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A, Firs t  series of des' ns 
The first de dmt3 f%%d the genSrd e - 8  Of the 25 -XT+hOm. 
cell (H325(S)) which was the first comuer~ial maled silver-dnc cell 
developed by Yardmy, 
met the 3 gears wet  u f e  requirement, 

The separator syatern w a ~  heavy, attampting to 

pb. 1 (cells I to 3) *+* ?Oa IVB electrodes 
bscrlption; 

Nrrmber per celh 6 

Weight of active materid per plate: 

%row plate prepared from finely divided sflver and 
an expaned silver grid (*EXMEP) by rolling and sin- 
*ring mtkod, 

matg si=: 3.-29/32'W x 3-1/8"H x ,002"Th, 
10.U &rams 

b) Megativt? electrmdss 
Descripti on: mr oczs plate cansisting of two half-thickness plates 

and a curm?nt collectfng silver uire loop, pretsaed 

extrusion &hod From dm and* pssd4r c o n t a  
2% of mrcuric oxide and a small 
fibers and an organic &der (CH: 

tagether, W h  ~ X - W C ~ S S  prate fs pmpawd 

oportion of rqvIln 

Number per cell: 7 

Might of zinc oxide per plater 
vlate sfm: 1-29/32W x 3-$/8"H x ,OhZRThm 

11.2 grams 

c) Separatorsgatern 
hsit&ve plates are mapped in the separator material in pa5rs to 
form Udhaped two-plate units, 

The wrap consists of (starting f r o m  tbe positire plate) : 

Three layers of C-19 (cello- mmbrane, b a t e d  by Yardney 
C-19 FOC~SS) 

Each negative plate i s  contained in an individual PVA b8& 

The negatlre plates are dispaaed between the arms of the U shaped 
positive u n i t s ,  between the uni ts  and outdde the end units, to 
pt.ovide an alternate plate assembly having negatim plates at both 
ends. 
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saturated with 

l3-a 4 t o  6) 
Bo. 1, eacrapt thirt the content of mrmxtc odds ma 

2 05%. 

L+%re g iwn t b e  formation -le€#, according to * following rem 8 
charge: 1.0 azqp ta 2*05 Volts. 
discharger 10 amp to 1.10 Volt80 

After formation cells were sealod and gfmn 9 manual cycles at the sa# 
retasa 4w spscifbd above. The results 8218 summarized in table I. 

It m a ~ r  be seen fram table I that the outputs varied widely from cel l  to 
cell  and fkmn cylele t o  c p l s  in ate of tha law rates of charge and d i e  
chprge used, Thia variable (and m o s t l y  belcrw normal) perfaneanee is 
churacteristic of cells with irrigation p-oblems (lar rate of diffusion of 
electron csfiging ions through tb highly resistant separatore), 

This observation on the pel iminaqy cycl ing results ma coniirmed during 
the high rate tests, %e cells were sc?xxNed to be placed on an autamstic 
cycler i n  a 100 ndnute cycling period consisting of a 65 rnfrmte charge 8nd 
a 35 ndnute discbarge, with 8 ampam-hms output on each discharge (as 
reqxired in the orlglnal MS-4 specification, which was later modfiied). 
few rzaRna 1 cycles, run at the charge and discharge rates correspondlrg to 
the 100 minute, 505 depth cf discharge cycling reg- revealed the inabFlity 
of the cell to perform properly a t  that regiFle (fully discharged cell  accepted 
only 5 to 7 arapere-hours of charge). "herefom the plans to place the cells 
on autolnatic cycler were ctropperl. 

A 

No significant difference wzs obsemed i n  the performance of cell using 2% 
or 245%arsrcZrric &de, 

B, Second mrles of deslgna 
sevbral vitri aticms on ti& separator systemmre tried. 
designs the amount of actim materials was decreased for a looser ce l l  
pack (& cel l  peck8 are often subject t o  irr3gation problarns) . 

