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Experdirental wozi, 2z dssceritsd in the first quartsrly rapori on

this contract, to datcrmime the effects of high (113°F) and

low (=20°F) tencpraunrc storaga effec** upon siandard RM cell
u“-n-"_u«w_nsuructu"as was continued, et e e T T e e e

R

A study to dstermins the tareice pnyr;cal chomistry of the KOH=Zn0
a0 oloetrolyte gystem waz contimued, TFhyeical ecnstenis ond
nrac;fic conductance were studied cver e range of torparatures
end compositions. Tho egquilibriur values, for saturation of Zn0
in ¥0H solutions at wocm temporaturs vore dstermined and the
valuss so cbiained vere cormparsd to those in zvaileblo literature.
The optirum und urctle ranges of elostrolytz compoaition for low
tomparaturs {~559C) oreretion (besed upon thece atualoa) wOT .
deterwined. Wethods of chumiczl analysis of eloctrelyto componssnis
are precentad, Injtial data showing the effect of tha Zn0 content
0¥ the clactAolyno npen sasyinp chavacteristlcn of amalvanated
sine anefes io presentelds

SRR RS KR TS oL

oLt e

Continued wark with the madified faring c°11 for mesasvrement of
polarization thructhistics of tho electrodes in the RY eloctro-
chenicrl eystom is presented. Furthor neocessary design changss
ave discussed. Resulia to date inﬁ‘cate that this lotest desizn
nay pe acceptabls for rol-rization moasurements, but more work
vwill bo raquired to detormine its vnl1dity

Farther tosts 1n¢c1vznp suhgtitution of powderaed wetals for
grephite in the asrsuris omide Gepclarizer wers discontinued.
Results of :?clmrinary agslovatory tests of oiher posgible
QQQOIaPLAAﬁP & &onto foranm &lk&iiﬂc cell mro wresenitod,

s TR G D s DA SRR i o

| i

thJ of work condusted to de terming. the lov taup@ra ture dischergs
,n¢rg ctorlistics of sia*&mrd‘ﬁﬁ structures ars given: 1low temperature
porformance gith stacderd consorsial electrolyte formuleze i
= ~cogparad Lo the pexformanco with the opiimem electrolyto comgoaition
; for Yow uﬂPU*YauuT 2

0 davelopad during the last gquartors -
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X INTRODUCTORY

i
Ths dasie problem end contractual requirements for this !
investigation to improve the low temperaturae characteristics i
of the RM electro-chemical system ware presented in ths first i
: quarterly report. In ovder to detsrmine the lcw temporature j
£z rossibilities and limitations of the RN electro-chemical system,
| 7 T 7777 it was necessary first to dotermine the factors that affect

low temperature performance. A study of thesge factors was

i - resolved into certein basic lines of epproach. Thess wore:

Lo S orit e Py Sk s, i I 1S a7
i
|

1. a study of the basic physical chemistry of the slentrclvte
sysian involving detormination of physical coastonbts, conductuncs
maaauremants, and deterrination of electrode polarization
charzcterisiica

2, 8 study of possible meang of improverent of 4the anods and
cathede- {(depclarizar) -

3. sxporlmental work to Cetermine ths effects of high and
lor temperaturc storsge cherccteristics. of pracent cell stiuctures

4. exzporimental work to detormins low oemperature digcharge :
characteristics of prosent coll sirnctures

0

5. doveloprent of new or improved structurss suited for low
— terparature cnerstion, .

7R R '@3
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EXT ' _ 3.

Investigation of the hest high end low iumperaturs perfcrmance
of the RM electrcechsnical systom.

i A% .,m*umntcl < Yo dstermino the offects of highaed R -
- low temporaturs sto*~yq hpcu tha standard FJ cell structurc. é

1. Tests wore initiated during the zirﬂn quarter to
deterriue the effects of low terperature, about -RO°F («-50°C),.
suorage upon sienderd RJ cell structures of both pressed pewder
and foil ancdo type. Since the end of the first thres wonth
storegs peried was guite closa to the tims ot wnich this report 32 &
wag written, vcsults of thrre 3 montha atorage tests will be
prerentad in tho following quartzr's repori,

sak

9

2. Similar tocin were initiated during this querter i

involving 1139F storags of stendard 27 esll siructures of boih 1

mressed powder anode and foil anode tyre., 3
3

B, ElClh“ﬁlJVO Stuéy < Bapic Thysieal Chamistry of the ]

Blectrelyto-Syshem R 3

]

1. Determiration of ths physical constants of the KOH-
Zn0=720 gyotem,

i
e

=]

{hermel constitution disgear for the syatsn 407
H20 (with no 2n0 presznt) vas esteblinhed during ths firat auvarter,
Duaring this guarier ths effect of addition of Znd to the X0
50 syster wac deterrinzd by weane of a similar ceries of mezsurevsnts
enpleying solutions ccﬂtsiazﬂc fixed irereasing incvemonts of
zinc oxide, namsly 2 , 45, 6%, and &% by weight., The resulting
- therral comstity 41“3 1acﬂaws ara given rogrecitively iﬁ ricuras
I, I1; TiI, ar

v wmmmm.hﬁmwmam :

