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T h e  k i n e t i c s  o {  c a r b o n  d e p o s i t i o n  b y  h e t e r o g e -
n e o u s  d e c o r n p o s i t i o n  o f  c a r b o n  c o n t a i n i n g  g a s e s  o n
c a r b o n  s u r f a c e s  h a s  b e e n  s t u d i e d  a t  t e r n p e ¡ a t u r e s  b e -
t s ' e e n  1 0 0 0  a n d  ¿ 0 0 0 o C .  T h e  p o s s i b i l i t y  o f  g a s  p h a s e
l e a c t i o n s  h a s  b e e n  e l i m i n a t e d  b y  t h e  u s e  o f  s u f f i -
c i e n t l y  l o r n ' g a s  p r e s s u r e s .  E x p e r i r n e n t s  h a v e  b e e n
c a r r i e d  o u t  r v i t h  a .  ¡ l o l e c u l a r  f l o w  o f  g a s  p a s s i n g  o v e r
a n  e l e c t r i c a l l y  h e a t e d  c a r b o n  f i l a r n e n t ,  t h e  r e a c t i o n
produc ts  be ing  cont inuous ly  ana lyzed w i th  a  rnass
s p e c t r o r n e f e r .  D i f f e r e n t  r e a c t a n t s  h a v e  b e e n  u s e d
for  compar ion ,  inc lud ing  hydrocarbons  ( rne thane,
e t h a n e ,  e t h y l e n e ,  a c e t y l e n e ,  a l l e n e ,  d i a c e t y l e n e ,
b e n z e n e ,  n a p h t h a l e n e ,  a n t h r a c e n e )  a n d  C 3 O 2  a n d
C6N4 (carbon-ha logen cornpounds decornpose w i thout
c a r b o n  d e p o s i t i o n ) .  D e c o r n p o s i t i o n  o f  h y d r o c a r b o n s
e v o l v e s  a t r n o s t  e x c l u s i v e l y  h y d r o g e n .

Methane and e thane decornpose very  s lowly  and
a  c a r b o n  d e p o s i t  c a n  b a r e l y  b e  d e t e c t e d .  R a t e s  o f
d e c o r n p o s i t i o n  o f  o t h e r  h y d . r o c a r b o n s  a r e  a b o u t  a
t h o u s a n d  t i r n e s  f a s t e r ,  a n d  s u r p r i s i n g l y  a r e  n o t  v e r y
d i f f e r e n t :  a t  1 4 0 0 ' C ,  t h e  c o l l i s i o n  y i e l d s ,  i .  e . ,  t h e
ra t ios  o f  nurnber  o f  reac t ing  rno lecu les  to  nurnber  o f
i rnp ing ing  rno . lecu les  on  the  sur face ,  _ range be tween
l 0 - +  a n d  l 0 - ) .  T h e  e f f e c t  o f  t e r n p e r a t u r e  o n  r e a c t i o n
ra tes  is  re rnarkab ly  s i rn i la r  fo ¡  a l l  these carbon
d e p o s i t i o n  r e a c t i o n s :  t h e  r a t e  i n c r e a s e s  w i t h  t e r n -
pera ture  up  to  a  rnax i rnurn  a t  about  1400 'C,  and then
d e c r e a s e s  f r o r n  t h i s  t e r n p e r a t u r e  t o  a b o u t  1 9 0 0 ' C .
The occur rence o f  a  rnax i rnurn  in  reac t ion  ra te  fo l -
lowed by  a  negat ive  te rnpera ture  coef f i c ien t  i s  o f
c o u r s e  q u i t e  u n u s u a t  f o r  c h e r n i c a [  r e a c t i o n s .  S u r -
face  area  de ter rn ina t ions  by  r r reans  o f  phys ica l  ad-
sorp t ion  have shown tha t  i t  i s  no t  due to  a  change in
t h e  r o u g h n e s s  f a c t o r  o f  t h e  s u r f a c e  o f  d e p o s i t e d  c a r -
bon,  wh ich  re rna ins  approx i rna te ly  cons tan t  a t  a  va lue
o f  a b o u t  3 . 5 .  I t  i s  n o t  d u e  e i t h e r  t o  a  v a r i a t i o n  o f  t h e
accornrnodat ion  coef f i c ien t  o f  reac tan t  rno tecu les ,
wh ich  a lso  re rna ins  approx i rna te ly  cons tan t .

