ies givan in Plgure ZII appended,

= Further produstion end testing of the "3" oell will
be carvied out after tentotive low tomperaturs 4ell structure
doaigny are developad, It will mérve as an intermedisto step, or
roving groeund, betwren the basio deta and the findl cell or colls,

b, Lov “smperalure tanting; aquipmont anfi,tochniqun.

For low Lemparaturs testing of Un:lt Calle,
fndneo Sub~Zoro Test Cabinet (Model No. 4+3342, American Instrument

e et s

s i e 4 WA b

= SOt o 08 s 1 8i2ver: Sm!ing; 3a.) e uned. vy fee o owployed mg the = o s g
B - . 77§~ — o A':A.ﬁaﬂ.-ll.' _ _
£ - T —TTT T
3 - The cellp ere Placad en an aluminam (4" plate)
R o shelf miﬁwnyhtmwrmmd vottom of - the vorking ssctionof the - -
i ~ tept cehinet, A1) positive torminals are in oommom, and the
‘negatives ara comnected indivlduan?’fo cna oT aix posﬁiona on-

[N Sonea T ST o0 T ik g Sl s il s AT R

an auwma'bic voltngo ﬂcurdoro S ~

Normaily, a two to thivse hour paricd s required bo-

ironroonatantan thermocouple (the junetion of whigh ‘4s imbadded 4n
tho aforamentionad aluminus plete) usad in conjunctica with a
— - == -- -~ Byown Portahle Potentiometer (Modsl No. 1117).  Onoe equilibrium
- ——— ~-4s-oateablished - the-cells-are put-on-a-fixed-load, and wolisge .

rdepted to chsrt voltage Ve, timn for a0 in oomorcial battery
'tosting. L T

Six (6) nbutions are y availible for teuting unit

cella. A ahook was mada on the curront domsnd of tho pyromoter

- elpould, and it was found to average 300 microampe. -The deslgn

T - af-the dnstrument is-such that thia current is-dwawn -sbout 1/12

- >f the tima, - A% low temporature, this is a serious handicap for
B Jadt Celly in that 4t represonis a larpe proportion of .the teat

Instrument design modification is undersray 40 reduce this undssirahle
a!‘i‘ect ton minimm

(Veo) 1s recorled by meana of & Brown Llectrio Pyrometer speoislly

‘ntnblish cquilibriuratwnﬁme. Equilibrium-is-indiceted by-an-- . o

1ead current whioh 13 now never expected o excead a fow mill:lampa. T
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D, Evalyation of spacer materials.
8ince the amount of electrolyte por unit elenirode area
is of extreme importance, it is to be exnected that the void =
fraction (F) of apacer materiala would necessarily bo significant,
in addition to thelr physiosl ~ chemical resistanse to alectrolyte,
It alao may be concluded that the frastion of oleatrods ares
sotually exposed (F'), 3f it 1is not aqual to, 1s at least of the
same order of magnitude as F, Hence it im doubly important thak
F be an near unity as possihle. For the ideal camo, Fel,

Tha following ara "F" values for spacer materisls under
conslderaticn, determined by Avchimedes Prinoiples -

Feltril (Kendall ¥ills, Webril R ~ 045" thickness)-=vmmesncnmerasna=sl) 016
Mieroporous Rubbor (Americsn Hard Rubber o, ~ ,0157 thickness)~=s=s~s0,630

Nylen Cloth - 727 (Bally Rithon Millas, Dally, Pa, ~ ,004" thickness)+~0.575

- . Vinyon Fabrio « 970 (Union Carbida & Oarbon ~ 004" thiekness)m-m_-o.aéz,

b

___Resistance to oloctrolyte is oo follows (% welght loss in
‘" .’_‘w}xmj o 3 e Ty
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. Nylon Cloth - 757 1.3

e ’77 T B rri

v , Vinyon Fabrie ~ 970 13,0 - . 06 B Waoks

S Guintera - 5 SRS T 4.0 2 Yeeks
(Tohns Menville) . : S

- Wioroporous rutiher loses weight in bolling 30% KOH, stabillss

- --ab abmt 2% weight oss- in ono-hour; and- Quintera-e 1 (Johms=Mamrille )= ==

disintegrates rapidly at room temperature. Fe%tril h;g to dato

vithstood tho spsoified tamperature renge (=55°0 o 45°C) and alnet;

