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SUMMARY

The medium-level sulfur-treated (50% monolayer sulfur coverage) iron
and cobalt catalysts were tested for FTS acctivicy, with the clean fused
iron catalyst tested as a comparative standaxd for the fixed-bed reactor
cperated at high pressurze (2 MPa). Of the four improved catalysts chosen
for evaluation at high pressure FIS synthesis, the medium-level sulfur-
treated fused iron catalyst seems most promising, with a 50% reduction in
methane yield, a narrower product distribution, and a threefold increase
in olefin selectivity. The sulfur-treated catalyst exhibited behavior at
2 MPa similar to the 0.1 MPa synthesis rum; however, the clefin

selectivicy decreased with increasing temperacture or pressure.

4 2 wr ruthenium on alumina is being prepared and sulfur-treated
for completion of the sulfur treatment task. The clean and sulfur-
trearted ruthenjum catalyst will then be tested for FIS activity under

high pressure to complete the project.



EXPERIMENTAL RESULTS

During this Teporting perioed, we made progress on Tasks 2 and 4, as
described below. Tasks 1 and 3 have been completed.

Task 2: Preparation of Ru(Alzoa Catalyst

An unpromoted ruthemium caralyst was prepared from an aquecus
solution ef ruthenjum chloride (RuCl,) by the method of incipient wetmess
on Harshaw AL-0104 alumina crushed and screened to 0.3-0.5 mm. The
caralyst was then dried in air at 400 K for 24 hours. The final weight
ratio was Ru:alqly = 2:100. '

Task 47 Ewvaluarion of Improved FIS Catalysts

The FIS performance of the medium-level sulfur-treated fused iron
catalyst, medium-level sulfur-treated alumina-supported cobalt, and fused
iron standard catalyst was examined in a fﬁad-bed reactor at 2 MPa and
525-575 K (Table 1 and Figures 1 and 2). Typically, the CO conversion
was about 20%. After 24 h at 575 K, the methane yield of the sulfur-
treaved fused iron catalysr was less than 15 wt% at low conversion
(Figure 3) while the clean fused irom catalyst showed nearly 28 wts CH,
under the same Teaction conditions. Also, the sulfur treated catalysts
showed high selectivity for olefins (Figure 4). However, the FIS CO
conversion rate declined from 1200 to 400 mmol/g/s because of the sulfur
treatment, and the chain growth parameter (for C3-Cg). a, d.ecreased from
0.65 to 0.52 (Figure 5).

The sulfur-treated catalyst shows nearly the same level of
improvements in methane selectivity (decreased by a faertor of gbour 2) at
2 MPa as previcusly found at 100 kPa, with roughly a factor of two
decline in overall rate at 575 K. After 24 h, the totral hydrocarbon rare
for rhe medium-level sulfur-treated catalyst was about 49.6% of the rate




Table 1

FIXED-BED FTS PERFORMANCE OF CLEAN AND SULFUR-TREATED
FUSED IRON AND SULFUR-TREATED ALUMINA-SUPPORTED
COBALT CATALYSTS AT 20-ATM

Medium-Level
Sulfur-Treated

Medium Level
Sulfur-Treatecd

Cazalyst Clean Fused Fe Fused Iron Co/al,04
Temperarture {K) 573 548 573 548 573 548 523
Hp/CO Ratio 1 1 1 1 2 2 1
Run Duration (h) 2 2 26 24 24 2% 24
Product Rate? (nmol/g/s)
¢y 332.36 90.41 53.86 7.75 32.55 11.58  124.05
¢y 42.44 25.43 43,07 8.27 22.82 9.75 7.95
Cy 79.45 27.21 34.70 6.26 16.58 7.04 15.63
Cs 47.77 17.72 17.30 3.57 7.81 3.59 13.14
s 24.56 10.87  6.81 1.27 2.8 1.32 10.19
Cs 16.91 7.49 3.80 0.78 1.53 0.75 8.75
c, 10.98 5.36 1.86 0.42 0.77 0.38 7.71
Cg 7.28  3.77 1.04 0.24 0.42 0.23 7.06
Cg $.37 2.98 0.65 0.14 0.24 0.13 7.08
C1g 471 3.12 0.37 0.09 0.11 0.09 -
TOTAL 1201.43 518.08 401.16 75.36 194.85 84.21  517.02°%
Chain Growth Factor® 0.65 ©0.72 0.52 0.5 0.50 0.53 0.85
Olefin to n-Paraffin Ratio® 1.67 1.58 3.67 5.23  3.34 4.69 0.93
Methape Selectivity® 28 19 15 11.6 18.6 15.4 26¢

ZGHSV = 600 h™+ and P = 20 MPa; Product rate for each carbon number includes
n-paraffins and - and g-olefins; total product rate is on a carbon-atom

basis.

bAverage chain growth parameter (a) for C3 + hydrocarbons.

Caverage olefin to paraffin ratiec for €, to Cg hydrocarboms.

dCl rate/(total rate) x 100%.

