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ABSTRACT 

F u r t h e r  e x p e r i m e n t s  were  c a r r i e d  ou t  t o  s ee  i f  m a s s - t r a n s f e r  r e s i s t a n c e s  

i n  t h e  F l s c h e r - T r o p s c h  s l u r r y  r e a c t o r  i n f Z u e n c e  t h e  r a t e  o f  t h e  s y n t h e s i s  

r e a c t l o u .  The r e s u l t s  i n d i c a t e  t h a t ,  w i t h  t h e  f u s e d  i r o n  c a t a l y s t  c u r r e n ~ . l y  

b e i n g  u s e d ,  mass  t r a n s f e r  r e s i s t a n c e ~  have  no e f f e c t  on t h e  r a t e .  

The d a t a  o b t a i n e d  e n a b l e  us  t o  e xa m i ne  t h e  e f f e c t s  o f  t e m p e r a t u r e ,  

p r e s s u r e ,  and c a t a l y s t  p r e t r e a t m e n t  on t h e  r a t e  o f  c a r b o n  f o r m a t i o n  i n  t h e  

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

~ Ion  i s  a s t r o n g  f u n c t i o n  of  t h e  d e g r e e  o f  r e d u c t i o n  o f  t h e  c a t a l y s t ,  b u t  

shows no d e p e n d e n c e  on t o t a 1  p r e s s u r e  o r  t e m p e r a t u r e .  

C a l c u l a t i o n s  were  c a r r i e d  o u t  t o  a s s e s s  t h e  i n f l u e n c e  o f  co lumn d i a m e t e r  

on m~xing and H2/C0 r a t i o s  i n  t h e  s l u r r y .  I t  was f o u n d  t h a t  f o r  a r e a c t o r  i0  

c=n i u  d i a m e t e r ,  t h e  r e a c t o r  b e h a v e s  a s  1£ t h e  l i q u i d  and g a s  a r e  u n n ~ x e d ,  

w h l l e  a r e a = t o r  o f  d i a m e t e r  75 on shows w e l l - s t i r r e d  b e h a v i o r  i n  bo~h p h a s e s .  



Experlmental 

In the previous report, we compared rate exp~esslon measured in a stirred 

slurry reactor to those measured in a bubble-column slurry reactor. The order 

• rlth respect to CO was slightly higher in tile bubble column than in the 

stirred slurry reactor. This difference was thought to result from the high 

resistance to CO mass transfer, which lowers the CO concentration at the 

catalyst surface and moves the kinetics into a more positive order regime. 

Calculations based on the best available values for ~a indicate that 

mass transfer resistances would not significantly influence the CO concentra-- .f 

tlon at the catalyst surface. This contradiction between experlments and 

calculations led us to carry out experlments with hexane, iron catalysts, and 

nitrogen in a glass column. Large bubbles were (1-2 cm) observed. Thus, it 

seemed that the presence of large bubbles accounted for a high mass transfer 

resistance for CO that could explain our data. The experiments performed this 

quarter were aimed at verifying a large resistance to mass transfer. The rate 

of reaction at different levels of activity (as influenced by temperature and 

degree of reduction) were measured as a function of gas flow rate at PT = 5 

arm and H2/C0 = 1. Flow rates varied from 1800 ro 500 NCCM. At all levels 

of activity, the rates of reaction of both methane and C02 were not influenced 

by the gas flow rate. Since the rate of CO 2 formation has a relatively high 

(RCO ___. 0.5. its production rate would be partial pressure, dependence on CO ~'~CO )' 

strongly influenced by any changes in CO concentration. Methane, on the other 

hand, shows a strong dependence on hydrogen partial 

pressure (Rco H2 , and its production rate wold be sensitive to changes 

in H 2 conceutratlon. 

The fact that the production rates of both C02 and CH&. do not depend on 

the gas flowrate indicates that mass transfer resistances for Both CO and S 2 



are small. Consequently, the observed differences In partial pressure 

dependencles for the two reactors probably result from some difference in 

catalyst pretreatment o 

The kinetic data generated can be used to examine the kinetics of the 

Fischer-Tropsch synthesis, lu particular, the rate of carbon formation can be 

es~Imated as a funcClon of temperature, pressure, and degree of reduction. 

The rate of consumption of CO to produce hydrocarbon- ~ is glvem by" 

RHC - ~nR n 
n=l 

The cane of rejection of oxygen as CO 2 is glven by ECO 2 if none of the oxygen 

is rejected as H20 , and no carbon (or carbide) formaClon occurs. In this case 

R~C - ECO 2. If some oxygen is rejected as H20, and no carbon is formed, 

EHC > RC02O If some CO is converted to carbon (or carbide), RHC < RCO 2. 

