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INVESTIGATION OF THE KINETICS OF THE Li/LiOH(aq) ELECTRODE 

A .  Coulombic Efficiency 

As discussed in our previous report , '  the coulombic e f f i -  
ciency of the lithium dissolution reaction, 

may be determined by measuring the r a t e  of hydrogen gas evolution from 

the combined anodic and cathodic reactions in the c e l l ,  

Li/LiOH(aq)/Pt (2) 

The coulombic efficiency, e ,  may be related to  the hydrogen 
evolution ra te ,  dV/dt ,  through the equation: 

This month, galvanostatic experiments were performed under 
constant to ta l  pressure using the closed e lec t ro ly t ic  ce l l  previously 
described. 2 

Results 

Experimental resu l t s  a re  reported in Table I .  The determina- 
ations were undertaken f o r  two concentrations of 1 i thium hydroxide (4.15 
and 4.70M) and a t  two values of e lec t ro ly te  circulat ion r a t e .  The coulombic 
efficiency was found to  increase from nearly zero ( a t  low current dens i t ies  
re la t ive  to  1 imi t ing current dens i t ies )  t o  nearly one (as  the l imiting 

current density was approached). This suggested representation of the 
coulombic efficiency as a function of the dimensionless variable,  j , the 

9 
reduced galvanostatic current,  where 

The relationship of current efficiency to  j i s  shown i n  
9 

Figure 1.  Similarly,  reduced corrosion current,  jc, and reduced to t a l  
current jt ,  may be defined: 
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In Figures 2 and 3 ,  j jc,  and jt a r e  plbt ted aga ins t  j 
9 ' 9 ' 

the  graphs show a t  once the  d i s t r i bu t i on  of the  l i thium d isso lu t ion  
process between pa ra s i t i c  corrosion and net  cur ren t  producing react ions .  

A t  the  lower concentrat ion,  the  t o t a l  f lux  of l i thium ions from the anode 
surface  remained r e l a t i ve ly  constant  o r  decreased somewhat as  the  net  
current  densi ty  was allowed t o  approach the  anodic l imi t ing current  density.  

In the  more concentrated so lu t ion ,  the  t o t a l  current  approached the  net  
(galvanic) current  a s  the  s t a t e  of t r ans i en t  passivation was approached. 

In the  l a s t  column of Table I ,  the  e lect rode potent ia l  and 
e f f ic iency  data i s  reduced t o  a dimensionless ' ' f igure of merit":  

This term compares the  performance of the  l i thium elect rode 

t o  t he  performance of a lithium elect rode in  a hypothetical ,  r evers ib le  

galvanic '  c e l l  (of un i t  e f f i  c i e k y )  : 

I t  can be seen t h a t  coulombic e f f ic iency ,  not e lect rode 

po la r iza t ion ,  i's. the  l imi t ing f ac to r  i n  t he  t o t a l  energy e f f ic iency  of 
the  lithium11 ithium hydroxide(aq) e lect rode.  

Conclusions 

Several conclusions may he advanced as a consequence of 

t h i s  work. ( 1 )  A coulombic e f f ic iency  of 1.0 may be approached over a 

range of 1 i t h i  um hydroxide concentrat ions.  ( 2 )  Unit coulombic e f f i  - 
ciencies  a r e  approached l i nea r ly  w i t h  external  c e l l  cur ren t  a s  t he  

cnnditinns of "mechanical" o r  . " t rans ien tu  pass iva t ion ,a re  approached. 



( 3 )  .Electrode polarization data indicate tha t  energy losses due to  the 

polarization of the lithium electrode a re  small even a t  current densi t ies  
where' the coulombic efficiency exceeds U.9. ( 4 )  Hydrogen gas evolution a t  
currents 'below j = 1.0 resu l t s  in enhanced convection of e lec t ro ly te  near 

9  
the lithium anode. 

~ u r t h e r  investigation of coulombic efficiency as a  function 
of current density,  electrode polarization, temperature, and concentration 

i s  underway. 

11. LITHIUM PRODUCTION TECHNIQUES 

A survey of current processes fo r  lithium production has been 
completed. The resu l t s  a re  presented in a  report  which will be published 
within August. 
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Symbols 

+ coulombic eff ic iency of the  react ion,  Li = L i  + I e- 

Faraday ' s constant 

galvanic current  densi ty  

galvanic current  (external  ' c i r c u i t  cur ren t )  

l'imi t i  ng current  density 

1 imi t ing  cu t ren t  

pa r a s i t i c  (corrosion)  current  

l i thium dissolut ion current  

reduced corrosion cur ren t  ( Ic / I l  

reduced galvanic current  ( Ig / I1  i m )  

reduced 1 ithium d isso lu t ion  cur ren t  ( I t / l  i m )  

el 'ectrode potent ia l  of 1 ithium r e l a t i v e  t o  Hg/HgO, 1M-LiOH 

revers ib le  e lect rode potent ia l  of 1 i thium, 

(Li = ~ i +  + 1 e-),  -3.15 V 

number of e lect rons  t ransferred per u n i t .  react ion 

atmospheric pressure 

pa r t i a l  pressure of H20 above l i thium hydroxide so lu t ion  

universal.  gas constant  

volume of hydrogen gas 

time 

temperature 
. * 



TABLE I .  DEPENDENCE OF COULOMBIC EFFICIENCY ON SYSTEM PARAMETERS 

Experimental condit ions:  E lec t ro ly te  temperature = 21-2Z°C 
Pa r t i a l  pressurehydrogen = 97-98 k P 9  
Anode area (geometrical = 535-552 mm 
Hydrodynamics: s tagnat ion point  flow 

~ O H ]  ' l i m 2  E ( L I )  j j c jt e e E ( f i T / m *  
(molar) ) (:W/m2) ( v ) *  

*Lithium e lec t rode  potent ia l  measured aga ins t  Hg/HgO, 1M LiOH reference 
e lect rode:  Potent ia l  corrected f o r  iR drop i n  e l e c t ro ly t e .  

**P i s  taken a s  -3.15 V v s  Hg/HgO, 1MLIOH. 



TABLE I..  DEPENDENCE OF COULOMBIC EFFICIENCY ON SYSTEM PARAMETERS 

LiOH i I .i 1 E(Li ) jg jc 
jt e ~ E ( L ~ ) / E O  ** 

irnola;) (kkym2) (k://m2) ( v ) *  - 

*Lithium electrode potential measured against Hg/HgO, 1 M  L i O H  reference 
electrode: Potential corrected fo r  iR drop in electrolyte .  

**EO i s  taken as  -3.15 V vs Hg/HgO, 1M L i O H .  



rn 
' Figure 1 .  Dependence of coulombic e f f i c iency  on reduced 

galvanic cur ren t  densi ty .  (LiOH) = 4.15, '4.7 M; 

Temperature = 21 = 22°C; s t agna t i on ,po in t  flow. 

j9 
, Reduced Galvanic Current 
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