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ABSTRACT 

The r a c e  of  CO consumpt ion  i n  e s l u r r y  r e a c t o r  c o n t a i n i n g  a 5% racheni=m 

on a lumina  c a t a l y s t  ha s  been  measu red  a t  t e m p e r a t u r e s  b e t w e e n  200 and 280°C, 

p r e s s u r e s  f rom 5 t o  12 a t m o s p h e r e s ,  H2/CO r a t i o s  from 0 . 4  t o  5 . 0 ,  and ~ p e r -  

£ic:La.T gas  v e l o c t t l e s  from 1 .8  t o  5 .2  c m / s e c .  With t h i s  c a t a l y s t  a S c h u l z -  

F lory  d i s t r i b u t i o n  i s  no t  o b s e r v e d .  

V a r 4 a t t o e s  i n  t h e  r a t e  w i t h  t emperaCure  and v e l o c £ t 7  i n d i c a t e  t h a t  mess 

t r a n s f e r  h a s  on ly  a s ~  i n f l u e n c e  of  t h e  r a t e  of r e a c t i o n  a t  280°C. From 

these r e s u l t s ,  we est imate t h a t  kLa i s  approximately 0~19 s -1 a t  a superftc~Lg~ 

gas v e l o c i t y  o f  1 .9  e ra / se t .  
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Experiments aimed at determlnlnE th~ extent to which mass transfer 

Influences the performance of Fischer-Tropsch slurry reactors have Seen 

c a r r i e d  c u t  u s lnE  a 5 wtZ En/Al203 c a t a l y s t .  C0 c o n v e r s i o n  was ~ . a s u r e d  

as  a func~$on of  H 2 and C0 p a r t i a l  p r e s s u r e s ,  t empe ra t u r e  and gas  v o l u m e t r i c  

fluw r a t e .  
1 

l~8ure la shows the rate of product formation as a function of carson 

uumber at 200eC~ ~nen P~ is 5 atm~ and PCO is 7 a~a. FiEure Ib shows the 

same plot when P~ is 1 arm and PC0 is 5 a~n. ~he expected straiEht llne with 

y-intercept at E~/E~ - 1.0 is nor observed in either case~ While straight ~: 

llne behavlor is observed for hiEh molecular weiEhr products, the intercept 

is less than unity and the rates of formation of products containing between 

2 an~ 4 carbon atoms sometimes fall below the llne. Note that the inuercept 

moves closer to unity as the H2/CO ratio decreases. In addition, the devia- 

tion of lower molecular weIEht pro~'cts from the straight llne becomes 1_arger 

as the ~/C0 ratio decreases. Fisures 2a and b show the product distribution 

when PC0 is 5 arm, and P~ is 5 aud 2 atm, respectively. Tmese product dis- 

tributions show the same behavior with ~/C0 ratio as those shown in FIEure 1. 
f 

As the ~/C0 rar/o decreases, the y-lntercept moves closer to unity, and ~he 

lower molecular weight products deviate more from the straight llne extrapo-~ 

fated from heavier products. Power law klnetlc parameters were determined 

from these data. The rare of CO consumption is described by the relationship: 

1.03 -.20 
ECO - k PE2 PCO ( I )  : 

Figure 3 shows the rate of CO consu~ptlon as a function of I/T . The 

power law kinetics determined earl~er vere used to correct the rates for 

chanEes In parti~ pressures w~th conversion. The low uemperature data are 

well descrlbed by an activation energy of 19.1 kcal/mole. However, at 280°C, 
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the r a t e  of  CO c o n s u m p t i o n  i s  about 20 p e r c e n t  l o ~ e r  t h a n  p r e d l c t e d  by 

extrapolatiDg the low temperature rates. 

F i g u r e  4 sh0~s the r a t e  o f  CO consumptlo u as a fun~on of gas ~ a p e r f t -  

c i a l  v e l o c i t y  a t  280"C. The ra tes have again been corrected f o r  cha~es  i n  

gas  c o m p o s l t i o n  w i t h  ~ n v e r s l o n .  As the v e l o c L t y  i n c r e a s e s  f z o a  1 . 8  c m / s e c  

t o  5 . 2  c m / s e c ,  a 20% i n c r e a s e  i n  t h e  r a t e  o f  CO c o n s u a p t l o n  i s  o b s e r v e d .  

