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INTRODUCTION 
During t h e  l as t  decade, t h e  average composition of  gaso l ine  

underwent dramatic changes t o  make up f o r  t h e  gradual removal of 
lead compounds, and t o  meet a s t rong  market demand f o r  premium high 
octane gasol ine .  From 1980  t o  1988, t h e  average aromatic conten t  i n  
gaso l ine  increased  from 22 t o  32% and consequently t h e  average 
octane number increased  from 83 t o  88.4 [1 ,2] .  Modest i nc reases  i n  
o l e f i n  and l i g h t  p a r a f f i n  (butane) conten ts  a l s o  took p lace .  The 
same tendency w a s  observed i n  Western Europe [3] .  

A t  p resent ,  most of t h e  compounds whose concent ra t ions  have 
increased  a r e  considered t o  be d i r e c t l y  or i n d i r e c t l y  as a t h r e a t  
t o  t h e  environment and/or human hea l th  [2 ,4] .  The challenge is t o  
br ing  down aromatics,  o l e f i n s  and l i g h t  hydrocarbons i n  gaso l ine  t o  
more acceptab le  l e v e l s  without adverse e f f e c t s  on t h e  gaso l ine  
performance [4 ] .  The most common approach t o  address t h i s  problem 
is  t h e  add i t ion  of oxygenated compounds such as MTBE, TAME o r  
e thanol  i n t o  gaso l ine .  Another approach is t o  increase  t h e  concen- 
t r a t i o n  of branched hydrocarbons i n  gaso l ine .  Indeed, such 
hydrocarbons have h igh  oc tane  numbers and no major environmental 
drawbacks. However, according t o  Unzelman [SI ,  wi th in  t h e  l i m i t s  of 
e x i s t i n g  technologies,  i s o p a r a f f i n s  cannot be made v i a  isomeriza- 
t i o n  and a lky la t ion  i n  s u f f i c i e n t  amounts t o  rep lace  aromatics 
below 30%. The ob jec t ive  of t h e  present  work i s  t o  synthes ize  
branched hydrocarbons from carbon sources  o the r  than  petroleum. The 
most obvious choice is syn thes i s  gas  (CO/H2) .  

The approach we have taken i s  t o  use a hybrid c a t a l y s t  
comprised of a Fischer-Tropsch syn thes i s  (FTS) c a t a l y s t  and a 
hydroisomerization a c i d  c a t a l y s t .  The purpose i s  t h a t  t h e  mainly 
l i n e a r  hydrocarbons generated on t h e  FTS c a t a l y s t  would isomerize 
on t h e  a c i d .  c a t a l y s t -  before  leav ing  t h e  r eac to r .  Sol id  superac id  
c a t a l y s t s  such as s u l f a t e d  z i rconia  ( S042-/Zr02). exh ib i t  exce l l en t  
hydroisomerization p r o p e r t i e s  with t h e  formation of s i g n i f i c a n t  
amounts of branched hydrocarbons [6].  Therefore,  w e  chose t o  
combine Ru loaded on Y z e o l i t e  as t h e  FTS c a t a l y s t  and S042-/Zr0, ,> 
as t h e  i somer iza t ion  c a t a l y s t .  In  a previous paper [ 71, w e  repor ted  
d a t a  obtained using t h e  hydrogen bracke t ing  technique a t  atmosphe- 
r i c  pressure .  I n  t h e  present  communication, w e  dea l  with r eac t ion  
s t u d i e s  i n  a continuous flow reac to r  a t  e leva ted  pressures  (mostly 
a t  10 a t m ) .  

EXPERIMENTAL 
S042-/Zr02 and Pt/S042-/Zro2 c a t a l y s t s  w e r e  prepared a s  

descr ibed  e a r l i e r  [7 ] .  Surface area and s u l f u r  content of t he  t w o  
c a t a l y s t s  were ca. 90 m2/g and 1.5 w t % .  P t  content i n  Pt/So42-/Zr0 
w a s  1 w t % .  The FTS c a t a l y s t  used i n  t h i s  work was 2 w t %  Ru loadea 
on KY z e o l i t e  prepared by i o n  exchange using Ru(NH3)&1 Procedures 
f o r  t h e  prepara t ion  of RuKY, t h e  decomposition of txe r u t h e o i z  
complex, and t h e  prereduct ion  of RuKY a r e  t h e  same as those  
descr ibed  i n  [7] f o r  RuNaY. The c a t a l y s t  t h u s  formed w a s  exchanged 
again wi th  a d i l u t e  s o l u t i o n  of K2C03 (0.006 M) t o  neu t r a l i ze  t h e  
protons formed dur ing  the  decomposition of t he  R u  complex, and 
e l imina te  t h e i r  poss ib le  con t r ibu t ion  t o  t h e  formation of branched 
hydrocarbons. This c a t a l y s t ,  designated as RuKY-K, w a s  then reduced 
a t  420 Oc i n  flowing H~ f o r  4 h. 