Besldes, in 801118 
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It may be men ~ F O A  these resnlts that the cella u i t h  PVA separator perfom 
poorly, o o m d  with those rising c-19 only. 
and reealts on ather s5lver-d.n~ cella revmU,.ng that the PVA is rery stron#$Ly 
srttaewd by the electrolyte at high tanpSrakZ%s and I t s  elSchlyt&dl fd- 
sistance at law tsmYperatnre is very high, t h i s  material uaa abgndaned, TM. 
was dona r81mtantly, dnce taVe PPA is an excellsnt silver stOppe4r, thps con= 
dx3erabl.y prolonging the BheU Ilfe of the cella. 

On the basis of t h b  co~~lusiaa 



The prellmLnarg testa on cell 9 to 12 (with ITA) ctfd not justdfy any atteqt 
to put t h e m  on antmatic -ling, 
changed from 100 xlnates to 3 h-s. 
2.4 and 3.0 amp cbsrgiag rates vas clearly belaw requlmmmtrr. 

thw t b  cycling pried had been 
The p e r f m c e  of them d l s  at t b  

Practically no difference was f d  betawn cells with Wferent cell pack 

calla 1 to 6 (designs 1 and 2) #as not c a d  by a tjght cell  p c k .  

Cella 7 and 8 wem put on autopaatic cgcler 011. R 3 hour mung period, 

mn at  6 amp far 60 ndnubes, (instead of' 12 amp for 30 dmtes) Sirwe at  the 
tinre the final NASA 6pecipicptiortraere not yet received. The two cell battery 
ran 5s cycles, Over a period of 7 days, after which the end of di.cbrge volb 
age fell belaw 2.50 volts (1.25 V per cell). 'phis was c0n-d as a Crit.rc 
ium of .r^allm.e and tha test  was stogpeb 

Cells 13 an8 It put on automatic cycling at the saw mgime failed far tb 

AFter failure, cells =re g iwn  twa  la^ rate cyc&s(o- at 1.0 amp). 
capaciw on the second cycle was aa f o l l ~ s . :  

ti i3i?tneG8, 2% Was C O n C l a d  that the Of pOOr ob 

Haw- 
ever, thfj charge tireE, W a a  120 I.ninates (insdead of 150) arrd the discharge was 

saxle 1-eason after 52 cycls& 

'Ihbir 

C. Third se&s of designs 
was lcncnun befurehaJpd that lou concentration ISOR salutdonS 
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a) B e  width of positive ~d negatik electrodas was incleaSed to 1- 
33/32.. 

b) Accurdingly, the amount of active materials was increaaed by a*- 

c )  %e 8lectrol;rte wan 25% KCIR, saturated vltth ZnO. 

Design Na. 8 (cells 17 a d  18) 
&m as design M. 7, except that 31?&Ei was  w d  i n  l ieu of 25% 

Bo. 9 (cells 19 end 20) 

=** 3 1  

n KO, 11, (cetls 9 and 10) except that 2 9 -  KOH saturated w i t h  
uas ttded in % Of the 40% solution and the plate d h  vas increased 

to 1-31/32, with a c a r r e s p o ~ . g  increase in w amount of active naterid. 

The perfornance of a l l  the ce l l s  was,  fn pnerzl, satisfactory, and it was 
decided to plrt cells 17 ,and 18 in automatic cycler 
c g r r l h g  reg33 was in m m n t  with the l a te s t  NdA specifycation. 

The ce& ran g5 cycles before failure, due to low end-of-disc?mrge valtagm, 
The pmsamre of the cells was constvrtly checksd (the cells were adapted uith 
pressure &auges) and it never exceeded 35 pd& 

as a two c e l l  battery, Ths 

Figul.es 1 to 9 show tb dischar@dmr@voltage characteristics of lib baCbrp 
after 20 LO, 60, 80 100, V O ,  l40 1 9  and 1% cyclee, The -8 were ab 
tJned wfth an Btedine - Angus vohage rocorb? which prmamently rmnltored 
the battery volt-, As may be seen by tihe discharge curves in succemdve 
apcles the failure ui?s gra$ual, The discharge wlltage was praictlcaU~~ ccm- 

seen by cycle 120, vhen a very slight Cup appeared just at the end of disl 
charge, The dip was sonmuhat nore prommced by cgcle a0 ( a M  2.77 wltpI), 
It reached 2.7 Volts by cycle 150 and slightly omr 2.0 v o l t s  on cycle 155, 

stant Far t;tse iirst loo q c l e 3 ;  the 4- signal of fmpemdung failure can be 

It should be n h d  that an irtcormct ad$tmtamfi of the charge resistance re- 
sulted i n  E higher charging r a t e  than the specified 3.4 amps. 
the dz r ra t lm  of the charges was less thm 150 minutes (of figs. 1 to 9).  