- ,],LS ‘ ta 7 v . N
-+ condlilons as is avidenced by the storage tests on standard strustuves, D

ol sl

Nylon, vingon, and feltei) retein tholr-originel-strength-very-welly——
B colldesm, ' | S

¥hile ideal cell performance can naver be met in. practioce,
it 1s, nevorthoelessa, a valuable concept. By epplying ¢ mathemstical
- atnlysla of the 1imiting cenditions empirically expressed a8 funetions
of RM system propsritiea, it im possibdle to develop exprosaions which
integrate the various conditions into working aquations, Tho developmont
of thess working equations folloks, = - : .

N la- Devoiopméntr of l;pz-kins equatdons, -~ - - - oo — o e
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A -~ Plane fneda {or Cathede) Aros gell) 1n=
A'~ Ugahle Plane Blectrode Area, in¢ (= ‘lf""A)
B « Electrode Spaoing, in.™ .
¢ ~ S¢2R ~ Totel Thicknoss of Cathodo Materlel, in,
D - Density of Electrolyts, gmu/cc.
¥ E = Hg in Anode, % <
F ~ Void Fraction of Spacer Material (¥ 1) - )
: Pt Praction of Electrods Ares Unblocked by Spacer- = b
s G ~ Thielmesa of Anode Bage Strip, in. ‘
» 0 =~ Hgd in Dopolarizey, ¥ i
1 = Cell Current, MA, milliawpsres
£ J ~ Ratio of Electrods Caproity (%¢/Qa)
£ R ~ KON 4n Bloctrolyth, § o
¥ "M - Elactrode Current Density (Tolal Area, Planc Basis), wA/1n2
i "} ~ Zn0 Formed Upon Discharge/Unit Flectréde Area, gm/in? \
¢ Q - Coll Caneoity, MAH, milliampere-hours
Qa= Anode Capaeity, MAH/in? .
e Qe- Gathode Capacity, MAR/An®
ST TR - Thisknass of Depolardzer, An. - e Co ST T
S Tl L Mhdekaane of Zn (or-swalzam), dn. - ST R |
i . U - Utilization, ¥ ST
- V¥ ~ Gl Volume (Usabie}, in '
i Vb~ Volume of Elsotrolyte/Init Electrode Arcs, go/in?
¥g« Volume of Spawer/ait Eloctrode Arem, ce/in®
- ~ooo o Yige Welght of Electrolyte/Unit Electrods Avea, /in®
S C=i Wew—Fedght of Eledtrolyte in Cell; gm (original%t e -
S . o o .. GeZT = Total Thickneas of Anode, in,
S T T T e e agp0 AN glectrolytey $ 0 o o T T e - S
Lk . YeA/A, 1n?/in? (Flectrode Surface Preperty)
. k... .. .. . Bubseripss e . : . AU
—— .._:.j - ,.:.. e E I "'E.“"il‘AnDdO‘ G e k . critienl . [ . - PR g -
T T T F T L b= Bleotrolyte - o - Oplginal ' R - 7
- R - b e o o Cathoda-- — - .- - » = Effectdve . el o
- ' 1 o » Fquildbrium _ 8 ~ Spacer
BRCE- S © 1 = Yalue per cuble ineh t = Total ;
3 S R |
: Casa II Design (Moth sides of electrodo utilized) - : i
: Vh S FVs : '
; Ta = 16,40 (ee/1n?)
- For o phsat, or aclid plate, Zn anode (¥#1, E=0)
% 1 MAH/in? - ,000010427 ® ,001220gm ,
1 Yo & 0al517Q00s = (2M)o=(ZH)o
: 10,600 100
3 -
4 (l/!
b
i . i
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Both exprossions for B axe oguivalont on the esswphion thel voluze i
& chango during cporation {d f-‘.c"‘h“_ifﬂ’\ﬁ) A mg"twm‘!e‘ Toder thoe ridtions, ;1
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Aamuno denoity of consolidaied dewmolarizer = 8.2 s::gf'cc, and daneitly
of sinc (ovr amalgan) » 7.24 gafcc. ¥Frrzor in density is negligible,
tn that the factor 1t mftects (nomely, active Jumvenent thicmﬂss)
1g nmover more than 4% of the total thictmess of the unit cell,

