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SUMMARY 

A new t ape  couple ,  based $n the Mg/AlC13,HCl/trichloro- 
t r i a z i n e t r i o n e  (Monsanto ACL-85 ) system, has been developed.  This 
c e l l  d i scha rges  a t  2 .6  v o l t s  a t a2A, ’ i r1 .~  and 2 .2  v o l t s  a t  0.8 A/in.2. 
Cathode coulombic e f f i c i e n c i e s  range from 60-80%, w i t h  i n d i v i d u a l  
t e s t  r e s u l t s  as h igh  a s  87%. The d i scha rge  curve i s  f l a t  and 
c u r r e n t  d e n s i t y  has l i t t l e  e f f e c t  on cathode e f f i c i e n c y .  T h i s  
t ape  couple can t o l e r a t e  cu r ren t  d r a i n s  i n  excess  of 1A/in.2, 
b u t  c e l l  v o l t a g e  f a l l s  below 2 .0  v o l t s .  

The cathode t ape  c o n f i  u r a t i o n  i s  i d e n t i c a l  to t h a t  deve l -  
oped i n  ou r  prev ious  program ? NAS3-4168) except  t h a t  l ess  i n e r t  
m a t e r i a l  i s  r e q u i r e d  w i t h  ACL-85 compared wi th  prev ious  (potass ium 
p e r i o d a t e ,  p i c r i c  a c i d )  cathode m a t e r i a l s .  Present  cathodes oper-  
a t e  s a t i s f a c t o r i l y  w i t h  up t o  75 w t - %  a c t i v e  mater ia l .  Maximum 
a c t i v e  m a t e r i a l  con ten t  i n  previous systems was 60 w t - % .  

h i g h e r  t han  any o t h e r  system s tud ied  to d a t e .  Accurate  e l e c t r o -  
l y t e  requirement  d a t a  have not  y e t  been determined b u t ,  on a dry 
basis ,  d e l i v e r e d  energy d e n s i t i e s  over  300 watt-hour/pound of 
complete t ape  c e l l ,  exc luding  e l e c t r o l y t e ,  have been ob ta ined .  

Energy ou tpu t  from t h e  Mg/ACL-85 system i s  s u b s t a n t i a l l y  

A s a t i s f a c t o r y  method was developed for prepa r ing  ACL-85 
t a p e  c a thodes  from a t r i c h l o r o e t h y l e n e  s l u r r y .  Vacuum p r e t r e a t -  
ment of t h e  a c e t y l e n e  b l ack  conductor i s  r e q u i r e d  t o  prevent  hydro- 
l y t i c  decomposition o f  t h e  a c t i v e  c h l o r i n e  m a t e r i a l  du r ing  t ape  
p rocess ing  and s t o r a g e .  

The b e s t  nonaqueous e l e c t r o l y t e s  f o r  l i t h i u m  were found to 
be potassium hexafluorophosphate and l i t h i u m  p e r c h l o r a t e  i n  
methyl formate .  Anode ha l f  c e l l  v o l t a g e s  of - 2 . 1  t o  -2.3 v o l t s  
v s .  N C E  could be maintained f o r  extended pe r iods  a t  0 .5  amp/in.2. 
R e s u l t s  f o r  magnesium i n  nonaqueous e l e c t r o l y t e s  were e r r a t i c  
due p r i m a r i l y  to s e n s i t i v i t y  t o  anode s u r f a c e  p r e p a r a t i o n .  

Vapor phase chromatographic techniques  f o r  w a t e r  a n a l y s i s  
a r e  be ing  developed. It  appears t h a t  concen t r a t ions  as low as 
10 ppm can be determined r o u t i n e l y  f o r  most  e l e c t r o l y t e  systems.  

New e l e c t r o a n a l y t i c a l  t e s t  equipment has been designed and 
b u i l t  f o r  bo th  s t a t i c  and dynamic t e s t s .  F a s t  swi tch ing  p u l s e  
c u r r e n t  equipment i s  now a v a i l a b l e  to r eco rd  t h e  t r a c e  of e l e c t r o d e  
performance d u r h g  the f i r s t  ten  mi l l i s econds  of d i s c h a r g e .  
I n  a d d i t i o n ,  IR-f ree  v o l t a g e  measurements can be made a t  c u m e n t s  
up t o  t h r e e  amperes. A new dynamic t e s t  s t a t i o n  was b u i l t  t h a t  
i s  capab le  o f  au tomat ic  data recording,  t ape  speed c o n t r o l ,  and 
e l e c t r o l y t e  i n p u t .  The u n i t  can run  una t tended  f o r  24 hours .  

hi 
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I .  INTRODUCTION 

A .  BACKGROUND 

This  work i s  a con t inua t ion  o f  r e s e a r c h  performed under 
During t h e  i n i t i a l  program Con t rac t s  NAS3-2777 and NAS3-4168. 

(NAS3-2777) t h e  f e a s i b i l i t y  of t h e  Dry Tape Concept was demonstra- 
t e d  u s i n g  a d i v a l e n t  s i l v e r  oxide-coated, porous polypropylene t a p e  
t h a t  was drawn between two c u r r e n t  c o l l e c t o r s .  One c u r r e n t  c o i l -  
e c t o r  was a z inc  b l a c k  t h a t  a l s o  served  as t h e  anode. The cathode 
c u r r e n t  c o l l e c t o r  was a t h i n  s i l v e r  p l a t e .  E l e c t r o l y t e  was supp l i ed  
by a second t ape  prewet ted  w i t h  e l e c t r o l y t e  and s t o r e d  s e p a r a t e l y  
( ' dua l  t a p e  sys tem") .  
two t a p e s  t o g e t h e r  j u s t  p r i o r  t o  t h e i r  e n t r y  i n t o  t h e  c u r r e n t  
c o l l e c t o r  zone. 

The system was a c t i v a t e d  by b r i n g i n g  t h e  

The t a p e s  were d r i v e n  by a spring-wound motor, conta ined  i n  
a s e p a r a t e  housing. Within t h i s  housing was a n  output  meter ing 
and l o a d  s e c t i o n .  Four such d r i v e  housings,  t o g e t h e r  wi th  20 
t a p e  decks,  were supp l i ed  to NASA f o r  demonst ra t ion .  I n  cont inuous 
o p e r a t i o n ,  s i l v e r  peroxide  u t i l i z a t i o n s  of over  90% were obta ined  
a t  c u r r e n t  d e n s i t i e s  o f  1 amp/in. 2 . 

I n  t h e  fol low-on program (NAS3-4168), t h e  "dual  t ape  system'' 
u s i n g  t h e  e s t a b l i s h e d  b a t t e r y  couple, A20/KOH/Zn, was r ep laced  by 
a s i n g l e  t a p e  c o n f i g u r a t i o n  us ing  a t h i n  f o i l  magnesium anode and 
cathode c o a t i n g s  con ta in ing  nonconducting, h i g h e r  e n e r  y o rgan ic  
( d i n i t r o b e n z e n e ,  p i c r i c  a c i d ,  trichloro-triazinetrione 7 and i n o r -  
g a n i c  (potassium meta-per ioda te)  d e p o l a r i z e r s .  E f f i c i e n t ,  h igh  
d r a i n  r a t e  d i scha rge  of t h e s e  cathode m a t e r i a l s  was achieved  
through u s e  of t h e  " t h i n  p l a t e  t a p e  e l e c t r o d e "  c o n f i g u r a t i o n .  
The s i n g l e  t ape  c o n f i g u r a t i o n  was opt imized f o r  t h e  system, Mg/ 
2MAlC13;0.5M H C 1 / K I 0 4 .  Up t o  80% KI04 u t i l i z a t i o n  was achieved 
w i t h  a c e l l  v o l t a g e  of 2 .2  v o l t s  a t  a c u r r e n t  d e n s i t y  of 0.5 
arnp/in.2 while  i n  a moving conf igu ra t ion .  I n  a d d i t i o n ,  t o  t ape  
e l e c t r o d e  c o n f i g u r a t i o n  development, methods o f  e l e c t r o l y t e  
i n c a p s u l a t i o n  and t a p e  a c t i v a t i o n  were dev i sed .  Also, t echniques  
f o r  supply ing  m u l t i p l e  c e l l  vo l t age ,  p a r a s i t i c  d r i v e  and con t in -  
uous coa ted  t a p e  manufacture were developed. 

