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I. INVESTIGATIONS OF THE KIlJETICS OF THE L i /L iOt l (aq)  ELECTRODE 

Laboratory i n v e s t i g a t i o n s  of t h e  k i n e t i c s  o f  the  l i t h i u m  e l e c t r o d e  

cont inued t h i s  month. E lec t rode  p o l a r i z a t i o n  was measured by vol tammetr ic  

techniques, us ing  a  c u r r e n t  ramp ( d i / d t  a t  f i x e d  val.ues between +0.005 

and +I A / s ) .  . A m a t r i x  of data was obta ined f o r  d i f f e r e n t  va lues o f  b u l k  

e l e c t r o l y t e  concen t ra t i on  and f o r  e l  e c t r o l y t e  f l o w  rat'es p r o v i d i n g  laminar  

f l ow .  D e t a i l s  of t h e  experimental  apparatus and techniques were descr ibed 

i n  t h e  March 1976 progress l e t t e r .  

Resul ts .  Trac ings ,of t y p i c a l  p o l a r i z a t i o n  curves a r e  shown i n  

F igu re  1.   he c u r r e n t  scan r a t e  was +0.01 A/s.. Over a  wide range o f  f l o w  
. r a t e s  (corresponding t o  Re = 230 t o  2300) the  curves show a  l i n e a r  p o l a r -  

4  2 i z a t i o n  r e g i o n  w i t h  a  s lope hc on the  o rde r  o f  0.5 - 1x10-ohm-m (see 
F igu re  4 ) .  A t  a  c e r t a i n  c r i t i c a l  c u r r e n t  dens i t y ,  which increases w i t h  

f l o w  r a t e  and w i t h  d i l u t i o n  o f  t h e  e l e c t r o l y t e ,  the p o t e n t i a l  r i s e s  r a p i d l y  

t o  over  +10 V .  

I n  o rder  t o  develop a  q u a n t i t a t i v e  d e s c r i p t i o n '  o f  t h e  dependence o f  

t h i s  c r i t i c a l  c u r r e n t  d e n s i t y  on system parameters, a  somewhat a r b i t r a r y  

b u t  c o n s i s t e n t  d e f i n i t i o n  o f  " l i m i t i n g  c u r r e n t  d e n s i t y "  was chosen. The 

l i m i t i n g  c u r r e n t d e n s i t y ,  ilim i s  the  c u r r e n t  d e n s i t y  such t h a t  

( I n  general ,  t he  e lec t rode  : l u t e n t i a l  a t  t h e  1  i m i t i n g  c u r r e n t  d e n s i t y  

exceeds t h a t  ex t rapo la ted  fiom t h e  l i n e a r  p o r t i o n  by o n l y  20 - 60 mV. 

Two k inds  o f  'I i m i  t i n g  c u r r e n t s  were observed, depending on the  

concen t ra t i on  and f l o w  r a t e .  A t  low concent ra t ions  (.3 and 4 M ) ,  p l o t s  o f  

i l i m  aga ins t  v  were l i n e a r  on double l o g a r i t h m i c  paper. A t  h i g h  concentra-  

t i o n s  (4.9 M t o  s a t u r a t i o n ) ,  l i m i t i n g  c u r r e n t  was independent o f  f l o w  r a t e .  ( F i g .  2). 

A t  t h e  lower conce ;~ t ra t i ons ,  a  marked dependence o f  1, i rn i t ing c u r r e n t  on 

concen t ra t i on  was a l s o  observed (F igu re  3 ) .  A t  an i n te rmed ia te  concentra-  

t i o n ,  4.44 M, bo th  types were observed, w i  L l i  a t r a n s i t i o n  a t  f l o w  r a t e  o f  

about 300 mm/s. 
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I n t e r p r e t a t i o n .  , I n t u i t i v e l y ,  one m igh t  expect t h a t  an upper l i m i t  

t o  t h e  r a t e  of '  d i s s o l u t i o n  of t h e  l i t h i u m  e l e c t r o d e  would be reached when 

t h e  s o l u t i o n - s i d e  mass t r a n s f e r  1  i m i  t a t i o n s  of t h e  system were approached. 

