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AEG-TEL3:PTJXKEN Porschungs ins t i tn t  
2 r a c k f u r ;  i r ~  :Lain - 

SO f a r  the  anodic oxidat ior ,  o f  :?$zogen has r a l s l y  Seen p e r f c x s t  
iz f c e l  c e l l s  working rvizh &z a l k a l i a e  e lecs-cl j ;c .  !?he &ra:J5&ck 
05 la2 a l k a l i n e  c e l l  - ca-bosate f o r z a t i o n  acS 2oisoning o f  t?.s 
e l e c f ? o c a t a l y s t s  - a r e  however s u f f i c i e n t l y  wel l  known. 
r'uei c e l l s  working w i t h  ac a c i d  e l e c t r o l y t e  avoid these  d i f f i c Q l t i e s .  
Soble metals  however a r e  needed as e l e c t r o c a t a l y s t s .  The r e s u i t i s g  
main disadvantages are t h e  high iriherent c o s t  acd the  , s e n s i t i v i t y  
of p l a t i n i u n  a g a i n s t  CO. 
Our a i n  t h e r e f o r e w a s t h e  u t i l i s a t i o n  of non-noble metal c a t a l y s t s  
for t h e  acodic  o x i d a t i o n  of c o m e r c i a l ,  i zqure  hydrogen i n  ar. e c i d  
f u e l  c e l l .  
?cur years  ago w e  d i scovered  t h a t  tungsten carbide i s  a usefu l  
e2ec:rocatalyst /l/. i:TC had s o  f a r  been kaovn i n  engineer ing a s  
i r e f r a c t o r y  n a t e r i a l  w i t h  hard wearing 2 r o p e r t i e s .  C a t a l y t i c  
p r o a e r t i e s  had not  u n t i l  t h e n  been a t t r i b u t e d  t o  t h i s  substsr,ce. 
In view of i t s  e x c e l l e n t  a c i d  r e s i s t a n c e  and good e l e c t r i c a l  cor.2.u~- 
t l v i t y  w e  nave prepared gas d i f f u s i o n  e l e c t r o d e s  f r o 3  IlC-poJveer. 
Cn these e l e c t r o d e s ,  a r r a r g e d  ir a convqntional h a l f - c e l l  v r i t ? l  
2 . K  F So, as an e l e c t r o l y t e ,  ive nave ceasured the  anodic hydrogen 

%e f i r s t  f i g u r e  shows t h e  r e s u k t s  of the t r i a n g n l a r  voltage- sweep 
measurements. X t h  argon o n l y  a t  a p o t e n t i a l  exceeding 7OO.mV agains t  
a I$ r e f e r e n c e  e l e c t r o d e  i n  the  saIte s o l u t i o n  according t o  Giner /2/ 
comences the oxida t ion  of the 7C. J i t h  hydrogen higher  c u r r e c t  
dens ic i eo  a r e  achieved which are a t t r i b u t a b l e  t o  t he  anodic oxids- 
t i 0 3  of hydrogen. S t a t i o c a r y  measureEents too  - as i n  Figure 2 - 
shoa zk.e hgclrogen consumption r a t e .  The r e s u l t s  f o r  c l i f fe rea t  c?=ge- 
r a t u r e s  provide a n  a c t i v a t i o n  energy i n  the  range o f  5.5 t o  7.6 
kcal /=ol .  
T'rese xeasurements were t a k e n  on a gas d i f f u s i o n  e l e c t r o d e  whic4 
.vss zazufactured from a coninercial q u a l i t y  of ':/C powder. But t o  
excluce secondary e f f e c t s  such as p o r o s i t y  e t c .  measurements a r e  
Sast zsde w i t h  smooth ;iiC e l e c t r o d e s .  Such e l e c t r o d e s  a r e  obtained 
b y  cbrbur iz ing  204n t h i c k  tuags ten  f o i l s w i t h  lan2black a t  t e q e r a -  
:&res 05 1~0-16OO0C. h t h i c k e r  s h e e t  ivould not. y i e i d  a f u l l  carbu- 
rization e f f e c t .  A t  t h e s e  saooth e l e c t r c d e s  the oxida t ion  and 
adsorp t ion  of hydrogen was neascred i n  a t h e r s o s t a t i c a l l y  c o n t r o l l e d  
c e l l .  Again a h a i f - c e l l  assembly w a s  chosen w i t h  a p l a t i r i z e d  pla- 
t im3 e l e c t r o d e  as t h e  refeFecce e l e c t r o d e ,  acd 21; F! SO, as t h e  . 
e l e c t r o l y t e .  The hydrogen was sGzeaned tkrough a f r i t .  (Fig.  3 )  
"--e-; l o a  cur ren t  C e n s i t l e a  a r e  observed a t  these  szooth .:!C e lec-  
- , , , ies -.? 

