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R E A C T I O N  F 2 C H A U N I S M S  OF T H E  3 Y D F U Z I N E  ELLCTRODZ 

M. Barak and G.3. Lomax 

E l e c t r i c  Power S t o r a g e  L i r i t e d  
Manchester ,  England. 

1 .  J n t r o d u c t i o n  

The o v e r a l l  r e a c t i o n  a t  t h e  h y d r a z i n e  e l e c t r o d e  is:- 

2 4  
N ii + 40B- - N2 + 4H20 + 4e 

Pavela( '  ) sugges ted  t h a t  t!.e mechanism i n v o l v e s  t h e  a n o d i c  o x i d a t i o n  of hydrogen 
d e r i v e a  from t h e  decomposi t ion of hydraz ine ,  i . e .  

- 2H2 + N2 and H2 + 20H- - 2H20 + 2e 

A l t e r n a t i v e l y ,  Scpak(') concluded t h a t  a t  t h e  hydraz ine  e l e c t r o d e  t h e  
h y d r a z i n e  molecule  is s y s t e m t i c a l l y  degraded through v a r i o u s  r a d i c a l a ,  e.g. 

N2H4 

N a+ 
N2B2+ 2 

F H 
2 3  

t o  f i n a l l y  produce n i t r o g e n  g a s .  

The r e v e r s i b l e  e l e c t r o d e  p o t e n t i a l s m c a l c u l a t e d  fron. ,Gibbs Free Ene.rgy d a t a  f o r  ~ 

t h e  Pavela  a d  Szpak n e c h a n i s r s  a r e  r e s p e c t i v e l y . 0 . 0 0 0 V  and -0.33V. a g a i n s t  a 
hydrogen e l e c t r o d e  i n  t h e  same s o l u t i o n .  The r e p o r t e d  v a l u e s  f o r  t h e  o i c u i t  

Consequent ly  i t  has been suggested?') that t h e  observed open c i r c u i t  p o t e n t i a l  of 
t h e  hydrgz lne  e l e c t r o d e  is a consequence of t h e  o x i d a t i o n  of hydraz ine(1  ) proposed 
by S z p a k l a )  and the  e l e c t r G l y s i s  of water  ( 2 ) .  

p o t e n t i a l  of t h e  hydraz ine  e l e c t r o  e a r e  i n  t h e  range -0.03V + -0.16V(3 $9" ' I  c 'i . 

N2B4 + 40H- - N2 + 4H20 + 4e Eo = -0.33V ( 1 )  

4H20 +' 4e - 2H2 + 40H- Eo = -0.OOV ( 2 )  

Nc c o - c l s s i v e  d a t a  h a s  been p u b l i s h e d  however, on t h e  n a t u r e  of t h e  r e a c t i o n s  
o c c u r r i n g  on hydraz ine  e l e c t r o d e s  working under  the  c o n d i t i o n s  encountered  i n  
fuel c e l l s .  A s t u d y  was t h e r e f o r e  made of t h e  r e a c t i o n s  o c c u r r i n g  on t h e  hydraz ine  
e l e c t r o d e  by i n v e s t i g a t i n g  t h e  r e a c t i o n  products  and t h e  d i s c h a r g e  c u r v e s  a s s o c i a t e d  
w i t h  a t y p i c a l  working e l e c t r o d e .  T h l i p a p e r  d e s c r i b e s  t h e  r e s u l t s  o b t a i n e d  on an 
u n c a t a l y r e d  s i n t e r e d  n i c k e l  e l e c t r o d e ,  worked under conditions where t h e  fuel 
c o n c e n t r a t i o n  m e  r t r i c t l y  c o n t r o l l e d  wi th  r e s p e c t  t o  t h e  c u r r e n t  be ing  drawn from 
t h e  system. 

