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INTRODUCTION 

Low molecular weight o l e f i n s  formed during Fischer-Tropsch synthes is  can 
undergo secondary reac t ions  and thereby inf luence the  d i s t r i b u t i o n  of t h e  f i n a l  
products. In t h e  case of Ru c a t a l y s t s ,  i t  has been postulated ( I )  t h a t  t h e  law 
y i e l d s  of C2 and C3 o l e f i n s  over these c a t a l y s t s  may be due t o  the reincorpora- 
t i o n  of t h e s e  products i n t o  growing chains. 
the  addi t ion  of 2% e thylene  t o  an H2/C0 mixture resu l ted  in an enhanced y i e l d  
of propylene. Subsequent s t u d i e s  by Kel lner  and Bel l  (1)  demonstrated t h a t  
a t  concentrat ions above 1% ethylene addi t ion  enhanced t h e  r a t e s  of C3 and C 
formation but  suppressed t h e  synthes is  of  C6+ hydrocarbons. Kobori e t  al. 43) 
have examined t h e  e f f e c t s  of e thylen propylene, and 4-octene addi t ion.  When 
"C-labeled o l e f i n s  were added t o  a '%O/H2 mixture, t h e  i s o t o p i c  d i s t r i b u t i o n  
of products showed t h a t  t h e  carbon from the  addi t ives  was incorporated randomly 
i n t o  t h e  products. Very recent ly  Morris e t  a l .  (4) inves t iga ted  t h e  e f f e c t s  of 
ethylene and propylene addi t ion  on t h e  hydrogenation of CO over Ru supported 
on si l ica ,  13x-zeolite, t i t a n i a ,  and magnesia. For Ru/Si02 and Ru/l3x-zeolite. 
e thylene addi t ion  markedly increased the  r a t e s  of higher  hydrocarbon formation 
without g r e a t l y  inf luenc ing  t h e  methanation rate, whereas f o r  Ru/Ti02 and Ru/MgO, 
ethylene addi t ion  enhanced t h e  r a t e  of higher  hydrocarbon formation by a f a c t o r  
of l e s s  than  two and reduced t h e  methanation ra te .  With increas ing  proport ion of 
e thylene in the  feed ,  t h e  y i e l d  of methane decreased and the y ie ld  of C3+ products 
increased. Propylene a d d i t i o n  t o  CO hydrogenation over Ru/SiO increased t h e  
r a t e s  of C2 and C4+ hydrocarbon formation, without markedly a fzec t ing  t h e  metha- 
n a t i o n  rate .  

Ekerdt and Bell (2 )  observed t h a t  

The objec t ives  of t h i s  s tudy were t o  i n v e s t i g a t e  t h e  inf luence  of e thylene  
addi t ion  on t h e  hydrogenation of CO over Ru/SiO and t o  compare the  product d i s -  
t r i k u t i o n  obtained with t h o s e  f o r  CO hydrogenatfon i n  t h e  absence of e thylene  
and ethylene homologation in t h e  a ence of CO. To enable i d e n t i f i c a t i o n  of t h e  
source  of  carbon in t h e  products ,  '%-labeled CO and unlabeled C2H4 were used. 
Products were analyzed by i so tope- ra t io  gas chromatography-mass spectrometry. 
Among t h e  i s s u e s  inves t iga ted  were t h e  inf luence of e thylene addi t ion  on t h e  
reac t ions  of CO and the  p a r t i c i p a t i o n  of e thylene in processes of hydrocarbon 
cha in  i n i t i a t i o n  and growth. The inf luence  of e thylene addi t ion  on methane 
formation was a l s o  examined. 

EXPERIMENTAL 

A 4.32 Ru/Si02 c a t a l y s t  is used in t h i s  inves t iga t ion .  Deta i l s  concerning 
i t s  prepara t ion  and i n i t i a l  reduct ion a r e  presented elsewhere ( 5 ) .  
of t h e  c a t a l y s t  is 0.27 as determined by H2 chemisorption a t  373 K. 

The d ispers ion  
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Hydrogen is p u r i f i e d  by passage through a Deoxo u n i t  (Engelhard I n d u s t r i e s )  
and 5-6;molecular s ieve .  
f u r t h e r  p u r i f i c a t  fgn. 
s i s t i n g  of 89.3% 

Helium ( 9 9 . 9 9 9 % )  and ethylene ( 9 9 . 9 5 % )  a r e  used without  
I s o t o p i y i J y  labe led  c a r  n monoxide ( I so tec ,  Inc.) con- 

C 0, and 0.36% "CO is used as received.  CO, 9.86% 

Reactants a r e  suppl ied  from a gas  flow manifold a t  a pressure of 1 atm t o  
a stainless s t e e l  microreactor  heated by a f lu id ized  sand bath. The c a t a l y s t  
(0.51 g) is reduced in flowing H2 f o r  12 h a t  573 K p r i o r  t o  each s e r i e s  of 
experiments. Reduction is continued a t  the  reac t ion  temperature of 493 K f o r  
2 h before  i n i t i a t i n g  a n  experiment. 
and the r e a c t i o n  allowed t o  continue f o r  15 min before product samples a r e  
taken  f o r  analysis .  
experiments. 
t o  base case  condi t ions.  The a c t i v i t y  remained constant  t o  wi th in  f i v e  percent  
of i t s  standard a c t i v i t y .  

