LEAD INDUSTRIES ASSOCIATION

430 LEXINGTON AVENUE
NEW YORK 17, N V.

May 26, 1955

SUBJECT: _NINTH ANNUAL BATTERY
RESEARCH AND DEVELCPLNT CONFEHENCE

P

To Mecbers of the Lead Industries issociations

The Fownr Sources Branch, Couponents Division of the Signal
Corps Engincerir; Laboratories at Fort lommouth, Kew Jorsey, anmually
sponsors & Battery Research and Devclopoent Conferunco the purpose of
which is to acqueint the battery industry with the frogress of Signal
Corps roszorch and deveiopoent procrans in the battery ficld and to
encovraga intarchanie of information on batteries with thc object of
Fronoting nore rapid advancenent of knowledye in the battery art,

Tho Lead Industries Associatich, &s it has in the pest, was
invited to send a delerats to this Conference which was held oan May 18

and 19, 1955, in .isbury Park, Now Jersey. Raports on those papers of
specific interest to the lead industry are attacheds

Very truly yours,
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- FUCLRAR DATTERIES

Y

o K. Colonen, K. Jo Cohon and He Co Odbson, dre .7
Radiation Research Corporation .

Purposet To investigate the utiliration of rediocactive energy ss s direct
source of eloctrical enerzy for use as a portable battery having at least a 15
year operating life and an operating teuperature of 160°F to =65°F.

History: It was found that good insulators under continuous dbets radiation
first decrease in resistance, reach a =minimum, and then increase in value, A
battery was constructed and denonstrated after a satisfactory accelerated life
test on one insulator,

Exporirental Works Inavestizations on this projoct were contimed along two
linest (1) neasuranent of conductivity dinducod in electrical insulators by beta
radiation fcr general application in nuclear tatteries and (2) fabrication of
sc1id tritiun-zirconium sources for tritiun batterte. v-ing either a vacuun or
2c1344 dielectric,

(1) In the insulation tests, induced conductivity was neasured as & function
of three variablesj} rate of beta radiation, total dose of beta radiation, and totad
irradiatior tine, Expirical equations were derived to relats the conductivity to
these veriables, Close agreenent was found betweon theso equations and those used
in photoconluctor theorys A4lso, Fe T, Farmer in Enzland found sirmilar equations
for insulaters under gerpma and x-radiation.

Three types of batteries were designod using solid irnsulation, One type was
febricated using polystyrene insulation and a 10 nilliicurie strontiun 90 beta sources
This type of battery, which had an output curreant of 50 nicromicroanperes at gtero
voltage, was found to develop over 20,000 volts with only a 1 cubic inch volune ip-
cluding the shielding whizh reduces tho extornal roiiation field to less than 10
mr/hr, A second type of battery was desisned for hijher currents with stroatiun $0
sourcose Nica was sslected as theo insulator since life test data indicated a sig-
nificantly higher dose of radistion could be rocoived Ly nica before dejradstion
conparod to polystyrenc. The third typo, wmhich is still iu the research stage, usee
8 thin dielectric filn with a tritiun source,

(2) Saveral tritiun beta sourcas wore fabricated and tosted in both sealed-off
and domountable vacuun battories, Soaled off nodols of tritiunm battories utilised
the bota exission fronm solid tritiatocd-zirconiun sourcos, carbon collectors and
vacuur insulation. The inditial models of these batteries are boin3 designed to
yiold 1077 amporos at potontials to 1000 volts in a voluns of 2 cudic inchess Ime
proved construction tochniquos nay reduce tho volume to nearer 1 cubic inche De=
mountable tritium batteries havo ylolded potontials of sevoral thousand volts at
current efficioncies of .75 microzicroanpures per rillicurie with s porous carbon
collectore Other pronisin; materials for colloutors include borylliun and borone
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To detornine life characteristics, studios of heliun ~volution from tho trie
tiated-zirconiun duo to tritiun decay wero nade a&s woll as tho effect of gas upon
tritiun dbattery pcrformance. Tho life of the battery appoars to bo in excess of
50 years based upon an oxtrapolation of our results to date, Also, tritiun vapor
frossurc neasurcnents froo tritiated-zirconiun to tonperawures of L00°C demonstrate
tho thermal stability of the filn,

