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5.2.2.2 Highlv Dispersed Ruthenium on Titania

In an attempt to further investigate the hydrocarbon cutoff hypothesis
ruthenium Catalyst 5345-61 (0.93 wt.% Ru) was prepared on titania (anatase) by a
conventional aqueous impregnation. Ruthenium particies were not observed during
the STEM examination, indicating that the ruthenium particles were smaller than
2 mm. Before the test, the ruthenium catalyst on titania was heated under Hy
flow at 1 atm to 600°C, and maintained at that temperature for 2 hours in order
to achieve strong-metal-support interaction. The catalyst was then cooled to
208°C for a pressure test at 49 atm with He followed by introducior of synthesis
gas at 35 atm.

Catalyst 5345-61 was tested at 208°C, 35 atm, Hy:CO feed ratio = 2, GHSV
460 hr-1 for 12 hours in Run 30.

The space velocity was higher with the titania-supported highly dispersed
ruthenium catalyst relative to the alumina-supported highly dispersed ruthenium
catalyst tested in Run 25 partly because the titania support was about three
times denser thin alumina. -

The test duration in Run 30 was kept short in order to minimize ruthenium
metal agglomeration. An earlier run (29) with the same catalyst showed the
catalyst's maximum temperature to become uncontroliably high. y-A1203 powder
u;s therefore u;ed in Run 30 to dilute the catalyst bed and to control the bed
temperature.

The results obtained in Run 30 are summarized in Tables 5-37 and 5-38 and
Figures 5-220 through 5-226. 7

The CO conversion declined from 45% at 2 hours on stfeam to 7.5% by the
end of the 12-hour-test (Figure 5-220). The CO selectivity to C0, was about

5% for most of the run, apparently indicating minimal water gas shift activity,
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Figure 5-220. Titania-Supported Highly Dispersed Ruthenium Catalyst 5345-61¢
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Figure 5-221. Titania-Supported Highly Dispersed Ruthenium Catalyst 5345-61:
Water Gas Shift Activity in Run 30 (HZ:CO Feed Ratio = c.2. 208°"
at Inlet, 35 atm)
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Figure 5-225.
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Anderson-Schu]z-F]ory Distribution with Titania-Supported

Highly Dispersed Ruthenium Catalyst 5345-61 in Run 30
(Hydrocarbons only; Cl-C44)
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Figure 5-226. Anderson-Schulz-Flory Distribution with Titania-Supported
Highly Dispersed Ruthenium Catalyst 5345-61 in Run 30

(Hydrocarbons only; C;-C,c5)
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which was also apparent from the H2:CO usage ratio which was mostly higher than
2 (Figure 5-221). This result is in contrast with highly dispersed ruthenium on
alumina which was active for the water gas shift reaction. The olefin to
paraffin ratios were higher than those obtained with alumina-supported highly
dispersed catalyst.

CG‘CZB products were not recovered fully in the Product receivers because
of the short duration of the test. Nevertheless, 46% of the products were
recovered from the used catalyst and showed an Anderson—SchuIz—F]ory distri-
bution with « = 0.951 at C30-C7g and a = 0.968 at C90-C240. It was, therefore,
possible to conclude that cutoff did not occur with ruthenium particles which
were smaller than 2 nm on titania.

As opposed to the alumina-supported highly dispersed ruthenium catalyst,
there was no noticeable ruthenium metal agglomeration on the used titania-
supported catalyst, according to STEM examination. Also, ruthenium carbonyl was
not detected at the reactor outlet during testing of Catalyst 5345-61, and nc Ru
was lost during the test (Figure 5-227).

It is interesting to note that 1-5 nm ruthenium particles were observed
during re-examination of the same STEM sample of the used Catalyst 5345-61 four
months after the test. The STEM sample was exposed to air during this four-
month period.

The causes for the enhanced Stability of ruthenium on titania relative to
on alumina may be explained by a strenger metal support interaction (SMSI) in
the case of titania. The SMSI effect is also suggested by the higher oxygen
uptake relative to the Hz uptake observed with this catalyst. The low H, uptake

on titania-supported reduced ruthenium after Oxygen exposure may be explained by
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migration of a titania species over ruthenium. HoweQer, the possibility of
ruthenium agglomeration after eéxposure of reduced ruthenium to oxygen cannot be

discounted, particularly in view of the ruthenium agglomeration observed after

air exposure of the STEM sample.
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5.2.2.3 3-10 nm Ruthenium on Titania

Catalyst 4966-106 was prepared by the reverse micelle technique on the same
titania support that was used for preparing Catalyst 5345-61 with highly dis-
persed ruthenium. The finished catalyst had 3-10 nm ruthenium particles
according to STEM examination and was tested in Run 31 in an attempt to learn
about ruthenium particle size effécts on titania. The test conditions were the
same as in Run 30 with highly dispersed ruthenium catalyst: HZ:CO feed ratio =
2, 208°C at inlet, 35 atm, 460 GHSV (Figures 5-228 through 5-231).

The high temperature H, pretreatment in Run 31 was conducted in the same
manner as in Run 30. The initial CO conversion was 12% and declined to 3% by
the end of § hours, after which the gas hourly space velocity was lowered to
176 hr-l. This raised the €0 conversion to 9-10% (Figure 5-228). At the same
space velocity, the conversions obtained with Catalyst 4966-106 having 3-10 rm
ruthenium particles on titania were much Tower than those obtained under the
same test conditions with Catalyst 5345-61 having highly dispersed ruthenium on
titania. The catalyst with larger ruthenium particles showed higher COZ selec-
tivity throughout the entire run relative to the catalyst with highly dispersed
ruthenium (Figure 5-229), which is opposite to what was observed with alumina-
supported catalysts. There was no obvious difference in selectivities to Cz, C3
and C4 hydrocarbons in Runs 30 and 31, while the selectivity to methane was

lower with the catalyst having larger rutherium particles.
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