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Resistance for Flow of Current to a Disk 

John N e w m a n  

I n o r g a n i c  M a t e r i a l s  R e s e a r c h  Div i s ion ,  L a w r e n c e  R a d i a t i o n  L a b o r a t o c y ,  and  

D e p a r t m e n t  o f  C h e m i c a l  E n g i n e e r i n g ,  U n i v e r s i t y  o f  Cal i forn ia ,  B e r k e l e y ,  Ca l i f o rn ia  

I n  o r d e r  to  o b t a i n  t h e  c o n c e n t r a t i o n  a n d  a c t i v a t i o n  
o v e r p o t e n t i a l  fo r  a r o t a t i n g  d i sk  e l e c t r o d e  i t  is n e c e s -  
s a r y  to  s u b t r a c t  f r o m  t h e  m e a s u r e d  o v e r p o t e n t i a l  t h e  
o h m i c  p o t e n t i a l  d r o p  b e t w e e n  t h e  r e f e r e n c e  e l e c t r o d e  
p r o b e  a n d  t h e  disk.  T h e  o h m i c  d r o p  fo r  a s m a l l  d i sk  
is c o n c e n t r a t e d  i n  t h e  s o l u t i o n  n e a r  t h e  d i sk  (Fig .  
1).  R a t h e r  t h a n  t r y  to  p u t  t h e  p r o b e  f r o m  a r e f e r e n c e  
e l e c t r o d e  v e r y  n e a r  t h e  s u r f a c e  a n d  t h u s  d i s t o r t  t h e  
p o t e n t i a l  a n d  v e l o c i t y  d i s t r i b u t i o n s ,  o n e  c a n  e s t i m a t e  
t h e  o h m i c  d r o p  f r o m  t h e  r e s i s t a n c e  b e t w e e n  a d i sk  
i m b e d d e d  i n  t h e  s u r f a c e  of a n  i n s u l a t o r  a n d  a c o u n t e r  
e l e c t r o d e  a t  in f in i ty .  T h i s  p r o c e d u r e  does  n o t  a c c o u n t  
f o r  d e v i a t i o n s  f r o m  t h e  p r i m a r y  c u r r e n t  d i s t r i b u t i o n .  

F o r  t h e  p u r p o s e  of c a l c u l a t i n g  t h e  p o t e n t i a l  d i s -  
t r i b u t i o n  f r o m  L a p l a c e ' s  e q u a t i o n ,  w e  u s e  r o t a t i o n a l  
e l l ip t i c  c o o r d i n a t e s  I ~ a n d  ,] r e l a t e d  to c y l i n d r i c a l  co-  
5 r d i n a t e s  b y  

z = a ~  
r = a ~ / ( 1  + ~  2) (1--~] 2) [1] 

w h e r e  a is t h e  r a d i u s  of t h e  disk ,  z is t h e  n o r m a l  d i s -  
t a n c e  f r o m  t h e  disk ,  a n d  r is t h e  d i s t a n c e  f r o m  t h e  
ax is  of s y m m e t r y  ( see  Fig.  1, w h e r e  l i ne s  of c o n s t a n t  r 
a r e  a lso l ines  of c o n s t a n t  ~) .  I n  t h i s  c 0 5 r d i n a t e  sys -  
t e m  L a p l a c e ' s  e q u a t i o n  is 

0[ 0o] 0[ 0o] 
a n d  t h e  b o u n d a r y  c o n d i t i o n s  a r e  

1 T h e s e  a r e  r e l a t e d  t o  " o b l a t e  s p h e r o i d a l  c o S r d i n a t e s "  b y  } = s i n h ~  
a n d  ~1 = c o s  0. 

L 

~ ' 
= [*o., 

I 

Fig. 1. Current and potential lines for a disk electrode 

= ~o a t  ~ = 0 ( o n  t h e  d i sk  e l e c t r o d e )  
Or : 0 a t  , ] = 0  (on  t h e  i n s u l a t i n g  a n n u l u s )  
r = 0 a t  ~ = ~ ( f a r  f r o m  t h e  d i sk )  [3] 
r w e l l  b e h a v e d  a t  , l = l  ( on  t h e  ax i s  of t h e  d i sk )  

To o b t a i n  a s o l u t i o n  b y  t h e  m e t h o d  of s e p a r a t i o n  of 
v a r i a b l e s  w e  set  