FPuture Plans: (1) Contimue fundanental studies on tha induood condnctivity
effoct in solid dielectrics for application inj (a) strontiun batteriss with higher
currents and increased roliability, and (b) tritiun batteries with gaseous or solid
bota sources (thin filns), '

(2) For application in vacuun tritiun batterios, fundanental studies will be
contiruod on; (a) holiun and tritiun evoluticn froa solid tritated sources; (b)
nethods of inproving tho efficiency of the tritium source and collector for minima
voluno {loss than $ cubic inch for 1000 micronicroanpores),

Tritiun battery requires no shielding for external radiation, 7Tritiun enits
no Caora ryYys.

NUCLEAR BATTEJES

- 4

Alexandsr Thooas
Tracerlab, Ince

Purporc: Utilizin; the principle of radio-ionitation of a gas botween disw
sicilar retallic electrodos, to develop a 60 7olt and a 300 volt compact tattery
delivering up to 1079 anperes and having a useful life of 15 years over a tanporss=
turo rarge fron =O59F to 1059F,

His 1 Cocbinations of electrode couples and insulators had been made fato
battery modelge The rasult showoed gencral azroecent with thoory and showed procise
that all the technical requirenents could be not with ultinate successe

Experinental Work: liow test nodols cado with different plastic insulators
showed rarked aifsiarunces in characteristics with tins, due to radiation condition-
in; and radiation de;radation, .As the current capacity was increased by increasing
the aaount of tritiun per coll, the volta.o was dopressed because of radiation in-
duced conductivity in the insulatisn, Thors was also a hich tenporature coefficient,
ntich scericd contrary to the krown thaoretical considerstions, Purther nxdifications
in tho clectiods couples ond {nsulators have beon nads in order to inmprove the cure
rent=voltace characteristics and to roducoe the effect of teaperature,

Puture Plansg If tho present exporinentnl progran is succussful, podels of the
300 v5It battory will be mado and tosted, Dovelopncnt of proluction techniques for
purts, assasbly, and capsulation of othor desi;ns £il1lin; spocific requireconts wdll
then bs undortakane '

ol To operate ordinary flachlizht - tho tritiun roquiroed would cost $200, edllion
arse

Tekos soveral weeks to build up encuch char,o to fire flash bulb,

1]
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ATOMIC BATTERIES

bty

P. B. Ohmart, H. L. Cook; R. Kerkhoff, W. W. Lyona
Ohnart Corporation

This papor describes investigations and ressarch on atoaic battorles which have
beon conducted during the last four years, with the rosult that a number of batteries
have boon dovolopeds :

One battery vhich has boen developed as 2 source of constant current and ocons-
tant voltege, spocificelly for Air Force applications, is 1-1/0 inches in dismeter
and 3 inches longe It gonorates currents of 5 x 109 anperos with an open circutt
voltage in excoss of one volt vhon cxcited by 10 nillicuries of strontium90, Nete
surangnts have gshown the output of those battories to be constant over lon: periods
of tinos Thay havo low terperature coefficionts, will oparcto over vide ranjos of
terparature, arc extrencly rugred, and will withstand sovere nistreatneat without
dana-e,

Anothor battory that has boon dovelopod, s & multi-—coaxial unit 1-1/2 inches
in diemetor and 2-inches in lengthe This battery hos o center woll in vhich the
sourcy is mountods It has .xoator officioncy than the sbova battory,

The third unit has boan davolepud for usc with Ohpart Basity Gauros and 13 a
variable currcnt battorye Thoso aro usod as conpchsatin; ceclls to furnish constant
curronts for milifyin~ purposos. In thoso battorics a sourco is mountod on tho ond
of a nicromoter scres so that tho ~oonmotry of thy sourcu &nd coll can bo chaniod,
thus alterin: the output curront,

Radivoloctricity « genaratos trivial anount of cloctricitye
NICKEL, C.DMIW
vy

Dre 0. Lo Brurstark and H, Ke Scicor
Sonotono Corporation

The work dono in tho past yoar on this devalopnont contract has boon diroctod
toward throo otjcctivos:t a study of char o rotontion over & ranso of storage too~
poraturcy inprovorunt of hirh rate discharto perforancoy and davolopnunt of & roe
scTvo typu, “dry char od® battarye