cuzzect  d e n s i t y  is a l r e a d y  fousd t o  occur. T h i s  is z a t h e r  a low 
v a l x  coiqared t o  s-00th p l a t i z c  e le  c t r c d e s .  The excharge cur ren t  
Cezs i ty  f o r  t t e  &//ti+ r e a c t i o n  a t  X C  is also very low, 0,4 ?&/ca2. 
:,'c 'ravc CeteraiceC t h e  k i c e t i c s  of AyLroges adsor?t ion ucder oper, 

ox' A da2'-' ,-on. 

.. 

- -  
for the acodic  hydroger o x i d a t i o s .  A t  ~ O * & / C I C *  tke lisiting 

w:bw-ib _ -  _-..- t cor ,di t ions.by p l o t t i n g  t h e  csazging curves.  ? o r  t k i s  

/ 
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l o g  d6 = log is + 2 l o g  ( 1 - 6 )  Ct 

., ..:.bL~ . c1 - -, P r e l r e s e n t s  tte degree of  c o x r i s e  - 6 I s  a r b l z r a r i l y  equated 

-. - -  ̂ - -  ,&..t, c 4  thz  hycirogen conce r t r a t io3  a i t k i n  t k e  e l e c t r o l y z e ,  
. .  . .  . . - - -  . . - ~  . . _ - _ _  ..-.icy f o r  the  z z x ~ z ~ ~  adsonba3le aroo.xyt - k i s  tke  r a t e  

+., n is the  o r d e r  of r e a c t i o n  ?:Iith regard t o  the f r e e  sur face  
s i z e s .  
Zigure 5 sk.o::.s l o g  G / d t  ? l o t t e d  over log ( 1  - 6). %e s l o p  of the  
curve and b.el=ce of zhe r e a c t i o n  oreer ri e x  fo..izd t o  be ur,ity f o r  
?latiz;;zi, f o r  t G g s t e n  carbide hovreve;. two. The sloije i s  very  x e i i  
rs ;zJZnci j le  f o r  t,l=e d i v e r s 2  .'iZ e l e c x o d e s .  
..-;=i -;atinurn O E  s x r ' a c e  s i t e  i s  ceeeec,  i . e .  t h e  adso rp t ion  o f  
tLe < zo iecu le  Ceter=l l res  tix r a t e  o f  t he  zeact ior , ;  w i th  ,'iC and 
reactlor.  o rder  2,ho.::ever ,:YO sur face  s i t e s  i r e  nee&&. Tne rate 
Leterz.IrLizg s t e g  Lere i s  the  d i s s o c l a t i o n  of t h e  H, xo lecule :  

- - -  

. .  . 

_-  
'-2 a& 2 'rad 
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Big. 1: P o t  :-tiod:manic c i z r e n t - p o t e n t i a l  c~rves a t  
a g a s c i f f u s i o 2  e l e c t r o d e ,  
sweep speed G,1 V / = i i a  
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S . z z e z t  densities x e r e  zeasured  a t  i ' x = l 1 G O a V  a g a i ~ s t  t he  . .  ,,,,cgez r -.-- e l e c t r o l e  is s8e s z e  eizctzo17;e 
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