V1. Task 3. PROCESS EVALUATION RESEARCH

The original purpose of this task was to evaluate several of the most improved catalysts
developed during this contract, in slurry bed reactors with following objectives: (1) to determine
catalyst aging and deactivation with time on stream (long term stability tests), and (2) to
perform process variable studies over a wider range of conditions than in Task 2 (Promoter
Effect Research and Kinetic Studies), and to obtain improved kinetic parameters. On the
basis of results obtained from slurry reactor tests in Task 2, which showed significant catalyst
deactivation, it was decided to focus primarily on the first objective and to pursue the second
one whenever feasible (i.e.. in the absence of significant deactivation). Also, it was decided to
evaluate catalysts in our fixed bed reactors with objective to obtain information on the intrinsic
loss of catalyst activity, i.e., the loss which is not caused or accelerated by the wax withdrawal.
Our fixed bed reactors operate under nearly isothermal conditions, and it is believed that they
provide a good indication of catalyst stability and selectivity.

Five catalysts were evaluated in fixed bed reactors: three tests were made with silica con--
taining catalysts (Ruhrchemie LP 33/81-the state-of-the-art catalyst and 100 Fe/5 Cu/4.2 K/x
Si0, catalysts, x =8 or 24), and four tests with unsupported precipitated iron catalysts (100
Fe/1 Cu/0.2 K and 100 Fe/3 Cu/0.5 K). Four tests were conducted in slurry bed reactors
with Ruhrchemie LP 33/81, 100 Fe/5 Cu/4.2 K/ 24 SiO,, 100Fe/3Cu/0.2K and 100 Fe/3
Cu/0.5 K catalysts. As can be seen, several catalysts were tested both in fixed bed and slurry
bed reactors, and this provides additionai information on the effect of reactor type on catalyst
activity and product selectivity.

VI.1. Fixed Bed Reactor Tests with Silica containing Catalysts

VI.1.1. Run FA — 63 — 1308 with the 100 Fe /5 Cu /4.2 K /8 5i0, Catalyst

Run FA-63-1308 was made as a long term fixed bed stability test of the catalyst containing
8 parts S5i0, /100 parts Fe. which was among the most active of the catalysts tested durning
this contract and it also showed desirable selectivity behavior (Section V.4). The catalyst was
reduced in situ at 280°C for 16 h with CO. Stability testing was conducted over a 552 h period,
at 235:C, 1.48 MPa, 2.0 NI/ g=cat-h, using (H,/CO)=1.0 synthesis gas (up to 271 h) and
(H,/CO)=0.67 synthesis gas (272-552 h). Three mass balances were completed with each
feed ratio tested. A single mass balance was made 2t 259°C during balance 7, and 2 repeat of

the originai conditions was made in balance 8. The results obtained during these balances are

summarized in Table VI-1.

Vi-1
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A stability plot of the (H,~CO) conversion versus time on stream is given in Fig. VI-1.
The catalyst deactivated steadily with the (H,/CO)=1.0 synthesis gas, with the (H,~CO)
conversion dropping from an initial value of 77.4 % (24.5 h) to a final value of 55.0 % (264 h).
Deactivation continued after the switch to (H,/C0)=0.67 feed gas. but the rate of deactivation
decreased. Beiween 294.5 and 552 h, the (H,+CO) conversion dropped from 47.5 to 39.0 %.
The average deactivation rates (average change in conversion unit time) were 0.094 and 0.033
% /h with (Hy /CO) = 1.0 and 0.67, respectively.