2 .  C x p e r i o e n t a a  

2 . :  A D P  a r e t u s  

The a p p r a t u s  i s  shcwn s c h e z a t i c a l l y  i n  Flg. 1 .  The e l e c t r o d e  A ,  d i a m e t e r  5.7 cm 
wqs s e c u r e i  i n  t tLe wal l  of t h e  e l e c t r o l y t e  c e l l  B ,  by the A c r y l i c  cover  C .  The . 
<aze:;s r e a z t i c r .  ; r c i u c t s  were remo-;ed f r o -  t t e  c e i ;  by t h e  p o r t s  D and E. Amonia  
i t i c h  x q s  ;roc!,;cer! a t  h igh  c u r r e n t  der.s;ties was re roved  f r o n  t h e  e f f l u e n t  g a s  by 
a s t a n d a r d  so1u:ion of h y d r o c h l o r i c  a c i d  i n  t h e  s c n b b e r  F. The f low rate and the  
composi t ion  of t h e  g a s  p a s s i n g  f r o n  the  s c r u t b e r  were r e s p e c t i v e l y  measured on the  
bdbble  f low n e t e r  G and a g a s  ck.romatograph. 
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The f u e l  T i x t u r e  of  hydraz ine  h y d r a t e  i n  7M potassium hydroxide s o l u t i o n  was 
c o n t a i n e d  i n  t h e  r e s e r v o i r  H. The f u e l  mix ture  was f o r c e d  f r o m  t h e  r e s e r v o i r  H 
through 'he c a p i l l a r y  J t o  t h e  chamber K a t  t h e  rear o f  t h e  e l e c t r o d e .  
f low was c o n t r o l l e d  by v a r y i n g  t h e  n i t r o g e n  g a s  p r e s s u r e  a p p l i e d  t o  t h e  tank H 
and i t s  flow r a t e  was de termined  from t h e  d i f f e r e n t i a l  p r e s s u r e  L developed a c r o s s  
t h e  c a p i l l a r y  J .  The f u e l  mix ture  flowed through t h e  t e s t  e l e c t r o d e  i n t o  t h e  c e l l  B, 
and t h e  e x c e s s  l i q u i d  t h a t  accumulated i n  t h e  c e l l  was d r a i n e d  away v i a  t h e  tube  N. 
The c e l l  B was conta ined  i n  a water j a c k e t  main ta ined  a t  6OOC. The c u r r e n t  f lowing  
between t h e  t e s t  e l e c t r o d e  A and t h e  a u x i l i a r y  e l e c t r o d e  P was c o n t r o l l e d  by t h e  
r e s i s t a n c e  Q and measured by t h e  ammeter R.  The p o t e n t i a l  o f  t h e  e l e c t r o d e  A was 
measured a g a i n s t  a mercury mercurous oxide h a l f  c e l l  S on t h e  v a l v e  v o l t a m e t e r  T 
then  t h e  r e s u l t s  were t ransposed  to  t h e  p o t e n t i a l  a g a i n s t  a hydrogen e l e c t r o d e  
i n  t h e  sale e l e c t r o l y t e .  

2 .2  Procedure 

An e l e c t r o d e  5.7 cm d i a m e t e r  was c u t  from 7 6  porous ,  0.08 cm t h i c k ,  s i n t e r e d  
n i c k e l  plaque.  The e l e c t r o d e  was c a t h o d i s e d  f o r  f i v e  minutes  i n  1 6  s u l p h u r i c  a c i d  
s o l u t i o n  and thoroughly  washed i n  d i s t i l l e d  water .  A f t e r  s e c u r i n g  t h e  e l e c t r o d e  i n  
t h e  c e l l  wal l ,  t h e  i n t e r i o r  of t h e  box was f i l l e d  w i t h  a 7M s o l u t i o n  of  potassium 
hydroxide c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  of hydraz ine  h y d r a t e .  

When t h e  c e l l  e l e c t r o l y t e  a t t a i n e d  a c o n s t a n t  tempera ture  of  6OoC t h e  f u e l  mix ture  
was f e d  t o  t h e  e l e c t r o d e  a t  a prede termined  flow r a t e .  The working p o t e n t i a l  o f  
t h e  e l e c t r o d e  and t h e  a n a l y s i s  of  t h e  e f f l u e n t  g a s  were determined f o r  c u r r e n t  
d e n s i t i e s  between 0 and 500 mA.cm-a a t  v a r i o u s  f low rates  and c o n c e n t r a t i o n  of 
f u e l .  

