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TECHNICAL FPROGRESS REPORT

The main goal of this contract is to develop a catalyst and technology that will produce iC,™ directly
from coal-derived syngas and that is capable of using a lower H,/CO ratio (0.5 to 1.0). The research
will identify and optimize the key catalyst and process characteristics that give improved performance
for CO conversion by a non-Fischer-Tropsch process. '

This report, which is Quarterly Report No. 5 for comtract DE-AC22-91PC90042, covers the
testing of various zirconia (ZrO.) and bismuth oxide (Bi,O,;) based catalysi systems designed to
examine the effects of catalyst preparation and process variables, especially the H,/CO ratio. Testing
of sol-gel ZrO, catalysts with lanthanum (La) or yttrium (Y) addition indicates a decrease in isobutene
yield. An attempt to increase catalyst surface area by impregnating Zr on a sol-gel SiO, caralyst was
unsuccessful. A Bi,0O, catalyst was very low in activity as a result of complete reduction to Bi metal.
Increasing the H,/CO ratio to 2:1 slightly increased the isobutene yield end improved catalyst -

RESEARCH RESULTS
Catalyst Preparation ,
The preparation of catalysts IS-1 through IS-20 was discussed previously.* Four sol-gel catalysts
and one precipitated catalyst were prepared during the period (Table 1). .
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DISCLAIMER
This report was prepared as 20 account of work sioasored by an ageacy of the United State
Government. Neither the United States Government nor any ageacy thereof, nor any of thei
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bility for the accuracy, completeness, or uscioloess of ary information, apparstus, product, ©
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manufacrarer, ar otherwise dors not necessarily coastitute or imply its endorsement, recom

* mendation, or favoring by the United States Government or any agency thereaf. The view

and opinions of authors expressed herzin do not necessarily state or reflect those of th
United Staves Government or any agency thereof,

TABLE 1

PREPARATION OF CATALYSTS

Catalyst N STn':ce Area, " Calcination i
m?/g Temp., °C
IS-17 2% Cs-Zx0, 110 500 ~
1s-21 ZrO, 88.0 500
15-22 5% Y-Z10, 123.0 500
IS-23 8% La-ZrO, 119.0 500
IS-24 15% Zr-SiO, 514.0 650
15-25 Bi,0,* - 500
* Precipitated
Catalyst Testing

The catalysts were tested in the laboratory catalyst test plant as described in Quarterly Report Nol.?
The catalyst was activated to 450°C in flowing nitrogen and then reduced at 600 psig and 450°C in
flowing H,/CO for 4 hr. The H,/CO ratio vasied in some tests. Conversion and selectivity were
measured at three combimations of temperature, pressure, and space velocity. These operating
conditions were selected to give intermediate conversions (10 to 30%). A detailed summary of each
successful run is given in the appendxx

Runs 2-30 were discussed previously.™ Runs 31 through 38 were completed this quarter and
are summarized in Table 2. Run 31 is a repeat of Run 28 but with water vapor used from the start
of the run. At 0.5:1 H,/CO, the isobutene yield is much higher (1.16 vs. 0.57%) with the added
water and closer to the yield achieved at 1:1 Hy/CO in Run 22 (1.76%).
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Runs 32 through 34 further investigate the effects of water vapor and feed H,/CO ratio. Run 32
compared 2 new batch of sol-gel zircomia (IS-21) with the previous batch (IS-16). The test was
conducted at 1:1 H,/CO with no added water vapor. Comparing Run 32 with Run 21 (S-16), the CO
conversions and isobutene yields are similar (2.28 vs. 2.26%). Run 33 repeated Run 32 but with
water vapor added. Comparing Run 33 with Run 32, the initial isobutene yield is much lower (1.53
vs. 2.28%), but data at the remaining periods give similar isobutene yields with (Run 33) or without
(Run 32) water vapor added (see run sheets in the Appendix). This result suggests thar the addition
of water vapor may accelerate the aging or line-out process. |

Run 34 compares the catalyst using 2:1 H,/CO without water. A comparison of Run 34 with Run
32 gives a similar initial isobutene yield (2.33 vs. 2.28%). However, comparing the data at the third
standard condition (450°C, 1200 psig, 1920 GHSV) gives a much higher isobutene vield for 2:1
'H,/CO than 1:1 H/CO (2.27 vs. 1.49%). This result, which suggests that the higher feed ratio slows
or prevents the aging process, is consistent with the faster deactivation rates seen with low (0.5:1
H./CO) feed ratios.* In view of the better results, further testing will be conducted at 2:1 H,/CO
without water addition.

