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I n t r o d u c t i o n  

Jn a p rev ious  s t u d y  (1) it has  been proposed t h a t  t h e  s u r f a c e  of a promoted 
fused i r o n  c a t a l y s t  i s  l a r g e l y  covered wi th  carbon d u r i n g  t h e  s t e a d y - s t a t e  r e a c t i o n  
o f  hydrogen and carbon monoxide (90% H 2 .  10% CO) a t  a tmospheric  p r e s s u r e  and 2 5 O O C .  
This  same c a t a l y s t ,  a commercial ammonia s y n t h e s i s  c a t a l y s t  (CCI), w a s  a l s o  evalu-  
a t e d  ( a t  2 . 0  MPa) i n  a more a p p l i e d  way i n  connec t ion  wi th  t h e  s tudy  of a scheme 
f o r  energy s t o r a g e  i n  a c e n t r a l  power p l a n t  ( 2 ,  3) .  
necessa ry  t o  cons ide r  t h a t  each c a t a l y s t  ( < . e . ,  even t h e  same meta l  on d i f f e r e n t  
suppor t s )  may o p e r a t e  f o r  r e a c t i o n s  of H2/CO through a unique sequence of s t e p s ,  
or a t  l e a s t  w i t h  a p a r t i c u l a r  r a t e -de te rmin ing  s t e p .  
t i o n  o f  s u r f a c e  carbon seems t o  be r a t e - l i m i t i n g  on i r o n  (l), on ruthenium t h e  d i s -  
s o c i a t i o n  o f  adsorbed CO h a s  been proposed as r a t e  l i m i t i n g  ( 4 ) .  
i s  a c o n t i n u a t i o n  of  t h a t  of r e f e r e n c e  (1); t h i s  t ime t h e  r o l e  of C02 and H30 h a s  
been i n v e s t i g a t e d ,  and i n t e r e s t i n g  in fo rma t ion  has  been ob ta ined  on t h e  cha in  
growth p rocess .  

I t  i s  now c l e a r  t h a t  it is 

Thus a l though  t h e  hydrogena- 

The p r e s e n t  work 

Experimental 

The r e a c t o r  was made o f  Ulr-inch s t a i n l e s s  s t e e l  t ube  and f i l l e d  wi th  1 0 0  mg 
Of c a t a l y s t  ( p a r t i c l e s  of 300 pm) mixed wi th  500 mg of g l a s s  beads o f  t h e  same s i z e .  
The r e a c t o r  and t h e  g l a s s  beads were confirmed t o  produce no p roduc t s  a t  t h e  r e a c -  
t i o n  c o n d i t i o n s .  Feed r a t e s  of H2/CO ( 9 / 1 )  between 20 and 120 ml/min were explored 
b u t  i f  n o t  o the rwise  no ted ,  40 ml/min was used;  t h e  conve r s ion  was always less than 
5% o f  t h e  CO f e d .  

Hydrogen (99.99%, A i r  L iqu ide )  was p u r i f i e d  by a molecu la r  s i e v e  (SA) t r aD,  
followed by a deoxo r e a c t o r ,  fol lowed by a second molecular  s i e v e  5 A .  
oxide (99 .9%,  A i r  Liquide)  was passed through a g l a s s  t u b e  hea ted  t o  22O0C t o  de-  
compose ca rbony l s  and then  through a t r a p  of a c t i v a t e d  carbon a t  25OC. 

Carbon mon- 

4 n a l y s i s  of t h e  r e a c t i o n  p roduc t s  was by gas  chromatography. For  t h e  sepa ra -  
t i o n  o f  t h e  hydrocarbons,  a Poropak Q (80-100 mesh) 6-m, 1/8- inch s t a i n l e s s  s t e e l  
column was used wi th  a f lame i o n i z a t i o n  d e t e c t o r .  Column t empera tu re  was 195OC, 
and t h e  c a r r i e r  gas  (He) w a s  used a t  30 ml/min. The C02 and H20 were measured by 
a second i d e n t i c a l  Poropak 0 column a t  175OC, l e a d i n g  t o  a thermal  c o n d u c t i v i t y  
d e t e c t o r .  For  t h e  r e a c t i o n  c o n d i t i o n s  used,  on ly  a l k a n e s  were found among t h e  
hydrocarbon p roduc t s .  