The f u e l  

3. R e s u l t s  

3.1 Gaseous Evolu t ion  from a Workina Hydrazine E l e c t r o d e  

The g a s e s  evolved from a working hydraz ine  e l e c t r o d e  were ana lysed  and t h e  r e s u l t s  
a r e  shown i n  Table  1 where t h e  r e s p e c t i v e  f low rates of n i t r o g e n  and hydrogen a r e  
quoted  a t  v a r i o u s  c u r r e n t  d e n s i t i e s  when t h e  f u e l  c o n c e n t r a t i o n  was 1.5M and its 
f low r a t e  was 30 ml.min". 

Working 
P o t e n t i a l  

V 
-0.075 
-0.066 
-0.050 
-0.035 
-0.025 
+O .030 
+o .038 
+0.045 
+O .050 
+O .055 

Table  1 

Gas Evolu t ion  f o r  a Working Hvdrazine E l e c t r o d e  

C u r r e n t  Ni t rogen  Hydrogen Ni t rogen  C a l c u l a t e d  from 
Dens i ty  the  C u r r e n t  + H2 Evolved 

m ~ .  m l  . min-' ml .min-' m l  .min-' 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 

6.46 
5.7 
7.6 

11.4 
15.5 
20.25 
20.3 
23.8 
30.5 
29.2 

4.78 
2.0 
0 .2  
0.1 
0 
0.25 
0.4 
0.73 
1 .80 
3 .4  

5.03 
6.29 
8.0 

10.65 
13.2 
16.1 
18.7 
22.56 
24.7 
28.1 
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A graph of t h e  i n c r e a s e  i n  working p o t e n t i a l  w i t h  c u r r e n t  d e n s i t y  i s  shown ir. Fig .  2. 
S i m i l a r l y ,  Pig. 3 shows t h e  working e l e c t r o d e  p o t e n t i a l  p l o t t e d  a g a i n s t  hjjdrogen 
e v o l u t i o n  expressed  f o r  convenience as l o g l o  H2 evolved on c l o s e d  c i r c u i t .  

The e x p e r i n e n t a l  t echnique  used f o r  q u a n t i t a t i v e  measurements o f  hydrogen e v o l u t i o n  
was not capable  of d e t e c t i n g  t h e  small amounts of g a s  evolved w i t h i n  t h e  p o t e n t i a l  
range 4 .035V to  +0.030V. The observed r e s u l t s  p l o t t e d  i n  F ig .  3 however, appear  
t o  suggeet a r e l a t i o n s h i p  between t h e  l o g  H evolved on c losed  c i r c u i t  and t h e  
working p o t e n t i a l ,  which g r a p h i c a l l y  f o l l o w s  a p a r a b o l i c  curve .  
i n  F ig .  3, wae the:-efore e x t r a p o l a t e d  t o  pass through a m i n i m u . ,  and i t  is 
i n t e m t i n g  t o  note  that t h e  p o t e n t i a l  o f  the  minimum coinc ided  w i t h  c u r r e n t  d e n s i t y  
inr ' l ex ion  x shown i n  Fig .  2. 

3.2 E f f e c t  of  Fue l  Flow Rate on a Hvdrbe  E l e c t r o d e  

When t h e  flow r a t e  o f  O.5M f u e l  through the  e l e c t r o d e  was v a r i e d ,  t h e  i n f l e x i o n  i n  
t h e  d i s c h a r g e  c h a r a c t e r i s t i c  shown i n  F ig .  2 was found t o  be dependent upon t h e  
ra%e at  which f u e l  m i x t u r e  passed through t h e  syatem. Table  2 shows t h e  c o r r e l a t i o n  
betwren f u e l  f l o w  r a t e  and t h e  i n f l e x i o n  c u r r e n t  d r n s i t y .  