Tro euiostic comncsitic
t8 31,37 {by woi gat‘ of ¥OH. Fhon
cornesition 4n the venge studisd is 07 (by
parcentages of H0H in this inves

sight) of KOM, A1l
big & )
snhydrous basis. At ~55°C, tne lowest temmerabure rang 8 up~01?iod
- -
[

.

for e=213 operction in this oiuv
over which the eolecirclyte roraing 1
phevcmenﬁ) arz s follows :

ng raugs:s of cempositicn

isuid (naglecting super cooling

.
i g0 5 SR — e et v T o
e T g e PP N S
O)o oAl eeua aRgBeisE ROA
AR A =
2 n wene 28.3),5 t
: (o T M o Vbl "
B enas R S > =
6 P enen 2YLE2 u
N
B 7 enmm 25,522,5 1
Y = i
rage o
N s R ks - .
T R ONPE § AR =
B NSRS
- 85 1B é‘ %\,ﬂ_/ k] 2o
% Tes S €L E Vs U Bo b
% - : 2 R R e S i e
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- e - e Bt L e ks L CY® wy RS
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At “he cxtremcc In Zn0 content, naroly 0% end 2%,
the spreed in permisseble varietion of KOH comtert is groatest
A range of 28-31,5% KOH remains liquid at ~55°C throughout the
compoeitiona studied,.

411 solutions woro preperad by dissolving the Znd in .
© vy hot, concantratei zolnticns of KOH in the desired ratioaad - - e T
then diluting to the dosired compositicn. During tie preparation
of the sbove eeries of sclutions it was observed that there wes
“7 a-lomer limit of KOH concentration, The liwiting value increased
with Juereacing Zn0 eontent., For this reason, the constitution
diagrams progressively bocame more resirictsd bolow the eutectic.
“A-study was tharefors inctigated to daternine experimentally
the seturation values for 2n0 in KOH at rocom tempsralure.

vl

e The saturstion values for cemmsrcial Znd (Reagont grade=

Morck & Co.)-in varicus compositions of XCH werc dotarmirpsd in

the following manner, Ono hundred gram cemples of varlous KOH

contents were pregared in small Erlenmeyer flaska and cooled to

_roon temperature. A lorge cxcess of ZuO was edded and thz Tlasks 3

were tightly stoppared. The solutions were agitated pericdically %
§.
i

end the resulting liquid pheses wers snalyzed after a four hour
or twantyefcur heur, and after a cno wesk pericd.

The sneliyses of the various solutions after cne week
wore gonerslly ~lose Suplicates of ths earlier analyses indicating
that an equilibrium bad koen establizhod, These results, reprosenting
saturation valuss for cormercisl 2nd in XOH at room temperature
(25°C), ars given in Teblo 1 mprended. :

& survey of the literature indicated thab considerzbie
provicue work had besn dohe 4o ostablich the eguilibrium o2
saturation vaiuss for-ziac ovxide end zinc bydvozide in potassiun
ard sedivm hydroxide solutions up to three molar concentraziions —
of the 2lkeli. The solubility of zinc hydroxide in potassium -
hydroxide is exprassed in ejuation form by J. Neir (Rof. Treastise
on Tnorganie and Thooratical Chemistry by Feilor < Vol. IV pp. 528);

edditionel date is presented by O, Klsin (Ref. - ibid = p. 527, and -
(Ref., Zoit. Ancrg. Chom. Vol, 74 pp. 157=169 (1912)). Their data o
" is sxpressed uron a moler basic. Moir's ejuation iz as follows: o= 5
e o : STy e OUE(NOTas) T T s oo
el R O R e D ke
“““ il % % noles/liter ROI - v 8 moles/liter ow

- Thece investizations stetod that tnree diatinct solubility curves Gl F T s
for sinc hrdroxide vere obtained - o most soluble and least etadlo Iy
form (8), an interusdiate form (3), and & stable and least solublo | o
i‘cl‘m (3}- : : i, e L

H3
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- _ Fork by Huller crd associatos (Rof. Zos . Blociro=Chen,
Vol. 33, pp. 134-144 (1927)), ideutified the forms A B, exd C
resrectively as Zn{0i),, ano.;azo and Zn0.