The difference in deactivation behavior with feed ratio is difficult to explain as we do not
know with any certainty the cause of deactivation in the fixed bed reactors. Decreasing the
(H5/CO) feed ratio from 1.0 to 0.67 between balances 3 and 4 caused the CO partial pressure
to increase from 0.36 to 0.64 MPa and the H, partial pressure to decrease from 0.63 to 0.49
MPa (exit values). The higher CO partial pressure drives the water—gas shift (WGS) reaction
to the right, thus the CO, and H,O partial pressures changed from 0.34 and 0.09 MPa to
0.27 and 0.05 MPa, respectively. I the primary cause of deactivation is carbon fouling, higher
CO partial pressure should increase the rate of deactivation (Dry. 1981), which is not what is
observed. If the primary cause of deactivation is catalyst reoxidation, the higher CO gartial
pressures can explain the decreased deactivation in several ways: (1) as we have found that CO
is a more effective reductant than H, (Section V.1). a lower feed ratio will lend to a stronger
reducing environment in the reactor to offset oxidation, {2) the excess CO consumes oxidizing
H,0 via the WGS and decreases the rate of oxidation, or (3) higher CO partial pressures

compete more effectively with water for surface sites on the catalyst, inhibiting oxidation.

The effect of time on stream on the selectivity of the silica—containing catalyst is shown
in Fig. Vi-2 for both feed ratios. The lower (H,/CO) feed ratio decreases CH, and C5-C,4
selectivity, increasing the amount of C;;— products formed. The olefin/paraffin ratios using
(H,/C0)=0.67 synthesis gas are higher than or comparabie to those using (H,/C0)=1.0 feed.
Little change is seen in the first three balances with (H5/CO)=1.0 or the balances using
(H,/CO)=0.67 feed gas. However. after the catalyst was heavily deactivated (balance 8, 662
h). the product distribution shifted towards lighter products (CH4 and C5=C,) at the expense

of C;5—. There was no definite trend in the olefin, paraffin ratios with catalyst deactivation.

The ASF plots for active catalyst at 235:C, (H,/CO)=1.0 (balance 1). (H,./C0O)=0.67
(balance 4). and deactivated catalyst at (H5°CO)=1.0 (balance 8) are shown in Figs. VI-3 to
VI-5. The feed ratio had little effect on a. which varied between 0.90 and 0.91 for the three
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balances. a, increased from 0.74 to 0.79 and 3 decreased from 0.80 to 0.62 as the teed ratio
decreased from 1.0 to 0.69, which are representative of the higher hydrocarbon selectivity of
the lower feed ratio. Deactivation caused a decrease in ay, from 0.74 to 0.62, with minimal
change in either 3 or aj, thus the gaseous hydrocarbons are the most strongly influenced by
deactivation.

In the first balance of the run before deactivation, the catalyst activity and selectivity
was similar to the previous test of this catalyst (Run FA-63-0418, Section V.4) at the same
conditions (235:C, 1.48 MPa, 2.0 NI 'g—cat-h). The (H,~CO) conversion at these conditions
was 77.9 % as compared to the 76.7 % obtained previously. The weight % hydrocarbon
distribution during run FA—63-0418 was 3.5 (CH,), 16.4 (C5-C;), 20.1 ( C5—-Cy;). and 60.0
% (C15—). compared to 4.3. 17.8, 21.4, and 56.5 % obtained in this run. At 250 *C (balance
7) the catalyst was deactivated and the (H;~CO) conversion was only 46.4 %, while in the
previous run the (H,—CO) conversion at the same temperature and double the space velocity
(4 NI ‘g—cat-h, balance 3) was 65.1 %. The hydrocarbon selectivity did not change signiticantly
with deactivation at these conditions.

V1.1.2. Run FB - 99 — 1588 with the Ruhrchemie LP 33 /81 Catalyst
Run FB-99-1588 was a long term stability test of the Ruhrchemie LP 33,81 commercial

