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I. LITHIUM PRODUCTION .P,ROCESSES 

Technical l i t e r a t u r e  from 1962 t o  the present has been searched 

f o r  methods,of producing l i t h i u m  metal from i t s  compounds and f o r  

operat ing condi t ions of e x i s t i n g  i n d u s t r i a l  p lan ts .  Results of t h i s  

work have been repo r ted  recent ly . '  E l e c t r o l y s i s  o f  a  molten mix ture  

o f  L iC l  and ' K C I ~ S  the on ly  process by which m e t a l l i c  l i t h i u m  i s  now 

produced on. an i n d u s t r i a l  scale, Current e f f i c i e n c y  i s  near 80% f o r  the 

l i t h i u m  reduct ion react ion,  wh i le  t o t a l  vol tage e f f i c i e n c y  o f  l i t h i u m  

reduct ion passes through a maximum of 50% a t  a  cathode cu r ren t  dens i t y  o f  
2 0.4 A/cm . .For,processes reported i n  the l i t e r a t u r e ,  the ove ra l l  energy 

e f f i c iency  .ranges from 9-41%. Main causes o f  the i n e f f i c i e n c y  are:  (1) 
ohmic po ten t i a l  drop i n  the .  i n t e re l ec t rode  gap, and (2)  heat ing energy 

losses due .to poor thermal i n s u l a t i o n  i n  the e l e c t r o l y s i s  c e l l s .  I t  

should be mentioned t h a t  the most cu r ren t  production. techniques, operat ing 

parameters, and e f f i c i e n c y  data are p rop r i e ta r y  and hence no t  ava i l ab le  f o r  

our study. 

We are now evaluat ing a  promising a l t e r n a t i v e  t o  present i n d u s t r i a l  

product ion methods, which has been described already.* I n  a  continuous 

process, l i t h i u m  amalgam would f i r s t  be formed by reduct ion o f  aqueous 

LiOH o r  Li2COj ( ba t t e r y  endproduct). (See Figure 1 ) .  L i th ium would then 

be electrochemic 'a l ly  separated from the amalgam t o  form the pure 1  i q u i d  

metal. The l a t t e r  process requires a  r e l a t i v e l y  low-melt ing (c.  180°C), , 

chemical l y  s tab le  ( i n  the presence o f  1 i thium) , high conduc t i v i t y  , fused- 

s a l t  e l ec t ro l y t e .  An i nves t i ga t i on  i s  now .underway f o r  a  su i t ab le  s a l t  

mixture. This far, promising cand5dates are  the b inary  and ternary  mixtures 

o f  L i I ,  LiOH, and LiNH2. I n  p a r t i c u l a r ,  the eu tec t i c  mixture,  LiOH(45.5%)- 

~ i 1 ( 5 4 . 5  mol-%'), m e l t s a t  18OPC. 

I n  a d d i t i o n ' t o  the ana lys is  of the fused s a l t  c e l l ,  the  l i t e r a t u r e  i s  

being searched for  po la r i za t i on  and e f f i c i ency  data appropr iate t o  the 

~i ( H ~ ) / L ~ O H ( ~ ' ~ )  e lec t rode a t  high temperatures and cur ren t  dens i t i es .  , 



The process descr-i beb'above i s  s i m i l a r  i n  concept t o  the charge 

cyc le  used i n  the Atomics In te rna t iona l  Na/air  c e l l ,  where l i q u i d  sodium 

was electroctiemical l y  .formed from concentrated sodium .h.ydroxide ( a t  135OC) 
3 4 w i t h  an ove ra l l  energy e f f i c i e n c y  i n  excess o f  80%. ? . 

Results of the eva luat ion o f  the  ' L i  -amal gam product ion process w i  11 

be reported shor t ly .  

11. ELECTRODE KINETICS OF LITHIUM METAL I N  AQUEOUS SOLUTION 

Laboratory determinat ion o f  t,he coulombic e f f i c i e n c y  f o r  the react ion,  

L i  + OH- = LIOH('aq) + em,. :. . I  

. . 
was con t inued . th is  month. I n  a l1,cases studied, the coulombic e f f i c i e n c y  

. * 
was found t o  approach 1..'0 as the anodic d i f f u s i o n  l i m i t e d  cu r ren t  dens i ty  

was approached. (Typical  r e s u l t s  ,shown i n  Figure .2). The anomalous 
2 coulombic e f f ic ienc ies  r'eported prev ious ly  (exceeding 1 .O) were found t o  

be the  consequence o f ' f a i l u r e  t o  reach a steady state,,where the ne t  r a t e  . 

of accumulation. o f .  hydrogen bubbles i n  the  e l e c t r o l y t e  reached zero. 

