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This e f f o r t  involved the  inves t iga t ion  i n t o  methods necessary t o  provide 
a n r o t e l y  ac t iva ted ,  silver-zinc ba t t e ry  capable of an  extended actl- 
vmted stand while i n  a sealed condition. These requirements were to be 
accomplished i n  a ba t t e ry  package demonstrating an  energy dens i ty  of a t  
least 35 watt hours per  pound. Several  aethods of gas suppression were 
considered i n  view of the  primary nature  of t h i s  u n i t  and u t i l i z i n g  the  
e lec t ropla ted  dendr i t i c  z inc electrode.  
provided the  g rea t e s t  suppression of gas a t  the  zinc e lec t rode .  The 
approach t o  extending the ac t iva ted  stand capab i l i t y  of the  remotely 
ac t lve ted  ba t t e ry  was thorough evaluat ion of three  bas ic  methods of re- 
mte, mi l t i - ce l l  ac t iva t ion ;  1) the e l e c t r o l y t e  manifold, 2) t he  gas 
manifQld and 3) t1.e individual  c e l l .  A l l  th ree  methods of ac t iva t ion  
can be incorporated i n t o  units vhich w i l l  meet the minimum energy dens i ty  
requirement. The l i g h t e s t  weight un i t  w a s  de t e rmied  t o  be one u t i l i z i n g  
the  e l e c t r o l y t e  manifold ac t iva t ion  method and a s i n g l e  sphe r i ca l  e l ec t ro -  
l y t e  reservoi r .  This method of ac t iva t ion  is also considered t o  be t h e  
mst r e l i a b l e  t o  ac t iva te .  The individual  c e l l  method is considered to 
be the  most unre l iab le  t o  a c t i v a t e  bs-t would have 8 high r e l i a b i l i t y  t o  
accomplish the  ac t iva ted  stand without degradation. 
Pethod is es sen t i a l ly  a compromise of r e l i a b i l i t y  but presents  a g-eater 
developmental r i s k  (and expense) t o  es t ab l i sh  its capabi l i ty .  

Amalgamation of the  e lec t rode  

The gas manifold 
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PRELIM1 NARY INVEST ICATION 
OF A , 

SEALED, RFMTELY ACTIVATED 
SILVL ZINC BATTERY 

FINAL REPORT 
I. IMRODVCTXON 

Thir app l i ca t ion  
Ihc b a t t e r y  uould be ac t iva t ed  upon reaching the vicinity o f  the  t a r g e t  p lane t  
a f t e r  completing an extended space t r a v e l  p c r i d .  
raparates from the r o t h e r  vehic le  and cont inues the  mlseion to the p lane t ,  p n -  
vidina electrical povcr aloag the way. 
1- ac t iva t ed  lift for the b a t t e r y  are necessary to  complete the mission. 

f o r  a s i lver -z inc  b a t t e r y  is f o t  ou te r  planetary explorat ion.  

The b a t t e r y  in a probe 

The requirements of long unactivated and 

The )robe mission represents  a departure  from cur ren t ly  designed remotely acti- 
vated b a t t e r i e s .  
hours being a possible  traxi- previously considered i n  design. 
appl icat ion,  90 days is requjred c r e a t i n g  a necess i ty  for determining the  l i m i t s  
of present designs and/or e s t ab l i sh ing  o the r  design possibilities. 
the probe battery cannot vent any generased gases during its l i f e  and must be 
p e c b e d  at  ari energy dens i ty  of a t  least 35 watt-hours per pound. 

Activated smnd t i m e  is normally expressed i n  hours with 90 
For t h i s  

I n  addtion, 

Three key design f ac to r s  are considered t o  be e s s e n t i a l  f o r  extended ac t iva t ed  
Stand h a remotely ac t iva t ed  uni t .  
hetween e lec t rodes  to prevent i n t c r p l a t c  short ing,  2) minimized e l e c t r o l y t e  
pathr betwecn cel ls  t o  prevent i n t e r c e l l  shor t ing  and 3) complete,acequate 
ac t iva t ion  of each cell.  
hrrier fo r  preventing i n t e r p l a t e  shor:ing. Factors 2 and 1 are funct ions of 
the remote ac t iva t ing  and d l s t r i b u t i n g  system 
three  bas ic ,  r e l a t ed  methods of a c t i v a t i n g  mult iple  cel ls ,  1) the e l e c t r o l y t e  
manifold, 2) t he  gas manifold and 3) the individual  cel l .  Evaluation is made 
baaed upon s tand capabi l i ty ,  r e l i a b i l i t y  and energy densi ty .  

They are 1) adequate b a r r i e r  separa t ion  

Separation material is ava i l ab le  t o  provide the  

This i nves t iga t ion  considers  

This repor t  begins by e s t ab l i sh ing  the  bas i c  ce l l  design and consider ing methods 
for gas evolution reduction. 
including the var ious sctiva:ion methods, a br ie f  treatment is given t o  the 
impact of the rad ia t ion  environment upon ba t t e ry  design. 
comparison of t he  d i f f e r e n t  ba t t e ry  tvpes is included within t h i s  repor t .  
methods of ac t iva t ion  are accomplishad without incorporat ing any unique or 
tmt ic  features .  Since the e f f o r t  was bas i ca l ly  a f e a s i b i l i c y  eva lua t ion ,  

.denonstration of the design concepts remains. 

SubsequenL t o  a discussion of the ba t t e ry  design 

A r e l a t i v e l y  complete 
The 



:I. TECHNICAL DISCL!SSION 

A basic ctll configuration vas established for the requirement. This cell 
contained certain featutes commensurate with high energy density design and 
requires processing in accorcijncc with previously established procedures 
which enhance Life/efficiency performance. Requited electrical capacity 
ir 12 ampere hours at 15 volts nominal. Neximum steady state discharge tate 
I6 8 amperes. 

To accornaodate thc ten-year dry l i f e  requirement at 25.C. a 10% 
active material 1~~1di::g is incorporated. 
an allowance for manufacturing vsriatiocs, an initial (fresh) battery capacity 
requirement of 15 ampere hours was established. 
elements are presented in table I .  
active zinc material vas included for the recomendcd gas evolution 
treatment. 
control of gassing, the actual weight impact of the treatment would be less 

additional 
With the dry storage allowance and 

The resulting cell design 
h contingency amounting to 10: of the 

Since amalsamdtion of the zinc appeared to provide the best 

than 2 grams per cell. 

TAbLE I 

CELL DESIGN 

G M S  
Silver Oxide 45.0 
Zinc 30.0 
Positive Grid 2.2 
Negative Grid 3.2 
Asbestos Separation 2.7 
Cellophane Separation 2.9 
Pla tc Conncc t ion 2.1 
Interrtll Connection 0.9 
Con t ingcncy 3.0 

Total 92.0 grama 

Active Surface Area 

. Current Density a t  8 amps 

Cell Volunw! 

Ftesh Capacity Rcquirement 
Basic Elec trolytc Volume 

Electroformed S i t  -cted Silver 
Electroplated Spongc Zinc 

0.20 8 Expanded Silver 

0.22 g Er3andcd Copper 

0.005 Qulnorgo 6000(2) 

0.001 193 Pudo(5) 
Grid Tab/Solder 
Copper Wire 
Gas Evolution Trcatmcnt 

19.3 in2 
0.41 A/ in* 
48 cc 
14.2 t o  15.7 AH 

22.1 cc 
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1) Cell Design - (Continued) 

A t yp ica l  discharge c h s r a c t e r l s r l c  of t h e  ce l l  design I s  shown i n  Figure 1. 
A s impl i f ied  discharge F r o f i l e  was used f o r  t h i s  discharge a t  room ambient 
conditions. 
opera t ing  temperature of + 5 V .  