The reac tan t  stream is then  introduced,  

Reduction is resumed and maintained f o r  a t  l e a s t  2 h between 
The a c t i v i t y  of the  c a t a l y s t  was checked per iodica l ly  by re turn ing  

The r e a c t o r  e f f l u e n t  is analyzed by a combination of gas chrpytography and 
mass spectrometry, t o  determine t h e  product d i s t r i b u t i o n  and the  
each of t h e  p r o b c t s .  
and then each e l u t e d  product is combusted t o  C02. The "C content of the CO 
is determined by mass spectrometry. 
by Sano et  a l .  (6) and Matthews and Hayes ( 7 ) ,  and is termed i so tope- ra t io  gas  
chroma tography-mass spectrometry. 

C content of 
The products a r e  f i r s t  separated y gas chromatography 

This a n a l y t i c a l  approach has  been descr3bed 

RESULTS AND DISCUSSION 

The reac t ion  of C2H4 and H2 over  Ru produces, in addi t ion  t o  C2H6, CH4 and 
Cg+ o l e f i n s  and p a r a f f i n s .  
As s h a m  in f i g .  1, t h e  carbon number d i s t r i b u t i o n  of the  C3+ products  does not  
decrease monotonically, but r a t h e r ,  o s c i l l a t e s  so t h a t  products with an even num- 
b e r  of carbon a t o m  predominate. The formation of CH4 is ascr ibed t o  t h e  hydrog- 
enolysis  of C H and t h e  formation of C3+ hydrocarbons t o  homologation of C H4 via  
c h a i n  growth,'i$volving C1 and C2 monomer uni t s .  An accurate  descr ip t ion  o f  the  
product d i s t r i b u t i o n  is achieved us ing  t h e  mechanism i l l u s t r a t e d  i n  Fig. 2 (8). 

The addi t ion  of C2H4 t o  s y n t h e s i s  gas  has a s t r o n g  inf luence on the  

A l a r g e  f r a c t i o n  of the  C4+ hydrocarbons a r e  branched. 

hydrogenation of CO. 
t h e  formation of hydrocarbons from CO is completely suppressed and only t h e  
hydroformylation of C2H4 t o  form propanal (and some propanol) is observed. 
presence of CO suppresses  t h e  hydrogenation of C2H4 t o  C2H6 but has  r e l a t i v e l y  
l i t t l e  e f f e c t  on C2H4 hydrogenolysis and homologation. 
and C3+ p r o h c t s  are inf luenced by t h e  p a r t i a l  pressures  of C2H4, CO, and H2. 
High s e l e c t i v i t y  t o  C 
C H4, CO. and H2 part1::pressures and low reac t ion  temperatures. The observed 
d f s t r i b u t i o n  of products  can be descr ibed t h e o r e t i c a l l y  using a modified vers ion 
of  t h e  mechanism f o r  C2H4 homologation (8). 

Figures  3 and 4 show t h a t  above a C2H4/C0 r a t i o  of 1.0, 

The 

The s e l e c t i v i t i e s  t o  CHq 

roducts  and l ow s e l e c t i v i t y  t o  CH4 a r e  observed f o r  high 

The r e s u l t s  of  t h e  present  s tudy c l e a r l y  i n d i c a t e  t h a t  e thylene formed v i a  
t h e  hydrogenation of CO can  undergo extensive secondary react ion.  The presence 
of CO i n h i b i t s  t h e  hydrogenation of e thylene t o  e thane,  and hence t h e  formation 
of  a s t a b l e  C2 hydrocarbon product. A major por t ion  of t h e  readsorbed ethylene 
w i l l  p a r t i c i p a t e  in t h e  i n i t i a t i o n  and propagation of chain growth. 
f r a c t i o n  w i l l  r e a c t  w i t h  adsorbed CO and hydrogen t o  form propanal (or propanol). 
Ethylene readsorpt ion w i l l  a l s o  r e s u l t  in a suppression of CH4 formation. 
would explain why t h e  y i e l d  of CH4 produced over  Ru c a t a l y s t  is observed t o  
decrease as t h e  conversion of CO t o  products increases .  

A s i g n i f i c a n t  
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Fig. 1 Dis t r ibu t ion  of C 1  through c8 hydrocarbons produced by r e a c t i o n  of H2 
and C2H4 a t  493K. 

represent  a t h e o r e t i c a l  descr ip t ion  of the  d a t a  f o r  two sets of 
parameters. 

P H ~  = P c ~ H ~  = 0.40 atm. Sol id  and dashed lines 
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