A atudy was therefore conducted to deotormine the
solubility of 2n(0H)s sn KOH solutions. The first rethod was to : %
‘introduce zinc -into-gsolutica olectrc-chamically oy encdie atveck, o
' A group of Tive golutions with graded KOH concentrations ware Sk

; placed in 50m1. beakers, Sheol zinc enodeg and pressed cylirdsrs

I e ' of Bgl~0 cathodss wers onployed as eleclrodes. A dopolarizing

I =3 cathode wap erdloyed to yweclude deposition of zine upon the: :
cathode., Tho five cells wwre connocted in series with a six volt :
rectifzar and wore dilscharged under an irpregssd D.C,. eurrent of i

+ ampore for three consecutive eight hour runs until a eopious

wﬁito precipliate formed - prosumadly Znl, Eleztrodes wera -
replzeed soveral times during tha desd. Yhe solutions wmers then
anelyzed for KO ard 2n0. HResulits of this dnvastigatica sra
prosented in Tabls II appended, which showa that the QOIPDlJliy
of ZnD increaces with inersase in KOH concentraticn,

L R ach AR

The second wobhed lavolved prect pitation of zine
hydroxido from & zinc chleride solution by eddition of potassiuvm
hgdroA;do. Ziro precipitate was filtorved ond washed thorongnly

’ with ulohlled wators it was then sdded in excase to scluiions

; of varying KOH ecncentrations and mixod poricdically for 24 hcu:c
The rosulting selutions 45?3 then enslyzed for HOE end Znd, Fesults
Troxn theve tests aro CIJ ) Tahle IIT yppsndzd,

o

Valuos obtained during thoesa lebter favestigations
correspond. elosely vo the walues reportsd by 0. Blein,, for the =
.B form solubility curve., Figures obteined experimentally faor :
3 3 SER e s saturation values of com mercial sine oxide correspond closaly R
i N S he] to. those recorted by Xlein for the stable form C. A comparison : R
e . - ef values oviained exwer;munuallv and “hose previcuely repcrisd ¥ S
B " Klein im g;waﬁ in Figore VI ﬂLpsndeé Hoting that the lower
limis of the liguid : uﬂ;o ovleired on solution nskeeup for freezing
noing cetsr“vﬂxtions ezreed well with FMalntg c*"';icn, it was
decided to use this sguaticn to exprass the oguilibrium of form L.

b e iy e 4

. 3 & svrmary uolubility disgram for he KOE-Z:0-H2Q system
3 , 1aclua‘vg igothermal ;rsoztrﬁ point nx Tees and cxpmrimenual¢y
dedtsrmined roca tampsraiure curvaw for Lno ig yregonted im Pigure _
VI govendsd. Tt cen Teadlily x geson fron this fizure that-tho :
=~ e T T T linuid ronge Tor operabicn ab e3sCC g -.’;“.rte Fatric 'fd"‘ﬂino E e TP WS
. B bounded by tha l“Dtb‘luﬂA froezing curve tho stovle {(C) form - 5 3
;- ] :Q'_I_::_bil:x__}r c'n-rra at raom +ﬁ—r"aw«:* 5t R n thie Ante  £%a g
. optirun XCH consentrations ranges fron
e : end O to 5.9% 2t 1"*o 1ighor *OF cencantiration,
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2., Conduetence mooaswramsnts upon the c¢lectrolyts syatea
KOH-Zn0=H20, ' ,

.
S e
.

o g . Varigticn of corductsnce with temroratum and with

o compogition in the syotem KOHeH20 (with no Znd pressnt) wma
.3 . _ . establisied during the first querter. A conductividy opsll with
4 a 0811 constant of 0,93 waz cmployed for thege men s'ummnts.
s During this quarter ths effeet cf sddition of Zn0 to the FONeE20
’ syotom wao delermined by meens of e similsr soriss of measurerento
B ewploying sclutiona cmminim firsd incressing incrsmenic of
ot o - e BiRR-Oxide, namaly 28, 4%, and 22 by wolpht, Graphe of conduetance
E values vo. compaosition end wa. temperature 279 givan in Figures
VIII, TX, X, cnd &I eppended. e

|

e o

A racheek of the conductivit y dat: fron theazs various
colutions vae meds at ten ?afuros cf 30°C or lower, omrloying a
conductivity coll with @ oell coastant of 0.1175, These wore : B
eocurate volusg for the ﬂrecif‘ic ceadud t:wity of electrolyto 2 T
aorrositions containing 0, 2, 4, end IF by waight sinc oxido are
givan vespsetivoly in F,.grazw %11, X111, A1V, ur.d . 4 cummation
ef rezulis of conducirnce reazurerenio of’ toabls elseirolyte
compositicne at tewpsraturss ¢f ~A0°C, «350°C, and -~55°C is presented

. respaotively in Figures XVI, AVII, and ¥VIII appondsd.

et SRR - - 02

Sl

o

; marzed affoot of varistion of aleectrolyie
compopition end tesmsvalure upron conductivily the fellowing eoaclunions
_ox genevglizations weve drzen Yo {the eonfuctivity menesuresond 33tas

W

nerea
-
S

ase of corductivity
a8 average values owvsr

adied,.

a. The follewing rates of
3 terrereturs ingresse woro c:u:al 734
t V] mm'a oL clo~ ,"-ﬂlv"..a corroaitions o