This c h a r a c t e r i s t i c  is r e l a t i v e l y  unaffected a t  the  required 

For t h e s p e c i f k d 9 0  day ac t iva t ed  s tand  requirement, four  layers of 1 m i l  
celloghane are usca l ly  s u f  f ic ierr t .  
provide a higher l e v e l  of confidence i n  the  stand accomplishment. 
l a y e r s  of asbestoa shee t  also provide added pro tec t ion  aga ins t  i n t e r p l a t e  
sho r t ing  because of t h e i r  bulk. And f i n a l l y ,  t he  cell  cav i ty  ?s s i z e d  t o  
acco-date the  normal swel l ing  of t he  cellophane material t o  prevent ex- 
cess ive  pressure on the p l a t e  pack. 
f o r  developing i n t e r p l a t e  shor t ing .  b c h  of t he  f e a t u r e s  mentioned i n  
th i s  paragnph are incorporated to insure  t h a t  t he  cell,  a p a r t  from the  
method of ac t iva t ion ,  w i l l  r e l i a b l y  perform a f t e r  t he  ac t iva t ed  s tand  period. 
These feGtures are not conducive t o  high energy dens i ty  but  are considered 
necessary from a r e l i a b i l i t y  standpoint.  

Five l a y e r s  are reconmended here  t o  
The 5 m i l  

This p r e s s c e  increases  the  p o t e n t i a l  

An add i t iona l  consideration Cor s tand  r e l i a b i l i t y  is t he  method of separa t ion  
wrapping. Normally, sho r t  l i f e  primary and remotely ac t iva t ed  cel ls  use the  
simple "U" wrap method while longer life secondary cells  use a tubular  r o l l  
wrap. 
shor t ing .  
no t  been demonstriited. Further eva lua t ion  of t h i s  cel l  should inc lude  the  
demonstration of r o l l  wrap use s ince  an added measure of s tand  r e l i a b i l i t y  
can be r ea l i zed  f o r  t very small weight penalty.  

The roll wrap provides added pro tec t ion  of p l a t e  edges aga ins t  
The performance of the  r o l l  wrap i n  a r emotdy  ac t iva t ed  u n i t  has  

Gas Evolution 

To demonstrate the  seal?d opera t ing  c a p a b i l i t y  of t he  bas i c  cel l ,  s eve ra l  
tests were conducted using known mechods f o r  suppressing gas formation. 
These tests were l imi ted  t o  open c!.rcuit or s t snd  i n  potassium hydroxide 
(KOH) e l e c t r o l y t e  and were d i rec tzd  towards the zinc a c t i v e  ma te r i a l ,  the 
p r inc ipa l  source of gas. Materials were immersed i n  KOH and gas c o l l e c t i o n  
was begun i m e d i a t e l y  t o  simulate the  condition of t h e  remotely ac t iva t ed  
ce l l .  Collection was continued u n t i l  a s t a b i l i z e d  rate of gas evolution 
was es tab l i shed ,  usually i n  excess of 48 hours. 

Hydrogen gas is evolved from the s i l v e r  zinc c e l l  during open c i r c u i t  s tand .  
This gas is  the r e s u l t  of the  d i s so lu t ion  of zinc i n  EOH e l e c t r o l y t e  involving 
only the water of the so lu t ion .  Cas production is  inverse ly  proportional t o  
the concentration of t h e  e l e c t r o l y t e .  
dependent upon ternperaturc and so lu t ion  sa tu ra t ion .  During discharge,  t h e  
gassing rate increases, par t i a l l y  due to  the  temperature increase r c s u l  t ing 
from discharge inef f ic ieccy .  
transport/naLural convect ion occurrciices which make ava i l ab le  to  the  zinc,  
unsaturated e l ec t ro ly t e .  

The reac t ion  proceeds a t  a rate 

Also involved i n  the increase is poss ib le  miss 
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Cas Evolution (Continued) - 
The silver oxide active material a l s o  evolves gas during open c i r c u i t  stand. 
The 3116 evolved is assumed to be loosely bound oxygen and the  rate of 
evolut ion would be expected to  decrease as a funct ion of \:he. 
accelerates the  rate of gas formation from the  s i l v e r  oxi,ie due again to  
the tetkpetature increase from discharge inef f ic iency .  
expected t h a t  the rate would decrease as the  state of charge decreases due 
t o  the formation of the more srstle monovalent s i l v e r  oxide. 

Discharge 

It would also be 

Methods to  I n h i b i t  gas evolut ion have been developed i n  the  past .  
of the t e s t i n g  performed was t o  determine the  most e f f e c t i v e  iaethod consid- 
e r i n g  energy densi ty .  The e f f i c i ency  of t h e  e lec t ropla ted  z inc  e lec t rode  is 
considered to  be superior  t o  the  e f f i c i ency  of other  e lec t todes .  The elect- 
rode was es tab l i shed  as the  bas ic  design and the  prime t a r g e t  for the  gas 
reduct ion e f f o r t .  
cally, it  a l s o  is more a c t i v e  in t he  production of hydrogen gas. Methods 
inves t iga ted  were 1) amalgamation, 2) sa tura ted  e l e c t r o l y t e  and 3) add i t ive  
=tal salts. 
&as suppression. And, as  evident  i n  Table 11, t he  mercury t r ea t ed  z inc  
provides the  g rea t e s t  reductiol. i n  t h e  gassing rate. 
is pure zinc powder as a reference.  
pasted zinc e lec t rodes .  
material are shown i n  Table I1 revea l ing  the va r i a t ion  due t o  processing. 

The i n t e n t  

Because the plated z inc  e lec t rode  is more e f f i c i e n t  electri- 

The zinc a m a l g A - 1  is  cu r ren t ly  the  most widely used method of 

Note t h a t  No. 122 Zinc 
This powder is normally used i n  d i r e c t  

Two d i f f e r e n t  l o t s  (1 and 2) of e l ec t rop la t ed  

Untreated Zinc 
AmalgamateJ Zinc 

KO€! Saturated w!ZnO 

KOH + PbO/Alz03 

KOH Saturated w/ZrtO 
+ Amalgamated Zinc 

TABLE I1 
ZINC* 

GAS EVOI.LZ’IQN CC/HR 

- 
- 

ROOM TEMPERAUTRE 
Lot 1 

122 Pla ted  

2.0 8.3 
1.4 0.5 

3.1 
8.0 

0.4 

Lot 2 
Pla ted  

3.4 
0.1 

2.2 

0.1 

* 30 g r a m  samples i n  1.350 s p e c i f i c  grav i ty  KOH 

The gassing rate d i f f e r e n t i a l  between untreated No. 1 2 2  z inc and the plated 
material may be a function of a c t i v e  sur face  a rea .  Surface area ana lys j s  
result d i n  a f igure  of 0.36 square meter p e r  grns  f o r  No. 1 2 2  zinc 
2.98 m / g  for the plared e lec t rode  mater ia l .  
contact  
the d i f fe rence  i n  gassing r a t e s  recorded were not of the  same magnitude as 
the  d i f fe rence  i n  surface nrca.  Processing also inf luences the plated ma- 
ter ia l  as evident i n  Lot l r e s u l t s .  

and 
The la rger  surface area  i n  1 

with the e l e c t r o l y t e  would be expected t o  y ie ld  more gas, however, 

The higher rate of gassing from Lot l 

5 



2) Cas Evolution (Continued) 

i r  thought to be due to the presence of  ca ta lyz ing  impuri t ies  introduced 
during the p l a t ing  process. Hetals  such as i ron ,  n icke l  or platinum can 
aerve as a c a t a l y s t  t o  the hydrogen evolut ion reac t ion  v h i l e  i n  e i t h e r  
e l e c t r o l y t i c  or  e l ec t ron ic  contact  with zinc.  1 

The use of e l e c t r o l y t e  sa tura ted  with z inc  oxide does not  appear t o  be as 
e f f e c t i v e  as amalgamation. The combined treatment of amalgamation and sat- 
urated e l e c t r o l y t e  appears to  y ie ld  the  save r e s u l r  as amalgamation alone. 
R e v i o u s  t e s t i n g  of t h i s  method of gas sdppression has  produced conf l i c t ing  
data as t o  the  e f f e c t s  of  the  sa tura ted  e l e c t r o l y t e  upon e l e c t r i c a l  perform- 
ance. It is l i k e l y  t h a t  i n  a primary appl ica t ion  such as a remotely acti-  
vated uni t ,  some l o s s  is experienced i n  thc i n i t i a l  power capabi l i ty .  Since 
no long term s torage  h i s to ry  of  ZnO sa tura ted  KOH i n  any type of r e se rvo i r  
is avai lab le ,  i t  would be des i r ab le  t o  avoid Lhis w t h c d  i f  possible .  The 
reEultS ind ica te  Khat i t  is FoSSibl.'. 

