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I .  INVESTIGATION OF'THE KINETICS OF THE Li/LiOH(aq) ELECTRODE 

Laboratory invest igat ions were i n i t i a t e d  t h i s  month t o  i d e n t i f y  the 

con t ro l l i ng  factors i n  the d isso lu t ion  k ine t i cs  o f  the l i t h i u m  electrode 

i n  aqueous i thium hydroxide, solut ions. Electrode po ten t ia l  was 

measured upon app l ica t ion  of a galvanostatic o r  t r iangu lar  wave current.  

Solut ion concentration, temperature, and f low r a t e  were held constant 

dur ing each experiment and trqated as experimental parameters. 

Apparatus and Experimental Desiqn. The experimental system, shown 

schematically i n  Figure 1, features a .  rectangular duct f low channel w i t h  

cross section-dimensions, 3.16 mn by 10.3 n, and length, 650 mm. Electrodes 

of 1 i thium and platinum, .lo nm by 10 mn square, were posit ioned opposite each 

other, f l u s h  w i t h  the hor izonta l  wa l ls  o f  the channel, and near t o  the down- 
1 stream'end. L i th ium electrodes were prepared by extrusion o f  l i t h i u m  metal 

i n t o  a 2-mn deep cav i t y  inareinovable sect ion o f  the channel f l o o r .  A "Luggin 

cap i l l a ry '  f u r  1 l th lum electrode po ten t ia l  measurement was provided by d r i l l  - 
ing  a 0.25-mn'diameter hole i n t o  the electrode holder j u s t  0.1 mm upstream o f  

the electrode's leading edge (Figure 2). Constant f low rates o f  l i t h i u m  
2 hydroxide so lu t ion  were provided by a s ingle-stroke p is ton  pump, w i t h  a 

. . 
capacity o f  2,.3 1 and ve loc i t y  range of 3-60 rnl/s. The f low channel and 

pump were constructed o f  Luci te, Epoxy resin,  and Teflon. No metal o r  glass 
'$?" 

par ts  were a1 lowed t o  contact the e lec t ro ly te .  The, electronic equipment 

cons4 sted o f  a P r l  nceton Appl l ed  Research gal  vanostat/potentlostat and 
3 4 programer and a Mosel ey recorder. 



The 1'30-hydraulic diameter long entrance provided by the f l ow  channel 

assures fu l l 'y  ,developed laminar flow p r o f i l e s  i n  the v i c i n i t y  o f  the e lec-  

t r o d e ~ . ~  ;he c e l l  geometry al'lows accurate ca l cu la t i on  o f  the primary 

cu r ren t  d i s t r i b u t i o n . 6  F i n a l l y ,  the c a p i l l a r y  p o s i t i o n  and dimensions 

a l low e lec t rode po ten t i a l  measurements t o  be made w i t h  an I R  e r r o r  o f  .less 
2 .  : .  

than 10 mV a t  a  cu r ren t  dens i ty  o f  1000 A/m . 

Results; A t y p i c a l  voltammetric t race  f o r  the Li/3M-LiOH(aq) e lec t rode 

i s  shown i n  Figure 3. The p l o t  was obtained by imposing a  t r i angu la r  cu r ren t  

wave form, w i t h  slopes o f  0.20 A/s and -0.20 A / s ,  across t h e  c e l l .  The 

cl irve shows a l i n e a r  p o l a r i z a t i o n  reg ion o f  low electrode overpotent ia l  
2 

extending t o  an anodic c u r r e n t  dens i t y  o f  about 5500 A/m . Above t h i s  

l eve l ,  the anode po ten t i a l  r i s e s  sharply-  t o  over 15 Y ,  i n d i c a t i n g  the format ion 

. o f  a  h i gh l y  r e s i s t i v e , l a y e r  o f  reac t ion  products on the l i t h i u m  surface. For 

the low po ten t i a l  reg ion  o f  the curve, no dif ferences..were found between the  

r e s u l t s  ' f o r  scanning vo l  tammetry ( f o r  0.005 - 0.5 A/s) and steady-state 

ga lvanosta t ic  po la r i za t i on .  The open c i r c u i t  e l e t t r ode  p o t e n t i a l  o f  l i t h i u m  

i n  3M-LiOH 'was. i n  a l l  cases -2.875 + 0.01 V vs. Hg/HgO, 1M-LiOH. (This 
9 corresponds t o  about -2.75 vs . SHE). 