B.  CONTRACT OBJECTIVES 

S p e c i f i c  o b j e c t i v e s  o f  t h i s  program are  to: 

l . , D e v e l o p  a h igh  energy t ape  couple  t h a t  w i l l  d e l i v e r  200 
wat t -hours  p e r  pound i n  a p r a c t i c a l  c o n f i g u r a t i o n .  

2 .  I n c o r p o r a t e  t h i s  couple i n  a t ape  c o n f i g u r a t i o n  t h a t  
w i l l  e x h i b i t  p re sc r ibed  f l e x i b i l i t y  and a b r a s i o n  
r e s i s t a n c e  dur ing  ope ra t ion .  

I 



The major o b j e c t i v e  i s  t o  improve s u b s t a n t i a l l y  t he  energy 
d e n s i t y  ou tpu t  of the  dry tape  system. Despi te  good e l e c t r o d e  
e f f i c i e n c i e s ,  t he  b e s t  d e l i v e r e d  energy d e n s i t i e s  ob ta ined  w i t h  
o rgan ic  n i t r o  compound o r  p e r i o d a t e  cathode systems were under  
100 watt -hours  p e r  pound. This was p r i m a r i l y  due t o  h i g h  e l e c t r o -  
l y t e  consumption and a h igh  cathode i n e r t  weight requi rement .  

I n  t h e  p r e s e n t  work, only couples  w i t h  extremely h igh  po- 
t e n t i a l  energy d e n s i t i e s  a r e  being cons idered .  Couples w i t h  
t h e o r e t i c a l  energy d e n s i t i e s  g r e a t e r  t han  750 watt-hours  p e r  
pound are t o  be i n c o r p o r a t e d  i n t o  t h e  t a p e  e l e c t r o d e  c o n f i g u r a t i o n s  
developed i n  prev ious  programs. 

C .  FIRST QUARTER OBJECTrVES 

Objec t ives  f o r  t h i s  q u a r t e r  were t o :  

1. Develop and eva lua te  a new aqueous system, based on 
t h e  ma nesium/2,4,6-trichlorotriazinetrione (Monsanto 
A C 1 - 8 5  'i couple .  

~ 

I 
1 -  

2.  Screen  d i scha rge  c h a r a c t e r i s t i c s  of l i t h i u m  and mag- 
nesium i n  s e l e c t e d  o rgan ic  s o l v e n t - e l e c t r o l y t e  
combinat ions.  

a .  Bu i ld  improved h a l f - c e l l  t e s t i n g  s t a t i o n s .  
b .  P u r i f y  and analyze s o l v e n t s  and e l e c t r o l y t e  s a l t s .  
e .  Determine t h e  e f f e c t  of p u r i t y  on c o n d u c t i v i t y .  
d .  Determine p o l a r i z a t i o n  and e f f i c i e n c y  c h a r a c t e r i s t i c s  

of l i t h i u m  and magnesium i n  s e l e c t e d  e l e c t r o l y t e  
sys  tems . 

3 .  I n i t i a t e  s tudy  of s t a b i l i t y  and s o l u b i l i t y  o f  cathode 
materials i n  s e l e c t e d  o rgan ic  s o l v e n t s .  

4. Design, b u i l d ,  and t e s t  a n  improved dynamic t e s t  
s t a t i o n .  

2 



11. TASK I .  H I G H  ENERGY COUPLE RESEARCH 

c 

A .  CATHODE RESEARCH AND DEVELOPMENT 

1. 2,4,6-Trichlorotriazinetrione i n  Aqueous E l e c t r o l y t e  

The t h e o r e t i c a l  energy dens i ty  of t h e  magnesium-2,4,6-tri- 
c h l o r o t T i a z i n e t r i o n e  couple i s  e s t ima ted  t o  be 785 watt-hours  p e r  
pound of r e a c t a n t ,  assuming t h e  fo l lowing  r e a c t i o n :  

05\ d C = O  
c1 

ox, 7 - 0  
N 
H 

Previous work i n  t h i s  l abora to ry  showed t h a t  t h i s  material  
would e x h i b i t  f l a t ,  e f f i c i e n t  d i scharge  i n  aqueous e l e c t r o l y t e .  
P re l imina ry  work i n  t h e  previous t ape  program (NAS3-4168) i n d i c a t e d  
t h a t  a t r i c h l o r o t r i a z i n e t r i o n e  t ape  cathode could t o l e r a t e  h i g h e r  
d r a i n  ra tes  w i t h  less i n e r t  weight t hen  t h e  organic  n i t r o  com- 
pound and p e r i o d a t e  based tapes .  

The development program dur ing  t h i s  p e r i o d  was designed 
t o  opt imize  energy ou tpu t  a t  the h i g h e s t  c u r r e n t  d r a i n s  p o s s i b l e .  
Tape c e l l  e v a l u a t i o n s  were performed u s i n g  the  s imple s t a t i c  t e s t  
d e s c r i b e d  i n  o u r  prev ious  program. A complete t a b u l a t i o n  of 
r e s u l t s  i s  shown i n  Table A - 1 .  

a .  Tape Cathode P repa ra t ion  

To avo id  p o s s i b l e  a c t i v i t y  l o s s  due t o  h y d r o l y s i s  p r i o r  
t o  d i s c h a r g e  a method f o r  cathode t ape  p r e p a r a t i o n  was developed 
by which the  cathode mix i s  cas t  or ext ruded  onto  t h e  t a p e  from a 
t r i c h l o r o e t h y l e n e  s l u r r y  and d r i ed  under  vacuum a t  6 0 - 7 0 " ~ .  The 
a c e t y l e n e  b lack ,  a c t i v e  cathode m a t e r i a l  (Monsanto ACL-85 ) and 
r e i n f o r c i n g  f i b e r s  (carbon o r  dynel )  are  dry-blended by s t i r r i n g .  
"he a c e t y l e n e  b l a c k  and carbon f i b e r s  a r e  prefluff 'ed i n  a Waring 

* Blendor  p r i o r  t o  u s e .  The polyvinyl  formal  b i n d e r  i s  added as a 
t r i c h l o r o e t h y l e n e  s o l u t i o n  (0.005 g PVF/ml s o l u t i o n ) .  The r e s u l t -  
i n g  s l u r r y  i s  thoroughly mixed by mechanical s t i r r i n g  and hand 
c a s t  on to  t h e  s e p a r a t o r  t a p e ,  u s ing  a doc to r  b lade  technique .  The 
same s l u r r y  may be used f o r  continuous t a p e  manufacture by t h e  
e x t r u s i o n  p rocess  developed i n  t h e  prev ious  c o n t r a c t .  Hand-cast 
t a p e s  a re  vacuum-dried for one hour  a t  6 0 - 7 0 " ~ .  

T h i s  technique i n i t i a l l y  was tes ted  u s i n g  t h e  potassium 
p e r i o d a t e  cathode fo rmula t ion  developed i n  our  p r i o r  program (NAS3- 



4168). 
improved output  a>d r e p r o d u c i b i l i t y  compared w i t h  S i m i l a r  p e r i o d a t e  
t a p e s  made from a p e o u s  s l u r r i e s  and then  a i r  d r i e d .  

Discharge r e s u l t s  summarized i n  Table 1 show somewhat 

I 

Tapes prepared  wi th  ' 1  as rece ived"  a c e t y l e n e  b l a c k  showed 
s u b s t a n t i a l  a c t i v i t y  loss during p rocess ing  and on subsequent  
s t a n d i n g s .  It appears  t h a t  water ,  adsorbed on Shawinigan a c e t y l -  
ene b l ack ,  i s  t h e  cause of a c t i v i t y  l o s s  of 2 , 4 , 6 - t r i c h l o r o t r i -  
a z i n e t r i o n e  (Monsanto Company ACL-85). Although ACL-85 i s  f a i r l y  
s t a b l e  t o  moi s tu re  i n  t h e  a i r ,  t h e  a c e t y l e n e  b l a c k  appea r s  t o  
c a t a l y z e  h y d r o l y s i s  by adsorbed wa te r .  Vacuum dry ing  of t he  ace-  
t y l e n e  b l a c k  e l i m i n a t e d  s i g n i f i c a n t  a c t i v i t y  loss t h a t  p rev ious ly  
occur red  du r ing  t a p e  p rocess ing .  I n  a d d i t i o n ,  t a p e s  prepared  wi th  
d r i e d  a c e t y l e n e  b lack ,  r e t a i n e d  t h i s  s t a b i l i t y  on s t and ing  i n  
a i r  a t  l e a s t  up t o  seven days .  A c t i v i t y  l o s s  d a t a  a r e  r e p o r t e d  
i n  Tab le  2 .  

