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potassium promoted version of the iron/kieselguhr
tatalyst was not tested.

All catalyst testing was performed at fixed temp—
erature, pressure, flowrate, feed composition, and
reactor loading. A standard simulated pyrolysis gas
feed composition of 26 mole % hydrogen, 32 % carbon
monoxide, 16 % carbon dioxide. 13 % methane, and 13 %
ethylene was used. This composition is similar to the
simulated pyrolysis gas feeds of previons catalyst
testing performed at ASU. The remaining conditions were
chosen with reference to other pilot-plant scale slurry
phase Fischer~Tropsch studies which used precipitated
iron catalysts.

High reaction temperatures leads to carbon forma-
tion and increases the selectivity towards lighter
hydrocarbons, primarily methane. High temperatures in
slurry reactors may also increase the rate of slurry
ligquid cracking (26). Kolbel (28) operated in the 216
- 278°% range when liquid fuels were the desired prod- -
uct. The lower portion of the ramnge favored hard waxes
while the upper favored products boiling in the gasoline
range. The Rheinpreussen demonstration plant, intended
to produce gasoline boiling range products, was operated

at 268°%¢ (21). Slurry reactor stundies at the British
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- E Fuel Research Station were conducted at ZSBOC, (21}. In

order to maintain a constant gas conversion over long

periods, the temperatures were aliowed Lo increase to a
Y : maximum of 288°C. Temperatures in the range of 24P -
: 27¢°¢ appear to be the most common for precipitated iron
catalysts, so 260°C was selected as the most suitable

P : temperature for catalyst testing.
: Since the Fischer-Tropsch reactions lead to a net
decrease in the number of moles present in the system,
- higher pressures lead to higher eguilibrium conversions.
_ High pressures also prevent slurry liqguid loss due to
vaporization. Equipment cosﬁs in general increase with
® pressure. The existing slurry system was designed for a
maximum operating pressure of 358 psig; however, the
mass flowmeters were factory calibrated at 288 psig
maximum. On the other end of the scale, Fischer-Tropsch
packed bed reactors have been successfully operated at
atmospheric pressure, although most studies invelving
slurry reactors have been conducted in the range of 138

to 269 psig. A mid-range pressure of 168 psig was

subsequently nsed during catalyst *esting.

A wide range of flowrates have been used in pre-—

vious slurry reactor studies., A diagram of slurry

i v

reactor flow regimes appears in Figure 1ll. Homogeneous
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flow, characterized by bubbles of uniform size rising
undisturbed through the column, is used most often in
smaller diameter reactors. Higher flowrates leads to
slugging, which should be avoided (11). In this study,
inlet flowrates were limited by eguipment capacity,
rather than by the selection of the most desirable
flowrate., With the fixed feed compeosition, at 268°C and
169 psig, the maximum superficial velocity possibile
using the existing mass flowmeters was 1 cm/sec. This
velocity was used throughout the study.

According to data presented by RKolbel (28}, the
1l cm/sec inlet velocgity is high enough to prevent
catalyst sedimentation, but not so high as to cause
slugging. Besides the flowrate, catalyst sedimentation
depends on the catalyst particle size, density, and
c¢oncentration, and properties of the slurry liguid.
There are no penalties for using small catalyst sizes in
slurry reactors, so they are ground as firely as pos-
sible. Ip this stedy, catalyst grinding and screening
was performed manually, so the smallest practical limit
was 208 - 278 mesh (53 - 74 microns), which was used in
all experiments. Catalyst concentrations range from 5
to 28% by weight of the slurry in other slurry reactor

studies. A 1P% catalyst concentration was chosen as a
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base wvalue in this study, which Kolbel felt was the
optimum catalyst concentration.

Chevron Refined Wax 143, a mixture of sz through
044 paraffins, was used as the slurry liquid in all of
the catalyst tests. Paraffin waxes are popular slurry
ligquids, and the Chevron wax was chosen because it is a
readily available, bhigh boiling wax that is relatively
pure and easy to analyze on gas chromatographs. The
composition of Chevron Refined Wax 143 appears in
Figure 12. A summary of the fixed catalyst testing
conditions appears in —Table S5, along with a compariscn
to the operating conditions used in other slurry
Fischer-Tropsch reactor studies,

Before testing, all catalysts were reduced at
synthesis temperature and pressure, i.e., 268°c and 168
Psig. Pure hydrogen, at a superficial velocity of 1.2
cm/sec, was used as the reducing gas. The yields of
liguid organic product, referenced to the weight ©f the
catalyst in the reactor, was used as the criteria for
catalyst comparison. The steady state yields of the
five iron catalysts tested are compared in Figure 13,

The two unsupported catalys'ts behaved very simi-
larly. The catalysts gave low yields of <, th_r?ugh C27

product, with Schulz-Flory constants («x) of about 9.82.
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Unsupported, K
Promoted Iron *

Unsupported Iron

Alumina Supported
K Promoted Iron

Alumina Supported
Iron

Kieselguhr
Supported Iron

Yield (mg/g—-cat/hr)

T = 260°c * T = 288°C

P 11.8 atmospheres.

