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Abst rac t  

The e lec t rode behavior o f  t h e  system, Ca/aq.-NaOH, NaC1, has been 

i nves t i ga ted  a t  ambient temperatures. L i m i t i n g  cu r ren ts  have been noted 

f o r  in te rmed ia te  concentrat ions o f  NaOH and NaC1, w h i l e  r a p i d  pass i va t i on  

a t  h igh  r a t i o s  o f  NaOH t o  NaCl occurred. Low r a t i o s  o f  NaOH/NaCl y i e l d e d  

uncontrol lable hydrogen evo lu t i on  and r a p i d  calc ium d i s s o l u t i o n .  

A model o f  t he  aqueous c e l l  o f  t he  proposed system fo r  t h e  produc- 

t i o n  o f  l i t h i u m  has been completed. The apparatus a l lows simultaneous 

determinat ion o f  cu r ren t  e f f i c i e n c y  and e lec t rode  p o l a r i z a t i o n  f o r  the  

Li(Hg)/aq.-LiOH e lec t rode upon cathodic p o l a r i z a t i o n .  

Cool ing curves i n d i c a t e  t h e  ex is tence of a L i I -K I -L iC1  e u t e c t i c  w i t h  

a  me1 t i n g  p o i n t  o f  approximately 230'~; poss ib le  e r r o r s  a re  being considered 

a r i s i n g  from a r t i f a c t s  o f  t he  system and poss ib le  i m p u r i t i e s  i n  the s a l t s .  
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I. P~rb l  i c a t i o n  o f  K i n e t i c  Study Resu l ts ,  
1  A paper summarizing r e s u l t s  o f  t h e  k i n e t i c  s t u d y . o f  l i t h i u m  

d i s s o l u t i o n  was accepted pending minor r e v i s i o n s  by t h e  Journal o f  t h e  

Electrochemical Society .  

The Anodic Behavior o f  Calcium i n  Aqueous E l e c t r o l y t e s  

The study o f  t h e  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  o f  t h e  ca lc ium e lec t rode  

i n  aqueous e l e c t r o l y t e s  was cont inued t h i s  month. A  r o t a t i n g  d i s k  e lec t rode  
n 

o f  sur face  area 0.25 cmL was used i n  t h i s  work. As noted i n  l a s t  month's 

repo r t ,  no l i m i t i n g  cu r ren ts  were obta ined ( a t  cu r ren ts  up t o  4  ~/cm') 

f o r  t he  CaC12 e l e c t r o l y t e  (4.76, 5.15, and 5.24 M). I n d i c a t i o n s  o f  a  

p o s s i b l y  d i f f u s i o n - l i m i t e d  c u r r e n t  were o b t a i n e d , i n  LiOH/LiC1 so lu t i ons ,  

where t h e  OH-/C1- r a t i o  i s  s u b s t a n t i a l l y  h igher  than i n  CaC12-Ca(OH)2 

so lu t i ons .  A d e t a i l e d  mapping o f  e lec t rode  behavior  was made f o r  t he  

system, NaOH/NaC1. The i nves t i ga ted  composit ions a re  shown i n  F igu re  1-a. 

High OH- /~1 -  r a t i o s  y i e l d e d  passivated e lec t rode  behavior  upon c l o s i n g  the  

ga l vanos ta t i c  c i r c u i t .  Low OH-/CI- r a t i o s  y i e l d e d  no 1  i m i  t i n g  cu r ren t .  

With in te rmed ia te  r a t i o n s  and w i t h  low (1-3M) concent ra t ions  o f  NaOH, 

the re  was evidence o f  a  poss ib le  d i f f u s i o n - l i m i t e d  c u r r e n t  dens i t y .  

The p o l a r i z a t i o n  curves i n  pure sodium hydrox ide s o l u t i o n s  resemble those 

obta ined w i t h  t he  Li /LiOH e lec t rode.  With t h e  ca lc ium e lec t rode,  however, 

l i m i t i n g  c u r r e n t  d e n s i t i e s  were d i f f i c u l t  t o  reproduce--a poss ib le  a r t i f a c t  

o f  t h e  experimental  system which a l lowed hydrogen gas t o  accumulate on 

t h e  sur face  o f  t h e  anode. 