Preliminary calculations 5ased on the experiments completed tb/s quarter 

allow the follo~Ing concluslons to be made: 

I° (a) lron catalyst that has been reduced for 24 hrs in H 2 at 300©C 

following 24 hrs of treatment wlch H 2 and CO at 3000C does not 

convert linch CO to carbon (carbide) at e/chef 250 or 300"C 
6 

. 

c% 
(b) The rares CO 2 production and total hydrocarbon production remain in 

balance at 250°C, irrespective of total pressure. 

After reducing the above catalyst for an addltlonal 24 hrs in H 2 at 300°C, 

the rate of carbon productlon increases dramat~cally, relative to Cho_ race 

6 
of hydrocarbon production i.e., ECO 2 - 1.7 ZnR o This is true both at 

n= 1 n 

300°C and 250°C. 



It should be noted that hydrocarbons of carbon number higher than six 

have not been Included in these calcularlons. Detailed calculations using 

carbon numbers I through I0 will allow more definitive conclusions. 

Future Work 

The carbon formation rare has been ~asured as a function of partial 

pressures in an esrller set of experiments, but the effect of 3emp~r~ure is 

not well understood. Future work will involve a derailed analysis of the data 

already obtained, and the measurement of carbon formation rare as a function z 

of temperature. In addition, the degree of reduction of the catalyst has a 

stron E influence on the rate of carbon formation. Tb/s may he worth pursuing 

further. 

Since mass ~ransfer effects cannot be observed with the present catalyst, 

a more actlve catalyst, pro~ably Eu/AI203, will he employed. 

Theoretical 

In the last report, a model tha~ accounts for axial mixing in both phases 

was developed. The equations have been solved for three cases, and the 

resulting concentration profiles are shown in Figures 1, 2, and 3. Figure l 

shows the concentration profiles generated for a column 10 cm in dlameter, 

with mass transfer and k/netic parameters identical to those used in our 

previous work. These profiles are slgu/flcantly dlfferen~ from those generated 

by assumlnE a well-m/xed liquid and an unmixed gas, wB/ch are shown In Figure 

4. The two ma~or differences between the two sets of profiles are as follows: 

. The " a x i a l  mix ing"  model p r e d i c t s  t h a t  t h e  gas phase H 2 and CO concen- 

trations are nearly equal, wb/le th~ well stirred liquid model predicts 

widely dlfferlnE values for ga~ phase ~ and CO concentrations, 



2. The (H2/CO) L ra~io in the "axial mixing" case is significantly higher than 

t h a t  predicted by t h e  well-mlxed liquid model. 

Both differences result from lower degree of I/quld mixing in the model shown 

in Figure i. This can be_ seen by examining the balances for completely un- 

mixed gas and liquid phases. The liquid phase mas~ ~__l--nues becomes: 

kL,la[ CG'I C L ~ " 
m i , i v i k °C L,R 2 

while the  gas phase mass balance becomes: 

d (.Co,I) = k a]'. cG,! 
dz i "~ m i 

n 

~ koC . _ CG du 

The concentration profile for hydrogen can be calculated directly fro~ 

these three equations. The gas pha6e concentrations of the rema/D/n E com- 

ponents are determlned by the stolcb/ometry of the reactlon, For the assumed 

stolchiometry, CG,H2 - CG,CO. Thus, any difference in mass transfer driving 

force for CO and H 2 must result from differences in Liquid concentrations, and 

an unmixed liquid results in an elevated B2/CO ratio. The profiles shown in 

Figure I are characteristic of an unmixed slurry phase. 

In Figures 2 and 3, the effect of column diameter is shown. Figure 2 

shows the "unmixed" case, for a 10 cm in diameter column, while FIEure 3 

shows profiles for a colu-m 75 cm in diameter. The Peclet numbers for both 

phases are lower and concentration profiles are flatter. The increased mixing 

decreases both the B2/CO ratio and the conversion of CO. 



Future Work 

Small diameter columns may exhibit behavior characteristic of unmixed 

liquid and gas phases, while large diameter reactors show well mixed behavior 

in both phases. The degree of m/xing can have a strong Influence on H2/CO 

ratio and conversion. Thus, the ~ffec~s of reactor diameter can be important, 

and should be accounted for in scale-up. Future calculations will be aimed at 

understanding ~he effects of design parameters (diameter, length, velocity, 

catalyst loading), and at understanding the precision to which mass ~ransfer 

and mix/n g parameters must be ~nown to accurately predict the behavior of 

Fischer-Tropsch slurry reactors. 

Concluslons 

The rate of reaction using the current fused iron catalyst is not 

influenced _~y ~-z~ss ~ransfer reslsEances. The rare of carbon formation 

relative to hydrocarbon formation depends strongly on the catalyst pre- 

treatment, But not on the temperature or total pressure. 

Calculations show that in small diameter reactors, significant deviation 

from complete mixing in the liquid phase may be expected, while large diameter 

:eactors ~r£11 exh/bit well-stlrred behavior in both phases. 
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