Another a l t e rna t ive  to the  pxviovs1.y wn t ioned  methods of gas suppression 
woulci be to  d isso lve  c e r t a i n  (forzlEll> metal salts i n  the  c l e c t r o l y t t .  While 
some metals are c & t d y t i c ,  o ther  such as mercury, thall ium, lead and t i n  are 
not and, i n  f a c t ,  impede 1: 2 reac t ion  by increasing the overvoltage fo: 
hydrogen evolut ion on z . '  Srr;?ll amounts of the  metal salts may be .added 
t o  the electrolyte to  a': v.u t he  des i red  r e s u l t s .  A previously i so l a t ed ,  
prtsumably effective at:,: i t i ve ,  lead oxiae and aluminum oxidc, was incor- 
porated i n t o  the  tes i  evniuation. Although some reduct ion in gassl!ig was 
indlcated i n  Lot 2 material, Lot 1 was apparcntly mef fec t ed .  
the  supposed ca ta lyz ing  impuri t ies  i n  Lot 1 material overcame ar.y attempt t o  
reduce gassing by using elements with a reverse  action. In :iny event,  the 
e f f e c t  was not of a magnitude to pr  .ride competit ion with tne amalgamation 
method. 

Po:-sibly 

Summarizing, i n  the  matter of hydrogen evolut ion frdm the  zinc e lec t rode ,  
.amalgamating the e iec t ropla ted  z inc  y i e lds  the gr.-atest reduct ion i n  the 
gassing rate. Care must be exercised i n  t h e  amalgamation process t o  pre- 
vent formation cf undesir3ble s ide  compounds which reduce the  energy ef- 
f ic iency  of the  material. The addi t ion  of 2 t o  
mize the  e f f e c t .  Power capab i l i t y  is r e l a t i v e l y  unaffected by the  mcrcury 
content  and under c e r t a i n  condi t ions may improve the  performance. Gassing 
rates of less than 0.1 cc per hour from one ce l l ' s  worth of z inc (30 grams) 
are necessary t o  prevent excessive pressure build-up In  the ba t te ry .  
Limited t e s t i n g  a t  the  +5'C operat ing temperature indicated thh t  t h i s  rate 
could be achieved using the z i i c  amalgam. 
a higher rancent ra t ion  of e l ec t ro ly t e ,  the  gassing rate from the zinc 
e lec t rode  should be to le rab le .  

percent mercury w i l l  maxi- 

Coupled with possible  use of 

Control of gassing from the  s i lver  oxide e lec t rode  presents  a d i f f e r e n t  
problem i n  tha t  the d i s so lu t ion  of AgO i n  the c l e c t r o l y t c  does not produce 
gas. The rate  of evoluticjn which is less than t h a t  experienced with the 
z i n c  s t i l l  remains as a cont r ibu tor  t o  the  pressure build-up i n  the 

6 



2) Gas Evolution (Continued) 

ac t iva t ed  cell. 
oxide in the  e lec t rode  causes evolution of oxygen. The bas i c  design CC,P 
e lec t rode  is  1 charged, s in t e red  s i l v e r  material used ex tens ive ly  i n  s i l v e r  
zinc b a t t e r y  manufacture. Elonovalent s i l v e r  oxide (Ag 0) is pasted,  reduced 

charged t o  d iva len t  s i l v e r  oxide (Ago) i n  potassium hydroxide e l e c t r o l y t e .  

Limited t e s t i n g  has ind ica ted  t h a t  t he  form of s i l v e r  

to  silver t o  form a porous, s in t e red  s i l v e r  plaque. Tit e s i n t e r e d  plaaue is 

Previous inves t iga t ion  of the  formation process has concluded t h a t  no s i g n i f i -  
can t  change or reduction i n  oxygcn evolved from the  sirttered e lec t rode  can be 
a t t a ined  by manipulating process va r i ab le s  within the  range investigazed. 
One a d d i t i o n a l  area was invss t iga ted  during t h i s  c f f o r t .  
pRsting of the monovalent s i l v e r  oxide which uses t ap  water i n  the  process. 
The i n t e n t  w a s  t o  remove impur i t ies  from the s in t e red  plaque due to  the  use 
OS t ap  water by using d i s t i l l e d  water f o r  oxide pas t ing .  
c o l l e c t i o n  from the material pasted resu l ted  i n  recording a gassing rate a t  
room temperature of 0.036 cc/hour from both samples regard less  of the t y p e  
of water used for pasting. 
t he  gassing rate. 
with time as might be expected. 
chamber r e su l t ed  i n  a rate drop to  less than 0.01 cc/hour. 

This area w a s  t he  

Subsequent gas 

The included i n p u r i t i e s  do not seem t o  influelice 
The gassing rate from both samples did appear t o  decrease 

Moving the c o l l e c t i o n  apparatus to  a + 5 O C  

An e lec t rode  was formed by d i r e c t l y  pas t ing  chemically prepared AgO onto 
a s i l v e r  gr id .  This e lec t rode  was observed i n  1.350 s p .  gr. KOH a t  room 
temperautre r e s u l t i n g  i n  a recorded gassing rate of less than 0.003 cc/honr,  
decreasing. This suggests t h a t  the composition of t h e  e l ec t rode  i t se l f  is 
t h e  main f ac to r  cont r ibu t ing  t o  gas evolution. 
a mixture of s i l v e r  species,  i .e . ,  s i l v e r ,  monovalent s i l v e r  oxide and 
d iva len t  s i l v e r  oxide. The i n t e r a c t i o n  of these elements whic'.r occurs during 
both ac t iva t ed  and unactivated stand may produce the p.;tc kt ia l  f o r  oxygen 
evolution. In the  case of thechemically prepared e iec t rode ,  these  i n t e r -  
ac t ions  are not predominate because of the  process and r e s u l t i n g  e l ec t rode  
s t ruc tu re .  The d i f f e re rxe  i n  the  composition and s t r u c t u r e  of the two 
e lec t rode  processes is subs tan t ia ted  by the  e lec t rode  performance which is 
sIg1,:ficantly d i f f e r e n t .  

The s in t c red  e lec t rode  is 

Summarizing, che s i l v e r  oxide gassing r a t e  is bas i ca l ly  t o l e r a b l e  a t  the  
expected operating temperature. No method of reducing t h i s  rate by process 
or composition changes is evident o r  necrssary.  
pasted Ago e lec t rode  has not been es tab l i shed  s u f f i c i e n t l y  t o  warrant 
consideration i n  t h i s  design. 

The consistancy of the 

Cel l  separation mater ia l  was immersed i n  1.350 sp .  gr. KOH t o  observe any 
individual g s  evolution from these mater ia l s .  The quant i ty  used was e q u i -  
va len t  t o  the amount re , . , r e d  fo r  the bas ic  design c e l l .  h t c r i a l  evaluated 
was cellophane, asbestos ?d Permion, the l a t t e r  being considered as a sub- 
s t i t u t e  fo r  celiophane. ..o gas w3s produced from any of these mater ia l s  
. w i n g  a sixty-day observation period a t  room ambient conditions.  
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2) Gas Evolution (Continued) 

Control of pressure build-up of the  bas i c  design c e l l  during extended open 
c i r c u i t  s tand is bes t  accomplished by amalgamation of the z inc  e l ec t rode  and 
Pvlintaining a low temperature of exposure during the  stand. 
duct ion of gassing can be accomplished by iccrcas ing  the concentrat ion c f  the 
e l e c t r o l y t e  a t  the expense of decreased energy dens i ty  and increased i n t e r n a l  
impedance. 