The anodic l i m i t i n g  cu r ren t  densi ty,  ilim, increases w i  t h  e l e c t r o l y t e  

f l ow ra te .  '(See Figure 4 ) .  The p l o t  o f  ilim against  f l ow  r a t e  i s  l i n e a r  on 

a  double logar i thmic  p l o t ,  w i t h  a  slope o f  0.22. 

The slope of the po ten t ia l - cu r ren t  p l o t  i n  the l i n e a r  region, however, 

i s  independent o f  f l ow  r a t e  f o r  3M-LiOM. (F igure .5 ) .  The res is tance i s  
2 - 4 0.7 x  (10 . )  ohm-m . 

I n  quan t i t a t i ve  measurements o f  e lec t rode po ten t i a l  using our experi - 
mental srlt~.rp, cnnsiderat ion must be given t o  the ef fec. ts o f  cu r ren t  

d i s t r i b u t i o n  w i t h i n  the c e l l .  The reference c a p i l l a r y  i s  located near the 

leading edge o f  the electrode, which i s  h i gh l y  accessib le t o  cu r ren t  

f low. As a  consequence, the po ten t i a l  measured a t  a g iven average anode 

cu r ren t  dens i t y  ( rave)  i s  ac tua l l y  the p o t e n t i a l  of the e lec t rode a t  the 

l o c a l l y  enhanced dens i ty  ( i 0 )  near the leading, edge. Thus the 



resistance p lo t ted  i n  Figure 5 i s  greater than the actual  resistance, 

dE(iaVe)/diave, o f  the 1 i thium/electrolyte in ter face.  A cor rec t ion  fac tor ,  

ind ica t tng  the ef fects  o f  secondary current d i s t r i b u t i o n  f o r  an electrode 

showing a l i n e a r  po la r i za t i on  behavior, may be eas i l y  calculated, using a 

regression method derived from Wagner's work! When t h i s  i s  done, we f i n d  

tha t  the loca l  current  densi ty near the c a p i l l a r y  i s  equal t o  1.4 times the 

average current density. Thus the actual electrode resistance i s  
2 0.5 x ohm-m . Furthermore, the I R  e r r o r  r e s u l t i n g  from c a p i l l a r y  

2 pos i t i on  (0.1 x 1 0 ' ~  ohm-m ) suggests tha t  a reasonable est imat ion o f  
2 electrode resistance i s  0.4 x ohm-m . 

s igni f icance o f  Results and Conclusions. Further data i s  required 

before any comprehensi ve p i c t u r e  of the electrode .k inet ics can be advanced. 

Tentat ive conclusions are: (1) The anodic d i sso lu t i on  o f  l i t h t u m  i s  

cont ro l led  by ac t i va t i on  po la r i za t i on  below a ce r ta in  c r i t i c a l  current  

densi ty  -- the 1 i m i  t i n g  current  density, il irn. (2 )  Above ilia, the 

concentration o f  LiOH i n  the d i f f us ion  layer  exceeds the sa tura t ion  

concentration by an amount s u f f i c i e n t  t o  cause the .p rec ip i t a t i on  o f  LiOH on 

' .  the electrode surface, causing the electrode po ten t ia l  t o  r i s e .  (3)  The 
2 electrode res i s tance  of the ac t i va t i on  cont ro l led  region (0.4 x ohm-m ) 

i s  lower by a factor of about three than tha t  obtained f o r  the Lockheed c e l l '  

conf igurat ion ( d i r e c t  anode-to-cathode contact), i nd i ca t i ng  t h a t  the plane- 

para1 l e l  c lectrode cenf igurat io~r  used i n  our experiments may be more appropr iate 
8 for  ba t te r ies  o f  the l i thium-water type. 