FTS reac t ion  w a s  c a r r i e d  out i n  a CDS-804 Micro-Pilot P l an t  
coupled with an on-line gas chromatograph (HP 5890 Se r i e s  11). The 
r eac to r  p a r t  was described i n  [ 71. Product ana lys i s  was c a r r i e d  ou t  
using flame i o n i z a t i o n  ( F I D )  and thermoconductivity (TCD)  de t ec to r s  
opera t ing  i n  a p a r a l l e l  mode. A c a p i l l a r y  column (PONA from HP, 50m 
X 0.2mm x 0 . 5 ~ )  and a s t a i n l e s s - s t e e l  column ( l / 8  in.  O.D. x 1 2  
f t .  long) packed with Porapak Q (8O/lOO mesh) were l inked  t o  F I D  
and TCD respec t ive ly ,  and used f o r  product separa t ion .  A l l  valves 
and t r a n s f e r  l i n e s  between t h e  r e a c t o r  and t h e  GC were heated t o  
prevent t h e  products from condensation. I n  a t y p i c a l  experiment, 
t h e  same amount (0.3 g,  un less  spec i f i ed  otherwise) of prereduced 
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RuKY-K and S042-/Zr02 o r  Pt/S042-/Zr02 were loaded i n  two sepa ra t e  
l aye r s  i n  t h e  r eac to r ,  with t h e  FTS c a t a l y s t  being upstream. They 
were f i r s t  reduced a t  300 OC f o r  1 h under a H2 flow of 40 ml/min 

/ and then cooled t o  reac t ion  temperature (250 OC) under flowing 
helium. The r eac to r  w a s  p ressur ized  t o  10 atm with H e ,  before 
switching t o  synthes is  gas (CO/H2 = 1:2, 20 ml/min). 

RESULTS AND DISCUSSION 
Under t h e  experimental condi t ions  used i n  t h e  present  work, 

t he  Superacid c a t a l y s t  d id  not con t r ibu te  t o  CO transformation. CO 
conversion w a s  due t o  RuKY-Y c a t a l y s t  only,  and w a s  kept below 10% 
t o  minimize t h e  e f f e c t s  of hea t  and mass t r a n s f e r .  The Composition 
Of t h e  C7 hydrocarbon f r a c t i o n  w a s  used t o  monitor t h e  e f f e c t  Of 

Hydrocarbon s e l e c t i v i t i e s  under steady state a re  shown i n  Fig. 
2. I t  i s  seen t h a t  t h e  presence of Pt/SOq2-/Zro downstream of RuKY- 
K has two e f f e c t s :  (i) it alters t h e  normal Sc$ulz-Flory d i s t r i b u -  
t i o n  by decreasing t h e  s e l e c t i v i t y  t o  Cg hydrocarbons and by 
increasing t h a t  t o  C , ' s ;  (ii) it s h i f t s  product d i s t r i b u t i o n  t o  
l i g h t e r  hydrocarbons ( i n  p a r t i c u l a r  C,). The f i r s t  e f f e c t  was found 
t o  be due t o  an oligomerization-cracking mechanism of  C3 o l e f i n  
i n t o  Cq hydrocarbons [ 71. The second e f f e c t  impl ies  t h e  involvement 
of cracking or hydrogenolysis of primary FT products,  which w a s  not 
observed under atmospheric pressure  [7]. To inves t iga t e  the  e f f e c t  
of pressure on FTS product cracking or hydrogenolysis, two reac t ion  
experiments were performed a t  5 a t m ,  with and without Pt/Soq2-/zro2 
c a t a l y s t  respec t ive ly .  The r e s u l t s  are shown i n  Fig. 3. By 
comparing Fig.  2 and Fig. 3, it w a s  found t h a t  t h e  n e t  increase  i n  
s e l e c t i v i t y  t o  C, due t o  t h e  presence of P t /SO 2-/Zr02 i s  higher a t  
10 a t m  than a t  5 a t m ,  which suggests a favorable  hydrogenolysis a t  
a higher pressure.  

Table 1 dep ic t s  t h e  e f f e c t  of t h e  amount of Pt/SO 2-/Zr02 used 
i n  t h e  hybrid c a t a l y s t  bed on t h e  composition of C, dydrocarbons 
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under s teady  s ta te .  The increase  i n  t h e  amount of t h e  acid 
component r e s u l t s  i n  a decrease  i n  o l e f i n  conten ts  and an increase 
i n  branched C, p a r a f f i n s .  In  addi t ion ,  t h e  u s e  of a l a r g e r  amount 
of Pt/S0,2-/Zro2 f a v o r s  t h e  formation of di-branched Cl p a r a f f i n s  
which have higher  oc tane  numbers than mono-branched p a r a f f i n s .  
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TABLE 1 
Effec t  of t h e  amount of Pt/S0,2-/Zr0, on  t h e  composition of C, 
hydrocarbons (RuKY-K = 0.3 g, P = 10 a t m )  

Amount of pt/so,2-/zro2 (g) o 0.3 0.6 0.9 

C,'% 66.0 9.7 0 0 

iC ,% 7 . 0  61.0 76.0 78.0 
mono-branched Cl 100 64.0 62.2 58.0 
di-branched Cl 0 36.0 37.8 42.0 

a 
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Time on stream (h) 

Fig. 1 The composition of c, hydrocarbons as  a func t ion  of t i m e  
on stream over  ( a )  RUKY-K, ( b )  RUKY-K + S O , ~ - / Z ~ O ~ ,  and 
( c )  RUKY-K + pt/so,2-/zro2. 
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F i g .  2 Hydrocarbon s e l e c t i v i t y  under stead s t a t e  a t  10 atm OveI 
(a)RuKY-K, and ( b )  RuKY-K + Pt/S04Y-/Zr02. 
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F i g .  3 Hydrocarbon s e l e c t i v i t y  under steady s t a t e  a t  5 atm over 
(a)RuKY-K, and (b) RuKY-K + Pt/S0,2-/Zr0,. 
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