Qe = H8.4).(8.2) (2N, 533 HI

1060
R = Qﬁ
Qa = 'x‘(xéA) ("7.14) (820) # 88,0007
TE

Cell degisn beged upon Ua = 1008

If Un wupt be other than 10OF' for opiimum performanse, tha excons. .

pay ba abanrbod. in 184,

General enuatinn DECOMBEE -

. My . “"é(m T T
* Wﬁs:p;m"éxz!) _
I | . R
ERRES o
T T sam.za_.
SRR | e (e, ps:,\_o-? (Zg.Zo) (F no) asau 96.000,,,;,,;‘;%, T
- ! k

5 (100Z0) (B) 4 3, 1 | .05
Q (9 607 Taaze) (T no) 3328 96,000

3
vhere Ze h-??% ( j+ b
r ox_idenl ggnc. ition g_:_ , “
F=1 : ’ .
Jd=1 0 :
H = 100 ¥
/v-"—
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Uoing electrolyte ap followa: Koa 30, Zos0
o ] _ Doul.28
, ﬁ:ﬂaggsg’unamalgwated Zn anodos (Ez0, ¥el), from Hering Cell data
Zo= 2,80 Wk ¢ 12,20
o 2,80 (4-Bk)

The working expreguion baoomess
A/v" B m 1 -
=5 (&w)..* 0000405 "
Qa['?.lS::lO Cim ) * ] :
H m
Qa

RS R PR

SRR ¢ s (-7 14
i+ 1y, i +L

E Ry Sy R :119:—'12,2;&7::121&— T
@;;_73 mttiug_@nl s 1008

15 106 1509
2,0 @00 1600

40 sero,

(- MK~ 6MZ~ 251 o Mice 3117 O ‘ 3,0 395 1185
, Mkal, 95 3.5 1% ssg-

, . - - 20 0
.. Qurve is substantially flab ab ‘; ]

thig point. and betwean 1.95 and

2,05 i‘orvrik,mm:;s,léoom-_ it

Tharafors, (I3) max, = lgﬁ-g

Pigures X1II and X1V, appanded, cro graphical pragentations of the ideal ~

"= _ case as developad aboves

Feom this mathomatiesl develoment, it is to be coneluded

that no RH low temperatury c¢ell ean W constructed with-a groater capacity -

(Q1) then 1640 ua.hrg./in {undor the conditione apeeified), as compared '
to 10,000 wa,hra,/in® for thy AR stondard structurs. Actually, at any
fespitla drain pato (lma,/in?) ideal Qi (Capacity/cu.in,) falls (%o

1214 mo.hre,/ind) Aoy actual cell is not likely to excesd 1000 for

Qi, in that electrodo hack~up rateriel will take up valuabls space. The,
curpent par .ou.in, in millieaperes will bs dotermined by how far it is
precticel to reduce Qa {cdpacity on the anode) and increasze Afy .

- While this dsvolopment dona not serve as the basls for the
final design, or dosigns, it does illustrate limimtions and considerations
. herotofors not known. Knowing whet consbitutes the ideal case, search
(‘ i : ‘ean now bo made to bring all factcra == close to idenl as possible, -Aith
~ the best materilals melected ostablishod, tha design calowlations way
be forsulated, PG B "' ortl

({' B Y
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2. Flectrode requiremonts,
a. Gathodo ’

At room tewperature, with current per usablo volums
oo - (I4,ma./ind) for_the_standard line_of colle (o.g., 4R)__ _rqunl to_

approximately 175 ma./in3, 1t mey be readily asen from Figuwre X1V -
appanded that A/V would be required to be at lsamat of the crder of
150 4n?/ind and GacR %0 10 ma.hrs./in?, In other words, to tuild
the low tempersture aall equivalants of atandard cells, the elsatrodes
mist ba prepered with active comronent thickness (plane eleotrodes)
of the order of ,00008" for the ansde and ,00025" for the eathode.