1 

h 

Table 1 

DISCHARGE CHARP;CTERISTICS OF POTASSIUM PERIODATE CATHODE 
TAPES PREPARED FROM TRICHLOROETHYLENE SLURRIES 

AND VACUUM DRIED 

54 wt-% K 1 o 4 ,  40.5 
po lyv iny l  f o m a l ,  2 75 w t - %  carbon f i b e r s ,  3.5 m i l  dyne1 t a p e .  

t-% a c e t y l e n e  b l ack ,  (50% compressed) 2 .75 w t - %  i 
primary magnesjl:um f o i l  anode - 2M A l C 1 3 . 0 . 5 M  H C 1  e l e c t r o l y t e  

Cathode Current  
Operat ing C e l l  E f f i c i -  Densi ty ,  
Voltage,  v o l t s  ency, % amp/in.2 

Summary o d i g h t  t e s t s  2.14 - + 0.07 70 5 7% 0 .5  t 
T h i s  procedure works w e l l  f o r  ACL-85. However, i t  was 

a vacuum dry ing  p re t r ea tmen t  (12  hours ,  20OoC) of t h e  
b l a c k  i s  r e q u i r e d  t o  p reven t  s u b s t a n t i a l  cathode a c t i v i t y  

3 6 s s  dur ing  p rocess ing  and s t o r a g e .  
p r e s e n t e d  i n  t h e  fo l lowing  s e c t i o n .  

The reasons  f o r  t h i s  a r e  pre-  
/ 

b.  S t a b i l i t y  of  T r i c h l o r o t r i a z i n e t r i o n e  Tape Cathode 



< Table 2.  

THE EFFECT OF ACETYLENE BLACK PRETREATMENT ON ACL-85@ STABILITY 

Measured Act ive  Chlor ine  Content,  % 
A s  Received Dried Acetylene 

M a t e r i a l  and Condit ion Acetylene Black Black 
ACL-85, as rece ived ,  t h e o r e t i c a l  91.54 
ACL-85, as rece ived ,  analyzed 90 .1  & 0 . 1  
Tape(5Os ACL-85) f r e s h l y  prepared 77.1 + 0.4 85.4 + 1.3 
Tape [50$ ACL-85 , 24 hours i n  a i r  71.0 'i 1.0  84.0 'i 0.9 
Tape 50% ACL-85 , 96 hours i n  a i r  64.3 7 2.6 82.5 'r 1.1 
Tape (50% ACL-85 , 168 hours i n  a i r  61.2 'r - 1.8 83.3 'i 0.4  

There appears  to be 3-5% a c t i v i t y  loss on process ing ,  and a 
s l i g h t  loss appears  to occur  wi th  t i m e  du r ing  a i r  s to rage ,  bu t  
measured l o s s e s  a r e  almost w i th in  experimental  e r r o r .  

c .  Discharge of  ACL-85 Tape Cathodes i n  Aqueous E l e c t r o l y t e  

P o l a r i z a t i o n  and e f f i c i e n c y  measurements were c a r r i e d  o u t  i n  
magnesium c h l o r i d e ,  magnesium pe rch lo ra t e ,  and aluminum ch lo r ide -  
hydrochlor ic  a c i d  e l e c t r o l y t e  wi th  primary magnesium as t h e  anode 
e l e c t r o d e .  Cathode formulat ions v a r i e d  from 50 to 80 w$-% 
ACL-85. Acetylene black,  polyvinyl  formal  b inde r  and dyne1 f i b e r  
comprised t h e  remainder.  

A s  a g e n e r a l  r u l e ,  p o l a r i z a t i o n  was l e s s  s eve re  i n  t h e  aluminum 
ch lo r ide -hydroch lo r i c  a c i d  e l e c t r o l y t e .  F igu re  1 i s  a t y p i c a l  
i l l u s t r a t i o n .  There was l i t t l e  d i f f e r e n c e  i n  p o l a r i z a t i o n  
c h a r a c t e r i s t i c s  between t h e  50 w t - %  and 75 w t - %  a c t i v e  m a t e r i a l  
concen t r a t ion ,  as shown i n  Figure 2.  

The e f f e c t  o f  e l e c t r o l y t e  on t h e  shape o f  t h e  d i scha rge  
curve  i s  s i g n i f i c a n t .  I n  n e u t r a l  magnesium c h l o r i d e  or magnesium 
p e r c h l o r a t e ,  t h e  v o l t a g e  drops s t e a d i l y .  I n  s t r o n g  a c i d  e l e c t r o -  
l y t e ,  a f a i r l y  c o n s t a n t  vo l tage  i s  maintained u n t i l  t h e  c e l l  i s  
n e a r l y  dep le t ed .  This  behavior i s  i l l u s t r a t e d  i n  F igu re  3. 
The i n i t i a l  emf d i f f e r e n c e  i s  p r i m a r i l y  a pH e f f e c t .  However, 
t h e  s t e a d y  v o l t a g e  drop dur ing  d i scha rge  i s  due s o l e l y  to cathode 
p o l a r i z a t i o n  according to h a l f  c e l l  measurements. The use  of  
mixed s a l t  e l e c t r o l y t e  e l imina te s  t h i s  d e t e r i o r a t i o n .  F igure  4 
shows t h e  e f f e c t  o f  adding aluminum c h l o r i d e  to magnesium c h l o r i d e  
and magnesium p e r c h l o r a t e .  The i n i t i a l  p o t e n t i a l  d i p  occur r ing  i n  
some c a s e s  i s  due to t h e  f i n i t e  t ime r e q u i r e d  to break down the  oxide  
l a y e r  on t h e  anode s u r f a c e .  

5 
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1 .  

l h rehouse  and Glicksman ( r e f .  1) p r e v i o u s l y  observed t h i s  
phenomenon and a s c r i b e d  it to poor cathode s t a b i l i t y  i n  n e u t r a l  
e l e c t r o l y t e .  However, t h e  r e s u l t s  he re  show no s i g n i f i c a n t  c a p a c i t y  
loss i n  n e u t r a l  e l e c t r o l y t e .  Rather,  t h e  g radua l  emf d e t e r i o r a t i o n  
seems to i n d i c a t e  p o l a r i z a t i o n  caused by accumulation of some 
r e a c t i o n  product .  The na tu re  o f  t h i s  behavior  i s  not  known a t  
p re sen t ,  and i s  t h e  s u b j e c t  of c u r r e n t  s tudy .  

To da te ,  the b e s t  cathode coulombic e f f i c i e n c i e s  (70-89$)' have 
been ob ta ined  w i t h  65-70 w t - $  ACL-85 cathode t a p e s .  

to 2.20 v a t  0.800 amp/ina2. 
over  t h i s  c u r r e n t  d e n s i t y  range. 
d a t a  a r e  shown i n  T a b l e  3, and a r e  i l l u s t r a t e d  i n  F igu re  5. A l l  
e f f i c i e n c y  data a r e  based on a c t u a l  a c t i v e  c h l o r i n e  con ten t ,  as 
determined by a n a l y s i s .  

Discharge 

There i s  no e f f e c t  on e f f i c i e n c y  
v o l t a g e s  vs  primary magnesium range from 2.65 v a t  0.170 amp/in. 2 

Some t y p i c a l  s t a t i c  c e l l  d i scha rge  

Accurate  power d e n s i t y  da t a  for t a p e  c e l l s  r e q u i r e  p r e c i s e  
e l e c t r o l y t e  consumption da ta ,  which a r e  a v a i l a b l e  o n l y  from 
dynamic t e s t i n g .  I n  s t a t i c  t e s t s ,  energy d e n s i t i e s  o f  approximately 
300 wat t -hours / lb  of  d ry  c e l l  (exc luding  e l e c t r o l y t e  weight )  a r e  
ob ta ined .  A t y p i c a l  example i s  shown i n  T a b l e  4 .  The d e l i v e r e d  
energy d e n s i t y  p e r  u n i t  c e l l  weight w i l l  be cons ide rab ly  lower when 
a c c u r a t e  e l e c t r o l y t e  requirement d a t a  a r e  included.  These f i g u r e s  
a r e  u s e f u l ,  however, i n  eva lua t ing  changes i n  formula t ions  and 
d i scha rge  c o n d i t i o n s  while s t i l l  i n  the  s t a t i c  c e l l  t e s t  phase.  
Dynamic t e s t i n g  o f  promising ACL-85 t a p e  c e l l s  w i l l  be i n i t i a t e d  
e a r l y  i n  t h e  second q u a r t e r .  

