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ABSTRACT

The first goals of this project are: 1) to understand the
influence of mass transfer on the performanc: of Fischer-Tropsch slurry
reactors, and 2) to¢ determine the nature of carbon formed during reaction.
In reaching this second goal, knowledge of the catalyst composition will
be useful.

Experiments aimed at the understanding of mass transfer effects
have been initiated and the firsr of these is discussed in this report.
It 1is too early to draw definitive conclusions.

After completion of the experiments on mass transfer, a
determination of the rate of free carbon formation in the slurry reactor
will be undertaken. The slurry will be analyzed for carbom, iron, and
oxygen, via elemental analysis, and the solids will be analyzed by x-ray
diffraction. This should allow us to determine the composition of the
catalyst and the extent to which free carbon is formed duriang reaction,
-and may improve our understanding of the differences between the fixed
bed reactor and the slurry reactor.

Another potertial set of experiments involves the use of solvents
that exhibit varying degrees of miscibility with Fischer-Tropsch products.
If deactivation occurs via coke formation from Fischer-Tropsch products,
changing the miscibility of products in the slurry will change the rate
of catalyst deactivation.

Finally, it is proposed to study Fischer-Tropsch ieactions with
catalysts in which the active materials are deposited in the pores of a
zeolite which are too small to permit coke formation. The exterior
surface of the zeolite can be poisoned for acid catalyzed reactionms.
This will determine whether catalyst deactivation occurs primarilv via
accunularion of graphitie carbon.




Introduction

The immediate objective of our work remains to uaderstand the
mass transfer processes occurring in Fischer-Tropsch slurry reactors.
Calculations using mass transfer parameters from the literzture lead
to the conclusion that mass transfer vesistances enhance the hydrogen
to carbon monoxide ratio in the slurry phase and that the degree of
enhancement depends strongly on the level of conversion in the reactor.

The experiments planned can be divided into two sets. First
the reactor is operated at differential conversjon, and the weight of
catalyst per reactor volume, the carbon monoxide and hydrogen partial
pressures, and the temperature are varied. Measuring variation of
the reaction rate with weight loading will allow the estimation of
mass transfer coefficients, while a kinetic rate expression can be
determined from measurements of the reaction rate as a function of
T and P. In the second set of experiments, the product distribution
will be measured at varying couversion. The results will be compared
to calculations based on the rate and mass transfer measuremernts
made in the first set of experiments.

Results

The first of a series of runs at varylng catalyst weight
loading has been completed. During the run, which lasted 6 days,
the effect of temperature on reaction rate and product distribu-
tion was examined.

After reduction at 325°C, under 10 atmospheres of hydrogen

at 240 NTP cm /min-g catalyst, reaction started at 300°C, with H,/CO =
1.0. After about 50 hours, the activity reached a steady value, and
the temperature was changed to 270°C. The activity dropped, but over
the course of about 18 hours, increased by a factor of two. Figure 1
shows the Schulz-Flory plot for both high and low activity. It can

be seen that the chain growth probability did not change as the
activity increased. The activity remained steady, and the temperature
was lowered to 250°C, where a steady state was achieved within 4 hours.
After raising the temperature to 280°C, the activity increased, and,
after some fluctuation, reached a slightly lower steady-state value.
Returning to 300°C resulted in an activity about 40X higher than the
original value. Eventually, after about 24 hours, the activity
returned to within 10-15% of its original value. The time-
temperarure behavior of the activity i1s shown in Fig. 2. The rate

of methane formation is shown as a function of 1/T. At each tempera—
ture, the points are numbered in the order in which they were measured.
The activation energles for the high and low activities are also showm.

Figure 3 shows Schulz-Flory plots for 300, 270, and 250°C.
It can be seen that the chain growth probability remains virtually
the same as temperature decreases.



