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L EXECUTIVESUMMARY

The following accomplishments were made on Task 4. Reproducibility of Catalyst
Preparation: (1) Five slurry reactor tests were completed. Three tests were conducted using
catalyst C (100 Fe/3 Cu/4 K/16 SiO2) from three different batches (runs SB-2695, SB-2145 and
SA-2715), and two tests were conducted with catalyst B (100 Fe/5 Cw/6 K/24 SiO2) from two
different preparation batches (runs SA-2615 and SB-2585). Performance of catalysts from
different batches (activity, selectivity and deactivation rates) was similar to that of catalysts from
the original batch (synthesized during DOE Contract DE-AC22-89PC89868). Thus, another
major objective of the present contract, demonstration of reproducibility of catalyst preparation
procedure and performance, has been accomplished. With these tests the work on Task 4, has
been successfully completed.

Two fixed bed reactor tests of catalysts B and C synthesized using potassium silicate
solution as the source of potassium promoter were completed during this period (Task 5. The
Effect of Source of Potassium and Basic Oxide Promoter). Activity of catalysts prepared using
potassium silicate as the source of potassium promotion was somewhat higher, and their methane
selectivities were higher than those of the corresponding catalysts prepared by incipient wetness
impregnation using KHCO3 as the source of potassium promoter. However, these differences
were not large, and may have been caused by experimental artifacts (e.g. existence of local hot
spots in a reactor). A slurry reactor test (SA-2405) of catalyst with nominal composition 100
Fe/5 Cu/5 K/2 Ca/24 SiO was completed (Task 5). In general, the catalyst activity, space-time-
yield, and hydrocarbon selectivities in this run during testing at : 260°C, 2.17 MPa (300 psig), 2 -
2.6 Nl/g-cat/h and Hp/CO = 0.67 were quite good, and comparable to the best results obta.ined in

our Laboratory.



II.  OBJECTIVES AND SCOPE OF WORK

* “Tiie overall coriract bbJeCUVes ‘are t0: (1) demonstrate repeatability of performance and -
preparation procedure of two high activity, high alpha iron Fischer-Tropsch catalysts synthesized
at Texas A&M University (TAMU) during the DOE Contract DE-AC22-89PC89868; (2) seek
potential improvements in the catalyst performance through variations in process conditions,
pretreatment procedures and/or modifications in catalyst synthesis; (3) investigate performance
of catalysts in a small scale bubble column slurry react;)r, and (4) investigate feasibility of
producing catalysts on a large scale in collaboration with a catalyst manufacturer. In order to
achieve these objectives the work is divided into a number of tasks, which are described below

together with the time schedule for their execution.

Task 1. Project Work Plan (April 1-April 30, 1994)

The objectives of this task are: (1) Prepare in detail all activities which shall be performed
for the successful completion of the work for the entire duration of the contract; and (2) Provide
a project work chart showing the key personnel/groups planned for each task, and the percentage

of their time to be devoted to individual tasks.

Task 2. Engineering, Modification and Training of New Personnel (April 1-September 30, 1994)

The objective of this task is to perform the engineering design, procurement of new
equipment, installation of the instruments and auxiliary gas supply lines and to provide training

for new personnel prior to catalyst testing in laboratory reactors.

Task 3. Testing of Previously Synthesized Catalysts (October 1, 1994 - March 31, 1995)

The purpose of this task is to verify reproducibility of results obtained previously at
TAMU with catalysts designated B (100 Fe/5 Cu/6 K/24 SiO3) and C (100 Fe/3 Cw4 K/16
Si02). The catalysts from the same preparation batch shall be used, and the same pretreatment
and process conditions shall be employed as in the previous slurry reactor tests of these two

catalysts.



gsk 4, Reprgdumblhl_y of g:atalygt Preparation (October 1, 1994 - September 30, 1995)

" The objéctivé”of this fask is to demonstrate reprodu01b111ty of catalyst preparauon
procedure on a laboratory scale. Catalysts B and C will be synthesized following procedures
developed at TAMU. Catalysts with satisfactory physico-chemical properties will be initially
tested in a fixed bed reactor for screening purposes (5 day tests). Following this the two catalysts
will be tested in a stirred tank slurry reactor (STSR) using standard pretreatment and process
conditions. The activity, selectivity, deactivation behaviot of these new catalyst batches will be

compared to that of the catalysts from the original (existing) batches.