A t  t h i s  l i m i t ,  t h e  r a t e  of d i s s o l u t i o n  ( i  .e., t he  c u r r e n t  d e n s i t y )  would 
a 

$2: \ 
j u s t  equal t h e  maximum r a t e  o f  t r a n s p o r t  o f  d i s s o l v e d  l i t h i u m  hydrox ide  

'> / 
away f r o m ' t h e  e l e c t r o d e  su r face  by t h e  combined a c t i o n s  o f  m i g r a t i o n ,  

d i f f u s i o n ,  dnd f l u i d  convect ion.  The app rop r i a te  mass t r a n s f e r  c o r r e l a t i o n  
*. 

f o r  t h i s  system i s  g i ven  by 

.Nu(average) = 1.84 (Re Sc 2 ~ 1 ~ )  113 

which, when evaluated i n  terms o f  our  system, y i e l d s  

Three observa t ions  s t r o n g l y  suppor t  ou r  i n t u i t i v e  model o f  mass 

t r a n s p o r t  l i m i t e d  d i s s o l u t i o n  i n  t h e  case o f  t he  f i r s t  k i n d  o f  l i m i t i n g  

c u r r e n t  ( i  .e., t ha t  observed a t '  t h e  h ighe r  f l o w  r a t e s  o,r lower concentra-  

t i o n s . )  ( 1 )  Slopes of t h e  least- .square l i n e s  a, b y  .and c  o f  F i g u r e  2  

have values o f  0.23, 0.31, and .0.37 which a r e  reasonably  c l o s e  t o  t h e  

t h e o r e t i c a l  113 value.  ( 2 )  H i  t h  t h e  same leas t - squa re  l i n e s ,  1  i m i  t i n g  

c u r r e n t  dens i t y  i s  found p r o p o r t i o n a l  t o  b u l k  e l e c t r o l y t e  c o n c e n t r a t i o n  

( F i g u r e  3 ) .  ( 3 )  A t  va r i ous  f l o w  r a t e s ,  t h e  p l o t s  o f  ilim a g a i n s t  Cb 

e x t r a p o l a t e  t o  approx imate ly  t he  s a t u r a t i o n  concen t ra t i on  o f  l i t h i u m  

hydrox ide  a t  ijim = 0. For  reasonable ( o r d e r  of magnitude) va lues of  

D ( 1 . 5 x 1 0 - ~  cm 1 s )  and t- (0 .5 ) ,  equat ion  ( i i )  i s  q u a n t i t a t i v e l y  p r e d i c t e d  

a s  we1 1. 
. . 

~ o n c l u s i o n s  and Fu r the r  Work. Three t e n t a t i v e  conc lus ions  may be 

s t a t e d  concern ing the  d i s s o l u t i o n  o f  l i t h i u m  e lec t rodes .  F i r s t ,  an upper 

l i m i t  t o  t h e  r a t e ' o f  d ischarge  o f ' a  l i t h i u m - w a t e r  b a t t e r y  anode w i l l  be 

s e t  by t h e  mass t r a n s f e r  l i m i t a t i o n s  of t he  f low system, and n o t  ( i t  appears) 

by t h e  k i n e t i c s  o f  charge t r a n s p o r t  w i t h i n  any mic roscop ic  su r face  f i l m s - o n  

t h e  anode. Second, ' t h e  r e s i s t a n c e ' o f  t he  anode sur face f i  lm i n  t h e  l i n e a r  

.. 
J. Newman, E lec t rochemica l  Syste~ris ( P r e n t i c e - H a l l  , Englewood C l i f f s ,  N. J. ; 
1973; p  318, p 223).an approx i~ ! ia t ion ,  we have assumed b i n a r y  e l e c t r o -  
l y t e  d i l u t e  s o l u t i o n  behavior  and the  mass t r a n s p o r t  c h a r a c t e r i s t ~ c s  o f  t h e  
annu la r  r e g i o n  bctwccn two concen t r i c  c y l i n d e r s  o f  l a r g e  d iameter , )  
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p o l a r i z a t i o n  reg ion  i s  q u i t e  low and e s s e n t i a l l y  independent of f low ra te .  