2 .  2,4,6-Trichlorotriazinetrione i n  Nonaqueous E l e c t r o l y t e  

Independent work i n  t h i s  l a b o r a t o r y  indicated-  t h a t  ACL-85 was 
a promising cathode m a t e r i a l  f o r  nonaqueous systems. A Li / lM 
LiC104, butyrolactone/ACL-85 c e l l  i n  a t a p e  c o n f i g u r a t i o n  d ischarged  

t h i s  q u a r t e r ,  some pre l iminary  c o m p a t i b i l i t y  t e s t s  were performed 
p r i o r  to f u l l - s c a l e  c e l l  t e s t i n g ,  which w i l l  be c a r r i e d  o u t  
du r ing  t h e  second q u a r t e r .  

a t  3.1 v o l t s  under a c u r r e n t  d e n s i t y  o f  0.67 amp/in. 2 . During ' 

a. S o l u b i l i t y  of  ACL-85 i n  Organic So lven t s  

Simple sc reen ing  t e s t s  based on v i s u a l  obse rva t ion  were 
performed to check s t a b i l i t y  of ACL-85 i n  s e v e r a l  p o t e n t i a l  
o rgan ic  e l e c t r o l y t e  s o l v e n t s .  I n  a d d i t i o n ,  s o l u b i l i t i e s  a t  25OC 
were determined.  



Tab le  3 

C 

TYPICAL DISCHARGE DATA FOR 
M g / A l C 1 3 ,  HCl/ACL-85@ SYSTEMS 

11 Area = 3 i n .  x 1 i n . ,  E l e c t r o l y t e  = 2 M  A l C 1 3  .5M H C 1  

Average Cathode 
ACL-85, Current ,  Voltage, Coulombic Ef f i c i ency ,  $ 

C e l l  N o .  w t - %  I, amps volts (1 .5  v o l t  c u t o f f )  

78673-8 65 0.5 2.65 
78673-6 65 1.0 2.48 
78673-1 65 1.0 2.50 
78673-10 65 1.5 2.45 
78673-2 65 1.5 2.38 
78673-9 65 2 . 0  2.40 
78673 - 3 65 2 .0  2.31 
78673-7 
78677-2 
78677-7 
78677-6 
78677-9 
78677-3 
78677-4 
78677-1 

2.5 
1 .0  

1.5 
1.5 
2 .0  
2.0 
2 .-5 
3.0 

2.20 

2.50 
2.40 
2.40 
2.30 
2.25 
2.20 
1.90 

71 
76 
75 
83 
77 
82 
84  
76 
79 
80 
80 
79 
80 
79 
68 
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Table 4 

ENERGY DENSITY CALCULATION FROM STATIC CELL DISCHARGE DATA 

C e l l  N o .  78677-6 

Cathode Formulation: 70 w t - $  ACL-85@ 
24.5 w t - $  Shawinigan Acetylene Black 

2.75 w t - $  1/8 in .  Dynel F i b e r  
' I .  # I  2.75 w t - $  Po lyvinyl  formal  b inde r  

S e p a r a t o r  .035 in .  Dynel 
Anode: 5 - m i l  p e r f o r a t e d  pr imary Magnesium 

C e l l  Weight: Cathode Coat 0.9324 g 
Sepa ra to r  0.0883 g 
Magnesium 

E l e c t r o l y t e  2M A1C13 0.5M H C 1  
Curren t  Dens i ty  0.5 amp/in. 2 

c e l l  a r e a  = 3 i n . 2 )  
cathode = 1.02 vs  S.C.E.) 

Curren t  
ocv 
Average Operat ing Voltage = 2.4C v 

Power Dens i ty  = 
2.40 v x 1.5a x 12.2min x 454 g / lb  

1.1408 g x 60 min/hr 

= 292 w a t t  hours / lb  d r y  c e l l  ( exc lud ing  
e l e c t r o l y t e  ) 



T a b l e  5.  

e 

SOLUBILITY AND OBSERVABLE STABILITY OF ACL-85 
I N  VARIOUS ORGANIC SOLVENTS 

Observed S o l u b i l i t y  
Solvent  React i on  p/100 cc  a t  25Oc 

Methanol 
Acetone 

none 
none 

Butyro lac tone  none 
Ac e t o n i  tr il e none 

Dimethyl- formamide none 

21.4 
10.1 
18.2 
11.2 
46.2 

2 . 4  Methyl formate none 

3 .  Plans  f o r  Second Q u a r t e r  (Cathode Research and Development) 

The energy d e n s i t y  ou tpu t  by t h e  aqueous Mg/ACL-85 system 
w i l l  be opt imized and t h e  complete kape system w i l l  be eva lua ted  
under dynamic c o n d i t i o n s .  

The performance o f  a c t i v e  c h l o r i n e  compounds i n  nonaqueous 
e l e c t r o l y t e  w i l l  be i n v e s t i g a t e d  and f u l l  c e l l  t a p e  conf igura-  
t i o n  s t u d i e s  us ing  a l i t h i u m  f o i l  anode w i l l  be s t a r t e d .  

B. ANODE RESEARCH AND DEVELOPMENT 

1. Lithium i n  Nonaqueous E l e c t r o l y t e  

up s u i t a b l e  e l ec t rochemica l  t e s t  appara tus ,  m a t e r i a l s  p u r i f  i ca-  
t i o n  and a n a l y s i s ,  and screening o f  s e l e c t e d  l i t h i u m - e l e c t r o l y t e  
systems. 

Work dur ing  t h i s  q u a r t e r  was devoted p r i m a r i l y  t o  s e t t i n g  

a. H a l f  C e l l  Tes t  Apparatus f o r  Nonaqueous Systems 

I n  p a s t  work w i t h  aqueous systems, no a t tempt  was made to 
i d e n t i f y  q u a n t i t a t i v e l y  t h e  s e p a r a t e  components t h a t  c o n t r i b u t e d  
to p o l a r i z a t i o n .  I n  d e a l i n g  with nonaqueous systems, I R  p o l a r i z a -  
t i o n  becomes important .  The e l e c t r i c a l  appara tus  f o r  h a l f  c e l l  
and f u l l  c e l l  s t a t i c  t e s t i n g  was designed t o  g i v e  as much 
q u a n t i t a t i v e  informat ion  as p o s s i b l e  about the  v a r i o u s  p o l a r i z a -  
t i o n  e f f e c t s .  

E l e c t r o d e s  are eva lua ted  i n i t i a l l y  us ing  a f r e e  e l e c t r o l y t e  
h a l f  c e l l  t e s t .  
t r a c e  shows I R  p o l a r i z a t i o n  and, i n  some cases ,  i s o l a t e s  concentra-  

Constant c u r r e n t  i s  used and an o s c i l l o s c o p e  



t i o n  p o l a r i z a t i o n  and pass iva t ion  e f f e c t s .  The t e s t  c e l l  and 
a s s o c i a t e d  c i r c u i t r y  a r e  descr ibed  completely i n  S e c t i o n  I V .  
Using t h i s  system, I R  can be determined w i t h i n  1 mi l l i s econd  of 
a p p l i c a t i o n  of c u r r e n t .  A platinum coun te r  e l e c t r o d e  i s  employed 
to e l i m i n a t e  i n t e r f e r i n g  cathode e f f e c t s .  I n  a d d i t i o n ,  t h e  t e s t  
c e l l  i s  designed to measure gass ing  r a t e .  Two t y p i c a l  o s c i l l o s c o p e  
t r a c e s  a r e  shown i n  F igu re  6. 

Nonaqueous systems i n  a tape c o n f i g u r a t i o n  a r e  eva lua ted  
us ing  t h e  convent iona l  sandwich c e l l  s t a t i c  t e s t  u n i t .  To g i v e  
an i n d i c a t i o n  of I R  p o l a r i z a t i o n ,  i n t e r r u p t o r - t y p e  b r idges  have 
been modified €or b a t t e r y  work. These c i r c u i t s  a r e  desc r ibed  i n  
S e c t i o n  I V .  The c e l l  i t s e l f  i s  c o n s t r u c t e d  from polypropylene 
f o r  s t a b i l i t y  i n  nonaqueous so lven t s .  Working coun te r  e l e c t r o d e s  
a r e  s i l v e r  c h l o r i d e ,  plat inum screen  or i n  some c a s e s  ACL-85 
cathode t a p e s .  The s i l v e r  c h l o r i d e  cathode was prepared  by 
anodizing a d ischarged  s i l v e r  oxide e l e c t r o d e  (Yardney E l e c t r i c  
S i lcad@ Y S l O )  i n  hydrochlor ic  ac id .  
s a t i s f a c t o r i l y  but  s u f f e r s  from f r a g i l i t y .  