Task 5. The Effect of Source of Potassium and Basic Oxide Promoter (October 1, 1994 -

December 31, 1995)

The objective of this task is to determine effects of two different sources of potassium
and addition of another promoter on the catalyst performance. Catalysts B and C will be
synthesized using potassium silicate solution as the source of potassium promoter, and
performance of these catalysts will be compared with that of catalysts synthesized using our
standard procedure (i.e. using potassium bicarbonate as the source of potassium promoter).

The effect of CaO promotion on performance of catalysts B and C (two levels of
promotion per catalyst) shall be investigated. Synthesized catalysts will be tested first in a fixed
bed reactor, and if the satisfactory results are obtained the most promising catalyst formulations

will be tested in the STSR.

Task 6, Pretreatment Effect Research (October 1, 1995 - November 30, 1996)

The effect of four different pretreatment procedures, in addition to the baseline procedure,
on the perfot‘mance of catalyst B (or C) will be studied in a STSR. Tn addition to STSR tests, the
pretreatmetlt effects will be studied by thermogravimetric analysis (TGA) , differential thermal
analysis (DTA) and temperature programmed reduction (TPR). Iron phases in the catalyst will
be determined by X-ray powder diffraction (XRPD).



Task 7. Calcination Effect Research (October 1, 1995 - July 31, 1996)
© e g éfféct of calcination temperature (300-500°C) on'thé catalyst physical propérties and ~
performance during FT synthesis shall be studied in a fixed bed reactor and a STSR. In addition
to the baseline calcination temperature of 300°C, the calcination temperatures of 400 and 500°C
will be employed in a fixed bed reactor with flowing air. Also, the effect of rapid heating (flash

calcination) on performance of catalysts B and C shall be investigated.

Task 8. Catalyst Characterization (December 1, 1994 - March 28, 1997)

The objectives of this task are: (1) Provide basic characterization (by AA, BET, XRPD)
of synthesized catalysts, and used catalysts (by XRPD, Mdssbauer spectroscopy) in support of
other tasks of the project; (2) Attempt to identify and quantify "surface" species on the catalyst
after exposure to CO and/or synthesis gas by temperature programmed techniques (TPR/ TPD/

TPO/ TPRX) coupled with on-line gas analysis by mass spectrometry and gas chromatography.

Task atalyst Testing in a Bubble Column Slurry Reactor (October 1, 1996 - March 28, 1997)

A laboratory bubble column slurry reactor (BCSR) shall be designed, constructed and
used for testing of catalysts B and C to quantify differences in.the reactor space-time-yield and
hydrocarbon selectivities between the STSR and the BCSR. This unit will be approximately 2.5
cm (~1 in) in diameter and 1.5 m (~5 ft) tall, with the effective (unexpanded or static) slurry

volume of about 500 cm3.

Task 10. Scale-Up of a Catalyst Synthesis Procedure (April 1, 1996 - March 28, 1997)

By the end of the first eighteen months of this project, the repeatability of the cgtalyst
performance and catalyst preparation procedure shall be demonstrated. Subsequently, if the
performance of the catalysts is found satisfactory by DOE the Contractor shall work with a
catalyst manufacturer on synthesis of a large batches (~100 Ib) of catalysts B and C. The cost
estimate for the catalyst preparation will be provided upon reviewing details of the preparation
procedure, and submitted to DOE for approval. Upon the DOE approval the Contractor will test

catalysts synthesized by a catalyst manufacturer in a STSR.