catalyst, and was intended to complement the siurry run SA-99-0888 (Section VI.3.1). The
initial process conditions for the stability test were 250°C, 1.48 MPa, (H,/CO)=0.67. 2.0
NI/ g—cat-h, which are the same as those during the first five balances of slurry run SA-99-
0888. The results of the seven balances of run FB=99-1588 are summarized in Table VI-2.
The calcined Ruhrchemie catalyst (30,/60 mesh particies) was reduced in situ at 280°C, using
CO reductant for 12 h. The stability plot of (H;—CO) conversion versus time is shown in Fig.
VI-6. After an initial rapid decline in catalyst activity, the activity was relatively stable, with the
conversion dropping from 58.3 % to 53.6 % between about 100 and 340 h. At 382 h, a power
failure occurred. interrupting the run for approximately 50 min, which caused an immediate
decrease in the (H,—CO) conversion to 50 % after the process conditions were reestablished.
The catalyst was stable, at lower activity, after the interruption. After the fifth mass balance
was completed the feed ratio was changed to 1.0 (nominal) at the same temperature, pressure,
and space velocity The (H5—~CO) conversion increased to 57.2 % at 49 h and declined slightly
to 55.7 % at 630 h.

Vi-10
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Catalyst selectivity as a function of time on stream is shown in Fig. VI-7 for run FB-99-
1588. The selectivity was not strongly affected by time on stream, and neither the weight %
hydrocarbon distribution nor the olefin/paraffin ratios show any specific trends as the catalyst
aged. At higher feed ratio. more gaseous hydrocarbons were formed, increasing from 6.4 (CH,)
and 25.0 % (C,-C4) in balance 5 (H,/CO=0.67) to 8.5 and 29.6 %, respectively, in balance
6 (Hy/ CO=1.0). The olefin /paraffin ratios decreased as well when the concentration of H, in

the feed was tncreased.

Catalyst activity was higher in a fixed bed reactor than in a slurry reactor, with a conversion
of 53.2 % in the fixed bed (balance 4) before the power failure compared to the 44.4 %
conversion obtained in the slurry reactor (baiance 5) at approximately the same time on stream.
With the (H,/C0)=1.0 feed gas. the fixed bed run gave a conversion of 56.0 % in balance
6 (250°C. 1.48 MPa, 2.0 NI * g—cat-h) while during balance 12 of run SA-99-0888 at the
same conditions, the conversion was 45.4 %, although catalyst deactivation occurred before

this measurement was made.

The selectivities obtained in the fixed bed and slurry bed tests are compared in Fig. VI-8.
The hydrocarbon selectivities in two runs with (H,/CO)=0.67 were similar, with the weight
% of hydrocarbons in fixed bed (balance 2) at 5.3 (CH,). 21.1 (C5-Cy). 18.8 (C5-Cyq). and
54.7 % (C;o—) while in slurry (balance 3) the distribution was 5.1, 20.8, 21.9, and 52.2 %.
respectively. With (H,/CO)=1.0, the slurry reactor produced more CH, and C,-C, products
than fixed bed. This is probably due to catalyst deactivation which recurred in the slurry
reactor prior to tests with (Hy/CO)=1.0 feed gas. We observed that the deactivated catalyst
produces more lower molecular weight products than the fresh catalyst. Also, the differences in
the C5-C;, 2nd C,,+ fractions may be due to differences in the product collection procedures
for the two systems, as the Cg— fractions are not as dissimilar. The olefin, paraffin ratios,
which are aiso compared in Fig. VI-8, were lower in slurry than in the fixed bed, which may
be due to differences in flow patterns (i.e.. plug flow vs. completely backmixed) of the two

reactors.

V1.1.3. Run FB — 66 — 1948 with the 100 Fe /5.0 Cu “4.2 K /24 SiO, Catalyst

Run FB—66-1948 was made as a long term stability test of the 100 Fe/5.0 Cu/4.2 K/24
SiO, catalyst. The first 5 mass balances (up to 457 h) were made at a fixed set of process
conditions: 250:C. 1.48 MPa, 2.0 NI / g—at-h. and H, /CO=0.69. to determine the catalyst

stability. Balance 10 was a repeat of these conditions. The effect of space velocity was studied
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in balances 6 (4.0 NI /g—cat-h)and 7 (1.0 Ni/ g—cat-h). and the effect of feed ratio was stuaied
in balances 8 and 9 (H,/CO=1.03). With an H;/CC=0.70 feed, temperature was varied in
baiances 11 (265°C) and 12 (235°C). The tweive mass balances completed during this run are

summarized in Table VI-3.