= P ( ~ ) Q ( ~ )  [4] 

T h e  d i f f e r e n t i a l  e q u a t i o n s  fo r  P a n d  Q a r e  

-~n (1-n~)--~n +he=0 ,  

d} ( 1 + ~ 2 )  - -  nQ = 0 [51 

w h e r e  n is t h e  s e p a r a t i o n  c o n s t a n t .  T h e  s o l u t i o n s  of 
t h e s e  e q u a t i o n s  a r e  L e g e n d r e  f u n c t i o n s .  I n  o r d e r  to  
h a v e  w e l l  b e h a v e d  so lu t ions ,  n is r e s t r i c t e d  to v a l u e s  
n : l ( l -} - l )  w h e r e  1 : 0, 1, 2, . . . .  I n  o r d e r  to  s a t i s fy  
t h e  c o n d i t i o n  o n  t h e  i n s u l a t i n g  su r face ,  1 m u s t  b e  
even .  I t  t u r n s  ou t  t h a t  t h e  c o n d i t i o n  r = ~o on  t h e  
d i sk  c a n  b e  sa t i s f ied  s i m p l y  w i t h  t h e  s o l u t i o n  fo r  
n = 0. I n t e g r a t i o n  t h u s  y i e ld s  

r  = 1 - -  (2 /~ )  t a n  -1 ~ [6] 

E q u i p o t e n t i a l  l i ne s  a r e  s h o w n  on  Fig.  1. 
T h e  c u r r e n t  d e n s i t y  a t  t h e  d i sk  s u r f a c e  c a n  t h e n  b e  

e v a l u a t e d  as f o l l ows  

,3r --K 0r 
i = - - K - -  

0z z=0 an 0~ .~=0 
2 Kr 2Kr 

. . . . .  [7] 

H e n c e  t h e  t o t a l  c u r r e n t  to  t h e  d i s k  is 

f o I = 2~ i r d r  = 4~ar [8] 
o 

a n d  t h e  r e s i s t a n c e  is 

R = r  = 1/4Ka [9] 

T h i s  r e s u l t  a g r e e s  s a t i s f a c t o r i l y  w i t h  t h a t  of G r S b e r  
(1) fo r  t h e  a n a l o g o u s  h e a t  e o n d u c t i o n  p r o b l e m .  T h e  
r e s i s t a n c e  of  a h e m i s p h e r e  of r a d i u s  a m o u n t e d  on  an  
i n s u l a t i n g  p l a n e  is ea s i l y  c a l c u l a t e d  to b e  1/2~Ka. 
H e n c e  t h e  r e s i s t a n c e  of t h e  d i sk  is g r e a t e r  t h a n  
t h a t  of  a h e m i s p h e r e  b y  a f a c t o r  of ~ /2  = 1.5708. 

Table I. Apparent resistance for various probe positions 
a = 0 . 2 5  e r a ,  ic ~ 0 . 0 0 8 7 2  ( o h m - e m )  -1  

r ,  c m  z ,  c m  R ,  o h m  P r o b e  p o s i t i o n  

0 0 . 0 5  1 4 . 4 8  B e l o w  t h e  d i s k  
0 0 .1  2 7 . 7 8  B e l o w  t h e  d i s k  
0 2 .5  1 0 7 . 4 3  B e l o w  t h e  d i s k  
2 .5  0 1 0 7 . 3 9  B e s i d e  t h e  d i s k  
2 . 7  0 1 0 7 . 9 3  B e s i d e  t h e  d i s k  
co o~ 1 1 4 . 7  A t  i n f i n i t y  
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For a 0.1M copper sulfate solution and a 0.5 cm 
(diameter)  disk the above formula  gives R = 114.7 
ohms since K ---- 0.00872 ( o h m - c m ) - I  for this solution 
at 25~ (2). 

Far  f rom the disk the potent ial  approaches 

r -> 2r as p --> oo [10] 

where  p is the distance f rom the center  of the disk in 
spherical  coSrdinates. This formula  can be used to 
est imate the error  for the situation where  the ref -  
erence electrode is not at infinity and the potent ia l  
field is distorted by the walls  of the cell. 

The ohmic resistance of the solution is tabulated in 
Table I for several  possible locations of the probe f rom 
the reference electrode. These show that  even wi th  
the probe only half  a mi l l imeter  f rom the surface, the 
resistance is by no means negligible. Far  from the disk 
the resistance is not ve ry  sensit ive to small  uncer ta in-  
ties in the location of the probe. These considerations 
suggest that  it is bet ter  to put  the probe some dis- 
tance f rom the disk. 