The r e a s o n  f o r  t h e  o b s e r v e d  d e v l a L l o n s  f r o m  S c h u l z - F l o r y  p r o d u c t  d l s t r i -  

b u t l o n s  I s  no t  c l e a r .  R e - s d s o r p t i o u  and s u b s e q u e n t  i n c o r p o r a t i o n  o f  l o t ~ r  

m o l e c u l a r  w e i g h t  o l e f i n s  i n t o  E r o w i ~  e h a l ~ s  may a c c o u n t  f o r  t h e  a p p a r e n t  

supression of lIEhter products. Another possibility Is that the kinetic 

parameters that determine the rate of chain growth relative to cha/n termina- 

tion depend on the size of the hydrocarbon chain, l~rther work in thls area 

is required. Addition of low molecular weight olaflns to the f e e d .  gas may 

allow us to determine whether olefins adsorb a~d partictpate in chain growth. 

The increase in CO consumption rate wlth gas velocLty and the deviation 

of the rate of CO consumption from its expected value at 28~C can both be 

attributed to mass transfer resistances in the reactor. The expected influ- 

ence on t h e  r a t e  o f  CO c o n s u m p t i o n  c a n  b e  s e e n  by  w r i t l R g  t h e  l / q u i d  p h a s e  

mass b a l a n c e .  E ~  i s  r e l a t e d  to  ECO by the r a t i o  of the s t o t c h l o m e t r l c  

coef f t c i e n t s :  

The mass  b a l a n c e  £ s  w r i t t e n  f o r  H. 2 b e c a u s e ,  a s  s e e n  i n  e q n .  ( 1 ) ,  t h e  r a t e  

i s  n o t  s t r o n g l y  I n f l u e n c e d  b y  the CO c o n c e n t r a t i o n .  In  t h e  mass b a l a n c e  shown 

b e l o w ,  t h e  r a t e  i s  a s s u m e d  t o  b e  f i r s t  o r d e r  i n  H 2 a n d  i n ' p e n d e n t  o f  CO c o n -  

c e n t r a t i o n .  T b / s  a s s u m p t i o n  i s  r e a s o n a b l e ,  i n  v i ew  o f  t h e  r a t e  e x p r e s s i o n  i n  

eqn. (I), a"-~ ~ allows direct solution for %L" 
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~2 ,G 
kx.:,( ,,% %.,.) - k o % , L .  

Solv ing  for .  % ,  and subs~t~ut tug:  back i n t o  e q u a t i o n  C2) , ve  o b t a l u :  

k L a k CH2,G : 

N 2 % + k:.  ~2 
C3) 

~nen kLa >> ko,  zmss t r a n s f e r  does no t  i u f l u e u c e  t he  r a t e  of  r e a c t i o n ,  and 

EoC~2:G 
- (4) 

% 

As U G i n c r e a s e s ,  kLa :Lnc rea s~ ,  bu t  k o reu~:Lns c o n s t a n t .  Thus, E ~  

approaches  ~ X  when U G i s  l a r g e .  When t he  t empera tu re  i n c r e a s e s ,  k o 

I n c r e a s e s ,  bu t  kLa rems/ns  n e a r l y  c o n s t a n t .  At hIEh t e m p e r a t u r e ,  t hen ,  EH2 
~x 

is expected to be less than E~ . 

We can estimate kLa usiug equations (3) and (4), along wlth the exper':-: 

mental  va lues  of  R ~  and REo . kLa was e s t ima ted  to  be  0 .20  s -1 from t h e  

varlatlou of R with T and 0.17 s -1 from the variation of E with U G- Both 

esLtmates  a r e  f o r  a s u p e r f i c i a l  v e l o c i t y  of  1o9 cm/s .  

CONCI~S 10NS 

I) We do not observe a Schulz-Flory product distribution over a Ru/AI203 

catalyst. 

2) Mass transfer does not have a strong influence of t'ne rate of the l~scher- 

Tropsch synthesis in our reactor. ~. 

3) kLa for hydrogen is estimated to be 0o19 s =I ~hen the superflc/al gas 

v e l o c i t y  i s  1.9 era/see. 
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~ae p h a s e  c o a c e n t r s t i o =  of  S 2 ,  w l e s / c a  3 

Liqu£d coneeut rar : ton  of  H 2 ,  m o l e s / c n  3 

Ra te  c o e f f i c £ e n t ,  a t ~  =0°83 (moles/era 3) s e c - l  

F £ r s t  o : d e r  +a te  c o ~ f i e : t e n t ,  . e c  - l .  

KaS8 t r a n s f e ~  c o e f f i d e n t  t:tmes i n t e r f a e ~ a l  a r e a ,  s e c  - I  

S o l u b i l : t t y  coe . f f ic : teut  f o r  H 2 

H 2 p a r t i a l  p r e s s u r e ,  arm 

CO p a r t i a l  p r e s s u r e ,  a t ~  

Race of  CO consump~ion, moles  CO/sec-~ 3 

Rate of ]]2 consumption, moles B2/sec-cz3 

Gas s u p e r f i c i a l  v e l o c i ~ y ,  cm/sec  
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