0. DETAILED DESCRIPTION OF TECHNICAL PROGRESS
IOL 1 Task 1. Project Work Plan
The work on this task was completed. No additional activity to report.

IIL 2 Task 2. Engineering Modifications and Training of New Personnel

The work on this task was completed. No additional activity to report.

IIL. 3 Task 3. Testing of Previously Synthesized Catalysts

The work on this task was completed. No additional activity to report.

IIL. 4 Task 4. Reproducibility of Catalyst Preparation

Five stirred tank slurry reactor (STSR) tests were conducted during the past quarter.
Catalyst C with nominal composition 100 Fe/3 Cu/4 K/16 SiO2 from batch #4 (S-3416-4) was
evaluated in 2 STSR run SB-2145, to check reproducibility of reactor performance by comparing
results from this test with those obtained in run SA-1665 with the same catalyst (Quarterly
Report April - June, 1995). Two additional tests were conducted with catalyst C (100 Fe/3 Cw/4
K/16 Si02) from batch #2 (SB-2695) and batch #3 (SA-2715) to determine reproducibility of
catalyst preparation procedures, by comparing performance of catalysts from different
preparation batches. Also, two STSR tests were conducted with catalyst B (100 Fe/5 Cu/6 K/24
SiO2) from batch #4 (run SA-2615) and batch #5 (run SB-2585) to determine performance of

catalyst B from different batches.

II. 4.1 Run SB-2145 with 100 Fe/3 Cu/4 K/16 SiO2 (batch 4) Catalyst .

About thirty grams of the catalyst (< 270 mesh in size) from batch 4 (S-3416-4) was
loaded for the test, together with 349 g of Durasyn (Ethylflo) 164 oil (a hydrogenated 1-decene
homopolymer liquid - C3(, obtained from Albemarle Co.). After the reduction with H? at 240°C
for 2 h, the catalyst was tested at 260°C, 1.48 MPa (200 psig), 1.4 Nl/g-cat/h and syngas molar
feed ratio of 0.67 (H2/CO = 0.67). Major events during the run are shown in Table 1 and

detailed results from six mass balances are summarized in Table 2.




During 400 h of testing, the syngas conversion decreased from 82 to 59 % (Figure 1 a).

"Diiffing thé simé’ time’period the iSage ratio; 2 measure of the water-gas-shift (WGS) activity,

varied between 0.55 and 0.57. Methane selectivity increased from 1.5 mol% (Figure 1b) to 3.5%
during the first 200 h of testing, and then stabilized at about 3.3-3.5 %. Similarly, the lumped
selectivity of C1 + C2 hydrocarbons increased from 3.4 to 7 %, and then remained fairly stable at
about 7 mol% (Figure 1c), whereas C2 - C4 hydrocarbon selectivity was between 10 and 14 %
(not shown in Figure 1), ’

Results from a previous test of this catalyst (SA-1665) are also shown in Figure 1 for
comparison. As can be seen, the syngas conversion (catalyst activity), and gaseous hydrocarbon
selectivities (methane, and C1 + C2 hydrocarbons) were similar to each other, during the first
100 h of testing. After 100 h on stream the catalyst in run SB-2145 deactivated more rapidly,
and had higher methane and Cj + C2 hydrocarbons selectivities, in comparison to the catalyst
performance in run SA-1665. Activities in the two tests, in terms of the apparent first order
reaction rate constant, are compared in Figure 2. Deactivation rate in run SA-1665 was about 0.9
% per day, and 2.6 % per day in run SB-2145. Reasons for higher deactivation rate in SB-2145
and shift towards lower molecular weight products are not known at the present time. They may
be caused by subtle changes in the operating procedures (three slurry sample withdrawals during
the test, see Table 1) or by catalyst poisoning by sulfur impurities in the feed. In run SB-2145
we used about 30 g of catalyst, whereas about 10 g was used in run SA-1665. Thus, higher gas
flow rates were employed in run SB-2145, and this may have resulted in the catalyst poisoning.
At about 215 h on stream, we installed a sulfur removal trap in the gas feed line, but this did not
result in decrease of the catalyst deactivation rate (see Figure 2), however, the catalyst selectivity
stabilized at this point (no further increase in methane and C1 + Co hydrocarbons selectivities

with time on stream).