Resu l t s  

The Basic  React ion 

A f t e r  an  i n i t i a l  r e d u c t i o n  i n  f lowing hydrogen a t  60 ml/min f o r  60 hours  
a t  500°C, t h e  r e a c t o r  is cooled t o  250°C, and t h e  f eed  is switched a t  t ime ze ro  t o  
10% C O  i n  H2. 
product ion r a t e  o f  methane p a s s e s  through a maximum. 

The cu rve  1 of F i g .  1 r e s u l t s .  The d e a c t i v a t i o n  i s  r a p i d  and t h e  
A r e a c t i v a t i o n  i n  H 2  a t  5 0 0 O C  

* 
Now a t  Un ive r s i ty  of Connec t i cu t ,  S t o r r s ,  Connect icut  06268. 
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f o r  1 5  hours i n c r e a s e s  t h e  a c t i v i t y  of  t h e  c a t a l y s t  t o  a l e v e l  above what it was a t  
t h e  end of t h e  first run, b u t  below what it was a t  its maximum. This  p r o c e s s  con- 
t i n u e s  wi th  f u r t h e r  r e a c t i v a t i o n s ,  and Fig .  1 shows curves  a f t e r  1 0  r e a c t i v a t i o n s  
and a f t e r  20 r e a c t i v a t i o n s .  However, it was found t h a t  a s h o r t  ( 3 0  min) t r e a t m e n t  
by  oxygen a t  5 O O O C  and 1 a m  before  t h e  u s u a l  r e d u c t i o n  by hydrogen produced a r e l -  
a t i v e l y  s t a b l e  c a t a l y s t ,  a s  shown by t h e  curve  02 of F i g .  1. The a c t i v i t y  of t h e  
c a t a l y s t - i s  obvious ly  v e r y  s e n s i t i v e  t o  i ts s t a t e  of o x i d a t i o n  and t o  t h e  concen- 
t r a t i o n  of r e f r a c t o r y  carbon a t  or n e a r  i t s  s u r f a c e .  
Matsumoto and Bennett  (1) found t h a t  s h o r t  t r e a t m e n t s  i n  helium a t  2 5 O O C  conver ted  
t h e  a c t i v e  carbon i n t e r m e d i a t e  t o  a form i n a c t i v e  a t  t h i s  tempera ture .  S i m i l a r  
e f f e c t s  a r e  observed f o r  n i c k e l  ( 5 ) .  

I t  may be r e c a l l e d  t h a t  

F igure  2 shows t h e  o t h e r  hydrocarbons produced cor responding  t o  t h e  c u r v e  
l a b e l l e d  02 on  Fig .  1. The numbers by t h e  curves  a r e  t h e  s t e a d y - s t a t e  r a t e s  of 
p r o d u c t i o n  d iv ided  by t h a t  for methane. 
a c t i v i t y  l e v e l  and a r e  a b o u t  t h e  same f o r  a l l  t h e  c a t a l v s t  c o n d i t i o n s  of F i g .  1. 
Water and carbon d i o x i d e  a r e  also produced, b u t  t h e s e  product ion  r a t e s  a r e  l e s s  
r e p r o d u c i b l e .  The c a t a l y s t  has  a f r a c t i o n  exposed of o n l y  about 5 p e r c e n t ,  and i t  
h a s  been shown t h a t  t h e  e n t i r e  mass of i r o n  is c a r b u r i z e d  (1). Thus small changes 
i n  carbon c o n c e n t r a t i o n  i n  t h e  bulk  may produce C 0 2  and H 2 0  a t  r a t e s  a t  l e a s t  a s  
h i g h  as t h e  c a t a l y t i c  r e a c t i o n .  F i g u r e  3 shows t h e  h i s t o r y  of a f r e s h l y  reduced 
c a t a l y s t  a f t e r  exposure t o  CO/H2 a t  2 5 0 ° C ,  H2 a t  250°C,  and f i n a l l y  H2 programmed 
t o  5 0 0 O C .  The first peak r e u r e s e n t s  t h e  removal of  a s u r f a c e  carbon i n t e r m e d i a t e  
as  methane, and t h e  second l a r g e  peak comes from t h e  d e c a r b u r i z a t i o n  o f  t h e  b u l k  
of t h e  c a t a l y s t .  T h i s  r e s u l t  has  a l r e a d y  been d i s c u s s e d  (1). 

