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5.2.1.4.1 Test at 0.9 HZ:CO Feed Ratio, 208°C at Inlet and 35 atm

Catalyst 4956-76 was the first successful micelle-derived catalyst with 4-6
rm ruthenium particles prepared in 30 gram quantity. This catalyst was tested
in Run 15 and showed significantly improved stability over previously tested
catalysts for which the micelle technique had not been successfully applied
(Runs 9, 11-14) (Figure 5-152). The results obtained in Run 15 are described in
detail in Tables 5-30 and 5-31 and Figures 5-153 through 5-161.

The CO conversion, during the first 25 hours, showed & rapid decrease from
68% to 30% and then leveled off around 28% until 60 hours on stream, followed by
another decrease to 15% by 100 hours on stream, after which it remained between
10-15% until the end of the run at 248 hours on stream. Catalytic activity in
Run 15 was much higher than that obtained in Runs 16 and 17 with catalysts
having smaller ruthenium particles. Most of the initial drop in CO conversion
was apparently due to the rapid loss of water gas shift activity of the
catalyst, which was nil after about 6 hours (Figure 5-154). The HZ:CO usage
ratio remained arcund 2, as would be expected in the absence of water gas shift
activity. |

During the run, the catalyst temperature increase over the inlet was
initially 22°C and then decreased to -2°C (Figure 5-153).

The gel permeation chromatography results obtained in Run 15 are described
in detail in Figure 5-158.

The wax first extracted from the used catalyst had a wide carbon number
distribution with an average carbon number of about 50. A subsequent extraction
was then conducted on the used catalyst and more wax was obtained but with a

much narrower carbon number distribution, around 80. This result indicates that

the higher molecular weight wax was harder to extract.
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Catalyst 4956-76 with 4-6 mm Ruthenium Particles:

Figure 5-153.
¢ Run 15 (H,:CO Feed Ratio = 0.9, 208°C at Inlet, 35 atm) -
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Water Gas
0.9, 208°C at Inlet,

ticles

CO Feed Ratio

-7€ with 4-5 nm Ruthenium Par
vity in Run 15 (Hy

Catalyst 4956

Shift Acts
35 atm)

Figure 5-154.
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Catalyst 4956-76 with 4-6 nm Ruthenium Particles
Selectivities in Run 15 (H

35 atm)

-

Cl ang Cz
0.9, 208°C at Inlet

Z:CO Feed Ratio

Figure 5-155.
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Catalyst 4956-76 with 4-6 nm Ruthenium Particles

igure 5-157.
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Figure 5-158. Carbon Number Distribution by Gel Permeation Chromatography
of Run 15 Products '
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Anderson-Schulz-Flory Distribution with Catalyst 4956-76
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Having 4-6 nm Ruthenium Particles in Run 15 (Hydrocarbons +

Oxygenates)
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Flory Distribution with Catalyst 4956-76

thenium Particles in Run 15 (Hydrocarbons
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Figure 5-161.
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Anderson-Schulz-Flory Distribution with Catalyst 4956-76
Having 4-6 nm Ruthenium Particles in Run 15 (Hydrocarbons

On]_y, Cl-c 250)
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In Run 15 a waxy product was also collected at the reactor outlet. This
product apparently was collected after steady state wax production rate was
reached and the catalyst pores were filled with the l1iquid product. The carbon
number distribution for the products collected at the reactor outlet was
consistent with the carbon number distribution of the wax extracted from the
catalyst. This result may indicate that the hydrocarbon product distribution
did not show a noticeable change during the run.

It is interesting to note that the product at the reactor outlet also
contained lighter hydrocarbons with an average molecuylar weight similar to that
obtained in the high temperature-high pressure separator.

The carbon number distributions for the products collected in the high
temperature-high pressure separator were also bimodal. Apparently, the high
- molecular weight products were collected by 1iguid overflowing from the catalyst
pores after steady state wax production rate was reached. The lighter hydro-
carbons were probably representative of the typical carbon number range products
collected in this separator during this entire run.

Assuming the high molecular weight products (with an average carbon number
of about B80) at the reactor outlet and in the high temperature-high pressure
separator were collected after the catalyst pores were filled with 1liquid
product, it is roughly estimated that steady state wax production rate was
achieved in about 170 hours in Run 15,

The selectivity to methane in Run 15 was higher than would be expected from
the Anderson-Schulz-Flory analysis at higher carbon numbers. The carbon atom
selectivity to CZ-C4 Products, in Run 15, as with other ruthenium catalysts,
were significantly lower than expected from the Anderson-Schu]z-F1ory analysis

at higher carbon numbers (Figure 5-160).
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The Anderson-Schulz-Flory analysis for hydrocarbons resulted in the
e = 0.830 in C;-C;5 range, o = 0.966 in the C15-Cgp carbon number range and
a = 0.977 in the c60’c200 range (Figure 5-161). Chain growth probabilities
obtained in Run 15 are higher relative to those obtained in Runs 16 and 17 with
catalysts having smalier ruthenium metal particles.

Catalyst 4956-76 was reexamined with STEM after 248 hours of testing in Run
15. STEM examination did not show any noticeable change in the ruthenium
particle size, which remained 4-6 nm (Figures 5-162 and 5-163). Also, there was

no ruthenium loss from the catalyst.




Ruthenium Metal Particle Size Maintenance During
Fischer-Tropsch Synthesis with 4-6 NM Ruthenium on-Al,O3

(STEM Micrographs)

Figure 5-162

FRESH

Figure 5-163

USED

Used in Run 15
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5.2.1.4.2 Test with Inactive Catalyst

Test with Catalyst 4956-76 having 4-6 nm size ruthenium metal particles
indicated that ruthenium metal agglomeration did not occur. Also, highest
activity and lowest light hydrocarbon selectivities were obtained witr 4-6 rm
ruthenium particles relative to catalysts having smaller ruthenium metal
particles. Further investigations with -5 nm size ruthenium particles were
conducted.

Catalyst 4966-108 had over 95% of the ruthenium particles in the 4-6 nm
size range. This catalyst was tested in Run 26 at H5:CO feed ratio = 2, 208°C,
35 atm and a gas hourly space velocity of 125 hr-1l. The catalyst was essen-
tially inactive. The CO conversion decreased from 3% to <l in 5 hours. In an

attempt to reactivate the catalyst, the catalyst was treated with Hy at 380°C

for 4 hours, and then tested under the original conditions. However, the .. _

catalyst was still inactive. The CO conversion decrease&ifrom 6% to <1 in 2
hours. The attempts to increase the conversion by increasing the temperature
to 225°C and by decreasing the space velocity failed, and therefore the run was
terminated.

According to STEM examination of the used catalyst, there was no obvious
change in the ruthenium metal particle size during the test. Leco sulfur
analysis showed the sulfur level to be <0.01%.

Used Catalyst 4966-108 was also analyzed by emission for trace impurities.
The following elements were found in relatively higher concentration than
typically found in catalysts:

0.012% Cr
0.07% Ba

0.005% Sn
<0.0003% Ag
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Used Catalyst 4966-108 was finally analyzed by XPS. The Cr 2p, Ba 3d and
Ag 3d regions were carefully scanned (Figure 5-164). No Ba and Ag were found,
however 0.21% of Cr was found. Also, some Tow Tevel of Zn was detected. It is
not presently clear how the catalyst was contaminated and whether any of these

elements were responsible for the inactivity of Catalyst 4y66-108.
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