Results o f  the  k i n e t i c  study w i l l  be presented as a paper i n  the 

F a l l  Meeting o f  the Electrochemical Society. 5 



Figure 1. Mercury Amalgam Process f o r  the Production of L i th ium (Schematic). 
The mol ten-sal t c e l l  would operate a t  a temperature j u s t  above the  
me1 t i n g  po in t  o f  1 i thium ( 1 8 6 O C ) .  The aqueous e l e c t r o l y t e  c e l l  
would operate dt a h igh temperature maintained by heat losses from 
the mol ten-sal t c e l l  . . . 
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Figure 2 .  Current Efficient Increases w i t h  Anodic Current Densit):. C e l l ,  
L i /L iOH(aq) /Pt  ga f vanosta t ic  d i s s o l u t i o n  o f  1 i thium; 23. C ;  forced 
convection. , ( x )  Denotes ariodic 1 imi  t i n g  c u r r e n t  ,dens i ty .  



. References 

1. Robert V .  Homsy, " I n d u s t r i a l  Product ion  o f  L i t h i u m  Meta l :  Review 
. * 

of t h e  L i  t e ~ a t u r e , "  Lawrence L i  vermore Laboratory,  Report, UCRL- 

52124, September 2, 1976; 
. , 

2. J o h n  F.: Cooper, pamela K. Hosmer, Robert V .  Homsy, " ~ i  thium-water- 
. . a i r  B a t t e r y  P ro jec t ,  ~ r o ~ r e s s '  Dur ing the  Month o f  May, 1976: 

Memorandum,' June 3, 1976. .' 

3. L. A t  ~ e r e d ~ ,  H. L.  Recht, and D. E. McKenzie, "The Atomics 

I n t e r n a t i o n a l  Sodium-air C e l l ,  "Symp. on Power Systems f o r  E l e c t r i c  

Vehicles, Columbia U n i v e r s i t y ,  N. Y.,  1967. 

4. L. A. Heredy, e t  a1 . , "sodium-air  Secondary Bat tery,"  Proc. Advanced 

i n B a t t e r y ,  Techno1 ogy , The ~ l e c t r o c h e m i  c a l  Soc ie t y  ; Dec . 1 , 1967. 

5. John F. Cooper, Pamela. K. Hosmer, Robert V .  Homsy, "The Anodic 

Behavior of L i t h i u m  i n  Aqueous L i t h i u m  ~ y d r o x i d e  So lu t ions , "  

Lawrence Livermore Laboratory,  UCRL 78156;,to be presented a t  t h e  

F a l l  Meeting o f  t h e  Elect rochemical  Society ,  Las Vegas; October 20, 1976. 

We g r a t e f u l l y  acknowledge the  c o n t r i b u t i o n  of B .  Ea r l  K e l l y ,  who designed 
and constructed the  experimental  apparatus used i n  t h i s  research. 



This wit wps prepared 88 a n  XCEBURt of watk 
@anmud Yly the United Srdtes Cawmwmt. Nkithcr the 
UniW Sww m the Unload $date$ k g y  %war& 
L D c y c l ~ m t  M a r s t i e n ,  nor my d their 
Bntgi6pbh a9r aiy of thetfcontrhctms. s u b ~ p m r ~ a n .  
or rkir ~m@eyxc?s, makes a i y  mm, exgtass or 

, ca w r n w  any 1 W U y  a~ mpensibilltp 
Fur the P ~ W .  c o r n p ~ ~  w Ehlefulms~ ~f ax 
bfunnaticjn, appwatus, proddpGt w p m  d'stblred, or 
t~prcwnts rhat its u z ~  m 1 d  wt M&ge 
priv&lkwmd r @ r  

ItcB~cnw tr, a z ~ 1 . m p 1 ~ -  OF  duct name d w s  not 
Wlr ap~mrt w t w m & f m ~  of the pdwt by 
the Uhi~anity 8f C&ornin or rite US, E m  Rew& 
& drva3~prnmt ta the e&ciusihrtr of 
o t h  that may hc ouitabb. 



Technical hfomation Department 