10 2 This  Furve ,  shown 

Table  2 

I 

The E f f e c t  of  Fuel  Flow Ra t o  

m l  .min-' mA.cm3 

37 140 
56 200 
78 250 

140 385 
220 550 

Fuel  Flow Rate I n f l e x i o n  Current  D e n s i t y  

3.3 E f f e c t  of Fuel  C o n c e n t r a t i o n  OIL a Bvdra z i n e  E l e c t r o d e  

At 30 ml.min" t h e  c o n c e n t r a t i o n  of the. f u e l  p a s s i n g  through a working hydrazine 
e l e c t r o d e  was v a r i e d  between 0.5M and 4.0H. 
characteristics observed i n  p r e v i o u s  expe r imen t s  was found to  be  dependent  upon 
t h e  f u e l  c o n c e n t r a t i o n  a8 shown i n  Tab le  3. 

The i n f l e x i o n  i n  t h e  d i s c h a r g e  

m&Lt 
The Effect o f  Fu e l  C o n c e n t r a t i o n  

-e Concent ra t -  Inflr.lon . C u r r e n t  Dens i tv  

II m ~ .  cm" 

0.5 90 
1.0 . 190 
2 .o 3 90 
4.0 >500 

4 Discua r ion  

A l l  t h e  expe r imen t s  on working hydraz ine  e l e c t r o d e s  produced a n  i n f l e x i o n  i n  t h e  
' i scharge  c h a r a c t e r i s t i c  as t h e  p o t e n t i a l  of t h e  e l e c t r o d e  passed through zero  on 
:he hydrogen m a l e  ( F i g .  2 ) .  
t h e  a v a i l a b i l i t y  of fuel, e i t h e r  in t e r n  of  c o n c e n t r a t i o n  o r  flow rate. I f  t h e  
F d s r i e a t i o n  c u r v e  i n  Fig. 2 i a  p l o t t e d  i n  tenas of p o t e n t i a l  a g a i n s t  l o g  
d e n e i t y )  ehovn i n  P i g .  4, then  i t  can be seen  t h a t  t h e  graph d i e p l a y s  t w o ' 8 i s t i n c t  

The p o i n t s  of i n f l e x i o n  were ehown t o  depend upon 

( c u r r e n t )  

I 

/ 
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s t r a i g h t  T a f e l  l i n e s  A and B. 
i n  T a b l e s  2 and 3 s u g g e s t  t h a t  t h e  e l e c t r o d e  can work v i a  two mechanisms. As t h e  
t h e o r e t i c a l  and observed n i t r o g e n  e v o l u t i o n  rates agree w i t h i n  exper imenta l  e r r o r  
i t  was concluded t h a t  t h e  measured e v o l u t i o n s  o f  hydrogen and n i t r o g e n  were 
f a r a d a i c a l l y  c o n s i s t e n t  w i t h  t h e  c u r r e n t s  drawn from t h e  working e l e c t r o d e .  T h i s  
j u s t i f i e s  t h e  c o n c l u s i o n s  drawn from Fig ,  3 which shows t h a t  t h e  e v o l u t i o n  o f  
hydrogen was a t  a minimum i n  t h e  r e g i o n  of  zero  p o t e n t i a l  and i t  is  probable  t h a t  
t h e  mechanism changed a t  t h i s  p o i n t .  

S u s b i e l l e s  and Bloch(' 
t h e  hydraz ine  e l e c t r o d e  is  a mixed p o t e n t i a l  a r i s i n g  from the  d i r e c t  o x i d a t i o n  of 
h y d r a z i n e  and t h e  e l e c t r o l y s i s  of water. I n  t h i s  c a s e  t h e  hydrogen e v o l u t i o n  
s h o u l d  i n c r e a s e  a s  t h e  p o t e n t i a l  of the  h y d r a z i n e  e l e c t r o d e  becomes more n e g a t i v e  
r e l a t i v e  t o  t h e  hydrogen e l e c t r o d e ,  Conversely when the  hydraz ine  e l e c t r o d e  i s  
a t  zero  v o l t s  on t h e  hydrogen s c a l e  t h e r e  should  be no n e t t  e v o l u t i o n  of hydrogen. 
The r e s u l t s  i n  F ig .  3 
t o  pass through a minimum, and t h a t  i t  i n c r e a s e s  d i r e c t l y  wi th  i n c r e a s e s  i n  t h e  
n e g a t i v e  p o t e n t i a l .  T h i s  would s u g g e s t  t h a t  t h e  p o t e n t i a l  is  a consequence of  
two s imul taneous  r e a c t i o n s  which occur  i n  t h e  r e g i o n  n e g a t i v e  t o  t h e  hydrogen 
e l e c t r o d e .  The n e g a t i v e  p o t e n t i a l s  however, e x c l u d e  t h e  p o s s i b i l i t y  of  t h e  
h y d r a z i n e  e l e c t r o d e  working v i a  t h e  thermochemical r e a c t i o n  