T h i s  cathode o p e r a t e s  

b. M a t e r i a l s  

The e l e c t r o l y t e  systems were s e l e c t e d  on t h e  b a s i s  of 
prev ious  NASA-sponsored nonaqueous b a t t e r y  system r e s e a r c h .  
A l l  s o l v e n t s  were d r i e d  over  Linde 4A Molecular S i eves .  Methanol 
was p r e d r i e d  over  Linde 5 A  Molecular S i eves .  The s o l v e n t s  were 
sepa ra t ed  by vacuum d i s t i l l a t i o n .  S a l t s ,  except  f o r  morpholinium 
hexaf luorophosphate ,  were vacuum-dried a t  150°C f o r  a minimum 
of 24 hours .  
times up to 7 2  hours .  Morpholinium hexafluorophosphate  was d r i e d  
i n  a vacuum d e s s i c a t o r  over  phosphorus pentoxide to avoid de- 
composi t ion a t  e l e v a t e d  temperatures .  

Hy&oscopic s a l t s  such as p e r c h l o r a t e s  r e q u i r e d  dry ing  

Dried m a t e r i a l s  trcansf e r  and e lec t rochemica l  ,measurements were 
%arx5edI.ou& in  <a Kewaunee S c i e n t i f i c  Equipmenf [2C380:) d r , y b a  
&ET a.m argon atmosphere ~ Phosphorus pentoxide d ry ing  agent  
i s  used to t r a p  any water vapor. 

Water ana lyses  r e p o r t e d  here were performed us ing  a K a r l  
F i s h e r  amperammetric t i t r a t i o n  w i t h  a Beckman KF-3 Aquameter. 
A vapor phase chromatographic technique  i s  being developed t h a t  
promises to be more reproducib le .  D e t a i l s  of t h i s  method a r e  
r e p o r t e d  i n  S e c t i o n  I V .  Water concen t r a t ions  below 0 .5  mg H20/ 
m l  of  s o l u t i o n ,  as measured by the K a r l  F i s h e r  method, a r e  
q u e s t i o n a b l e  because of t he  high c o n c e n t r a t i o n  r eqgen t s  used. 
A l l  wa te r  ana lyses  a r e  l i s t e d  i n  Tables  6 and 7 .  

Conduc t iv i ty  Bridge Model RC16B2. 
(Beckman) used has  a c e l l  cons t an t  of  0.1, 
a r e  a l s o  l i s t e d  i n  T a b l e s  6 and 7- 

C o n d u c t i v i t i e s  were measured us ing  an I n d u s t r i a l  Ins t ruments  
The c o n d u c t i v i t y  c e l l  

Conducting d a t a  



( a) Magnesium (b) Lithium 

Oscilloscope Traces of Lithium and Magnesium in 
y-Butyrolactone (1M KPFs) E l e c t r o l y t e .  

Figure 6. 
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A l l  s o l u t i o n s  were s a t u r a t e d  w i t h  e l e c t r o l y t e  or made 
one molar when p o s s i b l e .  F i r s t  q u a r t e r  work wi.th l i t h i u m  was 
r e s t r i c t e d  to f r e e  e l e c t r o l y t e  tes t ing . .  A c l e a n  l i t h i u m  s u r f a c e  
w a s  c u t  from a block ( F i s h e r  S c i e n t i f i c  Co.) and used wi thout  
f u r t h e r  t r ea tmen t .  

e .  Discharge of L i th ium i n  Nonaqueous E l e c t r o l y t e s  

The r e s u l t s  of t he  f r e e  e l e c t r o l y t e  h a l f  c e l l  t e s t s  a r e  
shown i n  Table 6 .  

The l i t h i u m / a c e t o n i t r i l e  ( A N )  system showed cons ide rab le  
gas s ing  a l though t h e  water  conten t  was r e l a t i v e l y  low. 
Formation o f  a whi te  p r e c i p i t a t e  and poor performance i n  t h e  
presence  o f  KPF6 e l e c t r o l y t e  e l imina ted  t h i s  s o l v e n t  f o r  f u r t h e r  
work dur ing  t h i s  q u a r t e r .  

With N,N-dimethylformamide (DMF),  l i t h i u m  vo l t ages  improved. 
However, a g e l a t i n o u s  p r e c i p i t a t e  formed on t h e  anode and caused 
s i g n i f i c a n t  I R  drop as t h e  d ischarge  progressed.  Morpholinium 
hexafluorophosphate  (MPFs) was t h e  b e s t  o f  t h e  s o l u t e s  t e s t e d .  

I n  y-butyro lac tone  ( y-BL), t h e  e f f e c t  of  s o l u t e  (LiC104, 
KSCN, K P F ~ )  was inconclus ive .  

Methyl formate w i t h  KPF6 or L i C l O B  gave t h e  b e s t  r e s u l t s  
w i t h  l i t h ium.  Lithium performance was somewhat b e t t e r  w i t h  
KPF6 d e s p i t e  t h e  lower e l e c t r o l y t e  conductance. 
t i o n  cu rves  are i l l u s t r a t e d  i n  F igu re  7.  

The p o l a r i z a -  
S a t i s f a c t o r y  vo l t ages  

were maintained a t  c u r r e n t  d e n s i t i e s  up to 0 .5  amp/in. 2 . 
The Li/LiC104 1 M  i n  methyl formate showed some gass ing  a t  

open c i r c u i t .  The open c i r c u i t  p o t e n t i a l  was -3.0 v vs  NCE.  
At h i g h  c u r r e n t s  t h e r e  was some b o i l i n g  of  t h e  so lven t ,  bu t  t r u e  
g a s s i n g  a t  t h e  l i t h i u m  d i d  not appear  to i n c r e a s e .  The I R  
measurement a t  0 .2  amp/in.* showed a p e r f e c t  square  wave o s c i l l o -  
scope t r a c e  a t  10 msec/cm. The I R  of 0 .5  v added to t h e  
o p e r a t i n g  vo l t age  of  2.55 shows t h a t  a l l  t h e  p o l a r i z a t i o n  i s  due 
to I R .  The c u r r e n t  was maintained a t  0 .2  amr,/in.2 f o r  over  
2 hours,  w i t h  t h e  ope ra t ing  vol tage  changing-randomly between 2.54, 
and 2.65 v. 

With KPF6 i n  t h e  Li/methyl formate systems, p o t e n t i a l s  
were h ighe r  and gass ing  was not observed.  However, t h e  l i t h i u m  
s u r f a c e  tu rned  g rey .  No long-term t e s t  has been made w i t h  t h i s  
system. 

It i s  apparent  t h a t  KSCN decomposes too  r a p i d l y  to b e  u s e f u l  
as a s o l u t e  i n  any e l e c t r o l y t e  system w i t h  l i thiurn.  
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It must be emphasized t h a t  t h e s e  r e s u l t s  are from i n i t i a l  
s c reen ing  and a r e  of  r e l a t i v e  va lue  only .  
was a d j u s t e d  from d m m  to d . 5  mm a f t e r  t h e  fo l lowing  systems were 
t e s t e d :  AN (KPFs), DMF(LiClO4), DMF ( L i C l ) ,  y-BL ( L i C 1 0 4 ) .  

The Luggin c a p i l l a r y  

I n  gene ra l ,  t h e  o s c i l l o s c o p e  t r a c e s  us ing  l i t h i u m  anodes 
showed IR-type p o l a r i z a t i o n  only (4  mil l i s econd  to a t t a i n  f i n a l  
v o l t a g e ) .  A t y p i c a l  t r a c e  i s  shown i n  F igu re  6 .  

2 .  Magnesium i n  Nonaqueous E l e c t r o l y t e  

Magnesium i n  n e u t r a l  aqueous e l e c t r o l y t e  was s t u d i e d  us ing  
t h e  f r e e  e l e c t r o l y t e  c e l l  and t a p e  c o n f i g u r a t i o n  c e l l  for com- 
pa r i son .  The anode m a t e r i a l  was primary magnesium f o i l  (10 m i l )  
from Dow. The va r ious  s u r f a c e  t r ea tmen t s  are desc r ibed  ind iv id -  
u a l l y  below. 