3
<
den
(¥

AL, L't
- b
i 4 N, a x % ‘-". [y 2 I- e ’,

% e i, Bangafe - Jmprorn ¥ m:"'nasm/'iof‘ Ten "a"m“ 2 Change
k- +30%%3+20° 2.7%/19C
: ] -20%c-100 A TESL00
-850 9 £3/1°0 -
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practical condiderations are conasidered )
- = optimum valnes upon thzs beais of e T __Aﬁ
e eeleouion. i
- c. Tho conductivity ueu ~enses with increasing z*nc i
- oxide content. Por ezamvlc,at ~50°C, an addition of 2% by weight r
e R e = In0-to @ KOH-H20;- -golution decreuses-ccnductivi%y—by 2% of -the — e
R _ initial value. An pddition of 4% ZnO decreases the Cunduct1V107 =l
o by 40% end en addition of 8% Zn0 docraspes the initial value by 60%.

. d. From the st“nnpo wt of conouctivity the optimun
E olectroiyte ecmposition for opsraiion at ~55°C ig 20-30% KOB with—
e the minimum 2n0 content compatable with good atoregs characteristics,.
In the work on effest of eddition agents upon rlectro;yte ' =
conductivity in the Hi system conducted lest year (Ref, P. R. Mallery
& Co., invesiicaticns titled Meiscrolozical Battery), 3t was concluded
that nore of tho largs nuzbor of edditicn sgents tosted significantly
o improved cell condictivity. The most promising one tested at thal =
L time was potassium 10dide, & rechoesir of the ceffects of KI addition |
wag made upon an elccovolyte conta 1n%ng 20,98 by woight of KOH and
07 Zn0, Nosulis of this chock ars given in Tebls IV zppendod. The

N

additicn of pouassm v iodide gonora lly tendtad to decroace canchtanceo

' . 3+ Chepical Analysis of Electrolyto (¥othods) : 4
Analysca for potassium hydvoxicde and poisssiunm corbonate

er—vwith no zlac Oxidas proscal wore conducicd by standard

fef, Sooth's Shandavd Fethods of Chasical Analysis Vol, IX

5=2257). Vith zinc owide present in the olectrolyic the

.iuﬁ P"Lro 318e content was dolerminsd by diroct titration to .

no;nﬁuhql cin endpoint with standard bydrochloric acid. = v

2
oE ei:w caroonnts contont <ould not be detsrmined Ly the direct
raticn mothod vh
n b t
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2 %nd wag presont zo this vélne -was egtimatad

at iirect tilmvatica on ths KOH y
2 oxide bcrtcud waz dstermined

rossdure, (Nsf. « ibid, Yol.I

<,

coulio obtained by meens of ihe stove mothods of arnalysis
h,;a cCoOmiare 4 o thour ovtzinad by diveel electrowsiayle titration
the save FOHNZIn0-i,0 edluiion, & Reckuun Weodol K, p Ii Feter
tionel Teahnical Laberateries, Seuth Pasadena Colif crn‘a) WAS
L T TnEhir e leetPisseteiw ~titretiony —The titrationcorve
o : sc chiainad ig prez:zvied in Figure ¥IX epspended. &u cou =0 geon _?_' :
i " e was o ﬁarlev n good agrecrante _ :
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Colormatric Endpoirt

Chemical Analyssg Jirect Eliectro-matrie Titration
y 4:007: S 48,1 48,1
£Zn0 7.94 7.86%

#Note: Thim valuc wa2s calculated from the endpoint pH(3,0) wisere
the last visible traces of Zn0 redissolved in the hydrochloric acid
,_ﬂ_______employadiih titrating. L T

4. Effoct of Zinc Oxide Content of the Electrolyte upon
the Gassing Characteristics of Amalgaratsd Zinc Anodes

Since the work unon conductivity of electrolvte indicated
that the optimum electrolyte compexzition for csll oparation et *55°C
would contain the minimum ZnC content cormensurate with good storage
charzcteristice; a tost sas initiated to dstermine the effects of ZnD
content of the electirolyte upon gassing characteristics of amalgamated
zine anodeg. In thase toste, zinc samples were immorsed in electrolste
and ths gas wes collected in calibrated cemtrifugs tubes. A 55°C
storage tompsratuirs wag used for those investigetionsz, The offects of
0%, 1%, and & Znd in a solvtion of 307 KOH {eutcctic) were comparsd over
& four woek period, Shset zine-about 015 inohes thick with 2 square
inches of surface arvae was used: snalgamation was 108 Ty weight and was
offected by & soluticn conteining 4% Fz{CN)s, 105 KOH, Tests wero
corductsd in triplicato, s