Further re- 

3) - Battery Design 

The approach to  the b a t t e r y  design requi res  s eve ra l  bas i c  es tab l i shed  guide- 
l i n e s  so tha t  a f a i r  appra i sa l  of each type of a c t i v a t i o n  method might be 
made. Of course, the bas ic  c e l l  configurat ion,  i .e. ,  quant i ty  of naterials, 
is maintained i n  each design considered. In  addi t ion ,  the volume t h a t  
contains  these ce l l  materials w a s  held constant  through each design. 

Required energy a t  rninimum weight was the  es tab l i shed  philosophy of design, 
however, r e l i a b i l i t y  w a s  no t  s ac r i f i ced  f o r  small weight payoffs.  
meter ia l  was set a t  0.052 and 0.125 inch th i ck  a c r y l i c  sheet .  Relat ively 
th i ck  asbestos  sheet  was se lec ted  as the absorbent 
an extra allowance was provided f o r  the swel l ing of  cellophane separa t ior  
These fea tu res  are b u i l t  i n t o  the  volume of t he  c e l l  cav i ty  and enhance , 
r e l i a b i l i t y  of normal performance. 

C e l l  case 

separa tor  material and 

Where the  c o i l  tube w a s  used a s  an e l e c t r o l y t e  reservoir, 0.625 inch s t a i n l e s s  
s teel  tubing with 0.010 inch w a l l  w a s  se lec ted .  
s t rength  and being l ightweight,  t h i s  s i z e  tubing is considered t o  be the most 
e f f i c i e n t  s:andard 
a b i l i t y  t o  empty e f f i c i e q t l y .  
i n i t i a t e d  pyrotechnic device (gas generator) t o  provide t h  
t he  e l e c t r o l y t e  from the storage re se rvo i r  to  th2 cel is .  

Apart from having good 

s i z e  when consider ing the weight, volume contained and the  
Each design incorporates  a r  e l e c t r i c a l l y  

medium for moving 

Elec t ro ly te  is provided as 1.400 sp.gr. potassium hydwxide i n  q u a n t i t i e s  
determined by the  basic  c e l l  requirement and the e f f i c i e c c y  of the emptying 
and d i s t r i b u t i n g  systems. I n  the  c o i l  tube sys t em,  for instance,  a n  add i t iona l  
10% I s  included to  allow f o r  emptying and 5% f o r  d i s t r i b u t i o n  inequa l i t i e s .  
In the  s i n g l e  reservoi r  per c e l l  systems, the 5% d i s t r i b u t i o n  
omitted and i n  the systems which provide separa t ion  between the a c t i v a t i n g  
gas and the e l ec t ro ly t e ,  the  emptyii,g f ac to r  of 10% can be removed. 

f ac to r  can be 

The weight ana lys i s  considers  the  u s e  of 28 gauge s t a i n l e s s  s teel  where 
necessary as a ba t t e ry  container .  Additional weight reduct io2 of up t o  10% 
can be rea i ized  through the u s e  of a s u i t a b l e  s u b s t i t u t e  mat2rial such as 
t i tanium a l loy  (AiiS4910). 
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3) Battery Design (Continued) 

With the  guidelines of the preceeding paragraphs, t h rcc  b a s i c  methods of 
remote, multicel! a c t i v a t i o n  wrt  evaluated% 1) the e l e c t r o l y t e  ra-nifold, 
2) t he  gas manifold nnd 3) the in.'.vidual ce l l .  
bc discussed i n  the  sec t ions  to  t \ , lou.  The mthods  arc r e fe r r ed  t o  as 
me 1, Type 2 and Type 3 with v a r i a t i o n s  within each type designated as 
A, B, or C. 
and variation consjdered. 

h c h  of these methods w i l l  

Table 111 summarizes t h e  weightlvolame results for  each t y p e  

The remotc a c t i v a t i o n  system cons i s t s  of 3 gas generator,  c l e c t r o l y t e  r e se rvo i r  
and a d i s t r i b u t i o n  arrangement t o  the  mult iple  cells. Dis t r ibu t ion  of elec- 
t r o l y t e  t o  each cel l  nust bc configured to r e t a rd  o r  e l iminate  i n t e r c e l l  
sho r t ing  t4roue;h electrolyte paths  s e t w e n  c e l l s .  I n  addi t ion,  the a c t i v a t i o n  
system must empty e f f i c i e n t l s ,  d i s t r i b u t e  cven?y  and s t o r e  e l e c t r a l y t e  f o r  
a minimum period of tcn  years. 
elements with emphasis given t o  ninimizinp component ueight ,  Table I\' is also 
included which presents  3 w i g h t  breakdot.-n of each design. 
t he  a c t i v c  vcliunes within each design used t o  develop the  gas g e n e r a t o r  
requirements based upon t h e  electrolyte required and the  void ava i l ab le .  

Resulting from the  considerat ion of -dl 

Table V lists 

5 p e  1 rype 2 . , e c t ro ly t e  Manifold Gas Fhnifold 
A R C A B 

Total Wefight (p) 2368 2028 1808 2165 2130 
Energy Density 34.5 40.3  45.1 37.7 38 .3  

(*,'lb) 
120 80 70 107 111 Volume ( in  ) 

Fhergy Density 1.5 2.2 2 . 6  1.7 1.6 
(*/in31 

3 

2386 2058 
34.2  39.9 

105 74 

1.7 2.4 

Design Con1 less  than 2332 gram 
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I 4) U c c t t o l y t c  Manifold Activation (Type - 1 

8 l M t r o l y t e  manifold ac t iva t ion  ia  the method mst ccmonly wod i n  rcnote ly  
ac t iva ted ,  r i lwr -a inc  uni t& 
8 lec t ro lyke  i n t o  Eerie8 connected c e l l u  v i a  a c-n u n i f o l d  uhlch d i r e c t 8  
the  flou to each cell. Slnce the manifald carries t h e  e l e c t r o l y t e  to tha 
cellr, an  electrolyte connection between cells exists, a connection which 
r e s u l t 8  i n  intern81 di8Ch.tgi- of active wtetIal8. The e f f e c t 8  of t h i s  
dirchargc i8  ex t r ea r ly  var lab le  depending upon the  mount  of e l e c t r o l y t e  is 
the manifold, cont inui ty  of path,  tb potent ia l  d i f fe rence  ant time. The 
last fac tor ,  time, separa tes  t h t r  e f f o r t  fraa c o m d y  deaigned remote acci- 
V 8 t s d  batterie8. 
tolerate internal d i s c h a r p  d w  to amnifold e l e c t r o l y t e  Icakaac cur ren ts .  
Fbr the aincty-day utmd raquirorcnt a t  r e l a t i w l y  h ish  enerpy density,  the 
lwtury of coqanaa t ing  active arterial cannot ba afforded. 

A 8 i n g h  n8eruoir and ea8 generator d i a c h a r e a  

N O N l l y ,  U d t S  h8va very shor t  ac t iva ted  life and can 

b i d e  fror de temln ing  tha tdarable lrwl  of internal dischr$a, certain 
8t.p can be taken to Mute tbo u8nltudo of t h e  le.lta@. 

wroved re8i8tace to  intercell dischat@ durine atand. 
t yp ica l  mnf igu ra t ion  of a Type 1 a y a t e r  u l t h  the  uxception of the d l s t r l -  
but lon u n i f o l d .  I n  the  de8ign of t h i a  u n i f o l d ,  i t  van attempted to achlevm 
w x b r  path lengths  urd provlde equal flow re s i s t ance  to each cell. 
l a r i o r t e d  construct ion was devised which more than doubled the conventional 
length between cells , provider a para lze l  flow and provides equivalent  
length and uhape patha to  each cell. The weight impact of t h i s  arrangeaent 
W8 conaidered to  be a good tradc-oCf Cor the  bene f i t s  In manlfold charac- 

Since the 

Fhure 2 Is a 
1 8-t- h8 8 1.r- b.ck8Wnd Of -0, conaiderat ion Y.8 8i-n to 

h 

. cetraiticr derived. Volumetrically, houever, a greacer penalty resulted. 