The OCV of -1.70 v vs NCE f o r  Mgflg(C104)Z aqueous 
system i n  the f r e e  e l e c t r o l y t e  c e l l  t e s t  i s  i n  agreement w i t h  
prev ious  s t a t i c  c e l l  d a t a .  However, t h e  o p e r a t i n g  v o l t a g e  a t  
0.5 amp/in.2 was -1.12 v.  An o s c i l l o s c o p e  t r a c e  showed an I R  
component o f  0 .4  v. 
o f  a t a p e  c e l l  and w e  can, i n  r e t r o s p e c t ,  a t t r i b u t e  t h i s  to l a c k  
o f  c l e a n i n g  and to l a c k  o f  c h l o r i d e  ion  i n  s o l u t i o n .  
Thus 
r a t e  i nc reased  under load,  and was 1 . 4  ml/min/in.2 a t  0.5 amp/in. 2 . 
The t i m e  f o r  complete d ischarge  a t  t h i s  r a t e  w a s  62 minutes, 
g i v i n g  a coulombic e f f i c i e n c y  of 86%. 

This  ope ra t ing  vo l t age  was l e s s  than  t h a t  

t h e  magnesium may rema in  somewhat pas s  Fve. The gass Ir;g 

I n  t h e  t a p e  c o n f i g u r a t i o n  s t a t i c  t e s t ,  t h e  s i l v e r  c h l o r i d e  
c o u n t e r  e l e c t r o d e  was used. 

A c a p a c i t y  of  20 minutes a t  0.5 amp/in was ob ta ined  f o r  
t h e  A g C l  e l e c t r o d e  (from t h e  Yardney Silcad' Ago p l a t e )  i n  
aqueous Mg( C104)2 e l e c t r o l y t e  versus  expanded magnesium. 
anode p o t e n t i a l  of -1.70 v vs  NCE was ob ta ined  a t  0.5 amp/in.2 
d r a i n .  This  p o t e n t i a l  includes an I R  of  0.15 v as determined by 
t h e  i n t e r r u p t e r  c i r c u i t  ( F i g .  11). Using a s o l i d  magnesium 
anode, no apprec i ab le  c u r r e n t  could be drawn, due appa ren t ly  to 
g a s  b locking .  With t h e  same system, but  w i t h  a g a s s i n g  plat inum 
s c r e e n  cathode,  much e l e c t r o l y t e  had to be added dur ing  t h e  t e s t .  
However, 32 minutes a t  0.5 amp/in.2 was ob ta ined  f o r  a s o l i d  
magnesium anode a t  an ope ra t ing  p o t e n t i a l  of  -1.5 v vs  NCE. 
This  t e s t  appears  to s u b s t a n t i a t e  t h e  gas  blockage theo ry  and a l s o  
t h e  e a r l i e r  r e s u l t  t h a t  c h l o r i d e  ion  improves t h e  magnesium 
d i scha rge ,  probably by breaking down t h e  pas s ive  magnesium oxide  
s u r f a c e  f i l m .  The magnesium for t hese  anodes was c leaned  
w i t h  d e t e r g e n t  or KOH and then chemica l ly  p o l i s h e d  w i t h  0.1M HC1.  

An 

Discharge d a t a  f o r  magnesium i n  nonaqueous e l e c t r o l y t e  are 
F d i f f i c u l t  to i n t e r p r e t  because of s e n s i t i v i t y  to s u r f a c e  

cleaning methods. I n  many cases  a h igh  open c i r c u i t  would be 
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ob ta ined  but  no apprec i ab le  c u r r e n t  could be drawn. E l e c t r o d e s  
o f t e n  improved w i t h  time under load ,  o r  t hey  improved i f  a h ighe r  
c u r r e n t  was passed i n i t i a l l y .  

O f  t h e  c l ean ing  methods, 3% H C 1  i n  DMF was b e t t e r  than  1% 
H C 1  i n  H20, which i n  t u r n  was b e t t e r  t han  l i g h t  p o l i s h i n g  
w i t h  emery paper .  However, the b e s t  method is  based on a 
pa ten ted  c l ean ing  s o l u t i o n .  T h i s  s o l u t i o n  was used f o r  t h e  f r e e  
e l e c t r o l y t e  c e l l  r e s u l t s  i n  Table 7 except  f o r  t h e  AN (KPFs)  
and MeOH[Mg(C104)2] systems. 

The e t c h i n g  s o l u t i o n  used was: 

23 vel-% dioxane 
60 vel-% isopropyl  a lcohol  
10 vel-% "03 (70% "03  i n  H20) 
5 vel-$ H C 1  (38% HC1 i n  H20) 
2 vel-% a c e t i c  acid.  

The s o l u t i o n  was used i n  the  drybox and t h e  magnesium was 
wiped c l e a n  of t h e  e t c h i n g  s o l u t i o n  be fo re  assembling t h e  c e l l .  

Although t h e  o s c i l l o s c o p e  p i c t u r e s  us ing  l i t h i u m  anodes 
showed IR-type p o l a r i z a t i o n s  only (<1 mil l i s econd  to  a t t a i n  f i n a l  
v o l t a g e ) ,  magnesium anodes showed v a r i e d  and complicated p o l a r i z a -  
t i o n  behavior .  The b e s t  I R  measuremen6 was t h e  i n i t i a l  break 
from the on-to-off  c y c l e .  The o f f - to -on  c y c l e  o f t e n  showed a 
la rger  i n i t i a l  p o l a r i z a t i o n ,  which may be t h e  I R  of  t h e  semi- 
p a s s i v e  f i l m  on t h e  magnesium. There have been i n s t a n c e s  i n  which 
t h e  trace showed a m a x i m u m  p o l a r i z a t i o n  and then  improvement of 
p o t e n t i a l  f o r  an o f f - to -on  cyc le .  Also t h e r e  have been m a x i m a  
i n  t h e  p o t e n t i a l  o f  t h e  on-to-off  c y c l e .  

Some l i m i t e d  data a r e  a v a i l a b l e  f o r  t a p e  c o n f i g u r a t i o n  
s t a t i c  t e s t s  w i t h  magnesium i n  methanol. A Mg/Mg(C104)2 1 M  i n  
MeOH system was t e s t e d  w i t h  a gas s ing  plat inum cathode and AgCl 
ca thode .  The methanol water  conten t  was 17 mg/ml and an aqueous 
H C 1  e t c h  was used f o r  t h e  magnesium. The d a t a  a r e  g iven  i n  
Table  8. 

The h igh  water  con ten t  of t h e  e l e c t r o l y t e  and u n s a t i s -  
f a c t o r y  s u r f a c e  t rea tment  a r e  r e f l e c t e d  i n  t h e  poor anode 
v o l t a g e  and h i g h  p o l a r i z a t i o n  under c u r r e n t  d r a i n .  
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Table 8. 

CURRENT VOLTAGE DATA FOR THE M g / M g ( C l O e ) Z  METHANOL SYSTEM 

P t  Cathode A g C l  Cathode 

I, amp. 

0 

0.025 

0.05 

0.1 

0.2 

0.3 
0.4 

0.5 

E ( V  vs NCE)  IR* ( v )  

-1.48 

-1.47 0.11 

-1.46 0.17 

-1.45 0.23 

-1.43 0.29 

-1 9 39 0.35 

-1 35 0.39 
-1.20 0.56 

E ( V  vs NCE)  IR ( v )  

-1.45 

-1.34 0.12 

-1.26 0.16 

-1.24 0.32 

-1.13 0 . 4 1  

-0.90 0.55 

-0.90 0.68 

* IR-Anode t o  calomel on anode s i d e  of s e p a r a t o r .  Obtained 
w i t h  i n t e r r u p t e r  c i r c u i t .  

3 .  Plans  f o r  Second Q u a r t e r  (Anode Research and Development) 

The sc reen ing  o f  s e l e c t e d  l i thium and magnesium systems 
w i l l  cont inue ,  u s ing  t h e  f r e e  e l e c t r o l y t e  t e s t  c e l l .  I n  add i -  
t i o n ,  t h i s  technique w i l l  be used  to i s o l a t e  and d e f i n e  problems 
t h a t  may b e  encountered i n  f u l l  c e l l  t e s t s .  

The e f f e c t  o f  l i t h i u m  p u r i t y  and system water con ten t  
w i l l  be determined. 

Development of  a l i t h i u m  anode i n  a t a p e  c o n f i g u r a t i o n  
w i l l  be undertaken.  A s p e c i f i c  e f f o r t  w i l l  be made to 
produce a high s u r f a c e  area e l ec t rode .  

F u l l  c e l l  t e s t s  s t a r t i n g  w i t h  t h e  ACL-85 cathode as coun te r  
e l e c t r o d e  w i l l  be i n i t i a t e d .  