Rt o L TR (3 IGP Y TSR e

Results of theose tests are given in Figurs XX appendad, ——— ~~ e o
These deta claarly shew that zomo Zuld waz nscescary to supproas gassing
bat that ro grootly significent differenco betmeen 1% and 6% Z2n0 was
ovident in the four week p *1ca. & f rthey set of zinmilsr toats is
now in progrags corparing 0.5 2%, 12, %5, snd 6% 2n0 contents,

5, Polar iz zation weasuremsnis in tha RY - Blaot rc«Ch nical Systeam. : |
A proposed wodified Haring cell desiga for measurament of "" i

Q7ocuvcao palarizztion in the BY oloctroechemical system was prosented

in our first guartorly roport. Tho colld deasign, =hlsh omployed

ronovdbla refercuce olectiredes that ave inserted into the electrode

s7atenr only during the time of cetual maaswremant, waa jndged to olfer

ossivilities Dur cuch weeocurercnisd, Turther work was eonduciesd

during this guarter to deternmine the velidity of this girueture,

Inidiecl werk was conducted at room tamperaturo veing slandard :

_eloctrolyto ccnuisbiag of 75 grame KCH, 10 gramg Zn0, and 100 gramg i

wator. After a fow 438t It becans cviaﬁnh uhan improves erd electrode }

contach mas wandetory iF consisteny, nsoful resuiis ware to be ohizimeds T

T Therefurs Shn ©2ll and plales were vedesigned Yo offsr a cavity into !
which *ha powrder oleciteds carponent could b coneolidated so giving a

more nubstantinl duplication of commercicl coll structurs. This !

rodesign of coll and plates iz shown in Flgre JIXIT sppended, ;
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Pests wero conducted et roon tempereturs using prossed
powder electrods conmponents in this rodesigned structure, Reasonable
but not exact duplication of rosuits war obtained during these tests,
Current donsities of 100 and 150 millianperss per squars inch wore
employod (calculated on epparent or cross sectienal surface area),
Cathode pclerization data from these testa is gilven in Flgure XXIXI

composition, current dansity, and tempsrature, cathode polerization is o }
more significant than anofe polerization; both-initially-and throughout
a 24 hour discharge pericd,

" Room temperature variation within the range 25-29°C was
found substantielly to influence measurements. An increase.-in temporature
doereased polarization valuee end solution IR drop {VG-G) by a noticesblo
omount. Tharafore for sceurate measurdment a controlled tempercture —
bath ip necescary. Nagiecting offects of temporature variation, a
oteady incroacs in IR drop ¥G-G) was noted during those tosta. This
affect could bo aseribad to the increass in Zn0 content of the clectrolyle
contant resuliing from snodse goluticn e:r;ng the dischargo psried, -
Tncrease in Zu0 content during thrse runs ot a 20 milliampore drain
rate on this celi for 21 %o 24 bour discharge periofsars tatuleted below:
Initiel Corpositicn A% Compositicd At  Composition At
Composition End of 22 Hour FEnd of 24 Hour End of 24 Howr
» © 75210-100 Run Pan___ .__Pun
SISO /| v\ N TR ) | 33,858 33.0% 32,2 %
2700 5.4 % 8.05% 8.12% 8.82%
These changes in sclution corposition very likely affected the poierizsaticon
data ag well ag the solnilen conductivity and weuld have even groatex
gignificance if Cuplicated during low Lomperaturs oporation.
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A corica of similar bLests wag started at 09C wvsing a current
denzcity of 100 wmillisisperes sjuare inch and the sape electrolyte, 4
prezsed powder gnode co ponont stlll gave ressconcblo duplication of
rosulis hut atieants io me?ﬁj rn-shoot {disc) encde component consolidated
into thae well in tho ancdo cnd plate d1d net glve catdsfactory Guplic "ti
of resuliz., Tho ancds ccatoel using -~nhoet zine wes Loo errqb;c, and
-ur:rer deasizn chrenge o ecconmodate this typo of olectrodc waa nacessary.
It was aleo FO;CJ that cathode pelrorization rasults wers core varizelo
at this bcn;o-uuu:u. Thic mzy have oon dus to tho conaiderablo verdeticn
in svain gize of the produchicn 8% grophite (ra agramylet tod) depole arizer

ix eyploysd in the tesus so fer,

[o2d

1

cell-structure-vas-thereforo
, r or shest {(Gise) elsctrods
anivad ot otthar and of the coll
ons of tho ciructure, The cell :
om the criginal 0,50 in. velwo and !
in the asrlisr denign wore diszcardsd, J
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__appeaded; anodo polarization data from thess tests io given . in Figure _ it
XXIV appended, <“hese rosults show that under theze conditions of- eiactrclyte— S
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This eliminated a possible scurce of error which was inhevent in the
original design intended for uge with fived (screen grid) refersnce
electrodes and which wss not nscessary or deaircble with the present
syratem of removable reference electrodes. This lsntest design of the
polarization cell is shown jn Figure XXV appended,

GERERAL CBLL DT DIH“HSIONQ 5 .