The 100 Fe;5.0 Cu/4.2 K/24 SiO, catalyst was very stable. and the stability plot for
tha run (up to 457 h) is shown in Fig. VI-9. The (H,—CO) conversion decreased from an
initia! value of 68.7 % to 64.3 % after 457 h. In the repeat of conditions (balance 10. 765 h)
the conversion was still high, 57.7 %, although it is clear that varying the process conditions
accelerated the rate of deactivation. The activity was superior to that of the Ruhrchemie LP
33/81 catalyst, whose stability plot for run FB-89-1588 is also shown in Fig. VI-9. The initial
activities of both catalysts were approximately equal. but at about 340 h, the Ruhrchemie
catalyst gave an (H,—CO) conversion of 44.2 % while our 100 Fe/5.0 Cu'4.2 K24 5i0,
catalyst gave a conversion of 65.5 %. The 24 parts Si0, catalyst was also more stable, but less
active, than the catalyst containing only 8 parts of Si0,. The (H,—CO) conversions at 235°C
(H,,/CO=1.0) obtained with the 8 parts SiO, catalyst, showr. in Fig. VI-9, are higher initially
than those obtained with either the 24 parts SiO, catalyst or the Ruhrchemie LP 33/81 at
250°C (H,/C0=0.69). However, the catalyst containing 8 parts SiO, deactivated rapidly, in
spite of being tested at milder conditions (235°C).

The effect of time on stream on catalyst selectivity is shown in Fig. VI-10. There was a very
mild shift towards ligi.zer products as the catalyst aged, 2 trend which has also been seen with
other catalysts. Between 71 (balance 1) and 477 h (balance 5), methane increased from 5.8 to
6.5 % while the C;5— products decreased from 50.9 to 41.0 %. There was no effect of time on
the olefin/paraffin ratios measured during the stability portion of the run. In balances 6-9. 11
and 12, the conditions were varied to study catalyst activity and selectivity at different sets of
process conditions. The (H,=CO) conversions and weight percent hydrocarbon distribution at
the different process conditions used in these balances are shown in Fig. VI-11. In this figure,
the average results from balances 1-5 (250:C, 2.0 NI/ g—cat-h, H,/C0=0.69) and baiances
8 and 9 (250°C. 2.0 NI ' g-cat-h, Hy/CO=1.0) are shown. The hydrocarbon distribution is
shown as a series of bars and the (H5 ~CO) conversion is shown as symbols connected by a line.
Conversion increases with temperature, which is expected, and the hydrocarbon distribution
shifts towards lower molecular weight products. The selectivity trend is weak between 235°C

(balance 12) and 250°C (balances 1-5), however the first five balances do not reflect the effect
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of deactivation on selectivity. Deactivation causes more methane to be formed. For example,
in balances 12, 10, and 11 at 235, 250, and 265°C, respectively, CH, increases from 6.1 to 6.5
and 8.6 % while C;5— decreases from 48.5 to 45.2 and 37.3 %. The space velocity was varied
at 250°C in balances 7, 1-5. and 6 at 1.0, 2.0, and 4.0 NI/ g—<cat-h. Conversion decreased with
higher space velocity, and there was no clear effect on the hydrocarbon distribution. The CH,
and C,—C, fractions remained fairiy constant, while shifting occurred between the Cs-Cy and
C,5— products. The conversion using 2 higher H,/CO feed ratic was lower than the initial
conversion, decreasing from an average 66 % (balances 1~5, H; /C0=0.69) to 60.6 % (balances
8-9. H,/C0O=1.0), but this may be due to catalyst deactivation. The (H,—=CO) conversion
obtained in balance 10 at the same conditions with Hy /CO=0.70 was only 57.7 %. Less Cq5—
products and more gaseous hydrocarbons were produced using the H, /CO=1 feed ratio than
in any of the balances (1-5. 10) using the lower feed ratio, which we have also observed in

tests with other catalysts.

