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ABSTRACT 

The f i r s t  g o a l s  o f  t h i s  p r o j e c t  a r e :  I )  t o  u n d e r s t a n d  t h e  i n f l u e n c e  

of mass transfe~ on the performance of Fischer-Tropsch slurry reactors, and 

2~ to determine the nature of carbon formed during reaction. In reaching 

th/s second goal, knowledge of the catalyst compo~!tlon will be useful. 

Work ~urln E the current quarter, using bo~h an experimental bubble 

column slurry reactor and a well-stirred slurry reactor has shown con- 

slderable dlffere~ces in the obse~-ved partial pressure dependencies on H 2 

and CO. For both types of reactor, the rate of product formation can be 

represented by the expression r = kPCOPSR2 . The magnitude of the exponent 

b ~-s close to unity in all cases. The value of a is- -0.4 to -0.2 fcr the 

stirred slurry reacEor, but is more positive for the bubble col~un reactor. 

This ~ggests ~haE the bubble column may be operating in a regime in which 

the mass transfer of CO has a strong influence on the rate of CO consump- 

tion. 



Ex~erlmental Work and Discussion_ 

The partial pressure dependence of the rate of the Fischer-Tropsch 

synthesis was =easured in a differential-operated, slurry-column reactor at 

250°C. The experiment proceeded as follows. After reduction for four days 

in 3600 NTP cm3/mln H 2 at I0 aim and 325°C, reaction was initiated with PCO = 

PH2 = 5 a=m. After about 24 hrs., when steady state had been achieved, the 

partial pres~ures were changed. After 3 hours, the effluent gas was sampled, 

and the reaczor was returned to its original state. After some time, the 

reaction rate was measured, and the partial pressures were set at new values. 

A/ter three hours, the reaction rate was measured, and the catalyst was again 

returned to original conditions. This sequence of steps was repeated un=!l "_he 

rate had been measured at a range of partial pressures for each reactant. The 

above procedure was followed to ensure that the composition of the catalyst 

did not change. 

The activity of the catalyst (at original conditions) remained constant 

for 4 days, at which time the activity declined by a factor of two over the 

cuurse of 36 hours. The partial pressure-rate experiments were then repeated 

at the lower activity. 

The rate could, for both cases, be described by an expression of the 

form." 

a and b are listed in Table i for the two activities observed, as well as 

for the same catalyst under the same conditions in a stirred slurry reactor 

(R. Dictor, and A. T. Bell, unpublished results), a is much more positive in 

the bubble column slurry reactor than in the stirred slurry reactor. In 

addition, a is less positive when the activity of the catalyst is Icier. It 



~.s possible that these trends result from mass transfer effects. If the 

resistance to mass transfer of CO is ~Igh, the CO concentration at the 

catalyst surface may become low enough to make the ~ee_'tion positive order in 

CO. In the stirred slurry, however, the resistance due to mass transfer is 

I~ enough that the concentration at the catalyst surface is identical to that 

at the gas-llquld interface, and the true kinetics are mea~ared. 

The concentraton of CO at the catalyst surface can be estimated using 

literature values for kL,CO and the interf~clal area, a. Using our previous 

eszfmates of ~L,CO = 0.0185 cm/s and a = 4.0 cm -I (D. Stern, A. T. Bell, 

and I~. Heinemann, submitted to Chem. Eng. Sci.), the concentration difference 

between the llqu!d-gas interface and the catalyst is estimated to be roughly 

]0 percent of the CO concentration at the llquid-gas interface. Clearly, the 

estimated concentration drop is Dot large enough to account for the observed 

kinetics. However, there is some indication that the estimated value for the 

Interfaclal area is high. Shah, et al. (AIChE J., 2_~8, 353 (1982)) indicate 

tha~ with non-Newtonian fluids, slugging can occur at conditions (column 

diameter, flow rate), such as used in this study. Since slurries behave as 

non-Newtonian fluids, these authors suggest thai thmse results apply to slurry 

reactors. In our glass column, large diameter (1-2 cm) bubbles Can be seen in a 

slurry of ~exane ~nd iron catalyst at a catalyst loading and gas flow rake com- 

parable to those used in the steel reach'tot. The Interfaclal area of 4 cm -I, 

which was measured in the absence of solids, corresponds to a bubble diameter 

of .15 cm. Thus, the interfaclal area may be !cr;er than 4 by a factor of 6.7- 

13.4, and the concentration of CO at the catalyst surface may indeed be I~; 

enough to explain the observed kinetics. 



Table I 

Power Law Rate Parameters 

Compound 

CO 2 

a 

-A~tive" 
Ca=~lyst  

0.876 

"Less "Less 
Active" Stirred "Active Active 
Ca=alys= Slurr[_ Ca=alyst Catalyst 

Stirred 
Slurry 

0.569 0.35 0.416 0.414 0.35 

CH 4 0.052 -0.54 -0.4 1.03 

-0.141 -0.2 0.851 C4N 8 0.570 

1.03 

0.733 

i.1 

1.0 

From the expression: 
a b 

r = kPcoP~2 
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