Th is  unusua l  change o f  reac t ion  ra te  w i th  te rn-
p e r a t u r e  i s  h o w e v e r  a k i n  t o  t h a t  o b s e r v e d  p r e v i o u s l y
i n  a l l  c a r b o n  g a s i f i c a t i o n  r e a c t i o n s  u n d e r  c o r n p a r a -
b l e  t e r n p e r a t u r e  a n d  p r e s s u r e  c o n d i t i o n s .  I t  h a d  t h e n
been shown tha t  upon te rnpera ture  changes,  s ta t ionary
reac t ion  ra tes  were  no t  ob ta ined i rn rned ia te ty ,  bu t
t h r o u g h  t r a n s i e n t  r a t e s ,  d e c r e a s i n g  o r  i n c r e a s i n g ,
f o t l o w i n g  r e s p e c t i v e l y  a n  i n c r e a s e  o r  d e c r e a s e  o f
te rnpera ture .  A  de ta i led  exper i rnenta l  inves t iga t ion
o f  t h e s e  t r a n s i e n t  e f f e c t s  ( w h i c h  a r e  a l s o  o b s e r v e d
u p o n  p r e s s u r e  c h a n g e s )  h a s  [ e d  t o  t h e  c o n c l u s i o n  t h a t
t h e  ( s m a l l )  r e a c t i v e  p a r t  o f  t h e  s u r f a c e  i s  i n c r e a s e d
b y  g a s i f i c a t i o n  o f  t h e  s o l i d ,  b u t  t h e  n e w  r e a c t i v e  s i t e s
s o  c r e a t e d  c a n  b e  d e s t r o y e d  b y  t h e r r n a l  h e a l i n g ;  t h i s
la t te r  e f fec t  p redorn ina tes  a t  h igher  te rnpera tures
a n d  i s  r e s p o n s i b t e  f o r  t h e  n e g a t i v e  t e r n p e r a t u r e
c o e f f i c i e n t .

I t  i s  re rnarkab le  and s ign i f i can t  tha t  qua l i ta -
t i v e l y  s i r n i l a r  t r a n s i e n t  e f f e c t s  a r e  o b s e r v e d  i n  c a r -
b o n  d e p o s i t i o n  r e a c t i o n s .  T h e  q u e s t i o n  w h i c h  a r o u s e s
i rnmed ia te ly  i s :  a re  the  reac t ion  s i tes  reac t ive  in
g a s i f i c a t i o n  r e a c t i o n s  a l s o  a c t i v e  i n  d e c o r n p o s i t i o n
r e a c t i o n s  w i t h  c a r b o n  d e p o s i t i o n ?  T h e r e  i s  e f f e c t -
i v e l y  a  g o o d  c o r r e l a t i o n  b e t w e e n  t h e  r e a c t i v i t i e s  o f
a  c a r b o n  s u r f a c e  w i t h  r e s p e c t  t o  b o t h  g a s i f i c a t i o n
and depos i t ion .  A  sur face  enr iched w i th  reac t ive
s i t e s  b y  a  g a s i f y i n g  r e a c t a n t  u n d e r  p r o p e r  c o n d i t i o n s ,
w i l l  te rnporar i l y  show an enhanced ac t iv i t y  w i th  re -
s p e c t  t o  d e p o s i t i o n  r e a c t i o n s .  E v e n  r n o r e  s i g n i f i c a n t
is  the  fo l low ing  exper i rnent :  i f  two reac tan ts  (a t  d i f  -
f e r e n t  p a r t i a l  p r e s s u r e s ) ,  o n e  g a s i f y i n g  a n d  t h e  o t h e r
depos i t ing  carbon,  a re  made to  reac t  s i rnu l taneous lv
w i t h  a  c a r b o n  s u r f a c e ,  t h e  f a s t e r  r e a c t i o n  r a t e  w i l l
de ter rn ine  the  s ta t ionary  concent ra t ion  o f  reac t ive
s i tes  and i rnpose the  ra te  o f  the  o ther  reac t ion .
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