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5.2.1.1.3 Test Under Maximum Water Gas Shift Conditions

Highly dispersed ruthenium Catalyst 4966-72 was retested in Run 25 at twice
the space velocity relative to Run 21 (140 GHSV). Also a HZ:CO feed ratio = 2.0
was used (Figures 5-122 through 5-126).

The water yield defined as the conversion of CO in the Fischer-Tropsch
reaction minus the conversion of CO in the water gas shift reaction was much
lower in Run 25 relative to Run 21 (Figure 5-126). Nevertheless, STEM
examination indicated that most of the alumina particles contained agglomerated
ruthenium in the size range 4 to 50 nm like in Run 21 (Figures 5-127 and 5-128).

These results indicate that the magnitude of steam partial pressure did not

have major effect on ruthenium migration and 2gglomeration.
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in Run 25
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Figure 5-122.
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Figure 5-123.
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Highly Dispersed Ruthenium
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Figure 5-124.
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in

2.0, 208°C at Inlet, 35 atm)

966-72 Olefin to Paraff
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Figure 5-125.
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Ruthenium Metal Agglomeration During Fischer-Tropsch
Synthesis with Weli-Dispersed Ru/f-Al 203 Catalyst

Figure 5-127 < (STEM “crogaphs)
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5.2.1.1.4 Test at HZ:CO Feed Ratio = 2.0, 225°C at Inlet and 35 atm

Catalyst 4966-72 with highly dispersed ruthenium was tested in Run 32 at
225°C, 35 atm with 2.0 Hy:1l CO feed gas at space velocities in the range 100-425
GHSV in order to determine the effect of conversion level on 1light ends selec-
tivity and on olefin:paraffin ratio (Figures 5-129 through 5-132).

Initially at 425 GHSV, the CO+H, conversion was 14%. After testing at
lower space velocities, the space velocity was brought back to 425 GHSV at 34
hours on stream. The C0+H2 conversion was about 10% by the end of the test,
which indicates that there was some loss in the hydrocarbon synthesis activity
of the catalyst. The decline in water gas shift activity was apparently much
more rapid, like in other tests with highly dispersed ruthenium catalysts. The
COZ selectivity declined from 36% to 2% and the HZ:CO usage ratio increased from
0.5 to 2.0 by the end of 20 hours.

The selectivity to Cl-C4 hydrocarbons decreased with an increase in the
conversion level (Figures 5-129 and 5-132). The 1ight ends selectivity was much
lower at the end of the run relative to the beginning of the run although the
conversion levels were not very different. This indicates that 1light ends
selectivity decreased with time on stream.

During the first 7 hours in Run 32, the olefin to paraffin ratio gradually
increased although the conversion level, the outlet Hy:CO ratio and the catalyst
maximum temperatures did not change (Figure 5-132).

The propylene to propane ratio decreased with decrease of the space
velocity to 100 hr~1 at 15 hours on stream. The propylene to propane ratis then
started to increase after 22 hours although the space velocity was then even
Tower: 65 hr"l. At the end of the run, the olefin to paraffin ratio was
significantly higher than the value at the beginning of the run at the same

space velocity.
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Figure 5-131. Hig!}'f_\_r Dispersed Ruthenium Catalyst 4966-72 Water Gas Shift
Activity as a Function of Conversion Level in Run 32 (H5:CO Feed
Ratio = 2.0, 225°C at Inlet, 35 atm) 2
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Highly Dispersed Ruthenium Catal
Ratio as a Function of Convers

Figure 5-132.
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5.2.1.2 C(Catalysts with <2-4 nm Ru Particles with ~1% Ru {by wt.)

Various tests with highly dispersed ruthenium catalysts indicated that
ruthenium metal agglomeration via the formation of the volatile ruthenium
carbonyl species occurred rapidly during Fischer-Tropsch synthesis. Therefore,
it was not possible to determine whether hydrocarbon cutoff occurred with small
ruthenium metal particles. Therefore, catalysts with slightly larger (<2-4 nm)

ruthenium metal particles were tested.

5.2.1.2.1 Test at 0.9 HZ:CO Feed Ratio, 208°C at Irlet and 35 atm

Catalyst 4956-101 with <2-4 nm ruthenium particles was tested at 208°C
inlet temperature, 35 atm, 68 GHSV with a 0.9 H,:C0 feed ratio synthesis gas in
Run 17 (Tables 5-24 and 5-25 and Figures 5-133 through 5-140).

The initial CO conve-: ... was 32%, which is higher than that obtained with
the highly dispersed ruthenium catalyst tested in Rum 16. The CO conversion in
Run 17 decreased to 23% by 10 nours on stream (Figure 5-133). Early in the run,
the catalyst's water gas shift activity also decreased, as it is apparent from
the rapid decline in C02 selectivity, from 42% at 7 hours on stream to é% at 12
hours on stream. This decrease in C0, selectivity was accompanied by an
increase in the H,:CO usage ratio from 0.8 to 1.8 (Figure 5-134). The CO
conversion gradually decreased to 10% by 80 hours on stream after which the
decrease was much slower.

At around 212 hours on stream, a plug quickly developed at the outlet of
the Fischer Forter cylinder in the freon-cooled box, apparently resulting in
pressures exceeding 8 atm. The cylinder exploded within the box, and therefore
the products which were collected during the run in the Cg-Clz range were lost
(Figure 5-133). The run was terminated after thiz incident.

The gel permeation chromatography resuilts é;taipsd in Run 17 are described

in detail in Figure 5-138. The heavier hydrocarbons collected in the reactor

' out1et_§nd in the high temperature-high pressure separator showed higher average
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Figure 5-138. Gel Permeation Chromatography Analyses of Products in Run 17
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Figure 5-139. Anderson-Schulz-Flory Distribution with Catalyst 4956-101
with <2-4 nm Ruthenium Particles in Run 17 (Hydrocarbons +
Oxygenates)
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Figure 5-140. Anderson-Schulz-Flory Distribution with Catalyst 4956-101
with <2-4 nm Ruthenium Particles in Run 17 (Hydrocarbons Only)
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