Equat ion [7] shows that  the current  density be- 
comes infinite at the edge of the disk, a general  char-  
acteristic of the p r imary  current  distr ibution where  
electrode polarizat ion is ignored. This is in marked  

contrast  to the uniform current  density predicted 
by Levich  (3) on the basis of mass t ransfer  l imi ta-  
tions. At  currents  below the l imit ing current  both 
factors, ohmic drop in the solution and mass t ransfer  
l imitat ions near  the disk, influence the current  dis- 
tribution, which wil l  then finally ne i ther  be uni form 
on the disk nor infinite at the edge of the disk. We 
have formula ted  this more  general  problem and expect  
to repor t  results for the ro ta t ing disk in the near  
future.  
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Preliminary Evaluation of Ceria-Lanthana as a Solid Electrolyte 

for Fuel Cells 

David Singman 
Power Supply Branch, Harry Diamond Laborato~'ies, Washington, D. C. 

Solid electrolytes which are oxygen- ion  conducting 
offer a t t rac t ive  possibilities for the construct ion of fuel  
cells capable of e lectrochemical  oxidat ion of hydrogen 
and various hydrocarbons.  Aqueous e lect rolyte  fuel  
cells are l imited to low current  densities by act ivat ion 
polarization. The life of fused salt e lectrolyte  cells is 
l imited by corrosion. A solid e lect rolyte  fuel  cell  
uti l izing a mix tu re  of 85 mole % ZrO2 and 15 mole  % 
CaO was repor ted  by Weissbart  and Ruka (1). Al -  
though this cell is re la t ive ly  unaffected by act ivat ion 
polarization, its output  is resistance l imi ted to opera-  
tion near  1000~ because the specific conductance of 
the solid solution is 0.02 ohm -1 cm -1 at 1000~ and 
0.002 ohm -1 cm -1 at 800~ (2). 

A solid solution of 85 mole  % ceria-15 mole  % 
lanthana having  higher  conduct ivi ty  has been repor ted  
by Croatto and Mayer  (3). As is shown in Fig. 1, 
curves I and II, the conduct ivi ty  of cer ia - lan thana  at 
800~ is approximate ly  equal  to calcia-zirconia 's  con- 
duct ivi ty  at 1000~ Oxygen  ion conductance should 
occur in cer ia - lan thana  solid solution according to the 
concepts of Wagner  (4) and Kingery  (5) because 
fluorite lat t ice having anion vacancies exists (6). If the 
conduction is 95% or more  ionic, this e lectrolyte  may 
be suitable for fuel  cell use because as much as 5% 
electronic conduction may  be tolera ted (7). Conse- 
quently,  p re l iminary  invest igat ions were  made of this 
e lectrolyte  to de termine  its sui tabil i ty in fuel  cells. 

Exper imenta l  
Initially, 99.9% pure (min imum)  cer ium oxide and 

a purified grade of l an thanum ni t ra te  hexahydrate ,  
98% pure, were  used as s tar t ing materials .  A higher  
grade of pur i ty  of nitrate,  99.997% pure, was la ter  
used. 

The mixed  oxide was prepared  by conversion of 
ceric oxide to an aqueous solution of the nitrate,  addi-  
t ion of l an thanum ni t ra te  solution, evaporat ion to d ry-  
ness, and ignit ion of the residue. X - r a y  intensi ty meas-  
urements  indicated that  the solid solution had fluorite 

s t ructure  (8). Wafers  were  molded f rom the fine pow- 
der. Af te r  being hydraul ica l ly  pressed at 10,O00 lb/ in.  
and ignited for several  hours at 1000~ the disks had 
the fol lowing dimensions: 2 cm diameter  and 0.1 cm 
thickness. Porous plat inum electrodes, 1.4 cm in d iam- 
eter, were  formed on the faces which had been ground 
smooth and parallel.  
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Fig. I. Comparison of electrical conductivity of calcia-zirconia 
and ceria-lanthana. 

Curves Electrolyte Workers 
I Calcia-zirconia Kingery et al. (12) 
II Ceria-lanthana Croatto and Mayer (3) 
III Ceria-lanthana This laboratory 