In order to produce thie type of cathods, & special
technique is being developed. Basleally, it consists of rolling
a depolarizer coating onto a steel atrip previously cleaned and
etched, Without a hinder, the depolarizer tends to flake arnd dust. -
Sevaral bindere heve been tried to date, including Vinyldesl, =
Vinylits, and Koroseal. Polyvinyl sloohol (FVA) heiizbeen found to
be the most propmising., A1l of thege binders tend t8 Rearease the
stability of the depolerizer inm elsctrclyte over the range of
temporature specified in the contract., Cathode matericl baving a
%apaoity of 8,36 na,brs, par square inch (Qe®8.36) has basn produced o

s o akn be-BIenked without damags t0 SHE GOtiVe BOTHONGRNT:

02% HgQ, PVARD.5%) ot 007" atmel osirip., The Pinished product .
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Gt ' Effeative arsnp per nquare inch (¥} for sotesns sre
- attractively-high; -ranging up-to 3.25, Homever, for-the slectrode - .-

b, Anoder

: CT T Ttie coneaived that the-snsde materisd willloomsiwt
 of coprer folil (.001M or less) conted on both sides with high purity
sine to the roquired thicimeps, The buck-~up-material (eoppsr) is

~—-— -~ - gompenants— The problem of uniform amalgémstion Ih & complex Btructure

remaina to be solved.

0. Soreen va. viane olectrodes.

thicknasses under consideration (001" ), a stroen would besoms— -

-  _ _prohibitive-4n cost, Af nobt impossible to mamfacture, Any practical

sersan((up to 200 magh) would seriocusly sut esll volume efficiency
if 41t wers not for the fact that it also can sct 9 sn elactrolyte
"absorbent” and therety tend to reduse the electrode spacing, The
theoretical aspects will ba pregented.in a later report. -

IIT TLANS FOR FUTURE VWORK = -

The tasts to determine the effects of law (~P0°F) and high
(113°F) tsrversture storage upon standard ¥allory RVBeL cells are
baing continued. ' - . " _ .

It 45 planned to obtaln data snd to dovalop an expresslon fer
polarization g8 a function of composition of electirolyts and
oritical curvent dansity (Mk) for givan elsctrode sonditions,
Under the same conditionm, an expression for Voo will permit
allowable total polarization (which in any practlcal ¢ase, is.
squal to totel intornal voltmge drop) to bo estimated with Vee
arbitrarily fixod (tentativaly not lees than 1.15). ’

Page 18
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Zeaveh will be continusd for zetorisis anc L-~hoigues that will
yreduce conditions mors nearly 1desl, ac Lo oxvlained abovr.

i ' £11 factors will be incarporated in teantatlive dosipgns which,

(B in ture, will be pilot tagied inm the 75" Unit Cell, The resuliing.
information will b utilized in the development of ultimate coll
shruc bures, '
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PABIE 1
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© o Effect of K2003Upon Spacifie Conductancs of Rl | Electrolyto, ' ,
Widhiout, ang With Zn0 Present, st -55°C. e