I n  terms o f  e lec t rode  p o l a r i z a t i o n  behavior,  t h e  ca lc ium e lec t rode  

more c l o s e l y  resembles l i t h i u m  than magnesium. A t  a  c u r r e n t  d e n s i t y  o f  

2  m ~ / c m ~ ,  commercial ly pure magnesium ( i n  2M M ~ ( B Y ) ~ ,  pH=10.5) shows an 

e lec t rode  p o t e n t i a l  o f  1.33 V (vs .  N H E ) ~ ;  t h e  thermodynamic va lue  i s  

2.46 v . ~   his h i g h  p o l a r i z a t i o n  l o s s  (1.13 V )  l i m i t s  t h e  energy e f f i c i e n c y  

o f  t he  magnesium e lec t rode.  For calcium, i n  t h e  CaC12 so lu t i ons ,  t h e  

e lec t rode  p o t e n t i a l  i s  approximately -2.5 V(vs. NHE)--only 0.25 V ;above 

t h e  standard e lec t rode  p o t e n t i a l  o f  -2.76 V. I n  t h e  NaOH e l e c t r o l y t e ,  

the  open c i r c u i t  p o t e n t i a l  i s  about -2.7 V, again o n l y  0.2-0.3 V nob le  

o f  t h e  standard e lec t rode  p o t e n t i a l  o f  -3.02 V. 



Fur the r  exper iments a r e  planned o r  underway t o  determine t h e  

mass-transfer.dependence o f  t h e  l i m i t i n g  c u r r e n t  and t o  determine t h e  

coulombic e f f i c i e n c y  o f  ca lc ium d i s s o l u t i o n  under w e l l - d e f i n e d  exper imenta l  

cond i t i ons .  

111. Recyc l ing  o f  L i th ium--Exper imenta l  Study o f  t h e  Mercury-Amalgam/ 
Aqueous E l e c t r o l y t e  C e l l  

An exper imenta l  c e l l  has been cons t ruc ted  t o  measure s imu l taneous ly  

t h e  c u r r e n t  e f f i c i e n c y  and e l e c t r o d e  p o l a r i z a t i o n  o f  t h e  L i  (Hg) /saturated-  

LiOH e l e c t r o d e  upon ca thod i c  p o l a r i z a t i o n .  The ce l l , .  shown schema t i ca l l y  

i n  F igu re  2, u t i l i z e s  a N i  coun te re lec t rode  f o r  t h e  e v o l u t i o n  o f  oxygen. 

Cur ren t  e f f i c i e n c y  i s  measured f rom t h e  r a t e  of gas e v o l u t i o n  and f r o m  

t h e  r a t e  o f  d isp lacement  o f  e l e c t r o l y t e  f rom t h e  c e l l .  A p o r t  f o r  

amalgam e x t r a c t i o n  i s  a l s o  p rov ided  t o  a l l o w  separate demterminat ion of 

amalgam concent ra t ion .  

The c e l l  i s ,  i n  e f f e c t ,  a  breadboard model o f  t h e  aqueous c e l l  

proposed f o r  t h e  p roduc t i on  o f  a  L i (Hg )  amalgam as p a r t  o f  a  process 

f o r  l i t h i u m  p roduc t i on  a t  h i gh  c u r r e n t  e f f i c i e n c i e s .  The process has been 

descr  i bed e l  sewhere. 4  

I V .  Recyc l ing  o f  L i th ium--Exper imenta l  S t u d y . o f  t h e  Mercury-AmalgamlFused 
S a l t  C e l l  

Exper imentat ion cont inued on the  low-me l t ing  fused s a l t  in tended 

f o r  use i n  t h e  fused s a l t  c e l l  o f  t h e  proposed l i t h i u m  p roduc t i on  

process.4 Several  coo l  i n g  curves were r u n  on t h e  L i  I -L iC1-KI  m i x t u r e  t o  

make a p r e l i m i n a r y  es t ima te  of t h e  e u t e c t i c  temperature i n  t h i s  system. 