For that resew 
This 

have had tb effect af cutting saAlewhat s h e  ths cycling life of the 
battery, 

, .  
t- ..- 

dftRr failm, both cells -re given two mannal cycles at low rate, 
second discharge cell No. 17 yielded 7.0 anq~re-hcms and ce l l  No. 18, 7.9 
ampere-ho~rs. These outputs pass the q d b g  mq&remm t (6.eAh) bs w 
a narrcw margin and did not justify PurtIrjr testing. 

On the 

Sheet 7 of 17 



. RE- 1110. 4724 
W ( S )  CELL FclR 
SATELLITE APFTJCATIOIPS 
nAs4 

The a e d h  y8m &saected and the folladng wa8 f d r  
a) The (UJLltmt of silver in the separator, although not very high (abortt 

of the original active silver in the cell) ,  ia adbgbntlal conlddering 
the shmt uet W e  of the cells. 

Ths ahapt ahonge of the negative electrodes was coaliderabler 
of the m a  of the plates was washed aat, 
probably dn? to this reason. 

about 
Ths failure of the cells was 

The podtive plates had large dark areas (aver axidea) at  the top and 
at the d & S ,  ca~l.eepondiag to the w a s  of the negatives wbem the e v e  
m a t e r i a l  wae thin or missing altogether, 

dde8 the 1 QW concentration KCIR, another vay t o  Inprom the i r r igat lan 
of the aell pack, is the use of very absorbent ma4mrials around the cell 
elec-s, eepec- the positive electrode, 
uem aoeflabls long before the beghhg of t h i s  eontract but a l l  of t lmn 
VBFB too fhZck to be taken in consideration, sime the u8c, af any of t h s m  
would serioaaly reduce the amount of actim materials and therefore the 
Mtid capacity of the cells,  Hc#ever by the am3 oh 1963 a m u  m a k a l  
(or rather an inprovemnt of an old onel developed by the Pellon C a r p . ,  
censirting of highly ca lended ,  non wven polpd.de fibers, uaa being 
tested in 8c11oe of our ceUs, This matcerisll called P4, coaabines an ex- 
cell& electrolyte absorbtion with a mht lwly  lav tuckne~ts. Besides 
it is very renMmt to the attack of the Km and the 8Flver. 

Several af thbsrs ~ t e r l a l s  

It waa thought comnient to try t M a  material on the NASA cells, and a 
new aeries of designa we= built and teated. 



Tbe batterg i d l e d  au in pwiow tes ts  becctua of law e d  of diti 
charge ml-, A alight dip at  flbe end of dischrge was 
served by cycle 80, huwewr, it only becane &#ficant afder 110 cycler. 

ob- 

b) Cells 23, 24 and 25 
%e perfannanoe of this battery, which ran 182 cycles is 33.l-W in 
flf3=-s 15 to 24. 

since the design ab th is  battery, w%th n&ar modifiaaUons, was mod 
far the 3 cells shipped NASA, "B shall exandm its performance i n  de- 
tail, 

T a b l e  4 sfrms t b  capsity of tb cslls in deep cyclss, CLn cyelas 1,2 
and 3,wbsn the cycli!qg rates uem the 
period, tbs eami%y ranged from 17.0 ta 20.2 ampm-hOlSr8, a very good 
cmtw considering the 
io3 in the cells. 

as u n d  in the 3 hour cyclbg 

rate of charge and the emwnmt of actlve nmb- 

Far a better interpetation of the voltrrge characteristics of the battery, 
it should be noted that them was an *ell voltage drop of ab& .2V, 
because ths c a l l s  -2% tmllmCt0d Wi* lams ia8tead ai at* COtl l3BCtQtS~  
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20 4.03 

40 4.01 

80 400s 

100 3.95 

120 

lira 3.89 

160 

180 3.70 

hrther study of the discharge curpes leads to t b  discovery that 
after t b  bttery voltage drepped t o  the m n o d d e  level it did nd 
keep a steady plateau, but doped dawn to the V t 3 ~  end of diechel.gs. 
This s lop Wafs not very pronounced at the b6gixmhg of the mltng 

abssncu of a steads 
ir a adgn oi rrcgative electrods fa-. 
but increased qmle tw cycle, bee-g wry steep by cycle 180, 6 

plsrteau volt- in a cell (or batterg) 

. -. . 