These l i n e s  t o g e t h e r  w i t h  t h e  i ! i f lex ion  observed 

have sugges ted  t h a t  t h e  observed open c i r c u i t  p o t e n t i a l  o f  

show t h a t  a t  z e r o  p o t e n t i a l  t h e  hydrogen e v o l u t i o n  appears  

N2 N2H4 - 2H2 + 

and t h e  e l e c t r o c h e m i c a l  r e a c t i o n  

H2 + 20H- - 2H20 + 2.5 

T h i s  l e a v e s  t h e  more probable  mechanism i n v o l v i n g  t h e  d i r e c t  o x i d a t i o n  of hydraz ine  

N2H4 + 40H- - N2 + 4H20 + 4e 

a s s o c i a t e d  w i t h  t h e  s imul taneous  e v o l u t i o n  of  hydrogen by t h e  e l e c t r o l y s i s  o f  water 

4H20 + 4e - 2H2 + 40H- 

The rate e q u a t i o n  f o r  e l e c t r o c h e m i c a l  p r o c e s s e s  is  

i = io exp [-% a 

where i = C u r r e n t  density(A.cm-') s u p p o r t i n g  an 
o v e r p o t e n t i a l  T ( V j  

i = Exchange c u r r e n t  (A.cm-a) 
no = 
F = Farada ic  e q u i v a l e n t  
R = Gas Cons tan t  
T = Temperature ( O K )  

a = Exchange c o e f f i c i e n t  

Number of e l e c t r o n s  passed 

Th terms i , n ,  F. R ,  T and a a r e  c o n s t a n t s  provided t h e  c o n c e n t r a t  on of r e a c t a n  
remain c o n s e a n t .  

i = K ,  e x p  [-K21'] 

where K ar.d K a r e  c o n s t a n t s .  The r e l a t i o n s h i p  between the  c u r r e n t  iN and the  
o v e r F o t e n t i a 1  4, a s s o c i a t e d  wi th  t h e  d i r e c t  o x i d a t i o n  of  hydrazine becomes, 

Under t h e s e  c i r c u n s t a n c e s  the  ra te  e q u a t i o n  is  s i m p l i f i e d  t o ,  

1 

11, = K , ~  e x p  [-K2N7rJ 

9 
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S i a i l a r l y  t h e  c u r r e n t  i a s s o c i a t e d  w i t h  t h e  e l e c t r o l y s i s  of water  i s ,  A 
I- -! 

'?he r a t i o  oi the  c a r r e c i s  f 3 r  t c t i i  the r e a c t i o z s  can be expressed a s  

( 3 )  

5;t tr.e r e i a t i o c s h i ?  betueer, Ts sr.4 7 ,  is 

i 

-H 
10g 4 = B + C l l H  

where B and C are c o n s t a n t s .  

I t  can be s e e n  thnt  i f  a ?  E e z a t i v e  p o t e n t i a l s  on t h e  hydrogen s c a l e ,  t h e  r e a c t i o n  
-r.'~cl;.;~'.g t h e  d i r e c t  e iec:r>zher . -cal  cx;d.atior, o f  h y d r a z i x  o c c u r s  s i x l t a n e o u s l y  
*;tk : . .e elec:r:lys:s :f w i r e r  ;:. a w a r k ~ n g  hydraz ine  e l e c t r o d e ,  then  the  r a t i o  

N i 

H l o r  
'H 

were t h e r e f o r e  eva lua ted  fr?- t h e  z e g a t i v e  r e g i o z  o f  Table  1 and t h e  r e s u l t s  a r e  
snowp i n  Fig. 5. 
l o g  - -' 
a r i s i n g  fr?? t h e  e 1 e c t r o ; y t i c  d e c o c ? o s i t i o n  of water .  