Tha approach taken in tho eharie retuntion phase was to study this proparty
usin; throw=plato colls storod in a substantially oxy  un=frov ataospharos Tho boe
tiwvior of both platos was studiod Yy soloctin: plato capacitios so that in soce colls
the "lindting® cloctrodo wes the positivc end in others, the nugetive, It was found
Y.t tho rato of loss of charge 4s much jroatur Cor the nc_ctive than it is for the
positive uloctrodas, Tha data indicato that the latter will rutain JOL of charge for
;;;‘l’vo nonths ot LO’F., ninc ponths at 00°F,, four wooks at 1259F and four days at

L8
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The hizh rate porfornmanco prézras has boon ‘dovoted principally to proparation
of tho cells for the tost progrnm doscribed in last yoarts paper, Procoutions have
boon taken to olirinato, as noarly 2s possiblo, tho axtrunoous offocts of “unknown®
variableos in sintoring and procossing the platcs and assambly of collse

Satisfactory porfornanco has been obtained fron “dry-chargod® collse Howovor,
unloss storod in a dry, oxygon-froo atoosphoro, t.0 rate of loss of charge is very
sinflar to that of non-reservo typoe colls. Oood low tamperature perfornance is also
givon by thoso cells, L

In addition to work done on this contract, somo othor intorosting cbecrvations
and data aro prosonted concarning the porformanco of colls and thy individual eleo-
trodos aftar soveral yoars storaga and aftor extondod accolorated qroelings

NICKEL~CADMIUY

W

Arthur Floischor
Nickol Cadmiun Battory Corporstion

Purposos

Ruscarch invostizations have been oxtendod to includo tho positive sintored
platos and soparators after the conpletion of tho study of nogativo plate charace
toristics, Tho prosrac 4s aimod at an inprovonont of perfornancoe over & wido rangs
of tcoporaturc and discharge ratose

Exporinontsl Vorks

Tho studies on nogative platos lod to tho discovory of tho “axtondor® or ®axe
panjor® proportios of alkalino ulectrolyto-soluble cclluloss dorivativos, The effoct
of tho aiddition of such coupounds on tho cycling characteristics of nopative zintored
Ratos will bo roviovod, Ths abscnco of a similar offuct in structurally analogous
conpounds has also boon detorninods

It has nlso beon found thet high charging ratos tond to clinincto tho advorse
offact of cycling on tho nosativu plato capacitye An incroasc of chariing curront
dunsity fron 0,03 cmpero por squarc inch to 0.l anporo por square inch with tho
sarc total input is sufficiont to acconplish this favorablc effucte

It has 2lso boon found that thu incroaso in tha open circult stand of a dise
charsed nogativo plato from throo hours to onc wock mrovents loss of capacity on
cyeling, oven at tho low charging rato, This fact appoars to bo in contradiction
to tho oxpoctod brhavier and is nct in confernity to proboblo rocrystallisation pro-
cussos in thoe activo natorial,

Studios on suparators for alkalima battcrics have boen undortaken with a viow
to find porous soparators having the loacst offoct on tho dischargs voltage curvo,
ospucially ot hich ratose Those rusults will bo supplonwntced bty shrinkajo and 1ife
doeturrinations, os woll as Yy doturcinations of clectrical rosistivity in tho hopo
of corrolatin; coll bohavior with tosting nothodse
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Studios on positive platos hove beon dnitiatod with rogard to tho effoct of 1
various proparativo conditions, 71ho principal difficulty has boen in tho absonoe i
of corrolation of rosults at low tenporaturcs with the known porfornanco of large
battories fron 70 to 150 A.He 4n capacity. It is probablo that ths threo=plate {
tost cocll will have to bo changod to cells having closor similarity in plato nume
bers and rolativo volumas to actual battury cells, 1

Futuret
Tosts on soparators and positive platos will bo contimuod with onphasis en the
offoct of sddod inpuritics cnd nodification of tho positive active nmaterial, Jddie

tional tosts will bo dovisel to attenpt to dofine chargo accoptance, partiocular
at low temperatures, .