I 

. .  
111. TASK I1 - TAPE CELL EVALUATION 

A .  TAPE CELL PREPARATION 

The cont inuous cathode tape  manufacturing machine was 
s e r v i c e d  and r e f i t t e d  w i t h  improved p r e s s  dry ing  rolls and take-up 
r e e l s .  
begin e a r l y  i n  t h e  second q u a r t e r .  

Product ion of continuous l e n g t h s  of  ACL-85 t a p e s  w i l l  

B. DYNAMIC TESTING 

No dynamic t e s t i n g  was performed i n  t h e  f i r s t  q u a r t e r .  A 
new t e s t  u n i t  was designed and cons t ruc t ed .  Complete d e t a i l s  
a r e  g iven  i n  S e c t i o n  I V .  
system w i l l  begin e a r l y  i n  t h e  second q u a r t e r .  

Dynamic t e s t i n g  of  t h e  aqueous Mg/ACL-85 

. 
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I V .  SUPPORTING RESEARCH 

* 

A. TEST EQUIPMENT DESIGN AND IMPROVEMENT 

1. Free  E l e c t r o l y t e  Half C e l l  Unit 

A s p e c i a l  c u r r e n t  p u l s i n g  swi tch  dev ice  has been cons t ruc t ed  
and i s  being used w i t h  an o s c i l l o s c o p e  to measure e l e c t r o d e  
c h a r a c t e r i s t i c s  dur ing  t h e  f i r s t  few mi l l i s econds  of  d i scharge .  
The swi t ch  c o n s i s t s  of a mercury-wetted r e l a y  t h a t  c l o s e s  t h e  
c e l l  c u r r e n t  c i r c u i t  and gene ra t e s  a t r i g g e r  ou tpu t  to s t a r t  t h e  
oscil1oscope.sweep. When t h e  c e l l  c u r r e n t  i s  d r i v e n  by a 
p r o p e r l y  loaded c o n s t a n t  c u r r e n t  supply,  t h e  o s c i l l o s c o p e  d i s p l a y  
r e p r e s e n t s  t h e  e l e c t r o d e  performance a t  t h e  s e l e c t e d  c u r r e n t  
d e n s i t y  f o r  t h e  pe r iod  o f  t i m e  from open c i r c u i t  through t h e  
f i r s t  10 mi l l i s econds  o f  discharge.  F igu re  8 i l l u s t r a t e s  t h e  
e l e c t r i c a l  diagram f o r  t h e  system. The t e s t  c e l l  i t s e l f  i s  shown 
i n  F igu re  9. 

2 .  Limited E l e c t r o l y t e  F u l l  Cell S t a t i c  Tes t  Unit  

modif i c a t i o n  of the  Kordesch-Marko b r idge  and t h e  Allis-Chalmers 
b r idge .  The mod i f i ca t ion  used blazes t h e  p u l s e  transistor 
i n  such  a way as to keep it  i n  t h e  c u t - o f f  s t a t e  when h igh  
v o l t a g e  c e l l s  (3.0-4.5 v o l t s )  a r e  being t e s t e d .  These modified 
b r i d g e s  a r e  capable  of measuring t h e  IR- f r ee  e l e c t r o d e  per -  
formance from open c i r c u i t  to 3-amp d i scha rge  c u r r e n t .  
The Kordesch-Marko b r idge  records an IR-f ree  v o l t a g e  reading  whi le  
t he  A l l i s  Chalmers b r idge  records t h e  VIR c o n t r i b u t i o n  d i r e c t l y .  
The c i r c u i t r y  involved is  i l l u s t r a t e d  i n  F igu res  10 and 11. 

Pu l se  c u r r e n t  equipment has been b u i l t , a n d  used which i s  a 

2.5 

3 .  Dynamic Tes t  S t a t i o n  

The new dynamic t e s t  s t a t i o n  f o r  d r y  t a p e  b a t t e r i e s  has 
been completed ( s e e  F igu re  1 2 ) .  
speeds o f  0.002 to 1.0  in./min. 
and a c c u r a t e l y  maintained by a 

The t e s t e r  i s  capable  of t a p e  
The speed is  cont inuous ly  v a r i a b l e  

Zero-Max d r i v e  system. 

An automatic vo l tage-cur ren t  r eco rd ing  system has been 
inco rpora t ed  to make 24-hour ope ra t ion  p o s s i b l e .  
f eed  f o r  t h e  t e s t  s t a t i o n  is  provided by a Milton-Roy c o n t r o l l e d  
volume pump. 
f o r  24 hours  o f  t e s t i n g  on tape b a t t e r i e s  be fo re  r e f i l l i n g  i s  
r e q u i r e d .  

The e l e c t r o l y t e  

The e l e c t r o l y t e  s t o r a g e  tanks  provided have c a p a c i t y  

C a l i b r a t i o n  o f  t h e  d r i v e  system and e l e c t r o l y t e  f eed  system 
has been completed. 
w i l l  beg in  e a r l y  i n  the second quar te r .  
t e s t  appara tus ,  the new dynamic t e s t  s t a t i o n  has  t h e  advantages 
of long-term unat tended ope ra t ion  and more a c c u r a t e  speed and 
e l e c t r o l y t e  f eed  control .  

Evalua t ion  of t h e  aqueous Mg/ACL-85 t a p e  system 
Compared w i t h  t h e  e a r l i e r  
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Figure 12. Dynamic Test Unit--Drive, Recorder, 
and Electrolyte Supply.  
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4 .  Improved Water Analys is  Techniques 

The automatic  Kar l -F i she r  t i t r a t i o n  c u r r e n t l y  be ing  used 
f o r  water  a n a l y s i s  has r e l i a b i l i t y  l i m i t a t i o n s ,  p a r t i c u l a r l y  
a t  v e r y  low water  concent ra t ions .  S e v e r a l  o t h e r  f a s t e r  and more 
peproducib le  techniques  are being i n v e s t i g a t e d  w i t h  the  g o a l  of 
improving s e n s i t i v i t y .  Two techniques examined dur ing  t h i s  r e p o r t  
pe r iod  were the  u s e  of n u c l e a r  magnetic resonance and vapor phase 
chromatography. N m r  was d iscarded  e a r l y  as a u s e f u l  technique  
because i t s  s e n s i t i v i t y  l i m i t  was approximately 0.1% ( t o o  h igh  
f o r  o u r  purposes) .  
t ha t  do n o t  have -OH or N-H bonds. 

I n  add i t ion ,  i t s  use  i s  r e s t r i c t e d  to  s o l v e n t s  

Two vapor phase chroma&ographic procedures  were i n v e s t i g a t e d :  
( a )  g a s - s o l i d  chromatography and ( b )  g a s - l i q u i d  chromatography. 

a. Gas-Solid Chromatography 

Vapor phase chromatograms o f  water show t h e  phenomenon of '  
t a i l i n g ,  as evidenced by nonsymmetric chromatographic peaks. 
The h i g h  p o l a r i t y  of  water  accounts f o r  t h i s  t a i l i n g .  The 
q u a n t i t a t i v e  measurement of  chromatographic peak a r e a s  i s  t h u s  
s u b j e c t  t o  t a i l i ng -dependen t  e r r o r  and t h e  accuracy, and pre-  
c i s i o n  of  ana lyses  a r e  a f f e c t e d .  The p o s s i b l e  a p p l i c a t i o n  of 
g a s - s o l i d  chromatography to minimize t h i s  e r r o r  was i n v e s t i g a t e d .  

Columns were prepared from Fluoropaks,  a per f  luorocarbon 
chromatographic column suppor t  (Wilkins  S c i e n t i f i c  Ins t ruments ,  
I n c . ) .  The column dimensions were  6 f t  x 1/4 i n .  
gas flow r a t e  was 77 cc/min, and column temperature  was c o n s t a n t  
a t  30°C. I n j e c t i o n  temperature  was 290°C, and the tempera ture  
of t h e  hot wire  d e t e c t o r  was 320°C. Under t h e s e  o p e r a t i n g  con- 
d i t i o n s ,  a u s e f u l  s e p a r a t i o n  of water  from dimethylformamide does 
occur  and water ana lyses  were poss ib l e .  F u r t h e r  i n v e s t i g a t i o n s ,  
however, showed two l i m i t a t i o n s  o f  t h i s  g a s - s o l i d  chromatographic 
procedure.  F i r s t ,  t h e  procedure was found t o  be no t  u n i v e r s a l  
b u t  l i m i t e d  to h igh  b o i l i n g  s o l v e n t s  (low b o i l i n g  s o l v e n t s  e l u t e  
w i t h  the water  peak and i n t e r f e r e  i n  a n a l y s e s ) .  Second, gases  
(e.g.9 02, N 2 )  d i s s o l v e d  i n  t h e  s o l v e n t  e l u t e  just befo re  water 
and may g i v e  i n t e r f e r e n c e ,  p a r t i c u l a r l y  a t  low water  con- 
c e n t r a t i o n s .  I n  view of  t h e s e  l i m i t a t i o n s  and of t h e  d e s i r a b i l i t y  
of a u n i v e r s a l l y  a p p l i c a b l e  method, the use  of g a s - s o l i d  chroma- 
tography was d iscarded .  