Because o€ the extra volume projected by the  laminated manlfold, It wa8 
decided to incorporate ex t r a  c a v i t i e s  for each individual  cell Tor expansion. 
mere c a v i t i e s  are dcrifinated a8 "air SUOY)~'' and m u l d  provide a reduction 
i n  i n i t i a l  ba t t e ry  pressure r e s u l t i n g  from the  ac t iva t ion  proce i i .  The lami- 
nated a rn i fo ld  a180 resu l ted  in an addi t iona l  unused volume normally taken 
up by t he  e l e c t r o l y t e  coil  raservolr. 
of polyurethane foam (0.22s grams/cc) u s 4  to  completely f i l l  the remaining 
voidr  in t he  ba t t e ry  package. 

This i s  displaced by po t t ing  material 

The "conventlonal" prismtic packaging of t he  un i t  with a coi1o.l tube reser- 
voir ir r a the r  l n e f f l c i e n t ,  r e r u l t l n g  in a w i g h t  which is prcjacccd t o  
s l i g h t l y  ewcead the  goal, 2368 versus 2332 gram.  Volumetric efCiciency 
Is a180 poor. 
the  e l e c t r i c a l  connector and mounting provision8 within the  confines  of the  
rectangular  configurat ion rhown which uould r e s u l t  i n  a net  decrease 111 u n i t  
weight. 

A port ion of the  unused volume could be used for containing 

llhe u n i t  discur8ed i n  tho previous p a r a ~ r a p h s  is mora e f f i c i e n t l y  packaged i n  
cy l ind r i ca l  form as show In Figure 3. Desljinated a Type 18 system, rhc 
unusrblo volumos are eliminated. The manifold i s  modified from the con- 
f igu ra t ion  dircuo8cd previously incorporating a oerics-parallel flow 
arrangement. The parallel legs providc e x t r a  lcnjith w h i l e  fn tha ucrics 
8OCtiOn, wide reparat ion can be maintained-betwoen ca l l  entries of tlw 
highest  potential difference.  
ava i l ab le  i n  c h i .  h; ign,  the uir sump r cc t ions  far individual  c e l l s  arc 

Because no convcnicntly uanblo volume is 

e lh ina t t3d .  
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4) Blcc t ro ly te  h n i f o l d  Activation (Continued) 

Packaghg t h e  u n i t  cy l ind r i ca l ly  with the coil tube resentoir w i l l  also 
al low t he  the  use of t he  coi l  tube as a ba t t e ry  cell block support  or 
container. With the  c o i l  under block pressure and the  load t ransmit ted via 
t h e  w e  of r e l a t i v e l y  dense po t t ing  material, the  s t r eng th  c a p a b i l i t y  of the 
block becones nearly equivalent to  t h a t  of t he  coil. The end p l a t e s  vould 
requi re  addi t iona l  support and end caps of stainless steel are provided i n  
the weight ana lys i s  (omitted i n  the  drawing f o r  c l a r i t y ) .  
wight  in cell case, container  and po t t ing  material amount to  14% over the  
rectaqplar form fac tor .  

The savings i n  

A 33X reduction i n  volume is realized. 

A Shird configurat ion is offered  combining the  c y l i n d r i c a l  block and mani- 
f o l d  sys ten  of the Type 1 B  design with a sphe r i ca l  e l e c t r o l t y e  reservoir. 
Designated Type It, the  design is shown i n  Figure 4. 
are i d e n t i c a l  to the Type 1 B  but  t he  block support  is replaced by a steel 
container. 
was determined to have exce l len t  c h a r a c t e r i s t i c s  as a storage/emptying device. 
Ihe sphere, constructed of 0.010 i n c h ' s t a i n l e s s  steel, has a conforming 
in tend hemispherical "diaphragm" of 0.005 inch stainless steel. 
circumferent ia l  weld j c i n t  joins both halves  of t h e  sphere and t k e  i n t e r n a l  
diaphragm 
emptying the  contained e l ec t ro ly t e .  
v i th  the spher ica l  device. 
container  and a reduction of e l e c t r o l y t e  required yielded the  l i g h t e s t  weight 
configurat ion evaluated during t h i s  e f f o r t .  
between the  gas generator gas and the  gas evolved from the  cells. Separat ion 
allows some f l e x i b i l i t y  i n  gas generator output requirements and prevents 
gas generator combustion products from contaminating the  electrolyte. 

The block and manifold 

The spher ica l  reservoir was evaluated by a previous e f f o r t  and 

A 

Application of pressure reversed the  diaphragm wi th in  the  sphere,  
Very ef f i c l e n t  emptying was a t t a ined  

The weight savings due to the use of t he  sphe r i ca l  

The design f ea tu res  separa t ion  

5) Cas Manifold Activation (Type 2) 

A poss ib le  a l t e r n a t i v e  t o  the  e l e c t r o l y t e  manifold is s torage  of e l e c t r o l y t e  
with each individual  cell and m n i f o l d i n 8  the  a c t i v a t i n g  gas medium t o  each 
r torage  device. 
for each cell. 
to seal the ac t iva t ing  gas from the  e l ec t ro ly t e .  
would el iminate  d i s t r i b u t i o n  problems and m y  e l e c t r o l y t e  path between c e l l s .  
Depending upon the ac t iva t ing  mechanism, inef f ic iency  of emptying would a l s o  
be redvced or eliminated. 
design carrying within the possible  advantages mentioned fo r  the  Type 1 C  
design. 

The s ing ie  reservoir is replaced by mul t ip le  r e se rvo i r s ,  one 
The use of E force t r ans fe r  diaphragm o r  p is ton  is necessary 

This method of a c t i v a t i o n  

Sepatai ion of ac t iva t ion  gas is inherent  i n  t h i s  

After considering other  possible  opt ions and the  problems associated with 
sea l ing ,  t he  individual  e l e c t r o l y t e  s torage  reservoi r  was se lec ted  t o  be a 
r t a i n l e s s  steel sphere. The se l ec t ion  was based upon the a b i l i t y  t o  scal t h i s  
reservoir s a t i s f a c t o r i l y  for the required unactivatcd s torage  period and upon 
its competitive weight w i t 5  o ther  a l t e r n a t i v e s .  The arrangement €or t h i s  
design is shown i n  Figure 5. 
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5) cI8 b i f o l d  Activation (Qatinued) 

Bach cell wuld b. actrvated by a sphe r i ca l  activation/resewoir device ap- 
proxiutely 1.5 inch in diameter. 
of 0.005 inch 8 t d  with a 0.002 inch  activation d i a p h r a g ~ .  
both the a c t i v a t i n g  diaphra- and t h e  sea l ing  d i a p h r a p  would be such as to 
reduce t h e  de f l ec t ing  resistance so that a c t i v a t i n g  pressures  r t g h t  be mini- 
mired. 
.#I manifold conatructed from acrylic p l a s t i c  she!et. 
.pharical reservoir, t h e  cell cav i ty  must be c o n s t r u c t e d i n  a cub ica l  shape. 
mi0 wuld requ i r e  the use of -re electrodes of  smaller area than  used i n  
the cell8 of a11 other de8igm8 in t h i s  e f f o r t .  Packaging the  cell i n  t h i s  
dupe uould tend to be aukward from a f ab r i ca t ion  s tandpoin t  a n d s l i g h t l y  in- 
efflcbnt ueAghM8e due to t h e  need for add i t iona l  i n t e r p l a t e  connections. 
CaU. care packagiq efficiency is improved. 

The cons t ruc t ion  of the  sphere would be 
The design o f  

The sph6r ica l  reservoirs would be interconnected v i a  a seal p l a t e  
To conform to t h e  

S o  unu8ed volume projected by the sphere is converted to indiv idua l  cel l  
"ak 8 q S n ,  as mentioned i n  t h e  design of Type lA. 
r e l a t i v e l y  large, could be used to f u r t h e r  decrease t h e  i n i t i a l  p ressures  
moult- from ac t iva t ion .  
ahso decrease t h e  pressure d i - f e r e n t i a l  across  the  e n t r y  seal providing. 
additiolh.1 confidence i n  maintaining t h i s  seal f o r  t h e  ac t iva t ed  s tand 
period. 
decrease the  o v e r a l l  volumetric eff ic iency.  