NICKEL-CADMION
by

B. ¥Willihngans .
Gould-Notional Batterios, Inc.

Rormotically sealod nickel cadniun battorios cre now boing mada fn Aho Unitod
Statos. This sealed construction is such an operating convunionco that the entire
ficld of battory applications can bo roviewod to loarn where tho now battery has
possibilitios. Such a roviow must be based on tho charactaristics of tho nickel
cagriun soaled ooll,

At presont only *D® siro and "F* sizo flashlight bottorios are toing nadoe
Designs aro available for a sories of smallor sizos, and whero capacities of 0,00
to L.0 cmpore hours are roguired, batteries can bo provided,

Tho battorics wore assigmd for scrvico at the fivo hour rato. 4t highor rates
thore is somo folling off of capacity, but cvon at thoe 30 mimute rato, thay still
daljvor SOK of their raotod capacity. Whore higher rotos aro darmanded, 4% appears
possible to dosizn tho battory to produco thanm, although up to tho presant such bate
terios aro not availeble,

The battorics maintain thoir capacity and voltage &t low toaporaturos, so thst
whore suh=zaro conditions are oncountored, thoso soaled battorios may purforn satise
factorily whoro prinary batterios nay not bo able to supply the roquired curront,

Tho battorioz havo good sholf 1lifo. Thoro is sono loss of capacity during the
firat fow woeks of storago, but tho subsoquont solf-iischarge is slow, omd it looks
as though thoive will bo 508 of tho ratod capocity remaining after ono year,

Tho battery can bo stockepiled. Jattorios can bo put in storazo for soveral
yoars, and whon a situation eppoars to warrant, the battories can bo chargod, If
the cmorgency dous not dovolop, tho battaries can bo roturnod to stock to await the
noxt timo, or 4f a coatinuing alert is nocossary, tho Lattories can bo kopt on a
float charge for soveral years,

Tho batterios can act as voltage rojulators, Whon tho battory 4s put on charge
at sonavhore noar the ratod curront, tho cells dovelop a countor ZMF which is only
slichtly affectod by tho charge rate or tho tonporaturo, Spocial calls are pade
without active matoricl for usu as voltajoe rojulators, Assomblios of those oolls
can, therofore, bo tuilt up to givo a stabilizod voltago at eny dosired lovol, and
various coll sizos can bo usod doponding on tho range of curront to bo supplied at
tho controllod voltagec,
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. ZINC-SILVER OXIDE
@ vy
Jo S. Dono
The Eajlo-Pichsr Canpary

Ixae

Purposos .

T> conduct invostigotions rolating to tho devolopoont of high rao-mm and
non-rasorve battorics utilizing tho zinc-silvor oxide ayston, These investigations
also onconpassod dcvolopnant of remotoly controlloed activating davioes, . -~-i'ﬁ,z

Experinontaly

Tho shelf lifo at 1250F has bacn incrcased to approxinataly twico that proe
viously roporteds This has boon brought about by incroasing tho spocific pravity
of the cloctrolyto, tho uso of rylor in conjunction with Visking and Viskon and
the uso of soldorless torninals,

Tho usc of anino ion=oxchanze filns, in conjunction with Visking, has proven
satisfactory 4n cyclod colls up to thirty cyclose

The nothads of activatinz both "A® and *3f battorios have been irprovod by use
of vocuun tuchniques, Two advantages aro immodiotoly cpparont: The "3® battories
can maw by constructod without manifolds, thereby incrocsing sholf life of snaller
"B® battories and all colls of the lorpger ®A® cell cocplononts may be fillod siml-

‘ tonoouslye

A workablo mcthod for activating both A% and "B bottoerios Yty remoto control
has boon duvclopeds Such battorics have boen activatod nnder load 4n onc sooond
or less,

Fature Flansg

Future work will continue along prosont lincs with onphesis baing placod ca
furthor inprovemcent in sholf life of activatod battorisas; contimuation of the ¢yo-
ling progracy and additional cdovolopnont and dosign of runotely controlloed activae
ting dovicos for divarsifiod roquirononts, Work on activating devicos will be
directod teward a final dosizn which will bo roadily adaptablo to all units of tho
standard lincs of ".\* and 'B" bat.torios.