These s e l e c t i v i t i e s  a r e  i n s e n s i t i v e  t o  t h e  

Another a s p e c t  of t h e  r e a c t i n g  system can be seen  i n  F i g .  4 .  Experiments were 
s t a r t e d  wi th  a f e e d  r a t e  o f  120 ml/min, b u t  t h e  convers ion  (0 .003  t o  CH4) was n o t  
s u f f i c i e n t  t o  o b t a i n  r e l i a b l e  a n a l y s e s  f o r  H20 and COP by chromatography ( t h e r m a l  
c o n d u c t i v i t y  d e t e c t o r ) .  The hydrocarbons,  however, were ana lyzed  c o r r e c t l y  ( f lame 
ionization d e t e c t o r ) .  When t h e  convers ion  was i n c r e a s e d  ( 0 . 0 0 6  t o  C H 4 )  by reducing  
t h e  f e e d  r a t e  t o  20 ml/min, a much lower format ion  r a t e  of methane was observed .  
T h i s  r e d u c t i o n  i n  a c t i v i t y  c a n  only  b e  expla ined  by i n h i b i t i o n  o f  t h e  r a t e s  by  pro- 
d u c t s  of t h e  r e a c t i o n ;  t h e  r e a c t a n t  c o n c e n t r a t i o n s  a r e  of course  a lmost  unchanged. 
In o t h e r  words, even a t  t h e s e  low convers ions  t h e  r e a c t o r  i s  not  t r u l y  d i f f e r e n t i a l .  

We a r e  t h u s  l e d  t o  i n v e s t i g a t e  t h e  e f f e c t  of t h e  products  of r e a c t i o n  on t h e  
r e a c t i o n  r a t e s ,  and t h e s e  exper iments  w i l l  be d e s c r i b e d  l a t e r .  
mis lead  by s e c u l a r  changes i n  t h e  c a t a l y s t ,  a s t e a d y  s t a t e  c o n d i t i o n  i s  first e s -  
t a b l i s h e d  w i t h  10% CO t H 2  f e e d .  The f e e d  is t h e n  changed to one c o n t a i n i n g  H20, 
C O q .  e t c .  a s  d e s i r e d ,  and f i n a l l y  it is changed back t o  10% CO t Y2. 

I n  o r d e r  n o t  t o  be 

The base r e a c t i o n  h a s  been s t u d i e d  a t  s e v e r a l  t empera tures  ( 2 3 0 ° ,  250° ,  270°, 
and 3 O O 0 C ) ,  and an  a c t i v a t i o n  energy of 20 .4  kcal/mole i s  observed, s imi la r  t o  t h e  
v a l u e  found a t  2.0 MPa ( 2 ) .  

I n f l u e n c e  o f  C02 

To t h e  r e a c t i o n  m i x t u r e  10% CO t H2 was added 5% CO2.  The CHq product ion  
d iminished  by about E%, and when t h e  C 0 2  was removed t h e  methane format ion  r a t e  r e -  
g a i n e d  i t s  i n i t i a l  v a l u e .  T h i s  e f f e c t  i s  n o t  s u f f i c i e n t  t o  e x p l a i n  F i g .  4 .  