11. ALTERNATIVE CELLS OF THE LITHIUM-WATER TYPE 

Dry-box f a c i l i t i e s  are cu r ren t l y  being updated f o r  the cast ing o f  l i t h i u m  

and non-l i th ium base a l loys.  The f i r s t  ser ies o f  a l l oys  w i l l  contain l i t h i u m  

metal doped w i t h  small quant i t ies  (0.001 - 1.0 at,-%) o f  metals forming ' 

d iva len t  o r  t r i v a l e n t  oxides. The purpose o f  experiments t o  determine the 
electrochemical propert ies o f  these a l l o y s  i s  heur is t i c .  I f  the d isso lu t ion  

o f  the l i t h i u m  electrode i s  con t ro l l ed  by the migrat ion o f  ca t i on  vacancies 

through a non-porous f i l m  a t  the I i th iun /e lec t ro ly te  Interface, the e f f e c t  



o f  such dopents would.be t o  . i n j e c t  addi t ional  vacancies i n t o  the l a t t i c e  

and thereby ' to . increase f i l m  conduct iv i ty .  A procedure f o r  cast ing l i t h i u m  

a1 loys w i t h  low- leve l  metal addi t ives i s  cur ren t ly  being developed. 

111. PROtESSES FOR THE RECYCLING OF LITHIUM. 

.The f i r s t  s'teps i n  the l i t h i u m  reprocessing. study has been i n i t i a t e d  
' 

by 'a  search o f  the l i t e r a t u r e  f o r  methods o f  electroreduct ion o f  l i t h i u m  

compounds. A de ta i led  search from 1962 has been completed; p r i o r  work w i l l  

be examined through abstracts and the review l i t e r a t u r e .  Negotiat ions w i t h  

Lockheed and Hooker Chemical Company f o r  release t o  LLL o f  the S R I  study 

on t rad i t t ona l  methods o f  production o f  l i t h i u m  are underway. 

.. Some i n t e r e s t  has been generated here i n  recent patented processes 

for  production o f  l i t h i u m  d i r e c t l y  from fused mixtures of LiOH and Li2C03. 

and from low' temperature so lu t ion  o f  li thium s a l t s  i n  l i q u i d  a m n i a .  
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Ffgure 1. Schematic of Flow Channel and E l e c t r i c a l  System. A .  Piston pump; 0. E l e c t r o l y t e  
reservoir ;  C. Three-way valve; 0. Flow channel; E. Platinum counter electrode; 
F. Li thjum workingelectrode; G .  Hg/HgO, 1H LiOH reference electrode; H. E l e c t r o l y t e  
reservoir ;  I. 0.01 ohm current  measuring res is tor .  



Figure 2. Lithium electrode and holder. A .  Top view; B.  Side view. 
A. Lithium electrode; 8. Current carrying read, C. PotenFiaI measuring lead. 
D. Refercncc electrode connecting kube; E. Reference capi 1 l a r y  opening; 
F. Epoxy res ln  l i th ium electrode holder; 6. Position of ver t ica l  walls o f  
flow channel; H. Position of horizontal f l oor  of flow channel. 



CURRENT DEIISITY (1 o4 A/& I 
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1 
Figure 3 -  Tr iangu la r  Wave V0ltar~fne:ry. Li/!ll LiOll; Scan r a t e  = 2 0.2 A/r; Flow r a t e  = 550 n,m/~;  Re = 1300; j 

Current scan proceeds. 01 23450; Anodic 1 i m i  t i n g  cur rent  dcnsi t y ,  , obtained bv ex t raon la ' t inn  



Figure 4 .  L i m i t i n g  Anodic Current Densi ty .  Li13H-LiOH; c u r r e n t  s c a  r a t e  = 

0.01 Ats;  Temperature = 1 8 O C .  
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