Bistsnece tetween refcrenco oleciredes and Teferbnce
clcetrode 10 ¢21] 01ectrofo civevesoroscccasassorcacssnees 0975 1n°"

Ovorall distencs between ancde and depslarizer e sdennanee 2ed5 Tite
Cell U.Lametel‘ ..-..-s-....-.--o--.-o-o.oo-o.ot.ooooo-co-v-oo O 75 lnt

Croan sectional area of coll................................ 0.442 2g. in,
S —— --*V-O,J.UTT:Q 0:'. QIQCtTOlJ‘t’G_JO--,--o--v--ooooooo..oooo-o-ooo.-..-c _aoodt 20 mlo

& series of duplicating tesic was conducted at 0°C using
atandard electrolyto (75 grams KOH, 10 grams Zn0, 100 ml Water) and a
curesnd den eity of 45.3 millicmperes square inch {a 20 milliermpere

. drain rate for thls rodesigned cell)., Sheot dise zinc enodes previously
. amalgan &qu with dilute Hv(CN) solubtion ware employed in thesze tests,

Lcnolerl components wero pre sod from a 5% C raogramuiated mix which
hed xcen sz varatcu by mecrs of standerd sieves {0 a a3ize pass*nb e &0
menh aeysen, Cosling was offeciad by means of an agiteted dry ice=
igtilled water bath in e Dawar flask. (Nobte: Tho ﬂnrca0t.vlty of this
ury inc = water balh was of rglatively insignificant megmitude comp.red

to that of the electrolyte at thas same temperzture., After one waock!?
use it was ahoub 1/3000th of the ceonductivity of ths electzolyte).

Resultis of cathode polerizaticn mecasursments on four duplicating
rag £r3 p"esented in Teble V arpsnded. Rosulis of snade polerization
measursrenss are givan in Teble V£ sppended, Anofo polerizetion valuos
are gonsrally im good cereemont, Some variaticn in resulte on duplicating
runs ie oxperienced but wean and avarsge veluer aro generally cuite cloge
&nd the maximum variation €rom wean values is emall. Cathode polerization

ues are wmoro evrabtic end loss in egreemsnt than encde polarization
VulUGu, but considering the possible variations vhich may occur in the
'preﬂ"e rowder catnods tho data ip rzasonebly in <ood agresment. A granh
T thiz polarization data f?Cﬁ>dup}IcaoITF‘Qausu“emuﬁus &t 0°C 43 given
in Pigurs XXVI gppended, A8 can be seon from this graph, cathods and
anode polarization ere gonerally of the seme crder of mognitude with
whis solution composlticn, curront density, =ad tozporature,.

1. TVaristion cf particlo size of coastiltuernits.

Scmao tosts to dstermine. the offect of particle size of

3
exnd marcurls -exide uron rate of mic'at;on and cell Oﬂerauion

-Fagé 1o 7= o i
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0lloids Corr., Port Huron, Mich;gan), vas *n1t1ntcd° This cubject is =
now being invectizoted under governwsnt centract, {Ref. P, R, ¥allory & ’
Co., Tnc. invastlgations entitled General Imvrovement of tha RM. Primary
Ceil), and further work in the immedlate future is planmed under this
e —_cOntract with resiect to effecn _upon cathode polerization,

éere planned and a tost upon "Deg® ultra fine graphite (p-oduct of Acheson

- m————

2. Substitutes = powdered matals for graphite in Hgl depolariszaer,

__ Regults of some preliminery tests involving pewdered iron and
nickel-in place of graphwhe were reporyad dufing the first quarier. Since
these modifications do not improve depolarizor conductivity, since
relatively large amounta (compared to graphite) are neceazary to cbbain
reascnable cell oporatloa, and-sincs mechanical strength, coherencs of
depelarizer, and chipping characleristics were poor, further wori a;ongu
thase llnsg hes-boen-discentinued for the nrezar*

j. Dopclarizers other than wmorcuric oxide, ’ Es

-A list of inovganic compounds which nmight conceivably be
ounloyed as depclarising agsnts in the alkaline coll gystems was presonted
in the first quarterly roport. Preliminery expleratery tests of a vory
ilinitad wcope wero conducted upon a number of these proposed materiala. )

. Korcuric icdide, cupric iocdide, cnd blemuth tri iodide were
a8 Gepclctzmlpg agvnts in 1K struciuves, the first mixed with
raphite and the others with 20% grephbite. Inorganic asbesios typs
wore smployzd. E*fle*oncy upon Gissharge was gensrally poor
scharge volbapges wers low, There wore indicabions of depolariser

W ck
N
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8
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"J g
&
s
3 g
?5
3

[SIR I
)
& W7
4 e

scenrsoition wpon storage and 1ocln° compounds (1cann1119d by qaalxtatxvo o
shonical analzsis) formad on ancde top and coll top., These rosults of ‘Boirags
limited exploratery tests 1naicate that these iodides arc not particu]arly o0
suibable aw depolarviszers in the standard RY siructure 3