The selectivities obtained during the stability test of the 24 parts SiO, catalyst are compared
to those obtained in the stability tests of 8 parts SiO5 catalyst and Ruhrchemie LP 33/81
catalyst (runs FA—63-1308 and FB-99-1588) in Fig.Vi-12. Lower silica concentration improves
production of C;,— products and decreases the fractions of CHy and C,~C,. Similar results
were obtained during the initial tests of these catalysts. The 8 parts SiO, catalyst aiso had
higher initial activity, but it deactivated more rapidly than the catalyst with 24 parts SiC5. The
selectivities of the 24 parts Si0, catalyst ard the Ruhrchemie catalyst are very similar, while

our catalyst is more stable.

V1.2. Fixed Bed Reactor Tests with Unsupported Precipitated Iron Catalysts

V].2.1. Runs FA—15-1698 / FA - 15— 1768 with the 100 Fe /1 Cu /0.2 K Catalyst

Runs FA-15-169€ and FA-15-1768 were made tc evaluate the performance of a precipitated
catalyst (100 Fe’l Cu/0.2 K) over the long period of time in a fixed bed reactor. For both
runs, 30/60 mesh catalysts were employed and the catalyst was reduced with CO at 280°C for
16 h. Following the activation treatment. the catalyst was tested at a fixed set of operating
conditions (235°C, 1.48 MPa, 2.0 NI ; g~cat-h, H,/CO=0.71). Rapid deactivation occurred
during both tests. Only a single mass balance was completed in run FA-15-1698 before it was
terminated due to the deactivation. During the retest, run FA-15-1768, 6 mass balances were
completed. The first two mass balances (up to 175 h) were made at the conditions above, and

balances 3 and 4 (up tc 367 h) were made using H, 'CO=1.03 feed gas. During balances 5
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and 6 (up to 511 h), the temperature was increased to 250°C and a H,/CO=0.71 feed gas was
used. The results for both runs FA~15~1698 and FA-15-1768 are summarized in Table Vi-4.

With the exception of run FA—15-2097 (Section V.2.2), the 100 Fe/1.0 Cu/0.2 K catalyst
deactivated quickly during catalyst testing. In the last two tests, the initial activity of the
catalyst was high, but decreased with time. The stability plot for the two runs is shown in Fig.
VI-13. In run FA-15-1768, the (H,—CO) conversion dropped from 5.1 % at 25.5 ht0 31.2 %
at 175 h. Switching to an H,/CO=1.03 synthesis gas increased conversion slightly to 33.7 %
at 191 h, but the catalyst continued to deactivate. At these same nominal conditions (235°C,
1.48 MPa, 2.0 NI ; g—cat-h, H,/CO=1.0) during the successful run FA-15-2097, the H,/CO
conversion was 72.9 %. The increase in temperature to 250°C at about 392 h increased the

conversion tc only 34.5 %.

Product selectivities obtained from these two tests (FA-15-1698,/FA-15-1768) of the 100
Fe/1.0 Cu/0.2 K catalyst are shown in Fig. VI-14 (235°C, H,,/C0=0.71). The hydrocarbon
selectivity during the first test was more towards lower moiecular weight hydrocarbons than
that obtained during the retest. and the C;o— weight percent decreased from 63 % to 49 %
(balance 1) between the two runs. A comparison of the selectivity for run FA~15-1768 and
the two previous tests (FA-15-2097, Technical Progress Report for 1 July-30 September 1987,
FA-15-0278, Technical Progress Report for 1 January-31 March 1988) is shown in Fig. VI-15
(235°C, H,/CO=1.0, nominal). The test results from FA-15-1768 show higher selectivity to
high molecular weight products with a substantially greater C;,— fraciion of hydrocarbons.
The olefin / paraffin ratios are aiso higher than in previous tests, although this may be due to
the deactivation of the catalyst. The (H;<~CO) conversions for the four balances shown in Fig.
VI-15 were 29.8 (balance 3) and 26.5 % (balance 4) in run FA-15-1768. 72.9 % in run FA-15-
2097, and 44.7 % in run FA=15-0278. and the differences in conversion may have affected the
olefin sparaffin ratios. There was no significant effect of time on stream on the weight percent

hydrocarbon distribution during Run FA-15-1768 at any of the 3 sets of conditions used.