of Zn0
Percent 0% xgco ‘Freozihg 408 K00 Freezing
Ko Point °C  Sp. Conda”  FPolah ¢
28,0 000225 ﬂhﬁ “5195 0 012& ﬂhO "'Mno
29,0 0,0210 " «57,0 0.009 " 67,0
3000 0n0198 " "‘6600 “\
.3100 0.0180\1 " .7690 '
.. 32,0 0.017¢" " 64,0 © 0.0073 =660
! 33.0 0,0150 " -62,5
> %0 0.0240 " 60,5
: 0
: 408,200 ,
R St s xaﬁeiﬂ?-~’¥a@;ﬁj Zfoﬂi&: = };;ezmg '
. 3.  Gooland. o Peint %6 Sp.Comd,” - Foink S
P 28.0 0,0185 dho ~56.0 0,015 mho ~52,0
P -29,0- - 00185 "~ w0~ T
.\ 30,0 0,0135 " . =84.0 0,0206 * 264,00
; 31,0 - 0.0115 ° 58,0 - 0,0078 ¥ ~61,0
22,0 06,0095 " =53.0 -
-~ 33,0 - -0,0080 " - 43,0 - 0,0106 " - (Siiper coolsd)® -
- - #In w1l other cases, with freazing points sbove =55°C, the electrolytes -
: - wero, gemi~polid,
o i 1(_
S S 1 e

” S
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f St(\n'ae;a tegts on 1R Stmcture Uping Various E‘Leotrclytaa + 55 C.

i h ' Teay Noo ‘1 Bleotrolyte Commogition Room Tempersturs O _ ;

: L_.A.E Zn0, % Initial 1 Mo, 3..._._1“07 3..!*19.9. , ‘

A 339 . 5,40 705 593 501 504 ”
(Approx. '75-10+100) ; ’ -

- . B 29,2 5,00 . TO° 535 504 370

o . ¢ 29.7 1.05 61&3 . 4'63 401 355

: o D 30,0 o 668 463 242 e

E 2959 11.5 308 165 Aalalnd -

- NOTE: A1) wvalues ara .-.veruge of 3 oalle. Peszom'mnce valuos in C , i
E ulllisaposs ‘-unx.',. - :
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- 1: E- T Dwiat)ons for Huplicnting Taata on Haring Cell, E=0 §
=
£ T o /// S Ancxle Polqrizntion (Millivol‘bn)
= Lm0 Number of - o Haxi.mm . Minimum  Aversga Range of values o
= _ Duplicntmg VA Dwint:\on Devintion Dervintion Qver Initinl R
e ) .5 2,00 R.bo 39’43 e ]
£ B 2 .10 2.5 2.5 216 ©D-80 ‘ R :
- S S 2 1,50 * 2.0 81,0 "**“1.,5 i . Lo 1 - IR O
3

- e ——m;o<~~-l~ao~»—'——*19.e-~~—~— —AARe1B
et D T T Getheds R %ugiﬁn_(ﬂillimﬁl) S

1,00 20,0 M0 280 10us DR &

265 0 RS A3 2071 i
2,00 - 229,0 *5 0 - s 2se38 !

WA N
[T
-
T
=3

s 2T PR SRR I TR T T e
I
I




¢

EESTRICTT 't;

ke ol

—

TABLE IV
Dowiation Tor Duplicating Tests on Haring Cell,B24.85

Anode Polarization (Millivolte)

Fnsber of Mascirmum Mriloor 7 Avorage Rangs of Values
Duplicating M8 . Deviation Deviation Dsviation COver Initial

o Pt e

S x L. I T

e N R

Testa in Prom Mean From Mean From Mean 2 Hour Perjod

7 3 s . Moo 0,5  * .6 38-62

3 1.0 22,0 0.5 41,3 7090 :

: 2 1.5 23,0 - %0,5 2,4 . llée142 s

£ 3 2,0 6.5 21.0 43,6 1524225 :