This volume, which is 

This arrangement of air sump and reservoir would 

It does, however, increase t h e  t o t a l  cell c a s e f a i r  sump weight and 

Volume is provided for an e n t r y  adapter  (entry to the  gas manifold), h e a t  
oink and gas generator assembly. Provis ions w i l l  be reqirired f o r  handling 
the hea t  from the gas generator to insure  an  adequately m i n t s i n e d  e n t r y  
seal. Since a p s  manifold is being used, the  hea t  could be shunted to t h e  
b a t t e r y  container  without a f f e c t i n g  electrical i s o l a t i o n .  
b l y  is placed in a c lose ly  f i t t i n q  s t a i n l e s s  steel conta iner  which would 
r equ i r e  very l i t t l e  po t t ing  material t o  insure  proper s u p p o r t .  

The e n t i r e  assem- 

An a l l - p l a s t i c  vers ion of the gas manifold a c t i v a t i o n  *lethod is conceived 
as che Type 2B system shown i n  Figure 6. 
case cavities used i n  the Type 1 A  (and 3A) systems. 
placed i n  a hor izonta l ly  opposed pos i t ions  and incorpora te  a i r  sump s e c t i o n s  
which d isp lace  the unused volume. 
8torage r e se rvo i r  which cons i s t s  of a thin-walled a c r y l i c  tube support lng a 
polyethylene tubular  "bag" f i l l e d  with e l e c t r o l y t e .  'ihc bag is formed from 
a thin-walled (2 m i l )  polyethylene tube whose lengtn is twice t h a t  required 
to  f i l l  the  supporting acrylic tubz. 
with a 
aga ins t  itself over an O-ring and the  p is tou  diaphragm end. The p is ton  dia-  
phragm end is doubled back aga ins t  i t s e l f  i n t e rna l ly  r c s u l t i n g  i n  
length  reduction of t h i s  sect ion.  In  e f f e c t ,  a "rol l inS" diaphragm of poly- 
e thylene is formed from a s ing le  length of tubing. The bag can be placed i n  
the supporting a c r y l i c  tube and then f i l l e d  with e l e c t r o l y t e .  
eeallng diaphragm is heat sealed t o  the open end of thc tubing complcting 
the seal of the reservoir .  The O-ring a c t s  3s a r e t a i n e r  and seal for the 
tubing a t  the c e n t r a l  fold.  A f i l t c r  screen and c u t t e r  asscmbly arc teqriircd 
on the  out le t  end of the reservoi r  t o  insure diaphragm r u p t u r e  and to  prcvent 
the ruptured diaphragm from blocking the c e l l  en t ry  passage. 
adapter is formed from ac ry l i c  shcct with individual  charniels and passages 
r c h i n e d  as required fo r  c e l l  access  ( s imi la r  t o  Type 3h).  

This design uses  similar cel l  
The ce l l  c a v i t i e s  are 

Each c e l l  has an ind iv idua l  electrolyte 

One ecd of the rube  is hea t  sea led  
"piston" diaphragm of 6 m i l  polyethylene. Thc tubing is  doubled back 

a h a l f  

A 2 m i l  

Tire entry 



5) Cas Planifold Activation (Continued) 

Not sbom 
adapter. A volume is provided f o r  these elements i n  the package. 
adapter  would requi re  a d i s t r i b u t i o n  channel arrangement t o  diagonally 
opposed corners of the block assembly to Rain access  to  the  gas mauifold of  
each row of cells. 
gas generatorexists in t h i s  design as i n  the  Type 2A system. 

the f igure  is the  loca t ion  of the  gas generator/heat s ink len txy  
The e n t r y  

A s imi l a r  problem i n  handling the  heat  produced by t h e  

The gas generated is di rec ted  t o  the  p is ton  diaphragm end of each reservoir 
applying pressure to the  electrolyte . .  The s e a l i n g  diaphragm end d e f l e c t s  
and ruptures  causing the  e l e c t r o l y t e  to flow i n t o  the  cells and the p i s ton  
diaphragm end to rsturn t o  i ts original, doubled-back posi t ion.  

6) Individual  C e l l  Activation (Type 3) 

copblning individual  e l e c t r o l y t e  s torage reservoirs of Type 2 design with 
individual  cell gas sources results i n  a Type 3 system. 
contains  a l l  the  elements of the  Type 1 design f o r  each ind iv idua l  cell such 
that each cell could be ac t iva ted  independently of any o the r  cell. 
coppDn connection between cells js, of course, the  series power c i r c u i t  and 
the electrical c i r c u i t  necessary to fire t h e  iudividual  gas generators.  

The Type 3 system 

The only 

A prismatic  arrangement of the  Type 3 system is shown i n  Figure 7. 
cell cavities i d e n t i c a l  to those of the  Type lA system, the  Type 3A system 
h s  c lose  f i t t i n g ,  individual  tubular steel reservoi rs  arranged in the  nested 
configurat ion shown. The unused volume r e s u l t i n g  from required reservoir 
l a g t h  and radAi is converted t o  an air  sump sec t ion  as discussed previous ly .  
Entry access t o  each cell is formed by machined channels and passages i n  a 
8lngle a c r y l i c  shee t  shown ( the top plate has been removed f o r  c l a r i t y ) .  

Containing 

This design resu l ted  i n  the heaviest  system evaluated elthough i t  is only 18 
grams heavier than its comparable e l e c t r o l y t e  manifold system, Type 1A.  
The weight is driven up by the  necessi ty  for having en t ry  adapters ,  gas 
generator adapters,  gas generator housings and sea l ing  diaphragms f o r  each 
cell resemir ra the r  than t h e  s ing le  set of these items in the Type 1 A  design. 
solpe of t h i s  weight is recouped i n  e l e c t r o l y t e  weight s ince  the  d i s t r i b u t i o n  
allowance of 5% I s  not necessary. Container weight is a l s o  saved due t o  the  
volumetric inef f ic iency  of the Type 1 A  system. 

The Type 3 system achieves pos i t i ve  separat ion between cell e l e c t r o l y t e  s i n c e  
rleither a gas nor an e l e c t r o l y t e  manifold is used. Connection between cells 
can be made e l e c t r o l y t f c a l l y  v i a  the f i r i n g  circuit .  Each l e g  of the f i r i n g  
circuit t o  each cell must be opened subsequetit t o  ac t iva t ion  to prevent t h i s  
connection poss ib i l i t y .  
accomplish the c i rcui t  break. 
to  f i r e  the switch. 
pa ra l l e l ing  of t h e  i nd fv idua lce l l  i n i t i a t o r s  would be accomplished remotely 
from the ba t t e ry  and the c i r c u i t  separat ion accomplished by simply discon- 
nec t inga  multi-pin e l e c t r i c a l  connector. 

A mult iple  pyrotechnic switch could be used t o  
Power from the  ba t t e ry  i t s e l f  would be used 

In some instances,  as  with t h e  probe appl ica t ion ,  
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Individual  Cell Activation (Continued) 

Iha Type 3 aystem, 8s with the Type 1 system can be pazkaged 
by using a qy l ind r i ca l  form factor. A reduction i n  material 
the cell cbcte and r an i fo ld  r e su l t s .  Also, 8 S  i n  t he  case of 
c iys te~ ,  the e l e c t r o l y t e  reservoir can be used to support the 
reducing the requirement for a container.  Designated a Type 
conarpt is presented i n  VI,urc 8. Each individuT c e l l  has 

more tf f i c i c n t l y  
requirements for 
the Type 13 
b a t t e r y  block, 
38 system, the 
its own s torage  

reservoir and gas generator. 
c i r c u i t  would be required as mentioned i n  the  preceeding paragraph. 

Disconnection of the gas generator f i r i n g  

Both systems, Type 3A and Type 38, would requi re  an  ex t r a  desig? e f f o r t  i n  
the arna  of the  gas generator body and adapter  t o  reduce the weight of these  
items. A s t a i n l e s s  steel welded conscruct;on is recomnended in t h i s  area. 
Con~idcr r txon  would be given to construct ion of the  gas generator body (c.?se) 
and ale t r o l y r e  reservoir as 8 one-piece, inseparable  assembly vhcre the p s  
psnerator  propel lan ts  could be loaded a f t e r  t he  assembly. 