Vi.2.2. Runs FB - 27 - 2438 / FA — 27 - 2518 with the 100 Fe /3.0 Cu /0.5 K Catalyst

Runs FB-27-2438 and FA-27-2518 were made as long term stability tests of the 100 Fe 3.0
Cu/0.5 K ratalyst. This catalyst was tested previously during the Promoter Effect Research
portion of this investigation in runs FA~27-2557 and FB-27-3368 (Technical Progress Reports
for 1 July-30 September 1988 and 1 October - December 31, 1988, respectively. Also, see

Sections V.2.1.3 and V.2.3). The two most recent runs differed in the procedure used to acti-
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Fe/1.0 Cu/0.2 K catalyst. 235 °C, 1.48 M Pa, 2.0 NI, g-cat-h, H,/CO = 0.71).
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vate the catalyst. In both runs, the reductant used was CO at ambient pressure, and the
catalyst was ground to 30/60 mesh and diluted with glass beads before ioading the reactor.
In run FB~27-2438, the catalyst was reduced at 280°C for 12 h. After the 12 h pretreatment,
the reactor was cooled to 260:C in helium (4.0 NI/ g~cat-h), and the reactor pressure was
increased to 1.48 MPa. Synthesis gas (H,/C0O=0.69) was then introduced while continuing to
feed He, and the syngas flow rate was gradually increased from 0.5 to 2.0 Ni / g—cat-h over 2 4
h period. After the full syngas flow was established, the He flow was phased out over 2 2.5 h
period. A hot spot (280°C) deveioped about 15 cm below the top of the bed after the He flow
was discontinued. and He was reintroduced at 0.7 NI / g—cat-h to cool the reactor. After 17
h at these conditions, the He was again discontinued and the stability run was begun (260°C,
1.48 MPa, H,,/C0=0.69, 2.0 NI/ g-cat-h). In run FA-27-2518, the catalyst was reduced at
335:C for 24 h, which is similar to the optimum procedure studied by Pichler (Anderson, 1956,
pp 176-180). This procedure was reported to give high activity and stability over 2 long period

of time.

Three mass balances were performed during run FB-27-2438 and the results are summa-
rized in Tabie VI-5. The results for the two mass balances performed during run FA-27-2518
are summarized in Table VI-6. All balances were perfcrméd at 260:C, 1.48 MPa, 2.0 NI/ g-
cat-h, using an H,/C0=0.67 (nominal) feed gas. The stability plot for both runs is shown in
Fig. Vi-16. The catalyst activated at 335°C for 24 h (FA~27-2518) deactivated rapidly. with
the (H,—CO) conversion dropping from an initial 74.2 % to 47.2 % at 143 h at conditions.
The conversion for catalyst activated at 280°C for 12 h (FB-27~2438) initially increased to a
maximum 88.2 % at 7.5 h at conditions, then began deactivating. The deactivation was less
severe than during run FA-27-2518 and the conversion was still 72 % at 143 h. After 265 h,
the (H,—CO) conversion dropped to 66.7 %.

The hydrocarbon selectivity and olefin, paraffin ratios as a function of time are compared in
Fig. VI1-17 for both runs. During run FB-27-2438. the weight percent hydrocarbon distribution
shifted towards lower molecular weight products as the catalyst deactivated with time. The
shift tc lighter products was no: significant during run FA-27-2518, although the catalyst
was already deactivated during both balances (the average conversions were 57.5 and 47.3 %,
respectively, during the two balances). No strong trend in the olefin /paraffin ratios occurred
for either catalyst test. While it is difficult to distinguish between the effects of deactivation

and reduction procedure in these two runs, it appears that the higher reduction temperature
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Table \1-5. Summary of results for fixed bed run FB-27-2438. Catalvst reduced using CO at 280 °C
for 12 h. 3.0 Nl/g-cat-h.