If t h e  CO i n  t h e  feed  gas i s  rep laced  by C 0 2 ,  t h e  methanation r e a c t i o n  con- 
t i n u e s  a t  a lower r a t e ,  as shown i n  Table 1. The format ion  of h igher  hydrocarbons,  
however, 1s d r a s t i c a l l y  reduced .  
face oxygen c o n c e n t r a t i o n  i s  i n c r e a s e d .  

I h e  C02 i s  d i s s o c i a t i v e l y  adsorbed ,  b u t  t h e  s u r -  
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I n f l u e n c e  o f  Water 

A c o n c e n t r a t i o n  of 0.6% water  vapor was added t o  t h e  10% CO t H2 f e e d  
mixture  a t  s t e a d y - s t a t e  r e a c t i o n ,  and Fig .  5 shows t h e  r e s u l t .  The i n h i b i t i n g  e f -  
f e c t  Of water  i s  c l e a r ,  and i t  i s  probable  t h a t  t h e  lower rates a t  h i g h e r  conversion 
shown i n  F i g .  4 a r e  expla ined  by t h e  increased  water  c o n c e n t r a t i o n  a t  h igher  con- 
v e r s i o n .  

I t  i s  a l s o  i n t e r e s t i n g  t o  e v a l u a t e  t h e  c a p a b i l i t y  of  t h e  s t e a d y - s t a t e  c a t a l y s t  
s u r f a c e  t o  c a t a l y z e  t h e  s h i f t  r e a c t i o n .  
t h e  10% CO t H2 mixture  i s  rep laced  by 0.6% water, a l l  product ion  o f  hydrocarbons 
s t o p s ,  and a l a r g e  r a t e  o f  C02 format ion  i s  observed .  
ev idence  of  t h e  power of  t h e  i r o n  c a t a l y s t  t o  adsorb  d i s s o c i a t i v e l y  H 2  a s  w e l l  as 
co. 

F igure  6 i n d i c a t e s  t h a t  when t h e  H2 i n  

These r e s u l t s  a r e  f u r t h e r  

Inf luence  of Ethane 

The a d d i t i o n  of  10% C2H6 to  t h e  r e a c t a n t s  does  not  change t h e  r a t e s  of 
r e a c t i o n .  However, i r o n  has  some a c t i v i t y  for  hydrogenolys is  ( 6 ) .  I f  t h e  10% CO t 
H2 mixture  is changed t o  10% C2H6 t H2. methane is formed a t  0.65 u mole/g min ( s e e  
F i g .  71, l e s s  than  10% of  a t y p i c a l  methanat ion  r a t e .  

I n f l u e n c e  of  O l e f i n s  

When 10% C2H4 t H 2  i s  fed t o  t h e  r e a c t o r  j u s t  a f t e r  t h e  r e d u c t i o n  o f  t h e  
c a t a l y s t  a t  5OO0C, t h e  curves  of F ig .  7 a r e  o b t a i n e d .  There is immediate product ion  
of methane, propane, n-butane, and n-pentane.  Ethane is confounded wi th  t h e  l a r g e  
e t h y l e n e  peak i n  t h e  a n a l y s i s  by chromatography. 
z e r o  as i n  F i g .  2.  A swi tch  t o  hydrogen ( n o t  shown on F i g .  7 )  uroduces no methane 
peak a t  25OoC, and programming t h e  tempera ture  t o  5OOOC r e s u l t s  i n  t h e  product ion  
of o n l y  4 u moles of CHq/g o f  i r o n .  Thus t h e  C2H4/H2 mixture  does n o t  c a r b u r i z e  
t h e  i r o n  a t  25OOC. The r e a c t i o n  r a t e s  a f t e r  4 hours  wi th  e t h y l e n e  a r e  about  twice  
t h o s e  wi th  C O ,  and t h e  i n i t i a l  r a t e s  a r e  an  o r d e r  of  magnitude h i g h e r .  F i g u r e  7 
shows a l s o  t h e  swi tch  from C ~ H L + / H ~  t o  CO/H2  and t h e n  t o  C&/H2. 