- Cupric sulfide and arsanoas gulficde were tested in 1R.
ruetures in mixes containing 209 grephito; lesd sulifide end mercurie
21180 wars tescad in the scaro mannsy in wmizmes 6“0&033n8 8% grarvhito, §
echax»gn chera :ﬂ“;slucs, voltege and efTiciency of utilization, were

nerglly pocr. ‘here wore tendeonciea for decomposition and gassing
uring ctorego ana sulfide compounds (identified oy autxltau;va hemicel
enaly“is) formed on ths ancde-and:cail tops ~Thesa results indicatg-that”
thagse suifides are noi wsll qulned for ued as depoiarizevs in ths standard

mrmege o Ri-atreetarer—— = T
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Siiver per :anganaus » mized thh 163 grayhita - ywas tezted e s

&s the depolerizer in 1R structures. Seme cells woro counstrucisd wiltlivub. e T
barrisrs; in others a "ery ‘thin dip-ccating of paraffin wes employod to b
coat the depolarizer as’ otxe1ded ty the Ruben:laber atory° Initial i ) L T
circwit t eges of- l. 2,0 wore chtained out Vﬂlnos docressed to T e

. £11 cells swolled baaly im 24 nours; This swelling iRl et b e
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of the depolarizer cconrred resuliing in Z blusegrssn colored soluticn
. fprevabiy dus to ¥y “RIan). - knedes were generally blaeckened sud ﬂcrﬁoﬂw .

S =

PQva?FﬁﬁCu' Guring d‘srnL-gA wes poor.  Thess. expioratory tests indicsted v

that silvoer uQTﬁ&“?SH& v vaA no: wall ¢ u;tsd for uge in the standerd Rh

stragture, Spuereh O e o -
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at or melow the standerd 0.9 v. cut off value,
2. Performance of 1R coll etructures at low tempsraturc,

. ... Three differont electrolyte forrulac were cormparad at lew

tezperatures in a similar manner dischargiiig contimacusly through 65— ——
ohmo loads at =20°, «40°, end =55°C, The electrolyto compositions '

eaploysd wero (1) standard 75420-100 (34.5% KOH, 5.4% 2n0), {7) 57=

8.3+100 (29,75 KOH, 5% ZuD}y-(3) 5i=1.6+100 (29,72

|
'
|5

..rmmm A *Mﬂmﬁﬁ‘&%&ﬁﬁgﬁg . "

L VA

¥OH, 1% ZnD)s The
two latter formulae represen. & neer eutectic KGII concentration with,
respoctively, the ncer mewimiy smount of Zr0 solublo at room terperature
as stahle foom C - (Rof. Figure 7I1) end a low concentration which =y
be gufficiont to glve noceptable storage characteristics. Ths -discharge
curvos- 80 obtained aere given in Figure XXVIII appended. The curves
fzr_open circuit voltage vs. teaperature ueing & Gensral Eleciric ;
Yoltmoter vith &n internal resisbence of 15,000 ohms (5,000 ohus/volt) :
aro givon in Figure XXIZ eppended, “hese roculta eloarly indicats

thet in this siructurs the eutsciic KOH conceniration performs hstler
at low terperaiuras than the standard pretuction slectrolyts formula;
they eiso show that low tempsrature perforwence improves somevhat with
deeronsing Za0 content, With this structurs the porformence at low
temporatuce is vory poor &id the diffaronoes botzoosn various elsctrolyie
forrnlas arc comneretively small, o

st N A

3, ¥o. 4 Gol olactrolytec tudion coll structure with perforated

aise tyoce enode, B ) e

exploging 2 =uede discs of 020

Thass cslls =ere conoiru
! , KCH colutica, The ihecrstical
NSNS

in. thick zine, aralganated with

WA O
2
2% tasad unon ancss 1
oo
-

B e T

raied copacity b 3 @PLUONiImaLaly .o ampere
hours. Gel elccirolyios wers made with 5 grams of o0 (Carvoxyemotiyl
celluloge) mor 100cz of elscirolyte and wore vacuua imzregnated inuo tho
sbrceture +0 assura comnlets £illing. Two slectrolyty formulce wero
corpored, (1) 75-10=100 and 34+0<100 (305 ROH, OFf ZnD). Thaso cells
ey cemoarad

-20°C¢, -40°C, und
in Flgure XXX apg
vetier with
cf i

D Iy s a3 B

————

thocogn a 20 obwms lozd abt temperatures of
Tra discharg® curvas £o cblainad are givea
Payforn genorally poor bt was distinelly !
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~-4.-No. 4 Gel elctrolyte butéaﬁ'-’cell . with convoluted anode.

These cells were constructcd with anodes made of 0.150 in:X-

0.006 in. zinc. A corrugated strip with-1/16 in. deep corrugations was

spirauy wound inside a flit strip to-form the anode. These anodes were
amalgamated with dilute Hg(ﬁmi KOH solution. The theoretical rated

- ¢apacity based upon gnode weigh

is dpprpximatelﬂzi ampere hours.