The c o o l i n g  curves d i d  n o t  show a comple te ly  f l a t  e u t e c t i c  h d l r ,  b u t  a 

range o f  about  14-20'~. The lowes t  e u t e c t i c  measured was a t  232-250'~ 

f o r  a  sample o f  molar  composi t ion:  51% L i I -  8%LiC1-42%KI. For t he  

b i n a r y  L i I - K I  e u t e c t i c ,  we ob ta ined  270-290'; and f o r  pure  L i I w e  

ob ta ined  451-467'~. 

Whether t h i s  temperature range e f f e c t  i s  due t o  i m p u r i t i e s  i n  t h e  

L i I  s t a r t i n g  m a t e r i a l  (LiC1 and K I  a r e  s p e c i f i e d  " reagent  grade" and 

appear t o  be pure)  o r  due t o  an a r t i f a c t  i n  our  exper imenta l  system i s  



n o t  y e t  c l ea r .  Nonetheless, t h e  work i n d i c a t e s  a  ' 40 '~  l ower ing  of t h e  

e u t e c t i c  m e l t i n g  temperature i n  going from t h e  L i I - K I  b i n a r y  repo r ted  i n  
5  t h e  l i t e r a t u r e  t o  t he  L i I - L i C 1 - L i I  t e r n a r y  system. I t  i s  a n t i c i p a t e d  

t h a t  a  more c a r e f u l  i n v e s t i g a t i o n  o f  t h e  e u t e c t i c  composit ion and t h e  use 

o f  o the r  a d d i t i v e s  such as L i B r  should lower t h e  m e l t i n g  p o i n t  o f  t h e  

fused e l e c t r o l y t e  even f u r t h e r .  (For  t h e  process, a  m e l t i n g  p o i n t  i n  t he  

range o f  200-225'~ i s  opt imal  ) . 
V .  Summary 

2 The calc ium e lec t rode  y ie lds  1  i m i t i n g  cu r ren ts  below 4 A/cm i n  

t h e  cases o f  in te rmed ia te  concent ra t ions  o f  NaOH and NaCl and a t  in te rmed ia te  

(1-3M) concentrat ions o f  NaOH alone. Hi.gh r a t i o s  o f  NaOH t o  NaCl produced 

r a p i d  pass i va t i on  a t  c u r r e n t  d e n s i t i e s  below 10 m ~ / c r n ~ ,  w h i l e  low r a t i o s  

produced uncon t ro l l ed  d i s s o l u t i o n  and hydrogen evo lu t i on .  

A c e l l  has been cons t ruc ted  f o r  simultaneous c u r r e n t  e f f i c i e n c y  

and p o l a r i z a t i o n  measurements o f  t h e  L i  (Hg) e lec t rode  upon ca thod ic  po la r -  

i z a t i o n .  A lower ing  o f  t h e  m e l t i n g  p o i n t  of K I - L i I  e u t e c t i c  by t h e  

a d d i t i o n  o f  L i C l  has been confirt i led. Resul ts  obta ined i n  these s tud ies  

w i l l  be used t o  cons t ruc t  a  breadboard model o f  t h e  l i t h i u m  r e c y c l i n g  

process a t  t h i s  l abo ra to ry .  
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Concentration of N a C l  (&i/l) 

F i w e  I-a. Co~npositicns of e lectrolytes  investigated i n  conjuncLAon ~ri . t :~ 
the c ; l i c i ~ ~  el.ectrode. ca/~aCXi, !inCl, H20; ambient temperature. , 
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F i b w e  2. ~i ( H ~ ) / L ~ o H ( ~ ~ ) / o ~ ( ~ ~ T ~ )  Experimental Cell  fo r  Investigation of 
Lithium Recycling Process. Cel l  allows simultaneous mensumments of mcrcury 
electrode 3otenticJ. and coulonibic ef3iciency of lithium deposition reac'tion. 
A port  i s  furnished f o r  extraction of merarrry samples f o r  anaJy&s. Luggin 
capillary' i s  movable and may be positioned a t  any point between the Ni and Hg 
electrodes. 
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