Third,  the plane para1 l e l  e lec t rode geometry used i n  these experiments 

r e s u l t s  i n  as. low an e lec t rode res is tance  as i n  the t r a d i t i o n a l  Lockheed 

ba t t e r y  design (anodelcathode contact  under pressure.) ; owing t o  i t s  lower 

res is tance t o  e l e c t r o l y t e  flow, the plane p a r a l l e l  geometry should the re fo re  
G '  . - 

be considered for- the automotive ba t t e r y '  design. 

Considerable d i f f i c u l t y  was encountered t h i s  month i n  at tempt ing t o  

ob ta i n  accurate,  apparent valence ( o r  coulombic e f f i c i e n c y )  'data f o r  l i t 'h ium 

d i s s o l u t i o n  under we l l  def ined cond i t i ons  o f  cu r ren t  d i s t r i b u t i o n  and hydro- 

dynamics, us ing e lec t rode weight loss  measurements. An experimental design 

t h a t  appears t o '  be su i t ab le  f o r  such measurements incorporates l a r g e  e lec -  
2 trodes (5-crn area) and stagnat ion p o i n t  f low.  ~ e s u l t s  o f  apparent valence 

determinations w i l l  be rep.orted next  month. 

An abs t rac t  o f  a paper t o  be .presented a t  the fa l .1  meeting o f  the 

Electrochemical Society concerning the l i t h i u m  d i s s o l u t i o n  k i n e t i c s  has 

been submitted. . 

a. 

We' g r a t e f u l l y  'acknowledge the contr i .but iot.~s o f  B. Ear l  Ke l ly ,  who designed 
. and.constructed the experimental apparatus used i n  t h i s  research. 
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L I S T  OF SYMBOLS 

Symbol 

a 

Def ini t ion 

cur ren t  sweep r a t e  

. . anode projected area  

bulk e l e c t r o l y t e  concentrat ion 

concentrat ion of sa tu ra ted  e l e c t r o l y t e  

d i f fus ion  coe f f i c i en t  

Electrode potent ia l  

Faraday's constant  

s lope of l i n e a r  port ion of po la r iza t ion  curve 

cur ren t  densi ty  

cur ren t  

1 imi t i  ng cur ren t  densi t y  

e lec t rode  1 ength 

Nussel t number 

number of e lec t rons  t rans fe r red  per u n i t  r eac t ion  

Reynolds number 

Schmidt number 

temperature 

t ransference number 

average flow ve loc i ty  of ' e l e c t ro ly t e  (vol urnetric 
flow divided by cross  sect ion area  of channel) 

. chara ' c te r i s t i c  dimension of e l e c t r o l y t i c  c e l l  
( i  . e.', e l ec t rode  separat ion)  

kinematic v iscosi  ty of e l e c t r o l y t e  (bu lk)  
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CURRENT DENSITY ( l o 4  ~/m')  

F igure  1. Anodic L i m i t i n g  Cuurent Dens i ty  Increases w t h  Flow Rate. Voltammetr ic t races ;  
d i / d t  = 0.010 A/s; e l ec t rode  area = 0.92 cmi; system: Li13.3 M LiOH; temperature = 
18°C. ( a )  Re = 230; ( b )  Re = 310; ( c )  530; ( d )  910; ( e )  2300. 



F i g u r e  2 .  L i m i t i n g  Cu r ren t  ? n s i t y  Depends on   low Rate and Bu l k  E l e c t r o l y t e  
Concent ra t ion .  3, ;teal: 1 - i  / aq .  - L i O H ;  temperature = 19 -r. 1 O C ;  

( a )  (LiOH) = 2 . 9 4  '1; (h )  = 3.91 M ;  ( 5 )  4.44 M; ( d )  4.90 M; ( e )  5.1 M 
( s a t u r a t e d ) .  ~ u n -  srs on 1  i n e s  r e f e r  t o  s l ope .  



AVERAGE FLOW RATE (mmls) 

Figure 4.  E-ectrode Resistance i s  Weakly Dependent on Flow Rate. 
System: Li/aq. -LiOH; temperature = 19 t 1°C; vol tammetric 
scan r a t e ,  0.01 41s;  anode a r ea ,  92 mm2. 
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