‘Gel electrolytes were made with 5 grams of CMC per 100 ea. of electrolyte.
A 75-10-100 formula was compared to a 54-0-100 formula by discharge
continuously through 30 ohms at temperatures of -20°Cm -40°C, -55°C,

The discharge ¢urves s6 obtained are given in Figure XXXI appended.
Performance was poor but was generally better than with the perforated
disc anode. Performance with the 54-0-100 electrolyte formula was:

distinetly better than with the 75-10-100 composition. Percentages o of
anode utili_ation calculated toa 0 9 v. cut off value were as foHOWS

; Electrolyte
Temperature 75-10-100
-20°C 9.4%
-40°C 0%
“55°C i : 0% =

Electrolyte

~ 54=0=100 T

245% 000
6.15% -
0%

5. RMA 5/ 8 in diameter (cylindrical) cell structm'e - gel

electrolyte.

' - Standard penlight cells employing 100- 16- 100 electrolyte and
5/ 100 C.M,C. were compared to cells employing 54-0-100 electrolyte and

2.5/100 C.M.C. (the minimum amount forming a reasonal

rigid gel) by

" continuous discharge at -20°C, -40°C, and -55°C through a 30 ohms load.
The discharge curves so obtained are given in Figure XXXII appended.
Performa.nce was poor in general. The less rigid 54-0-100 electrolyte

out-performed the standard 100-16~-100 composition. Percentages of anode
utilization calculated to a 0.9 v. cut off value were as follows:

Electrolyte— — — — - Eleetrolyte———— - —
Temperature 100- 16-100 5/100 CMC 54-0-100 2, 5/100 CMC
-20°C 2.4% 13.9%
--407C 0% 3.25%
_-55°C 0% 0%

e e e s e . At 32 e AP T # Al T

: Results with these varlous standard RM cell structures
ciearly indicate that there is extremely liitle possibility that any
variations of these structures could fulﬁll the contractual requirements
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cslis w&“l.ba conitimat- s scheduTed- “Furing the first quarter. Similar
tests involving Mallory radisl crimp structures will be conducted, if
deored unrtnvolle, whon -onough. samples of thoso newer structuros are
g“ulmﬂg. o : ; w;tf;f : sl

'“——‘*'Sinca"‘hUMGBabla—eiéctfolyte—composition range for 1OW'temperaq E
operation («65°F) has beon 6stablished during thia last quarter, it is
next planued 4o ¢onduet a polarization study tc cbserve the effects of
tewperature veristion, variation of electrolyto content within the
. workable range and variation of operating cuvrent density at the respective
electrodes. When this data is asvailable it will be poseible to.select
the optimm elactrolyte composition in the RH system for low temperatura

-65°F) cporaticn, It will also be possible o determine the eloctrods
currant Sonsities workable at . low temperaturas and the respective
._ olectrode Iimi»¢ag current Censitdes. This information will hove a
vary imperisnt tsaring-upom ins evendual low tsnverature cell structuro
end designe

Eva_u ation of ths effect of ZrD content of the élactrolyte upon -
pgaasing charscisrigiicn of- 11gannted 3110 anodys will_continue, -

= Sfud;cs may subaenuﬂntly LhE) co*qn rted to discowvar eddition sgents
= o improve elestrolyto conductivity and minimize olectrcda pdlarizatlion

PE of fects without ﬁﬂV’*EGlV affscti g tho hasic physical ehemistry cf the B

electrolyte eysten. 1 e 3 R e
Jﬂvesthaa;on of aerolar*ze* imrrovsnent will be contirued. BEffect _ i
- of variation in granule size and purt sle aize of 1nu?e6ieﬁua upca )

nolarizadion charseten 1Btrcs %ill bo investigated, . i e =

A study is nov in progress to find row or improved ways to propavre
and to haadle the electrods waterials in thin sections. Iavestigations
of metheds for boading dqpolsrizar in thin, {2exible sections and investigaticns
to cetsrmine th bcst wetheds for imerezsing the truo and apparent wroas
of gine #nods materials vill bo sonductad,

7 A gatisfactory, insrt (proballdy inorganic) tavzier and a suitavle

c’&ut~ol*tc ohasrbent rust o found,

Trezo ivviebtigetione oill land thsmaelvos tc incorporaticn in ail
. previcucly manuaon nd nzw coll siructures and wiil be 1natrumontal in.
deternining the evsntual structurs ené design Tor a low temperature cell,
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- SATURATION {EQUILIBRIVY) VALUES FOR
COMMERCIAL ZnO IH POYASSITH HYDROXIDE
—— KT POOM TEMEERATURE (259G) - oo e e SR 1

¥
(s TM st
' I

Analyges Analyses &nalysoes
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