Radio t ion  Res iseathce 

During t h e  conduct of the probe mission, the ba t t e ry  is exposed t o  h t c r p l a n e t a r y  
r ad ia t ion  sources and r ad ia t ion  from on-board radioisotopes.  E.;ch of thes? 
sources combine t o  provide a t o t a l  accumulated environnent of proto:,s. neutrons. 
e l ec t rons  and gama r ad ia t ion  f lueme .  
of r a s i s t i n g  t h i s  exposure without degradation of performance or e s s e n t i a l  
c h a r a c t c r i s t i c s .  

Previous e f f o r t s  have been completed concerning the r ad ia t ion  vu lne rab i l i t y  
of the s i lver -z inc  
dose rate. 
neutron fluence thres\wld l eve l  fo r  t h e  s i lver -z inc  bsttey is i n  excess 
of 1 x 1015 neutions per square centimeter (e 

- 

Battery materi31s n,ust 3e capable 

The primary agency fo r  f a i l u r e  is d,we and 
The The neutron exposure does not  seem t o  be as e i f c c t i v r .  

o.l?\r?v). 

Tbe most vulner ! l e  material i n  the bas ic  design is the cellophane sep.irator 
MtCrhl .  
o the r s  c ross l ink .  Cellophane unfortunately degrades with mild e f f e c t s  
noted a t  1 x lo5 rad ( b r o o n ) .  
s i n c  
a s u b s t i t u t e  mater ia l  vould be required.  

A primary candidate mater ia l  for  subs t i t u t ion  is 2291 C0/20 Permion f i lm.  
Permion is a trade name for a f a m i l y  of separa tors ,  2191 being a f i l m  nu& 
from polycthylcnc subjccted t o  rad ia t ion  cross1fnki::g and g r a f t  ins .  
Polyethylcnc prcdominatcly crosslinks when exposed t o  radiation. rhc 
prnccssinp of the f i l m  i n  t h i s  manner is necessary t o  lower thr r e s i s t i v i t y  
(unprocessed f i l m  is im ,  - . rv ims  to  i o n  flow). Pi1:ctnylcnr a l s o  is 
r e s i s t a n t  t o  oxidat ion by s i l v e r  specics  (a l irnitnt  ion of  w1lophanc)pro- 
viding long term stand c a p b i l i t i c s  in c l ec tro ly tc .  And s ix-e  c r o s s l i i i k i u ~  
occurs,  further exposure LO rad ia t ion  serves  t o  increase thc drgrec of 
cross 1 inking. 

In  the g a m  rad ia t ion  environment, some polymezs degrade while 

Cellophane is norra l ly  preferred i n  : : l v e r  
design because of Its l o w  r e s i s t i v i t y ,  however, i n  t h i s  app l i cz t ion ,  

~. 
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7) Rudiatloa Resistance (Contiwed) 

Although the resistfvity of the polyethylene f i l u  
by the processiag, a higher res is tance than cellophane is the result. 
t e s t ing  of t h i s  separator systeu vould be required fo r  t h i s  application to 
ascer ta in  the p e r f o m m e  capabi l i ty  especial ly  a t  the operating temperature. 
pbr the absorbent separator material i n  the basic cell, asbestos sheet vas 
selected because, being inorganic, it has a high resistance to t h e  rad ia t ion  
envk0-t and is used interchangeably vith other  absorben:materials in 
milver rhe  cells. 

is s ign i f i can t ly  improved 
Further 

Sccoad on the vulnerabi l i ty  list is the  ac ry l i c  sh=t  r en t imed  as the 
mteriaf t 
a p t e r s .  
chrape a t  1 x 106 rad (Carb), 
the construction of remotely act ivated ronobiocks because of its compatibil i ty 
Vith the electrolyte ,  its transparency and its ease of fabr ica t ion  and sealiag. 
A stitable subs t i tu te  material  vould be s t y r e n e a c r y l o n i t r i l c  (SAN) copolymer 
which is used extensively in molded cell cases fo r  manually act ivated s i l v e r  
zinc bat te r ies .  SAN' vulnerabi l i ty  threshold would be similar to polystyrene 
whkh exceeds 1 x 10 rad (Carbon). 
to this level revealed no e f f e c t s  upon compcnents other than a discolorat ion 
of the cell case material, SAN? This battexy also contained Permion (poly- 
ethylens) separator material a d  performed normally after the rad ia t ion  
exposure- 

be used for the construction of cell cases, manifolds. sumps and 
The ac ry l i c  material, methyl re thacrylate ,  exhib i t s  mild physical 

Acrylic sheet has been used extensively i n  

rp Previous exposure of a silver-zinc ba t te ry  

&e a d d i t t d  area of concern which nas not been thoroughly -ea! :gated 
L the radiolyt ic  evolutiou of hydrogen and oxygen from the cell  e -  
S h c e  this unit is required t o  be sealed, t h i s  evolution would con 
the gassing characteristic of the  rell. 
t e s t ing  at  leve ls  up t o  9 x 108 rad ( ~ a t e r ) . ~  During t h i s  tes t ing ,  iilsig-.. 
d f i c a n t  electrical performance changes were noted from both the pos i t ive  
and ne&tive electrode. 
silver oxide electrode. 
this t e s t ing  in l i e u  of cellophane. 

*-rolyte. 
-*ut@ to 

This e f f e c t  Vas noted in =... x t r o d e  

A material l o s s  of less than 1.5% was noted from the 
An organic type separator material was used during 

The remaining materials of the basic  design and ac t iva t ion  system options 
should be capable of withstanding the required exposure levels.  Summarizing, 
the principal  areas requfring fur ther  evaluation are the performance 
characteristics of Permion separation a t  the operating temperhture and the 
fabricating/sealing charac te r i s t ics  of SAN. 
of SAN in e lec t ro ly te  should be thoroughly investigated. 
materials or  any other equivalent options are necessary t o  provide adequate 
confidence i n  the a b i l i t y  of the uni t  to  provide required power subsequent 
to the long term activated stand and radiat ion expbsure. 

The long term seal ing a b i l i t y  
These subs t i t u t e  
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111. - CONCLUSIONS AND R € m T I O N S  

Abaric cell design uas established containing fea tures  to  enhance the reli- 
a b i l i t y  of activated stand. 
expected r e s u l t s  at the  operating temperature of +5%. Cbmbidng high energy 
densi ty  v i t h  t h e  requirement f o r  extcnded activated stand resultci in a power 
characteristic which was lower than the  required a a r i ~ l  but exceeded a i n i n r  
requirereats. 
cellophane separation for extended stand capabilt iy.  Alteration of this 
basic cell design w i l l  be necessary to  pcovide for radiat ion resistance.  
vlll involve the use of a s u b s t i t u t e  separation mterlal for cellophane. 
2291 40/20 is recomended f o r  t h i s  purpose. 

Performance of t he  cell vas d-nstrated yielding 

This lowr characteristic is due to the  use of rultilayers of 

This  
Perrion 

To control gas evolution from the basic cell, amalgamation of t h e  negative 
electrode is t h e  most e f fec t ive  peans. The process can be e f f e c t i v e  v i t h  the  
electroplated zinc electrode as long as strict control  is mintaideti  over 
process parameters and an e f f o r t  is made to prevent Introduction of c a t a l y t i c  
Inpur i t i e s  Into the f i n a l  product. 
mended because of its high powr cha rac t e r i s i c  as opposed to other  methods of 
fornulation. 
Prerrent processing methods f o r  the silver oxide electrode appear to be adequate 
f o r  control l ing gassing. 
(formed s intered s i l v e r )  resulted.  
r a t i o n  materials independently contribute to  cell  gassing. 
phane and Permioi were included i n  t h a t  obssrvation. 

The electroplated zinc electrode is recom- 

High,primary power is the  desired output from the  zinc electrode. 