The r a t e s  do not  i n c r e a s e  f r o m  

F igure  8 shows t h e  u s u a l  curves  f o r  CO/H2 over  a reduced c a t a l y s t ,  fo l lowed 
by a swi tch  t o  C ~ H I + / H ~  o v e r  t h e  now c a r b u r i z e d  c a t a l y s t .  These r e s u l t s  a r e  cons is -  
t e n t  w i t h  t h e  i d e a  t h a t  t h e  ra te -de termining  s t e p  wi th  CO is t h e  hydrogenation of  
s u r f a c e  carbon.  Subsequent c h a i n  growth occurs  through CH2 groups  ( o r  CH), and if 
t h e s e  groups a r e  formed d i r e c t l y  from e t h y l e n e ,  t h e  product ion  r a t e s  of  t h e  pro-  
d u c t s  a r e  h i g h e r ;  t h e  r a t e  l i m i t i n g  s t e p  coming from CO is no longer  r e l e v a n t .  The 
C2H4/H2 r e a c t i o n  o c c u r s  on i r o n ,  and a f t e r  exposure of t h e  c a t a l y s t  t o  CO/H2, much 
of t h e  s u r f a c e  i s  covered w i t h  carbon, so  t h e  r a t e  o f  CH4 p r o d u c t i o n  wi th  C ~ H I + / H ~  
of F ig .  8 is lower t h a n  t h a t  of Fig. 7. 

F igure  9 shows t h e  r e a c t i o n  of 10% C3H6 + H~ o v e r  t h e  reduced c a t a l y s t .  
r e s u l t s  a r e  q u a l i t a t i v e l y  t h e  same a s  w i t h  e t h y l e n e .  
i n  F i g .  1 0 ,  and butene-1/H2 (always 90% H2) g i v e s  r a t e s  t h a t  a r e  a l l  a b i t  lower 
t h a n  for butene-2, as shown. A l l  t h e s e  r e s u l t s  emphasize t h a t  on t h e  i r o n  s u r f a c e  
t h e  CH2 or CH fragments come r a p i d l y  t o  a s t e a d y  s t a t e ;  t h e  r a t e s  of p r o d u c t i o n  of 
t h e  a l k a n e  products  (no o l e f i n s  were observed)  are n o t  a p p r e c i a b l y  i n f l u e n c e d  by  
t h e  s o u r c e  o f  t h e  CH2 groups on  t h e  s u r f a c e .  However, t h e r e  a r e  some d i f f e r e n c e s ,  
as shown i n  Table 2 ,  which g i v e s  t h e  r a t i o s  of t h e  product ion  r a t e s  a f t e r  4 hours .  
S t a r t i n g  from a g iven  o l e f i n ,  t h e  p r o d u c t s  a r e  most ly  of s h o r t e r  cha in  l e n g t h ,  and 
c l o s e  t o  t h e  cha in  l e n g t h  of t h e  r e a c t a n t .  I n  any e v e n t ,  we a r e  j u s t i f i e d  i n  sup- 
pos ing  t h a t ,  s t a r t i n g  from CO/H2, a l l  t h e  s t e p s  a f t e r  CH2 or CH format ion  a r e  r a p i d ,  
and l i t t l e  of  t h e  s u r f a c e  is covered by c h a i n  fragments a t  25OoC and 100 kPa. 

