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5.2.2.4 Ruthenium on Alumina-Titania

Catalyst 4966-124 was prepared by a reverse micelle technique on an A1203—
Tioz support (50% each, by weight) in an attempt to develop a catalyst more
stable than A1203-supported ruthenium. According to STEM examination ruthenium
particlies appeared to be in the form of two-dimensional rafts spread over the
support particles. These raft-like particles were about 20-25 nm in size.

Catalyst 4966-124 was tested in Runs 39, 41, 42 and 43 at a HZ:CO feed
ratio = 2, 210°C and 62 atm using different start-up procedures. The
séTectivities to light hydrocarbons were low, but in each case the catalyst
deactivated.

In Run 39, the catalyst was heated from room termperature to 210°C in Hy at
1 atm, followed by a pressure-test at 76 atm of Hz. The reactor pressure was
then lowered tc 62 atm and synthesis gas was introduced at a gas hourly space
velocity of 1518 hr‘l. The results of Run 39 are summarized in Tables 5-39 and
5-40 and Figures 5-232 through 5-238, _

The space velocities were higher with the afﬁﬁina-titania supported
catalyst relative to the 2lumina-supported ruthenium catalysts tested earlier
partly because the alumina-titania support was about three times denser than
alumina.

Three adjustments were made to the gas hourly space veiocity in Run 39:
490 hr-1 at 14 hours on stream, 405 hr~1 at 23 hours, and 311 hr-1 at 37 hours
on stream in order to achieve a CO conversion of about 80X, after which no fur-
ther space velocity change was made. The CO conversion gradually decreased from
82% at 56 hours on stream to 37% by the end of the run at 273 hours on stream.

In Run 41 the reactor was pressure-tested with 76 atm HZ at room tempera-
ture. Hz was then depressured and the reactor pressured to 62 atm with
synthesis gas. The catalyst was then heated to 210°C under synthesis gas flow
(GHSV = 1520 hr'l) according to the following schedule:
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Figure 5-232. Alumina-Titania-Supported Ruthenium CatalystsConversions in
Run 39 (HZ:CO Feed Ratino = 2.0, 210°C at Inlet, 62 atm)
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Figure 5-234.
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Figure 5-237. Anderson-Schulz-Flory Distribution with Alumina-Titania-Supported
Ruthenium Catalyst in Run 39 (Hydrocarbons Only; C1-Ca4)
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238. Anderson-Schulz-Flory Distributi on with Alumina-Titania-Supported

Figure 5-
Ruthenium Catalyst in Run 39 (Hydrocarbons Only; CI-CZSO)
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Heat to °C in, hrs and maintain, hrs
100 2 4
120 2 q
140 2 4
150 1 4
160 1 4
170 1 4
180 1 4
190 1 4
200 1 4
210 1 4

The results obtained in Run 41 are summarized in Figures 5-239 through
5-243. The reaction temperature was reached after 53 hours on stream. The gas
hourly space velocity was adiusted to 540 hr-1 at 40 hours on stream and finally
to 205 hr-! at 64 hours. The CO conversion never exceeded 65% during the run
and declined to 42% by 175 hours on stream (Figure 5-239). TIt, now, appears
that, relative to Run 39, the start-up procedure used in Run 41 had an adverse
effect on catalytic stability.

The initial part of the start-up procedure used for Run 42 was similar to
that used in Run 41, except the catalyst temperature was raised to 210°C within
1 hour instead of 53 hours. The results obtained in Run 42 are summarized in
Figures 5-244 through 5-248. High conversion was achieved initially; however
the_cata1yst rapidly deactivated. The gas hourly space velocity was then
10wéred from 490 hr-1 to 360 hr-1 at 29 hours or stream in order to achieve a
CO conversion level of about 85%. The catalyst conversions again continued to

decrease, however, this time at a slower rate.
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Alumina-Titania

Catalyst 4966-124:Water Gas
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Alumina-Titania-Supported Ruthenium Catalyst 4966-124:Propylene
in Rur 41 (HZ:CO Feed Rat

Propane Ratios

62 atm)

Figure 5-243.
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Figure 5-244.
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Alumina-Titania-Supported Ruthenium Catalyst 4966-124:Conversion.
in Run 42 (HZ:CO Feed Ratio = 2.0, 210°C at Inlet, 62 atm)
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Figure 5-248. A]umina-Titania-Supported Ruthenium Catalyst 4966-124:Propylene;
Propane Ratios in Run 42 (HZ:CO Feed Ratio = 2.0, 210°C at Inlet,
62 atm)
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The activity vs. time on stream performance in Run 42 revealed, in a
pronounced manner, a feature that was common to most other ruthenium catalyst
tests described so far in this work. The catalysts typically showed, during the
first 15 hours, high conversion at high space velocities, but then rapidly
deactivated to very low conversion levels in a matter of hours. The deactiva-
tion rates were significantly slower when space velocities were adjusted to
raise the conversion levels after the initial rapid deactivation periods. In an
attempt to lower the catalyst's initial activity and prevent the initial rapid
deactivation the reduced Catalyst 4966-124 was recalcined under air at the same
temperature that was used for the initial calcination before being tested in Run
43. The start-up procedure in Run 43 was, otherwise, similar to that in Run 42.

The results obtained in Run 43 are summarized in Figures 5-249 through
5-255. 1In Run 43, the gas hourly space velocity was lowered from 1518 hr-! to
490 hr~l at 11 hours, and finally to 310 hr~l at 18 hours. Initially in Run 43,
the catalyst did not achieve high conversion at high space velocity as it did in
Run 42. Nevertheless, the catalyst in Run 43 deactivated in a similar manner to

the catalyst in Run 42.
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Figure 5-249. Alumina-Titania-Supported Ruthenium Catalyst 4966-124:Conversions
in Run 43 (H>:CO Feed Ratio = 2.0, 210°C at Inlet, 62 atm)
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Figura 5-254. Light Hydrocarborn Selectivities wizh the Alumina-Titania-
Supported Ruthenium Catalyst in Run 43 (H2 CO Feed Ratio = 2.0,
210°C at Inlet, 62 atm)
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Figure 5-255

ANDERSON-SCHULZ-FLORY-TYPE DISTRIBUTION FOR
Ru/Al203-TiO2

210°C, 900 psig, 2H2:1CO feed, 65% CO +Ho Conversion
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