A s  :he evslLitisr. of h:;drogen a t  n e g a t i v e  ? o t e n t i a l s  is an e l e c t r o c h e m i c a l  process  
governed by t h e  r a t e  e q u a t i o n  

iH - - io ex?  [-% 

shoLlld be pro;or:iocai ';a "ne o v e r p o t e n t i a l  7 , .  Values of iN, iH and 7 

I t  can be seen t h a t  t h e  o v e r p o t e n t i a l  f13 was p r o p o r t i o n a l  t o  

i n d i c a t i n g  t h a t  t h e  hydrogen e v o l u t i o n  was ar. e l e c t r o c h e r c i c a l  p rocess  
'H 

~ i .  * l i . .  _... '.e seer. ti-a: a t  z e r c  o v e r ? o t e n t i a l  the hydrogen evolved would be e q u i v a l e n t  
* -  .. . 
~. ..-.e exz.-.;:nce cl;rre?:. : _ .  
: - - s e i  C L ~ C  .:: k.:;li ?&sc -:.~~i?!. zir.ic1 ... . ra iue 8s t h e  r o t e n t i a i  passes  through 
ze ro .  I t  was t h e r e f o r e  ; c r s i r l e  t o  c a l c u l a t e  t i e  hydrogen e v o l u t i o n  a t  z e r o  
r o t e n t i a l  ar.d t h i s  was fouzd t o  be 2.616 zl .Giz- ' ,  which i s  e q u i v a l e n t  t o  a 
c u r r e r r  I = 8.65 I: 103A.  Ti,e exchange c u r r e n t  f o r  t h i s  r e a c t i o n  was es t imated( ' )  
a: io = 4 I 107A.cn-a. 
c a i c u l a t e d  f r o -  the r a t i o  

..-w Fig .  3 S T . ~ W S  t h a t  t h e  t e r n  l o g l o  H2 evolved. a t  

The a c t i v e  area of  t h e  hydraz ine  e l e c t r o d e  was t h e r e f o r e  

- -  T - 2.2: n2 
L O  

A t y r i c a l  h:..drazir.e e l e c t r z i e  wi th  a s u p e r f i c , i a l  a r e a  of  16 n7 would weigh 3.2 g .  
Tke  a c t i v e  a r e a  t o  weiqht  r a t i a  woild t h e r e f o r e  be 0.7 m'.g-? This  r e s u l t  a g r e e s  
c l tce i : ;  u- f r .  t h e  .:5i;e of C .ut -a c s l c u h : e &  fro:. Foros i t ; ;  zeasure-en ts  on  
-..:.:ere2 :.::.<e- ;:aiues. 

Tr.-s ::.e 6;+,;~311;:. :? t z e  ra:e e:,st-c:. i; tr.e e iec t rccne : r , i ca l  r e a c t i o n s  

, 

. .  

?reduces a r e s a i t  :ha: ?? .coret ical l : ;  c o r r e i a t e s  witk. t h e  ckserved v a l u e s  o f  e l e c t r o d e  
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N a c t i v e  a r e a ,  and t h e  p r o p o r t i o n a l  r e l a t i o n s h i p  between l o g  7- and t h e  o v e r p o t e n t i a l  
. 'H 

1, a t  n e g a t i v e  p o t e n t i a l s  below 0.OV. 
p o t e n t i a l  of a hydraz ine  e l e c t r o d e  i n  t h e  r e g i o n  n e g a t i v e  t o  zero  on t h e  hydrogen 
s c a l e ,  is a consequence of two competing e l e c t r o c h e m i c a l  r e a c t i o n s ,  the o x i d a t i o n  
of hydraz ine  and t h e  decomposi t ion of water: 