The 
Butene-2/H2 r e a c t s  as shown 
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Discussion 

The n e w  r e s u l t s  of t h e  p r e s e n t  s tudy  confirm most a s p e c t s  o f  t h e  sequence o f  
CO is adsorbed a s  C + 0 ,  and t h e  s t e p s  proposed by Matsumoto and Bennet t  (1). 

f r e s h l y  formed s u r f a c e  ca rbon  i s  t h e  most abundant s u r f a c e  i n t e r m e d i a t e ;  i t s  hydro- 
gena t ion  by adsorbed hydrogen p r e s e n t  a s  H is t h e  r a t e -de te rmin ing  p r o c e s s .  Carbon 
d i o x i d e  added t o  CO/H:, i s  n o t  s t r o n g l y  enough adsorbed t o  a f f e c t  t h e  r a t e  apprec i -  
a b l y .  
s u r f a c e  i s  more o x i d i z e d ,  and t h e  a c t i v e  C is p r e s e n t  i n  lower c o n c e n t r a t i o n  than i n  
t h e  presence of CO. 

However, i n  t h e  absence  o f  C O ,  CO2/H2 makes methane a t  a lower r a t e ;  t h e  

However, water  can compete wi th  CO f o r  t h e  s u r f a c e ,  and it o x i d i z e s  t h e  s u r -  
The h igh  r e a c t i o n  r a t e  f a c e  while  reducing t h e  a c t i v e  C coverage by forming C02. 

of CO/H20 t o  C02 r a t h e r  t han  CHq shows t h e  s t r o n g  a f f i n i t y  of t h e  s u r f a c e  of t h e  
i r o n  c a t a l y s t  f o r  oxygen ( F i g s .  5-61. 

We r e c a l l  t h a t  t h e  r a t e  of hydrocarbon p roduc t ion  over  a f r e s h l y  reduced ca ta -  
l y s t  rises from a n  i n i t i a l  va lue  o f  zero. The carbon formed from CO r e a c t s  w i th  
t h e  bu lk  i r o n  of t h e  c a t a l y s t ,  and t h e  s u r f a c e  carbon necessa ry  for hydrocarbon pro- 
d u c t i o n  g r a d u a l l y  i n c r e a s e s  i n  coverage a s  t h e  bulk of t h e  i r o n  i s  ca rbur i zed  t o  
Fe2 C a t  250OC. 
a c t i v e  C i n t e rmed ia t e  seems t o  be necessa ry .  
and t h e  i r o n  i s  n o t  c a r b u r i z e d .  Thus t h e  observed formation of CHq and C3H8 shown 
in Fig .  7 a r i s e s  through a CH, fragment. No oxygen i s  p r e s e n t .  I r o n  t h u s  behaves 
d i f f e r e n t l y  from c o b a l t ,  for which oxygen is a p p a r e n t l y  necessa ry  f o r  cha in  growth 

However, when C2H4/H2 is passed ove r  t h e  reduced c a t a l y s t ,  no 
The r a t e  starts a t  a maximum v a l u e ,  

( 7 ,  8 ) .  

When a CO/H2 f eed  i s  changed t o  C2Hq/H2 (Fig .  E ) ,  t h e  r a t e  o f  hydrocarhon pro- 
Methane is an important  p roduc t  from 

This  r e s u l t  is n o t  i n c o n s i s t a n t  with t h e  l a c k  o f  14CHq formed when 14C2H4 
d u c t i o n  i s  h ighe r  from e t h y l e n e  t h a n  from CO. 
C2Hq/H2. 
i s  added i n  sma l l  q u a n t i t y  t o  CO/H2  (9). 
o r i g i n a t e  p r i n c i p a l l y  from C O ,  so t h a t  t h e  added l ' + C  w i l l  be concen t r a t ed  p r i n c i -  
p a l l y  i n  CxHy groups of x 2 2 .  

s i n c e  t h e  r a t e  dec reases  as t h e  i n e r t  g r a p h i t i c  carbon b u i l d s  up ( F i g s .  7 and 8 ) .  
I t  w a s  shown p rev ious ly  (1) t h a t  t h e  r e a c t i o n  from CO a l s o  occur s  on t h e  i r o n  p a r t  
of t h e  s u r f a c e ;  a f t e r  s t e a d y  s t a t e  under CO/H2,  a b r i e f  exposure t o  H 2  a l o n e  and 
then a swi t ch  back to  CO/H2 l e a d s  t o  a temporary i n c r e a s e  i n  t h e  r a t e .  If t h e  ex- 
posure t o  hydrogen is long  enough t o  deca rbur i ze  some of t h e  bu lk ,  t h e  subsequent  
CO/H2 r e a c t i o n  r a t e  i s  lowered a s  r e c a r b u r i z a t i o n  lowers  t h e  concen t r a t ion  o f  t h e  
a c t i v e  s u r f a c e  carbon.  