No recomnendations for changes f o r  t h i s  electrode 
There was also no evidence t h a t  the sepa- 

Asbestos, cello- 

I n  combination with the  basic cell  design, t h e  weight analysis  of the three 
d i f f e ren t  methods of ac t iva t ion  revealed that each type could be packaged with 
an energy density of a t  least 35 u t t - h o u r s  per poucd. From t h i s  and thc,work. 
with the basic  cell, the requirements of scaled operation and high energy density 
appear w e l l  within the capabi l i ty  of the designs. This depends upon the th i rd  
and most important fea ture  of the un i t ,  the  long act ivated stand capabili ty.  

With empahsis placed upon the long act ivated stand, the  three ac t iva t ion  methods 
provided a good cross-section of component arrangement poss ib i l i t e s .  
with several s t a t ed  ground ru l e s  and a fixed cell  design, a f a i r  appraisal  was 
cohducted. 
Table VI. 

Coupled 

Comparison of the  three methods can best  bemade by referr ing t o  



111. CONUUSIONS AND R€coEplMMTIONS (Continued) 

Advantages 

TABLE Vf'  
DEV€LOPNENTAL RISK ASSESS- 

TYPE 1 
EtECTROLYTE IUNIFOW) 

Conventional Design 
Inexpensive 

ikt hni fo l t?  
R U i  Ine f f i c i en t  

Relative Risk nediua 

Success Esttmate Gcod 

Development Wa3if old 
Robleas Spherical 

Activator (C) 

..&la t ive  ai* 
Rel iab i l i ty  

Dry b n i f o l d  
Single Cae 
Source 

ltoa s f f l c i e n t  

Fa i r  

Generator N e a t  
Cell Form .(A) 
Activator 

Seals 
Functioning 

TTPE 3 
INDIVIDUAL CELL 

Excellent 

Generator Case/ 

seals 
Adapter 

t o w  

fhe  Type 2 and Type 3 systems have an advantage over the conventional Type 1 
elec t ro ly te  manifold ac t iva t ion  i n  tha t  both Types 2 and 3 have posi t ive means 
fo r  i so la t ing  individual c e l l s  from each other. 
cells are thus eliminated, removing the pr lhclpal  l imi t ing  fac tor  for  
activated stand; 

Electrolyt ic  paths between 

The developmental r i s k  isshown i n  the t ab le  as "L.w'' fo r  the Type 3 method 
of ac t iva t ion  which uses a l l  the elements of conventional design. 
problems would be limited to  imprcving the weight of the gas generator case and 
adapter components and t o  insuring t h a t  the seals of each reservoir- to-cel l  
are rdequate for preventing e lec t ro ly te  link-up between ce l l s .  
assessea as a high r i s k  venture s ince the design represents the most rad ica l  

Developmental 

Type 2 is 
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CQLlcLuSIoNS AMI RECOM4ENMTIONS (Continued) 

departure from convention and presents  t h e  rost developmeatprobleas. .we 
18y6tem is placed i n  between the  o the r  types because the  actual vet s t aad  
capab i l i t y  of t h i s  system is unknown. 
u the long path r an i fo ld  and f i n e  tuning of t he  e l e c t r o l y t e  quant i ty ,  it is 
felt that the conventional Type 1 system vould have a r e l a t i v e l y  good chance 
of muccess in demonstrating the  long s tand requirement. 
mccess is assessed as only f a i r  f o r  t h e  Type 2 system because of its unt r ied  
mture and problem potential. 
ouccess because it combines convention v i t h  coaiplete separa t ion  of cells 
e l t c a o l y t i c a l l y  and presents  r e l a t i v e l y  rinor development problems. 

By employing passive techniques suLh 

This chance of 

me Type 3 system gets an exce l l en t  rating of 

'Ibis br i ags  t h e  discussion to the  bottom liw, the  relattve r e l i a b i l i t y .  
Because of the  na ture  of the appl ica t ion ,  r e l i a b i l i t y  vas given high p r i o r i t y  
&n governing design decisions.  
in choosing t h e  s torage r e se rvo i r l ac t iva t ion  system so e s s e n t i a l  to providing 
both unactivated and ac t iva ted  stand as w e l l  as a c t i v a t i o n  upon demand. 
Assuming t h a t  the development risk has  been accepted for each type, development 
problepps have been solved and designs have been frozen, what is the  r e l a t i v e  
r e l i a b i l i t y  of the f i n a l  products? 
the system to a c t i v a t e  which is a funct ion of the  number of components i n  the  
ac t iva t ion  system. 
the e p e  2 system has mult iple  r e se rvo i r s  and a s i n g l e  gas generator;  and 
the Type 3 system has P u l t i p l e  reservoirs and gas generators.  
coanected p o w e r  systdm of the  ba t te ry ,  f a i l u r e  of any one of t he  components 
uc24 r e s u l t  i n  an  open ba t t e ry  o r  a complete f a i l u r e  to  provide power. 
Depending upon the  actual f a i l u r e  rates assigned t o  the  components, a f i n a l  
r e l i a b i l i t y  number would ind ica te  the  actual e f f e c t s .  
eystem vould r e f l e c t  the  highest  r e l i a b i l i t y  while me 3 would represent  t he  
lowcs t . 

R e l i a b i l i t y  m s t  also be a prime cons idera t ion  

It simply reduces t o  the  r e l i a b i l i t y  of 

The Type 1 system has a s i n g l e  reservoi r  and gas generator;  

I n  the  series 

Obviously, the Type 1 

The requirements of t h i s  appl ica t ion  could eventual ly  be met with any one of 
the  three  ac t iva t ion  types e v a l u t e d .  
payoff i n  performancc. r e l i a b i l i t y  from an a b i l i t y  t o  a c t i v a t e  s tandpoint .  
m e n  if the  f i n a l  design of a Type 1 systeb is assessed B !ow r e l i a b i l i t y  t o  
stand ac t iva t ed ,  the t o t a l  r e l i a b i l i t y  f igu re  would most l i k e l y  exceed the 
other  systems. Note t h a t  t h e  f a i l u r e  t o  stand ac t iva ted  would l i k e l y  r e s u l t  
f n  a reduced energy capab i l i t y  and a p a r t i a l  Luccess. Failu-Le t o  a c t i v a t e  
would cause t o t a l  f a i lu re .  

Ihe  Type 1 system o f f e r s  the  bes t  

It is recommended tha t  fu ture  e f f o r t ,  i f  ava i lab le ,  examine the  funct ioning 
of the Type 2 system t o  observe merits of  t h i s  method which may havc been 
overlooked a t  t h i s  point .  Comparing- the  Type 1 and Type 2 systems w i t h  
results from ac tua l  component and hardware t e s t s  w i l l  provide t h e  bes t  r e l a -  
t i v e  c h a r a c t e r i s t i c  evaluation. Howe\er, i t  is recommended tha t  high p r i o r i t y  
be assigned to devcloping the manifold d i s t r i b u t i o n  system of the Type 1 
mcthod of ac t iva t ion  because of i t s  inherent r e l i a b i l i t y .  Not thoroughly 
pursued i n  t h i s  e f f o r t  a r e  possible  methods to  c lose o f f  manifold cl-ziniicls 
between c e l l s  once ac t iva t ion  I& been completed. This might be accomplished 
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111. CONCLUSIONS. AMI RECOPP(ENDATI0NS (Continued) 

mechanically, electromechanically or chct'colly and would eliminate the  
e l e c t r o l y t i c  paths established in the  ue t  manifold. 
myaten is readi ly  adaptable to a functioning s ingle  s iher ical  reservoir which 
Is considered to be :he mPt energy e f f i c i e n t  auxhod of packaging. 
. a r l y s l s ,  the spherical  rescrvolrii; (e 1 c o d h a t i o n  resulted in the  l i g h t e s t  
Wt, 1-t polume design. 

In  addi t ion,  the  Type 1 

I n  tnrs 

Since t h i s  e f f o r t  resul ted i n  a recombination of conventional methods 
in a m e r  t o  provide desired cha rac t e r i s t i c s ,  no reportable  items of 
new technology have been generated. 
bas been ident i f ied  many years aSo but has riot been used extensively i n  
hardware. 

The gas manifold method of ;:tivating 