Figure 13. Comparison of yields ocbtained during
catalyst testing.
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The product composition is illustrated in Figure 14.
These catalysts were very difficult to reduce in the
slurry phase, with reduction times up to 24 hours. High
vields of water and carbon dioxide were observed during
startup, with little or no liquid organic¢ product
formed. Over a period of 6 to 8 hours, the carbon
dioxide yields dropped while the organic yields
increased. These yield trends were observed for all of
the iron catalysts tested.

There was difficulty maintaining the initial
activity for the test of the potassium promoted, un-
supported catalyst. The temperature of the reactor was
increased 28°C in order to maintain acceptable gas
conversions. A material balance on the slurry liguid
indicated that carbon may have formed during the start-
up, resulting in an initial loss of activity.

- The unpromoted, alumina supported catalyst gave
the lowest yields of all catalysts tested. There was no
indication of activity losses during the test. The
ability to increase the éctivity and the selectivity
towards higher hydrocarbons by increasing the "basicity”
of iror catalysts is well known (1,2,54). Since alumina
has acidic properties, it has been suggested that it is

a poor support for iron Fischer-Tropsch catalysts (20).
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Increasing the alumina supported catalyst's
basicity by promotion with potassium increased yields
and conversions significantly. The yield of liguid
organic product obtained using the promoted, alumina
supported catalyst was three times that of the .apro-
moted catalyst. The product distributions, shown in
Figures 15 and 16, was shifted slightly towards the
heavier hydrocarbons for the promoted catalyst.

The test of the kieselguhr catalyst produced
yvields and conversions higher than any of the other iron
catalysts. Alsc, the product was shifted towards low
molecular weight préducts. This result was not un-
expected due to reports in the literature (1,2,54). The
product composition, Pigure 17, is much lighter than
that of the other irom catalysts tested. The product
had@ an estimated API gravity of 55%, and a calculated
cetane index of 47. These values were calcuplated using
the correlations (23,36):

%apr = 141.5/s -~ 131.5 [14)

Cetane Index = 454.74 — 1641.416d + 774.74d2
- B.554% + 97.883(log b)? [15]
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By contrast, kerosine has an API gravity of about
43° and a cetane index between 48 and 51. JP-4 has an
API gravity between 53° and 55° with a cetane index
between 46 and 48 (5B).

For the purposes of comparison, a test was made
using the standard cobalt-alumina catalyst under the
same conditions wsed for the iron catalysts. The yields
were much higher than for the iron-kieselguhr catalyst:
144 mg/g-cat/hr for cobalt as opposed to 38 mg/g~cat/hr
for iron. The product composition from cobalt, Figure
18, was similar to that of the iron~kieselgubhr catalyst
in that it was much lighter than the product from the
other iron catalysts. The carbon monoxide conversion
over the cobalt catalyst was only 5%; apparently all or
most of the synthesis product was derived from ethylene.
Over iron catalysts, ethylene was always either a net
product of the synthesis, or it was reduced to ethane.
The incorporation of ethylene into the synthesis prod-

ucts over iron catalysts was not observed.
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2. Slurry Liguid Testing.

Using product yields as the criteria, the iron-
kieselguhr catalyst was chosen as the best iron catalyst
for use in the continuing investigation. Since ethylene
in the feed gas did not lead to higher yields over the
iron catalysts, as it does over cobalt, an effort was
made to find a simulated pyrolysis gas composition which
had higher hydrogen and carbon monoxide concentrations
at the expense of non-reactive components. The varia-
tion in pyrolysis gas compeositiomn with the molar
hydrogen/carbon monoxide ratio appears in Figure 19. 1In
turn, the hydrogen/carbon monoxide ratio depends on the
pyrolyzer temperature and its steam feed rate.

Tests using the iron—kieselguhr/Chevron Refined
Wax 143 combination revealed that the liguid yields did
not vary strongly with the hydrogen/carbon monoxide feed
ratio. The individual hydrogen and carbon monoxide
conversions varied as expected, as shown in Figure 28.
Since higher partial pressures of hydrogen should help
prevent carbon formation within the reactor during
synthesis, a hydrogen/carbon monoxide ratio of 2.8, the
highest ratio tested, was used during liquid testing.

Lumping the low concentrations of ethylene and other
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trace components into the methane fraction, the compo-
sition of the simplated pyrolysis gas used during liguid
testing was 41.1 mole % hydrogen, 14.f $ carbon
monoxide, 27.5 % carbon dioxide, and 16.7 methane., All
other operating conditions were identical to those used
during catalyst testing.

In addition to Chevron Refined Wax 143, five
additicnal liquids were tested: two silicon liguids -
Syltherm BPP Heat Transfer Liquid and Dow Corning 218E
Fluid; two pure paraffins ~ normal hexadecane (ClG) and
normal eicosane (ng): and Fischer-Tropsch organic
product obtained from large scale fluidized bed runs
using ccbalt—-alumina catalyst.

The silicone liguids were chosen primarily because
¢f their low vapor pressure at elevated temperatures.
Syltherm 808 is a silicone polymer, {dimethylpoly-
siloxane), normally used as the ligquid media in heat
transfer systems operating up to 399°c (18). It is
intended to be used in inert environments and is sensi-
tive to contaminaticn and oxidation. Degradation of
Syltherm 888 leads to the formation of lower molecular
weight products. When this liguid was tested, large

amounts of liquid were recovered in the product traps