Ihrough Co only.
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Figure 1. Fischer-Tropsch synthesis at 2 MPa, 573 K, and Hz /CO ratio = 1.0
on clean and medium-level sulfur-treated fused iron catalysts.
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Figure 2 Schulz-Flory-Anderson plot of the hydrocarbon product distribution
for fused clean iron, medium-leve! sulfur-treated iron, and medium-
level sulfur-treated cobalt catalysts at 2 MPa, Hy/CO = 1, and 573 K
and 523 K, respectively.
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Figwre 3. Methane selectivity for fixed-bed FTS by clean and sultur-treated
. fused iron catalysts with Hz /CO ratio = 1.0.
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Fgare 4. Light olefin selectivity for fixed-bed FTS by clean and sulfur-
treated fused iron catalysts with Hp/CO rafio = 1.0.
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Chain growth probability factor for ciean and sulfur- treated
{fused iron catalysts with Hy /CO ratio = 1.0.



of the untreated catalyst. If only C, through C;n4 total hydrocarbon
rates were considered, the activity of the medium level sulfur-treated
catalyst was 66.8% of the clean catalyst.

A hot-wax trap was installed at the exit of the FIS reactor. The
trap was designed to collect Cy,, hydrocarbons when operated at 393 K.
The condensed wax was dissolved in toluene and analyzed by FIMS to
determine rthe Qistribution and chain growth probability factor of higher
hydrocarbons. Hydrocarbons wax contains both paraffins and clefins and
exhibits chain growth probability of up to carbon number Cg;. Samples
from slurry reactor runs using cobalt and fused irom catalyst were kindly
provided by Professor Satrerfield of MIT and were used as the comparative
standard and calibracion for our FIMS data. In using the FIMS techmique
to analyze the MIT cobalt sample, which was compesed almost entirely of
normal paraffins, we obtained results (weight %) for G,y through C,5 very
similar to the data in the accompanying a.na.lysis.l Therefore, we were
able to obtain the weight fractions of C4n and C,q in the sample from the
hot wax trap for the fixed-bed synthesis run with clean fused irenm at 573
K, 2 MPa, and J:!?/CO ratio of 1 (Table 2).

Table 2

FIMS ANALYSIS QOF FIS WaX

Carbon FIMS Result Predicted Value
Number {weight %) {weight %)
30 3.07 x 1074 1.32 x 1073
40 4.36 x 1077 2.36 x 1072

We compared the FIMS results in Table 2 to the values predicred by
extrapolating to the wax range using the calculated (for €3 to Cg) chain

19- K. Matsumoto, MIT, private communication.

10



growth probabilicy factoer (a = 0.649) . TFIMS resules indicare a longer

chain growth and therefore a higher prebability facter (x = 0.8} for the
wax range than the light hydrocarbon range.

11



DISCUSSION

The results for the fixed-bed FIS performance of the medium-level
sulfur-treated fused iron FTS catalyst are encouraging. The sulfur-
treated catalyst shows nearly the same level of improvement in methane
selectivity (decreased by a factor of about 2.5) at 2 MPa as previously

found at 100 kPa, with a decline in overall rate of only a factor of 2 at
575 K.

Martsumoto and Satterfield reported a study similar to our fixed-bed
FTS results with sulfur-treated fused irom catalyst ;2 they used
dibenzothiophene as the polson in a slurry reacter operating at 536 X,
1.&8‘1@&, and Ho/CO ratio of 0.7 to 1.0. They observed that methane
selectivity of the poisoned fused magnetite catalyst was significantly
lower than that of the unpoisoned catalyst and that the olefin to
paraffin ratio was higher on the poisoned catalyst than the clean
catalyst. They also reported that methane selectivity increased and
olefin te paraffin rario decreased with inereasing CO conversion and that
both parameters were umaffected by temperature or pressure.

Our study also showed that methane selectivity decreased for the
sulfur-treated fused iron catalysts, but in contrast to the results
reported by Matsumoto and Satterfield, the wmethane selectivity decreased
further with increasing temperature or pressure (see Figure 3). In
addition, in our study the olefin to paraffin ratie increased for the
sulfur-treated catalyst but decreased with increasing temperature or
pressure (see Figure 4). Dictor and Bell® also reported that olefin
selectivity decreased with increasing temperature and decreasing Hy
parrial pressure for a fixed-bed reactor. Perhaps their smaller pressure
range (from 0.79 to 1,48 MPa, as compared To our 0.1 To 2 MPa) would

25, ¥. Matsumoto and C. N. Satterfield, Enmergy & Fuels 1, 203-210 (1987).
3g. A. Dictor and A. T. Bell, Applied Catalysis 20, 145-162 (1986).

12



explain why Matsumoto and Satterfield observed no effect on methane
selecrivity or olefin to paraffin ratio. Moreover, the temperature range
{505-536 K) at which their slurry reactor was operated showed a high
methane yield (about 30 mol$ for the clean catalyst and 15 mol%® for the
poiscned catalyst, both at about 20% CO conversion) compared to other
studies that reported sbout 5% methane selectivity (Permline et al.:4.7
wcy CH, for fused irom catalyst in a slurry reactor at 523 K, 1.38 MPa

and 21.8% conversiomn) ."’

Our study showed that the primary products were linear l-olefins and
paraffins, with the majority of the olefins being terminal (i.e., o- and
g- olefins). We also observed that the fg-olefin/a-olefin ratic increases
with increasing carbon number and that the olefin to paraffin ratio
remains high (O/F ratic = 1} in the wax range. All these findings are in
agreement with the results reported by Dictor and Bell.?

43 W. Pepnmlime, M. F. Zarochak, R. E. Tischer, and R. R. Schehl,
Applied Catalysis 21, 313-318 (1986).
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