ZINC-STLVER OXTDB

ty

Paul L, Howard
Yardnay Eloctric Corporation J

Athoush the Silvor-Oxide = Zinc systun has boon knowa for mary yoars, tho
first succossful Silvur-Oxido = Zinc socondary battory was dovolopod by Mre Henrd
andros  Since World YWar II Yarcdnuy Eloctrie Corporction hus devolopsd this smystea

0 into the prosant succossful product,

)
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Ovar this period, rochargoable cells have boon improvad from 8 few cyclos with
sovoral weeks 1ifo up to cells with over 300 cyclos durin: a period of 26 months
and still oporating at reduced officioncys Colls with capacitios ranging froa
o1 AJHs to 100 AeHs are stendard production itens in cry of thres types as followss

1. IR cells built for high rato discharge for 10-1S cycles over & six - nine
nonth pariod,

2+ -V colls built for medium and modoratoly high rate discharges M’MO
cyclas ovar a nine = twolve oonth poriod, e

3+ IR colls for modiun and low rato dischar;os for 100 = 300 qrclo; m
yoar's poriods

Gonoral performeace charactoristics aro givon ond mothods of more efficient
usa of the tattary at low tamperatures dom to =S5OF will bo Givene Chrrgod sholf
conditions and lon th of stand are iven, With proper storage coniitions battaries
have a charged shelf of over one yoar with 00S capacity saintenance,

The resoarch and dovelopmont mrogran is contimiously aarrivd on by Yardnay
Loboratories under direct cogpany funds to further izzrove the /o o purforw-=nce
of tha asysten. This has brought about {xprovad wot cholf 1ife x 4 4t 1s hopad wildl

nako still yroater inprovenontse
TEST MZTHOD

v

Dr. Kark Kordosch
Siznal Corps Encineorin; Laborstorics

Thao determination of tho stace of chargo of zlkalino storage bettorios has
ctined 4n importance in rocont yoars bocruso of tho incroasin; uso of such battories.
To ovorcone the uncortadntios of the ordinary test rathods which failod boctuse of
tho oxtromely flat dischar;e characteristic of theso battarios, a new nothod was
dovolopod soveral years n,o which elicinatod tha errors duo to tho resistenco lossos
in the intornil ond axternal circuits, A4t this confcronce, last yoar, tho basic tost
oquippents ond prolininiry results wero ¢isclosod, This yoar, further inprovenonts
and some practical applicutions wili bo discussed, including thy possibility to ox-
tond the basic mothod to othor typos of galvanic cloonts,

Tho main principle of tho test procoduro is to cpply a pulsating chargoe or dise
charye load to tho battory nnd nensure the volta,c durin, tho no curront puriods bote
ween tho load pulses, thus obtainin; a potontial fruc of tho voltago drop cruatod
by tho curront ocross tho intornal rosistanco, Tho polerization of tho battory is
equal to the effoctive curront flow,

Additional principlos are to notsuro tho voltago undor load at differant time
intervols % eliminate the uncortainty of tho starting point of tho tast, or to ape
Fly two difforont current loads and Jdoturnine tho corresponding voltage dLfforonces,
thus coopensating for diffuroncos in currunt donsitios within individual batterios,

4 difforont mothod is usud on high current-reto battorios whore a pulsating
load is iopractical from tho standpoint of oquipont dosigne The battory is put oa
¢ heavy constant rosistor lood and at tho sano tinmo, tho intornal rosistance is
masured, mokdng it foasiblo to find tho actuc) E, M. Fe using & sinplo graphe
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Basad on thoso principles, oquipronts woro constructed to fu1r41) spocial tast
roquirenonts with the ninicur, of nccossary parts, decroasing woisht cnd sise of the
tosterss Four typos of such test circuits will bo doscribed and circuit foaturos
will bo shown,

Up to tho prosont tino, the tost mothods hevo boon appliod to Mi-Cd, AgO=Zn,
Lond-acid and HnOp~collse Tost rosults will bo shown and the rocormonded future
progroa will bo outlineds