The H e  c a r r i e r  

b .  Gas-Liquid Chromatography 

The fo l lowing  column was prepared and i n v e s t i g a t e d  for water 
a n a l y s i s :  8% Carbowax 20M (Carbide and Carbon Chemicals Co.) 
o n  a pe r f luo roca rbon  coa ted  diatomaceous e a r t h ,  Gas-Pack F, 60-80 
mesh, (Chemical Research Serv ices ,  I n c ,  ).  Column dimensions 
were 7 f t  x 1/4 i n .  i n  304 stainless s t e e l ,  Column o p e r a t i n g  
t empera tu re  was c o n s t a n t  a t  100°C and He c a r r i e r  g a s  flow r a t e  was 



. ,  
86 cc/min. 
Model 154. 
maximize s e n s i t i v i t y .  A t y p i c a l  chromatogram of 0.8% water  i n  
dimethylformamide i s  shown i n  Figure 13. Reten t ion  t imes a r e  
i n  parentheses  f o r  a i r  (0.5 m i n )  , u n i d e n t i f i e d  peak, perhaps 
dimethylamine (1.1 rnin), water  (3 .9  rnin), and dimethylformamide 
(17.2 min).  
was prepared and water  peak area c a l i b r a t i o n  data were obta ined  
us ing  the  method o f  s t anda rd  addi t ion .  

The ins t rument  was the Perkin-Elmer Vapor Fractometer  
Ten m i c r o l d t e r s  of sample were r o u t i n e l y  i n j e c t e d  t o  

A s e r i e s  of s tandards  of water i n  dimethylformamide 

. 

2 Peak area measurements a r e  r ep roduc ib le  to 2 0.05 i n .  
a t  0.1% water  concen t r a t ion .  This  corresponds i n  t h i s  procedure 
to a p r e c i s i o n  of  -t 0.01% water a t  0.1% water  concen t r a t ion .  
Some o f  the  prelimTnary c a l i b r a t i o n  data a r e  shown i n  Table 9. 

The procedure i s  now being extended to lower water  
concen t r a t ions .  The data thus  far  ob ta ined  i n d i c a t e  a l i m i t  of  

o f  t he  water concen t r a t ion .  
d e t e c t i o n  of  0.001% o r  10 ppm water, w i t h  an accuracy of 

Pre l iminary  s t u d i e s  of  a d d i t i o n a l  s o l v e n t s  have begun. 
Vapor phase chromato rams of these  s o l v e n t s  are shown i n  
F i g u r e s  1 4  (methanol , 15 (methyl formate , 16 ( e t h y l  fo rma te ) ,  
17 (y-butyro lac tonb) ,and  18 ( a c e t o n i t r i l e  . The r e t e n t i o n  
t imes show that  t h i s  method of water  a n a l y s i s  i s  a p p l i c a b l e  to 
these s o l v e n t s  w i t h  one l i m i t a t i o n .  The t a i l i n g  of a c e t o n i t r i l e ,  
F igu re  18, was shown to l i m i t  water  a n a l y s i s  i n  a c e t o n i t r i l e  to 
water concen t r a t ions  above t h e  1% l e v e l .  Water i n  t he  o t h e r  f i v e  
s o l v e n t s  w i l l  be d e t e c t a b l e  a t  t h e  0.001% c o n c e n t r a t i o n  l e v e l .  

1 7 



Figure 13. Dimethyl Formamide Vapor Phase Chromatogram. 
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Figure 16. Ethyl Formate Chromatogram. 
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Figure 18. Acetonitrile Chromatogram 
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Table 9. 

PRELIMINARY CALIBRATION DATA FOR VAPOR PHASE 
CHROMATOGRAPHIC DETERMINATION OF WATER 

Peak Area, 
i n .  2 

0.398 0.045 

0.582 2 0.026 

2.043 f. 0.020 

Water 
Concentrat  ion,  

% in .* ,  % 

0. log 3.65 

0.129' 4.51 

0.579 3.52 
Mean 3.86 t 0.40 

Table 10. 

SOLVENT RETENTION TIMES 

Solvent  

Methyl Formate 

E t h y l  Formate 

Methanol 

A c e t o n i t r i l e  

Water 

Dimethylformamide 

y -Bu t y r b  l'ac tone  

Re ten t ion  Time, 
Min. 

0.9 

1.2 

1.4 

3.0 

3.9 

17.2 

87.0 
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Table A-2. 

ANALYTICAL METHOD FOR THE DETERMINATION O F  AVAILABLE CHLORINE 

1 

.. The de te rmina t ion  of a v a i l a b l e  c h l o r i n e  i n  formulated products  
c o n t a i n i n g  c h l o r i n a t e d  cyanuric  a c i d  i s  performed by means o f  
an iodometr ic  t i t r a t i o n  wi th  sodium t h i o s u l f a t e  to a s t a r c h  
end-point .  

The method g iven  below i s  recommended. 

1. Reagents and Equipment 

0.1N s t anda rd  sodium t h i o s u l f a t e  s o l u t i o n  
3% potassium iod ide  s o l u t i o n  
1:l s u l f u r i c  a c i d  
S t a r c h  i n d i c a t o r  s o l u t i o n  
50-ml b u r e t t e  
500-ml Erlenmeyer f l a s k  
25O-ml g radua te  c y l i n d e r  
25-ml g radua te  c y l i n d e r  
Magnetic s t i r r e r  
Teflon-covered s t i r r i n g  b a r  
D i s t i l l e d  water wash-bottle 
G las s ine  weighing paper  
A n a l y t i c a l  balance 

2.  Procedure 

A 

Using the  a n a l y t i c a l  balance,  weigh onto a g l a s s i n e  
weighing paper  the c a l c u l a t e d  amount of  sample f o r  an approx- 
imate 40-ml sodium t h i o s u l f a t e  t i t r a t i o n .  T rans fe r  t h e  sample 
to a 500-ml Erlenmeyer f l a s k  conta in ing  250 m l  of  3% potassium 
i o d i d e  s o l u t i o n .  Rinse t h e  weighing paper  and t h e  walls of  t h e  
f l a s k  w i t h  d i s t i l l e d  water .  
DuPontls "Teflon" to t h e  f l a s k  and p l a c e  it  on a magnetic 
s t i r re r .  Continue to s t i r  u n t i l  s o l u t i o n  has been e f f e c t e d  
( u s u a l l y  3-5 minutes) .  Add approximately 50 g of  crushed 
i ce ,  and then  add 25 m l  of  1:l s u l f u r i c  a c i d .  (Caut ion:  
when t h e  formula t ion  c o n t a i n s  a carbonate ,  t h e  ac id  should be 
added w i t h  e x t r a  c a r e  i n  o rde r  to avoid an excess ive  r a t e  of 
C O 2  evo lu t ion .  ) T i t r a t e  wi th  0.1N s t anda rd  sodium t h i o s u l f a t e  
to a l i g h t  yellow c o l o r  while con t inu ing  to s t i r  t h e  c o n t e n t s  
o f  t h e  f l a s k .  
p u r p l e  c o l o r ,  and cont inue  to t i t r a t e  s lowly u n t i l  t h e  c o l o r  
j u s t  d i sappea r s .  Record t h e  volume of sodium t h i o s u l f a t e  
s o l u t i o n  used, and c a l c u l a t e  the  a v a i l a b l e  c h l o r i n e  l e v e l  
acco rd ing  to t h e  fo l lowing  formula: 

Add a s t i r r i n g  b a r  covered wi th  

Add s t a r c h  i n d i c a t o r  s o l u t i o n  to g i v e  a deep 

m l - t h i o s u l f a t e  x 'Nj t h i o s u l f a t g  x 0.03546 x 100 
w t  sample ACL-85@' $ AvaiJable Chlor ine  = 
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