-4.2 Runs SA-2715 and SB-2695 and Comparison of data from STSR tests of Catalyst

During this quarter two additional tests were conducted with catalyst C from batch 2 (run
SB-2695) and batch 3 (run SA-2715), and selected results from these two tests are shown in
Figures 3 and 4, together with results from all other tests of the catalyst C. Results from three
tests of catalyst C (runs SB-0261, SB-0045 and SA-0705) from the original preparation batch (S-
3416-1) were described previously (Quarterly Technical Pr'ogress Report for the period January-
March, 1995), as well as results from run SA-1665 - batch 4 catalyst (Quarterly Technical
Progress Report for the period April-June, 1995). However, selected results from these four
tests, are also shown here together with results from runs SB-2145 (batch 4), SB-2695 (batch 2)
and SA-2715 (batch 3) to allow us to assess the effects of both catalyst preparation (tests of
catalysts from different batches) and testing procedure (multiple tests of the catalyst from the
same batch) on the catalyst performance. Tests SB-2695 and SA-2715 lasted about 120 h,
whereas the other tests were of longer durations, but here we show results obtained during the
first 120 h on stream, only.

Catalyst activity was similar in all seven tests. For example, syngas conversions (Figure
3a) were between 78 and 84 % (i.e., 81 + 3%), whereas the apparent rate constant values (Figure
4) were between 225 and 290 mmol/g-Fe/h/MPa (mean value of about 250 mmol/g-Fe/h/MPa).

Methane (Figure 3b) and Cj + C3 selectivities (Figure 3c) were also similar in all seven
tests. At about 100 h on stream, a mean value of methane selectivity from all seven tests is 2.6
%, whereas the minimum value is 2.1 % (SA-2715) and maximum 3.1 % (runs SB-2145 and SA-
0705). Also, a mean value of C + C3 selectivity at about 100 h on stream is 5.7 %, whereas the
minimum and the maximum are: 4.8 % (SA-2715) and 6.5 % (SA-0705), respectively.

In summary, reproducibility of catalyst synthesis and testing procedures may be
considered as satisfactory for this catalyst. Lower methane and gaseous hydrocarbon
selectivities obtained in tests with catalysts from batches 1-3, in comparison to the catalyst from

batch 4, are consistent with higher potassium loadings of these catalysts (Table 3).



During this quarter two additional tests were conducted with catalyst B from batch 4 (run
SA-2615) and batch 5 (run SB-2585). The catalysts were tested at 260°C, 1.48 MPa, Hy/CO =
0.67 and gas space velocities of 2.15 Nl/g-cat/h (during the first 40 h on stream) and 1.8 Nl/g-
cat/h during the next 80 - 100 h on stream. Selected results are shown in Figures 5 and 6,
together with results from all other tests of the catalyst B. .Results from three tests of catalyst B
(runs SB-1931, SB-3354, and SB-0665) from the original preparation batch 1 (S-5624-1) were
described previously (Quarterly Technical Progress Report for the period January-March, 1995),
as well as results from run SB-1295 with batch 3 catalyst (Quarterly Technical Progress Report
for the period April-June, 1995). However, selected results from these four tests, are also shown
here to allow us to assess the effects of both catalyst preparation (tests of catalysts from different
batches) and testing procedure (multiple tests of the catalyst from the same batch) on the catalyst
performance. Elemental analysis and textural properties of catalysts tested are summarized in
Table 4.