Caualyst: 3.80 g°. 100 Fe/3.0 Cu/0.53 K Diluent: 38.1 g. Glass beads
’ Caztalvst voiume: 3.40 cc Diluent Volume: 25.0 cc
Period 1 2 3
Date 09/02/88 09/06/88 09/10/88
Time on Stream (k) T2U 167.0 264.0
Balance Duration (k) 6.8 7.0 6.8
Average Temperature (°C) 260. 260. 260.
Maximum A Temperature (°C)° 3.00 2.00 2.00
Pressure (M Pa) 1.48 148 148
H2/CO Feed Ratio .704 .704 704
Space Velocity (N1/g—cat-h)® 2.01 2,01 201
Space Velocity (N1/g-Fe-h) 2.95 2.95 295
GHSV (A~1) 268. 268. 268.
CO Conversion (%) 63.3 76.5 723
H-+CO Conversion (%) 8.4 721 67.8
H2/CO Usage .604 .606 598
STY (mols Ba+CO/g—~cat-h)® 070 065 061
Pco. - Pu./Peco - Pu.o 15.2 12.8 17.5
Weight % of Outlet
H. 1.36 163 1.84
H.O 1.97 1.81 1.23
Co 15.7 22.2 26.2
CO- 60.8 35.6 33.7
Hydrocarbons 4.4 15.0 14.4
Oxygenates 408 302 .236
Wax? 337 347 241
Yield (¢/Nm® Ha + CO Converted) H
CHs 12.6 144 154
C>—C4 Hydrocarbons 49.8 53.7 35.3
Cs—C11 Hydrocarbons 63.4 74.2 74.3
C12+ Hydrocarbons 70.2 56.8 47.7
Wax? 33.3 374 277
Oxygenates 4.05 3.25 2.71
Total 200. 202. 185.
1+2 Olefins/n-Paraffin Ratio
Ca 1.25 974 1.00
Cs 8.31 7.04 7.28
Cs 127 6.01 6.11
Cs 4.98 3.18 3.08
Cio 3.74 2.40 2.25
¢ Based on unreduced catalyst * Maximum axial temperature difference
¢ Based on catalyst volume © Unapalyzed products collected from hot trap
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Tabie VI-5 (cont’d). Summary of results for fixed bed run FB-27-2438. Catalyst reduced using CO at 280 °C
for 12 A. 3.0 Ni{jg—cat-h.

Period i1 T | 3
Weight % of Hvdrocarbons

CH4 6.41 7.25 7.99
Ethane 3.34 3.83 4.06
Ethvlene 3.90 3.48 3.79
Propane 1.10 1.35 1.38
Propylene 8.74 9.04 9.56
n-Butane 951 1.25 1.32
1+2 Butenes 6.68 T7.23 7.7
C4 Isomers .709 .780 .826
n~Pentane 1.35 1.90 2.04
1+2 Pentenes 5.82 6.22 6.74
Cs Isomers .440 .610 .680
n-Hexane 622 918 .807
1+2 Hexenes 341 4.03 3.48
Cs Isomers 726 814 693
n-~Heptane .591 1.000 864
1+2 Hepienes 2.96 3.50 3.06
Cr Isomers 842 1.17 .629
n~Octane 644 997 1.15
142 Octenes 2.90 3.12 350
Cs Isomers 785 .696 .706
n-Nonane 659 1.03 1.30
142 Nonenes 2.66 2.75 3.35
Cs lsomers .706 .S87 679
n~Decage 639 1.05 1.30
142 Decenes 2.35 2.47 287
Co Isomers 795 643 701
n—Undecage 608 1.04 1.20
142 Und=cenes 1.97 2.09 2.22
C:; Iscmers 668 .620 589
Ca=C, 25.4 27.0 28.7
Cs—Cy; 32.3 373 38.6
Cia+ 35.8 28.5 248
Wax? 27.2 L 18.8 144

¢ Unanalyzed wax collected from hot trap
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Table VI-6. Summary of results for fixed bed run FA-27-2518. Catalvst reduced using CO at 335 °C
for 24 h. 3.0 Nl/g—cat-h.