.- 
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The cells -re diaected after the eecond discharge and I m m a i a t e ~  it becam 
obvious that -the shape change of the mgatim electrodes was the cam of their 
failure. 
were either dssfng or very thin; the corresponding area13 of the  positive plates 
were ially or partially charged, The positive plates  were in good condition and 
80 was ths separator sggtem, 

Iarge amas et the top and at the sides of the negative electrodes 

E, F i n a l d e  
earlier, the f i n a l  design was almost entirely based on design 

NO, I l  ( ce l l s  24 t o  26). 

That decision was prbar3ly based on the cycling life of the cells, the 
longest that could be obtained cmpatible wlth a reasenable uet life and with 
an adequate Fotection against  early shorts. 

a) Cam, c m r ,  hardware ani pot% 
'he caet?, cuver, hardware and ?%-rial dimensions of the ce l l s  were en= - 
tfi-identicd to those of the 12 Ampere-hour sealed silcad ce l l  previcru~ly 
shipped to  NASA (PS12(S)-l). A control drawing (pM3 dug. 8760) far the cell 
is attached t o  t h i s  report (figure 25). 

b) Paait ive electrodes 
0 Description: k r  OUB plate -pared from finely divided fiver pouder 

and an expended silver grid ("EXMEP) by ro l l in& and 
s in te r ing  nethod. The silver m e r  i s  manuf8cfIWd 
by Yardney Chendcal C a r p , ,  NaJ York, N.Y. and the grid 
is sq@ied by Egnet ~orp,, H e w  York, N.Y. 

3. e 1-31/3?'SW~3-1/8~.02O''Th. 

4. Weight ef active material per plate: 9.6 grams. 

C )  & g & i . .  electrode6 
1, De Scripti on: ou8 plate consisting of two half-thictoleaa electrodes 

and a current collecting silver wlre loop, pressed toget- 
her, Each h a l i - t h h b a s  plate is p p a r e d  extrtlsion 
mthod from zinc o d d e  powder, containing 2% of m m d c  
oxide and a emall proportion of rayon fibers and an organic 
binder (W), Suppliers: 

Far nsrcuric oxide: 
For zi#: oxide: Nsw Jersey Zinc CO,, New Ymk, Nerr Ymk 

J.T. Baker Coo, New Ynrk, New York 



e) Qectrolyte 
The e b c . t r o W  is a 40% solution of potassium hydmd.de, s u b s t d i W  
saturated w i t h  zinc oxide. 

2. Total might of active silver; 57.6 pans. 

3. 

4. Total weight of mrcuric odder  1.k grams. 

5. A c t i m  ainc to active silver wemt ratio: 0.94S 

6, overall ael l  dimnsione: (pottea, including t e n d n a l a )  : s-s/@"' I 

Total weight of a, present as zinc oxide: 54.5 g.ams. 

2=9/16W x 1-lJl6"Th. 

7. OIlerall cell volume: 15.35 e a  in0 



As may be seen, the &pat of these cella ranged fl.om 21.6 to 21.9 
burs ,  f m  a very w e l l  b-ced batbry, The cella were potted wiMEc 
Cmc fratber tes ta  and after assembllng t h e m  fn a battery, we- packed fap. 
SNPpeat. 

At the gms time, the f o l l w i n g  cells wem selected for our laboratory 
tests, snd thsrefore, eliminated from the NASi order: 
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2, 

30 

Irm concentr&.on KOH rpolntiona, iglsDylw condderab3-y the charge accepb- 
m e  of the cells, and thenfare, their cycling life. Tbis imprnrrrermnt 
is dpe CO the lau viscosity of such solntiona, whJ.ch efimfnrtns or mixb 
d m e  the irrigation d i f f X d t b ~  mrtntloned in paragraph 1, , 
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