: Cathode Polarization (Millivolts) ‘

: 3 o5 32005 f9,0 %188 104+25

3 1,0 21208 * 1.0 A 7,6 157-52 _

i . v 2 105 onls * 2-0 - A 9-1 l 2"‘% I

3 2.0 35,5 118.0 26,0 ~59 - *
T 7'7”72171‘/‘,. -~ S e e [ N ]| e - il

e Anoda Polerdzation: (hﬂ.llivnlta) i‘orﬁOS KO'H Un&mlsﬁ“‘b'd Amd“a“ﬂr"c SRR ¥

' L G

Draln 020 ﬁ..a. 45200 EA.Em0 m 10% Zn0

‘25 . -~ T e LY oo rm a2 —mma . 4',,3-}*8 -
50 A0mA2 - AOWAT . A5eS1 e 4045 70-Pa - -
5 56ED  mean  mwem . 5360 230ePg = '
1.6G0 '70490 68-70 65-74 72’P8 D wamw -
R 1.25 N '75085 i e - 73-’76 - s prpnr
© 1050 Te102 ¢ §5=Ps  4l8ePa  mmem e amos
1,75 nun 300~P5
S R00 - 100aFs FRote: Pe daulgnateu ancds pleniv:lty. i
2050 126ePe o = |
~ " Cathodo Polnrimnt-ibu (mnmlta) 20—60 Manh (92% HgO) Depolarizer 1
25 - mrme rano -nmwa wnomw 81-14 {
S TED- 57e36 . 60%2h 6128 mmee 60425 70 |
.75 LY T 1 mranm Lt 1 ] 00089 755 -p’-- 1
1.00 128072 10580 191-104  126= 1
1,25 e . m——— 153-136 |
1,50 204=140 2055151  rees
1.75 - 185+
.w L L L4 ]
050 s

" Note! Initiael valus given ig obtained at origin of tect; the sacond value
in the meximum in the case of the anode and winimum in the caza of the
eathode,

e SR A+ ok 881 S bt



Porfor rance off BMA Structure; Liquid Eleo urolybe v, Gol Llectrolyne

e

’%B’L VI

¥4

Utilizetion, &
=40°C

~205¢
Gol (2.5 parts CKC/100 _
parts 30% KOH) 13.9
Dexter Paper » 30% KoH ————

Ashastos ¢ 30% KOH

" Note: All efficiencias based on raled
30% KOH usad to make up both typos of electrolyte: 1- liquid &

abzorhent, 2-gel,

Performanco of RMB~, Birueture Uaing Anode Gal

-

TABLE, VII

RESTRICTED

3425
5.62
4o

=55%
0

145
0.’72

4200 MAH 0 0.9 volt cutioff.

Celd o, ‘
T T T I e T
Koor Aaw*pn“aT\xﬁ‘nfﬂnf l.BEE I.’Eé? 1.y
- =Characteristios-1Iee 2,6 6,4 5.7
Test Temperature «20"C «40°C «55°C
Lood, ohms 0 30 30
Initis) Load Voltepgs 1,08 0.95 0,60
Capacity Hours - 4. 75 0
{to 0.9 V. Cutmolf | MAH _ 130 . 23 0
- Dtilization, ¥ 40 0.72 0
TABLE VIIX
Un:lt Cell 24 Parformanca
7 Ve vs, EED; E¥36
Coll Fo. ’
B S S S S T
E(% Hg 4n ﬂmxlag 0o 0 O 0 4.0 3,25
Voe (Room Temp 1.41 l.41 0 141 L4000 1039 1.20
Load (A1), Ohus 2538 2534 2532 2534 2553 25%
Voe) av 1.0 1,11 1,32 1,13 .22 111
In) av,., MA 433 38 AL A6 439 W438
Hra. t0 0.9 V. dhe5  39.5 40.3 58, 277 2.7
Out.mt, MAH 10025 17,5 17.9 26,1 12,26 9:5
: 24,0 20,5 22.3 31,9 13.3 1.1
Ue (ﬂ) g0,1 83,1 0.6 81,7 91.5 856
, 2%.4 29,2 29,3 200 3.1 3.0
L 0.25 0.25 0.25

0-25 : 0025 0525

Note1 Ko=30.1., 40%0, Lo®0,2
{Original Concentm’ciona)
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FIRST UNIT CELL %

FIGURE X iﬁ‘%&
5;»
@ () e Mode Freom Flegible Coble, J=-935 ) .:
J“H(ff(/ Cﬂﬁ”fﬂrlﬂﬂ Q&