Runs 35 and 36 used the addition of Y or La to try to increase the tetragonal zirconia content of
the sol-gel catalyst. The stabilizing. effects of Y or La were reported by Mercera, et al.” The addition
of La (Run 35) or Y (Run 36) had a generally negative effect on the isobutene yield. The vield for
La is 1.13%, and the yield for Y is 1.14% compared to the unmodified zirconia witk an isobutene
yield of 2.33%. The yields were stable at the remaining test conditions and remained lower than the
unmodified catalyst. In general, additives to zirconiz bave had minimal beneficial effects on the
catalyst (Table 3). No further additive testing is planned for the isosynthesis program.

Run 37 tested the possible effect of surface area on performance. In general, the surface area of
the sol-gel zirconia catalysts increases with decreasing calcination temperature but appears to reach
a limjt of about 100 m*/g. To exceed this limit, a catalyst was prepared by impregnating a high-
surface-area sol-gel silica support with zirconyl nitrate solution and calcining. The final catalyst (IS-
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24) had a surface area of 514 m*/g. Testing in Run 37 was disappointing: CO conversion was low,
and no isobutene was formed. The high calcination temperature may Bave caused the zirconia to react
with the silica to form a low-activity complex. Alternative methods to support zirconia and achieve
high surface area will be attempted.

An imeresting observation is that all the good isosynthesis camlysts (thoria [THO,], zircoria
" [Zr04], ceria [CeO:]) are also good oxide jon conductors. Catalyst IS-25 was prepared by
precipitating Bi.O; from bismuth nitate solution. The Bi;O; is also known as 2 good oxide ion
conductor and could test the relationship between isosynthesis catalysts and oxide ion conductors.
Unforunately, Run 38 produced poor conversidn and no isobutene. Analysis of the reactor contents
indicated that the Bi;O; was reduced to Bi metal before achieving any significant CO conversion.
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TABLE 2
CONVERSION OF CO AT STANDARD CONDITIONS
Run C-amlyst Descripton o Feed SA, %== coO iCa=
No. H;CO | m¥g | Tetragonal | Conv., | Yield,
Ratio Phase % %
21 | IS16 Z0, sobgdl | 11 | 7 - 219 | 226
22 1S-17 2% Cs-Zr0,, sol-gel 1:1 110 63 23.1 1.76
28 | 1S-17 | 2% CsZrO,, solgel | 0.5:1 | 110 68 131 | 057
31 18-17 2% Cs-ZrQ,, sol-gel 0.5:1 110 68 17.1 1.16
2 | I21 210, sol-gel 1:1 88 75 239 | 228
| 3 | 52 Z10,, sol-gel 1:1 28 75 218 | 153
u 34 | 1821 Z10s, sol-gel 2:1 88 75 213 | 2.33
|l 35 | 1523 | 8% La-ZrO,, solgel | 2:1 119 74 244 | 113
36 | 1522 | 5% Y-Z:0,, solgel 21 123 63 237 | 114
37 | 1824 | 15% ZrSiO, solgel | 2:1 514 i 15 0.00
| 38 | 1525 | BiO, precpimed | 21 i — 22 | 000
CONCLUSIONS

Increasing the H,/CO feed ratio to 2:1 increases the performance of the zirconia catalysts. Addition
of La or Y 1o the camalyst has negative effects on the isobutene yield. BL,O; is inactive for syngas
conversion due to ready reducibility to Bi metal. Supporting Zr on silica achieves high surface area,

but low CO conversion, possibly due to the formation of a low-activity complex.
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TABLE 3

EFFECT OF ADDITIVES TO ZIRCONIA CATALYSTS ON ISOBUTENE YIELD

AAdditive Isobutene Yield, %
r None 2.26
ﬂ 1% Y 1.69 \I
3% Si 0.77
1% Ba 1.54 ﬂ
2% Ba 2.24 I
1% Cs 2.27 |
| 2% 1.76 |
“ 1% Cu 2.17
IL 1% Co 2.14
h |
FUTURE WORK

Previous work has demonstrated only one factor which consisteatly leads to improved caralyst
performance: surface area. In the next quarter we will attempt catalyst modifications to increase
surface area by supporting zirconia on high surface area supports and lowering calcination

temperatures.

In view of the low isobutene yields achieved to date, a recycle process would be required.

In the next quarier we will examine the effects of adding various possibie imermediates (ethylene,

propylene and ethanol) to the syngas feed.
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APPENDIX
DETAILED RUN SUMMARY
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