Qiscusgigg

The reason for the observed changes in activity is not clear.
It is possible that the-zatalyst is undergoing a reversitle change
in composition. Madon and Taylor [J. Cat., 69, 32 (1981)] observed
changes in catalyst composition with temperature using a precipitated
iron catalyst in a fixed bed reactor. As temperature increased, the
catalyst changed from Fe O_ and an iron-carbon solution to irom
carbide. The change occiirted between 240 and 250°C, and was
accompanied by an increase in selectivity to C,~C, hydrocarbons, and
a decrease in CO2 selectivity. They noted that the C5+ sctivity

did not change. Figure 4 shows the ratio: CH /CO_ as a function of

temperature. The values used are the steady state values at each
temperature. The changes observed are not consistent with those
observed by Taylor and Madon. Cleariy, a better understanding of
the observed actiwvity changes requires further work. Determining
the catalyst composition as a function of temperature may provide
some insights.

The activation energies shown in Fig. 2 indicate that mass
transfer is not affecting the rate of the reaction under the con-
ditions studied.

Future Work

The next six months will be devoted to completing the
experiments outlined in the introduction. In the next run, the
partial pressure dependence of the reaction rate will be studied.



Figure 1
1.0 4 M l. Ol T T 3 — T
1 .HZ/CO = 1.0 -
J QT = 3600 NTP cm?/min <
15 g of catalyst
10 atm
0.1 -] 1
e j
Rcl {\ short time at 270°C <
1 1leng time at 270°C
¢.01 T

2.0

3.0

4.0

5.0 6.0 7.0 8.0 9.0

carbon number, n

10.0



10
10
R
CH4
mol/gmin

10~

Figure 2
4 . L S L] v ] e [}
< 1
] J
x L
2
g 4
5
E -=21.1 kcal
- keal act © mole
b Eact 24.3 mole »
] )
1 -
1.75x1073 1.85x1073 1.95x1073

1/T, X




1.0

0.1

r?l
Ry 5

0.01

Figure 3

ﬁ

g./c0 = 1.0
nA/C- 1.0

3600 NTP cm>/min

o)
H
1

15 g of catalyst
= 10 atm

QT =
AT
1 Fr= ]
1 -
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

carbon number, n



Figure 4

280

T,°C

290

300




der.

ing your or

filli

1-888-584-8332 or (703)605-6050

info@ntis.gov

P Phone

f we have made an error
P E-ma

ive or i

Please contact us for a replacement within 30 days if the item you receive
defect

NTIS strives to provide quality products, reliable service, and fast delivery.

SATISFACTION GUARANTEED

IS

Reproduced by NTIS

National Technical Information Service
Springfield, VA 22161

This report was printed specifically for your order
from nearly 3 million titles available in our collection.

For economy and efficiency, NTIS does not maintain stock of its
vast collection of technical reports. Rather, most documents are
custom reproduced for each order. Documents that are notin
electronic format are reproduced from master archival copies
and are the best possible reproductions available.

Occasionally, older master materials may reproduce portions of
documents that are not fully legible. If you have questions
concerning this document or any order you have placed with
NTIS, please call our Customer Service Department at (703)
605-6050.

About NTIS

NTIS collects scientific, technical, engineering, and related
business information — then organizes, maintains, and
disseminates that information in a variety of formats — including
electronic download, online access, CD-ROM, magnetic tape,
diskette, multimedia, microfiche and paper.

The NTIS collection of nearly 3 million titles includes reports
describing research conducted or sponsored by federal
agencies and their contractors; statistical and business
information; U.S. military publications; multimedia training
products; computer software and electronic databases
developed by federal agencies; and technical reports prepared
by research organizations worldwide.

For more information about NTIS, visit our Web site at

http://www.ntis.gov.

NTIS

Ensuring Permanent, Easy Access to
U.S. Government Information Assets



U.S. DEPARTMENT OF COMMERCE
Technology Administration
Nationol Technical Information Service
Springfield, VA 22161  (703) 605-6000