The r e a c t i o n s  o c c u r r i n g  i n  the  r e g i o n  p o s i t i v e  t o  zero  on t h e  hydrogen s c a l e  on a 
working hydraz ine  e l e c t r o d e  were f a r  more complex. 

i n  hydrogen e v o l u t i o n .  This  phenomena was a s s o c i a t e d  with t h e  s t r a i g h t  l i n e  T a f e l  
p l o t  B shown i n  F i g .  4. 
t h i s  i c e a s e  i n  t h e  hydrogen e v o l u t i o n  w i t h  t h e  r e a c t i o n s  proposed by e i t h e r  
Pavelay'? i.e. 

i 

It  was concluded t h e r e f o r e  t h a t  t h e  working 
1 

\ 

Fig .  3 shows t h a t  a s  t h e  working 
I p o t e n t i a l  of  t h e  hydrazine e l e c t r o d e  i n c r e a s e d  above z e r o ,  t h e r e  was a n e t  i n c r e a s e  

The r e s u l t s  show t h a t  i t  i s  not  p o s s i b l e  t o  c o r r e l a t e  

N2H4 - 2H2 + N2 and H2 + 20H- - 2H20 + 2e 

or Szpak(') i . e .  

N2H4 + 40H- - N2 + 4H20 + 4e 

The e v o l u t i o n  of ammonia i n  t h i s  r e g i o n  has been d e t e c t e d  on many o c c a s i o n s  and i t  
is  probable  t h a t  a number of p a r t i a l  o x i d a t i o n  processes  a r e  involved .  The 
dependence o f  t h e  i n f l e x i o n  c u r r e n t  d e n s i t y  on the  mass t r a n s f e r  o f  hydraz ine  t o  
t h e  r e a c t i o n  i n t e r f a c e  would s u g g e s t  t h a t  d i f f u s i o n  p r o c e s s e s  were o c c u r r i n g  
( T a b l e s  2 and 3) but  f u r t h e r  work w i l l  be r e q u i r e d  t o  i d e n t i f y  t h e s e  r e a c t i o n s .  

l 

! 

1, References 

\ 1 .  Pavela ,  Suomen K e m i s t i l e h t i ,  240, 1957. 
2.  Szpak, S t o n e h a r t  and Katan, E lec t roch imic  Acta lo, 563, 1965 
3. G i l l i b r a n d  and Lomax, ' B a t t e r i e s ' ,  Ed. C o l l i n s ,  D.H.  Pergamon P r e s s ,  1963. 
4. Baker and Eisenberg ,  A b s t r a c t  45, Extended Abstracts Electrochem. S O C . ,  

5. J a s i n s k i ,  Electrochem. Technology, May-June, 1965, p. 129-132 
6. S u s b i e l l e s  and Bloch, Compt. Rend Aced. S c i .  P a r i s ,  a, 685, 1962. 
7 .  Bockr i s ,  Modern Aspects  o f  E l e c t r o c h e m i s t r y ,  B u t t e r w o r t h s ,  1954,  p. 199. 

Boston,  September ,  1364 



96 

.,. 

. . _  



97 

\ 

I 

? 

\ 

, 

0.8 

0.6 

0.4 

0.2 

-0.2 

-0.4 

-0.6 

-0.8 

-1 .o 

-1.2 

0.10 

Electmde 
Po tent  i a l  

(a 

0.0 

A '= H Evolved 2 

Fig. 3 Hvdroaen Evolution from a Hvdrazine Electrode 

I 
I 

I 1 I 1 I 1 I I 1  1 1 I 2.6 ' 2.8 I 

.6 1.8 2.0 2 .2 ,  2.4i 

.Ogle Current Densi 
( m ~ .  cm-a ) 

-0.10 

FiE. 4 Tafel Plot for a Workintit Hydrazine Electrode 



98 

0.10 

O,Jerpoter,:ial 

l l H  

(V) 0.08 

0.06 

0.04 

0.02 

- 
~, 
- 

- 

- 

- 

0 1  I 

0 0.5 . 1.0 1.5 2.0 2.5 

N Fig .  5 A e l a t i o n s h i p  Between O v e r p o t e n t i a l ,  qH and 10gl0q 
i 