With CO p r e s e n t  t h e  C I H n  groups must 

It i s  c l e a r  t h a t  t h e  r e a c t i o n  of e t h y l e n e  t a k e s  p l a c e  on t h e  i r o n  s u r f a c e ,  

A f r e s h l y  reduced c a t a l y s t  is ca rbur i zed  by t h e  H2/CO mix tu re  i n  abou t  an 
hour ( r e c a l l  t h a t  c a r b u r i z a t i o n  i n  CO a l o n e  i s  much s lower  (1)). 
iod  t h e  hydrocarbon formation r a t e  g r a d u a l l y  i n c r e a s e s  as t h e  s u r f a c e  carbon con- 
c e n t r a t i o n  rises, as in f luenced  by t h e  bu lk  carbon ( c a r b i d e )  c o n c e n t r a t i o n .  
swi t ch  t o  p u r e  H2 g i v e s  a methane peak, meaning t h a t  hydrogen reacts a s  H on t h e  
s u r f a c e  and t h a t  t h e  s u r f a c e  coverage by C is h igh .  
i s  t h e  formation o f  CH, from t h e  s u r f a c e  C ;  subsequent  c h a i n  growth i s  r a p i d  and 
occur s  through t h e s e  g roups ,  and t h e  product  d i s t r i b u t i o n  i s  determined by t h e  
r a t e  of propagat ion and t e r m i n a t i o n  ( d e s o r p t i o n )  of c h a i n s  a r i s i n g  from CH,. 
p r e sence  of H20 and t o  some e x t e n t  C02 i n  t h e  g a s  phase i n c r e a s e s  s u r f a c e  0 a t  
t h e  expense of C and/or  H ,  i n h i b i t i n g  t h e  r e a c t i o n .  
bon i s  g radua l ly  conve r t ed  t o  i n e r t  ( a t  250'C) g r a p h i t e ,  and a c t i v i t y  s lowly  de- 
c l i n e s  a s  t h e  p a r t  of t h e  i r o n  covered wi th  l a b i l e  C d e c r e a s e s .  For a much re- 
gene ra t ed  c a t a l y s t ,  oxygen fol lowed by hydrogen c l e a n s  o f f  a h ighe r  f r a c t i o n  of 
i n e r t  g r a p h i t e  than H 2  a l o n e .  

During t h i s  per -  

A 

The r a t e -de te rmin ing  p rocess  

The 

However, a c t i v e  s u r f a c e  car -  
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Table 1 

Reaction of C02 a n d  H:, 

Feed 
Before After 

7 .0  4.4 7 . 4  

3 . 2  0 .52  3.5 

1.5 0.065 1 . 5  

Forma t ion  Rate, 
1-1 mole/g min. 

CH4 

‘ZH6 

C3H8 

T a b l e  2 

R e l a t i v e  P r o d u c t i o n  Rates 

( 4  h o u r s  on  s t r e a m )  

c5  

Feed M i x t u r e  c1 

10% CO + H2 0 .6  0.29 0.10 0 .02  

10% C2Hq + H2 0.15 0.06 0.001 

- c11 - c3 - C2 - 

10% C3H6 + H 2  0 .49 0.087 0.002 

10% b u t e n e - 1  + H 

10% bu tene -2  + H 

0 .19  0.76 0.08 

0.20 0 .92  0 . 0 9  

2 

2 
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