Comparison of catalyst activity in terms of (H2+CO) conversion and the apparent first
order rate constant, k, obtained in six STSR tests with the 100 Fe/5 Cu/6 K/24 SiO) catalyst is
given in Figures 5 and 6, respectively. Syngas conversions in all six tests are within 10% of the
mean value of conversion, i.e. 71 + 6 %. Catalyst from batch 5 (run SB-2585) was the least
active (66-71 % conversion), whereas the catalyst from batch 4 (SA-2615) was the most active
(74-77 % conversion). Comparison of catalyst activity is observed better in Figure 6, where the
apparent first order rate constant, k, is plotted as a function of time. The catalysts deactivated in
all six tests. The rate of deactivation was the lowest in run SB-1931 with batch 1 catalyst,
however, this was not observed in the other two tests of the catalyst from batch 1 (runs SB-3354
and SB-0665). At about 100 h on stream numerical values of the apparent rate constant were

between 248 mmol/g-Fe/h/MPa (SB-2585) and 301 mmol/g-Fe/h/MPa (run SA-2615).



Methane and C1+C2 selectivities are also shown in Flgure 5. S1m11ar values of

e 'selectwmes were obtained in ‘all three 5ts of the catalyst from batch 1 (runs SB-1931, SB-3354,

and SB-0665), and in run SB-2585 with batch 5 catalyst, whereas higher values were obtained in
tests with batch 3 (SB-1295) and batch 4 (SA-2615) catalysts. A possible reason for higher
methane and C1+C2 selectivities obtained in run SB-1295 is that potassium content of batch 3
catalyst is lower than that of the other batches (5._2 K per 100 Fe (batch 3) vs. 6.2 - 7.8 K per 100
Fe in other batches). However, the catalyst from batch- 4 (SA-2615) had higher potassium
loading (6.5 K per 100 Fe) than the catalyst from batch 3, and yet its methane and C1+C2
selectivities were higher. The reasons for this are not understood at the present time, and perhaps
future catalyst characterization studies by XRD and Mossbauer spectroscopy may provide
rationale for the observed results.

On the basis of results obtained during the current quarter, with catalysts from different
batches we conciude that reproducibility of catalyst preparation procedure may be regarded as
satisfactory. In general, catalysts from different preparation batches had similar performance
(activity, selectivity and deactivation rates). The work on this task has been successfully

completed.

IOL S Task 5. The Effect Of Source of Potassium and Basic Oxide Promoter

During the reporting period we completed two fixed bed reactor tests of catalysts B (100
Fe/5 Cu/6 K/24 SiO2) and C (100 Fe/3 Cu/4 K/16 SiO3), which were synthesized previously
(Quarterly Technical Progress Report for the period April-June, 1995), using potassium silicate
solution as a source of potassium promoter. Prior to Fischer-Tropsch synthesis the catalyst‘s were
reduced in-situ with hydrogen at atmospheric pressure, and 240°C for 2 h (catalyst C - run FB-
1985), or at 250°C for 4 h (catalyst B - run FA-1795). After the conditioning period of about 24
h, during which the reaction temperature was gradually increased from 210 to 250°C, the
catalysts were tested at : 250°C, 1.48 MPa (200 psig), 2 Nl/g-cat/h using syngas with Hy to CO

molar feed ratio of about 0.67. Test duration was about 120 h including the conditioning period.



Also, we completed a stirred tank slurry reactor test of catalyst v_vit_h.nomi_nal composition
100 Fef5 Cilfs K/ Cal 34 SIO, (it SA-2405). "This catalyst was tésted previously iri 4 fixed bed *
reactor run FB-1425 (Quarterly Technical Progress Report for the period April-June, 1995).

Fixed Bed Reactor Tests of Catalysts B and C
II. 5. 1 Run FB-1985 with 100 Fe/3 Cu/4 K/16 SiO7 Catalyst

Results illustrating variations in catalyst activity and gaseous hydrocarbon selectivities
with time are shown in Figures 7 and 8. Results from the previous test FB-1605 of catalyst C
prepared using potassium bicarbonate (KHCO3) as the source of potassium promoter are also
shown for comparison. The syngas conversion and the usage ratio in test FB-1985 were stable
with time, and their numerical values were about 80 % and 0.61, respectively (Figure 7).
Methane selectivity (Fig. 8a) was between 6 and 7 mol %, and gaseous (C2 - C4) hydrocarbon
selectivity (Fig. 8b) was between 20 and 22 mol %.