Catalyst: 3.43 g%, 100 Fe/3.0 Cu/05 K Diluent: 37.2 g. Glass beads
Catalyst volume: 2.50 cc Dilueat Volume: 24.5 cc
Period 1 2
Date 09/10/88 09/14/88
Time on Stream (h) 77.0 166.0
Balance Duration (#) 6.5 6.8
Average Temperature (°C) 260. 260.
Maximum A Temperature (°C)* 1.80 1.70
Pressure (M Pa) 1.48 1.48
H2/CO Feed Ratio 639 .639
Space Velocity (N1/g—cat-h)® 2.00 2.00
Space Velocity (N{/g-Fe-h) 2.95 2.95
GHSV (h~1)¢ 256. 256.
CO Conversion (%) 37.6 46.5
H,-+CO Conversion (%) 575 47.3
H./CO Usage 637 667
STY (mols H>+CO/g—cat-h)° 031 .042
Pco, : Pr,/Pca - Py,0 3.76 3.53
Weight % of Outlet
H, 1.87 2.26
H.0 1.92 2.31
CcO 40.5 51.0
CO- 421 32.3
Byvdrocarbons 10.1 891
Oxygenates 274 265
Wax? 3.25 2.95
Yield (¢/Nm° Ba + CO Converted) ,
CH, 18.2 18.7
C,—C4 Hydrocarbons 48.7 53.9
Cs—C,: Bydrocarbons 51.4 58.4
Cy2+ Hydrocarbons 66.3 70.0
Wax? 43.0 50.0
Oxygenates 3.79 4.48
Total 188. 205.
1+2 Olefins/n~Paraffin Ratio
C: 1.2% 1.40
Cs 7.84 8.11
Ca 7.08 7.41
Cs 467 5.31
Cro 4.13 4.39
% Based on unreduced catalyst ¢ Maximum axial temperature difference
¢ Based on reactor volume 4 {nanalvzed products collected from hot trap
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Table VI-6 {cont’d). Summary of results for fixed bed run FA-27-2518. Catalyst reduced using CO at 3335 °C
for 24 A. 3.0 N!/g=cat-h.

Period o2
Weight % of Hydrocarbons

CHa 9.86 9.29
Ethane 3.91 3.98
Ethylene 4.63 5.20
Propane 1.13 1.10
Propylene 8.47 §.51
n-Butane .959 900
1+2 Butenes 6.53 6.43
C4 Isomers 122 707
n—Pentane 146 1.41
1+2 Pentenes 5.93 7.00
Cs Isomers 439 807
n~Hexane .586 475
1+2 Hexenes 3.57 3.53
Cs Isomers 660 .805
n-Heptane 479 434
142 Heptenes 2.66 2.53
C- Isomers .489 314
n-Octane .482 402
142 Octenes 2.21 2.18
Cs lsomers 511 497
n-Ncnane 469 .405
142 Nonenes 1.97 1.95
Cs Isomers .387 349
n-Decane .476 448
142 Decenes 1.94 2.02
Cyo Isomers .502 .330
n-Undecane 451 439
1+2 Undecenes 1.73 1.84
Ci1 lsomers .425 491
Ca=C,4 264 26.8
Cs-C“ 27.8 29.1
Cia+ 359 31.8
Waxd 244 24.9

¢ Unanalyzed products collected from hot trap
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Figure VI-17.

I d |

Time on stream (h)

Effect of time on stream on catalyst selectivity for runs FB-27-2438 and FB-
27-2518 (100 Fe/3.0 Cu/0.5 K catalyst, 260 °C, 1.48 M Pa, 2.0 Nljg-cat-k,
H;/CO = 0.67 nominal}.
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