0

Cell Face Plate Aneode ¢ aﬂrnq’e \5' pacer Molevial Fleclrode Spycers
2- Rf?J /- /fdf// - /- I"f]{ ) /- ‘7‘2 As ﬂadj/’: ”81 d
High Tomperstire. (.05 *Zn) Rolled Depolerieer (7 025"

LUGI"! [/oo Thick) On 007"37“/

+Dend @eﬂ: Howitantal

{fps | Bl

g | el

. Assewbly is made with & (% )‘Jﬁ Spacers of e u/ .ﬁva/e
or .rfm/ wad be wed, Loads Fo the e/ecfra-{esﬂqm :enfu(‘ E'Z—'_—-'

with Dew Blystyrene (eweat #C vp 1o The céf/ proper The het a0
fpacer is rq:wm imipreqnated in Z¢ (00 ml. electre lytic ] [
£-¢h' with e/etf;-a 'f’ at the feyef incdreatrd, oln{“ﬁm . . ghé

the stepper GrokberY is pul in Place and fk kmter rim
/5 cmkd with Lsse M-285 grease, ' /’/"G E 34 M E.lx o '
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UNIT (ELL 3

FIGURE X7 BER
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£ f

4- Ccﬁur End P/nﬁ, Miwor Dinmeter =£3/3"

g: vallyv‘:(r gukef, .?:.;"rrlg'-*k o 1B 132"

5 s hg-‘%ffl,’.:f ey ks D7 4313

£- go// J-5 J Lyejte lrzu'b. -

F- Cothades }‘%..er,gr. led o Shael, 001" Thick, D= £.313"

g' Tae! End Plata, liner Piameler = /313"
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IDFAL CELL  REQUIREMEN TS
AS A FUNCTION OF ANODE CAFACITY

I (/‘7/4/}73) -

4

FIGURE XIIT

RESTRICTED
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INDEX
Pags No.
Abatract = = = = = e e - e - " e w e o A e e o - o]
Anode (Tablo VII) = = = =~ = « = m e s m e ... 9,30,18,2
APPENAIX = = =~ @ mmm = a R I IR 25.28
Cathoda =~ == -~ == m wm oo mroooneemnndmmana 18
Commoreisl Structures
Bffoct of olactrolyte composlition on poerformance
of (Teblo II) = ~ - - = o mm e n e .. 5,22
Gel va. liquid olectrolyio (Tgblo VI)- =~ « = = = =@ = w = = w n = 9,10, 2%
Stabllity of BE aystem &t +557Cy = ~m w v w m w4 m oo 6
Storageab-aoF I R iR I SN R R 4
Storage ot #113° Fu = = e e m h e m e m e m e s o L
Electrolyte : L , :
s mnsof ---"-'I‘I—-o—' 'E.'.-‘;_-u.fm—-'—u - ”’5
Effsat of X003 ba rondrpctiviiy Wawia ﬂ— B P
Effect of X003 cn fremsing poiut. (Figures IT,III) = = = ~ = = = 426,27
Bolubllity of Rglls in {(Figure I} =~ =~ -~ ==~ == = - =~ 4eR5
Puture Rork Plang = = = = = = = = =~ - o e v mmwm s s oo w1819
(assing Characterliotics 7 . " o
Effect of Zn0 content of electrolyte on (Fl.gu:-a k) R 5,28
Haring Coll (Modified) ' o
Stendardization (‘l'a'bles I11,I¥; Figures V,VI) » = ~ = « ~ - 6,7,8,22,23,29,30
Polarization meggursmeris (Tab"e vy Fig;uras VII,VII1,1%) - - 8,723,31,32,33
Low 'I‘em’paratm*a Testing; Equipwent pud Techniquo ~ = « = » w = « = 12
Spacer Evaluation ‘.,...-.....m-....,.--....;-_-_-k.n.,, 13
Unit Cell (Table VIIX; Figures X, XX, XII) = - - ", -~ o~ 10,11,12,24,%,35,36
Working Equations (Figuros XIXI, XIV) ~ = = = = = = = = ~ « = 13,14,15,16,17,37,38