By comparison, the catalyst synthesized using KHCO3 as the source of potassium (FA-
1605) was less active (syngas conversion of about 72 %), and had lower methane selectivity (5.1

- 5.9 mol %). Its usage ratio (0.59) and (C2 - C4) hydrocarbon selectivity (21-24 %) were

similar to the corresponding values obtain in run FB-1985 (Figures 7b and 8b).

HI. 5.2 Run FA-1725 with 100 Fe/5 Cu/6 K/24 SiQ, Catalyst

Catalyst FIS activity, measured by syngas conversion, and the water-gas-shift (WGS)
activity, measured by usage ratio (lower usage ratio implies higher WGS activity) increased
slightly during 120 h of testing (Figure 9). After the catalyst had reached the steady state (at
about 50 h on stream) methane selectivity varied between 6.6 and 7.3 mol %, whereas G2 - C4
selectivity was between 21 and 23 % (Figure 10).

Results from run FB-1715, of the catalyst B synthesized using KHCO3 as the source of
potassium promoter, are also included for comparison. The activity of this catalyst decreased
during the first 60 h of testing, and then stabilized at about 64 %, which is lower than that

obtained in run FA-1795 (68-70 %). The usage ratio in run FB-1715 was about 0.59 (Figure 9b)
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implyipg a slightly higher WGS activity in comparison to run FA-1795. Methane selectivity in
" riit FB-1715"was Iower (5- 5.5'1i61'%) than that in un FA-1795"(Figure 104), whercas gaseous
C2 - C4 hydrocarbon selectivities were similar in both tests (Figure 10b).

Concluding Remarks on the Effect of Source of Potassium Promotion

Two catalysts (B and C) were prepared by using different methods of potassium
promotion. Baseline catalysts were prepared by _incipient wetness impregnation of Fe-Cu-SiOy
precursor with an aqueous solution of KHCO3. In a modiﬁed procedure, aqueous solution of
potassium silicate is added to the Fe-Cu precursor as a source of silicon oxide, and then the
excess amount of potassium is removed by washing to get a desired level of potassium
promotion. Elemental analysis and textural properties of catalysts prepared by different methods
are shown in Table 5. In general, differences in textural properties (surface area and pore
volume) of catalysts prepared by these two procedures, as well as in the elemental analysis are
within 20 %.

Some differences in catalyst performance were noticed in fixed bed tests of catalysts B
and C prepared by different methods. In both cases, the activity of catalysts prepared using
potassium silicate as the source of potassium promotion was somewhat higher, and their methane
selectivities were higher than those of the corresponding catalysts prepared by incipient wetness
impregnation using KHCO3 as the source of potassium promoter. However, these differences
are not that large, and may have been caused by experimental artifacts (e.g. existence of local hot
spots in a reactor). Before making any definite conclusions about the importance of method of
addition of potassium promoter, we plan to evaluate one of these two catalysts in a slurry reactor.
This test will provide information on catalyst long term performance under conditions of better

" ‘temperature control.
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III. 5. 3 Run SA-2405 with 100 Fe/5 Cw/S K/2 Ca/24 SiQy Catalyst

7" This catalyst was testéd previously fn a fixed bed teactor”(funi FB-1425), and its’

performance was found to be similar to that of the baseline B catalyst (100 Fe/5 Cw/6K/24 SiO»3),
as described in the last quarterly report (Quarterly Technical Progress Report for the period
April-June, 1995).

For this test about 9.5 g of the catalyst was loaded into a slurry reactor with 312 g of
Durasyn 164 oil. After the reduction with hydrogen at 250°C for 4 h, the catalyst was tested
initially at: 260°C, 1.48 MPa, 2.2 Nl/g-cat/h and Hyp/CO = 0.67. Major events during the run are
shown in Table 6, and results from complete mass balances are given in Table 7.

Syngas conversion decreased rapidly from 75 % to 69 % during 40 h of testing at the
above process conditions (Figure 11a). Between 41 and 239 h on stream, the catalyst was tested
at a lower gas space velocity of 1.8 Nl/g-cat/g (the other conditions being the same). Upon
decreasing the gas space velocity the syngas conversion increased to 73 %, but then started to
decline reaching 69 % at about 90 h on stream. Between 90 and 237 h, the syngas conversion
was very stable. During testing at SV =2.2 and 1.8 Nl/g-cat/h, methane (Fig. 11b), and gaseous
hydrocarbon selectivities (Fig. 12) first increased with time, and then began to level off at about
150 h on stream.

Between 240 and 477 h the catalyst was tested at 260°C, 2.17 MPa, 2.6 Nl/g-cat/h and
H2/CO = 0.67. Syngas conversion decreased with time slightly, reaching 61 % at 470 h on
stream. During this time period methane and gaseous hydrocarbon selectivities decreased
dramatically (Figs. 11b and 12). For example, methane selectivity decreased from 5.3 % at 237
h, to 3.2 % at 470 h, and similar trends were observed with C1 + C2 and C2-C4 selectivities

(Figure 12).

Between 477 and 555 h on stream the catalyst was tested at 260°C, 2.17 MPa, 2.0 Nl/g-
cath and Hp/CO = 0.67. During this period the syngas conversion was between 68 and 71 %,

whereas hydrocarbon selectivities remained stable (Figures 11 and 12).

12
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At this time it was decided to perform in situ catalyst activation with pure CO at 280 °C

| for 12 1 (5567568) inatiéiiipt 6 inciehse the catalyst activiey. " After fhe attivation the catalyst -

was tested at: 260°C, 1.48 MPa, 1.8 Nl/g-cat/h and Hp/CO = 0.67 (the same process conditions
used between 41 and 239 h on stream) for the next 28 h. At 597 h the syngas conversion reached
69 %, which is the same as the value at 237 h on stream, indicating that the activation procedure
was effective in improving the catalyst activity. Hydrocarbon selectivities at 597 h were similar
to the corresponding values at 237 h on stream. '

At 598 h the process conditions were changed to: 260°C, 2.17 MPa, 2.0 Nl/g-cat/h and
H/CO =0.67. These conditions were employed immediately before the CO activation (477-555
h on stream). The syngas conversion at 606 h was about 75 %, which is significantly higher than
65 % at 555 h on stream, but it declined during the next 80 h of testing reaching 70 % at 690 h.
Methane, and gaseous hydrocarbon selectivities were initially significantly higher than their
corresponding values at 555 h on stream, but continued to decline and at 690 h were approaching
their respective values before the CO activation. These data indicate that the increase in activity
following the CO activation was of a temporary nature, and was accompanied by increase in
gaseous hydrocarbon selectivities. The latter may be due to reaction between syngas and excess
surface carbon, which was deposited during the CO activation. The test was terminated

voluntarily at 693 h, immediately after a slurry sample withdrawal for catalyst characterization.

mparison of Results from Runs SA-2405 and SB-12

Results obtained in run SA-2405 with the catalyst containing CaO promoter are
compared with those obtained in run SB-1295 with catalyst B (100 Fe/5 Cw/6K/24 SiOz.) from
batch 3, in Figures 13-15. The same Fe-Cu-SiOs precursor was used in preparation of these two
catalysts.

Activity comparisons are made in Figure 13a (in terms of syngas conversions) and Figure
14 (in terms of the apparent reaction rate constant). During the first 120 h on stream, the catalyst
B was slightly more active than CaO containing catalyst (higher apparent rate constant), whereas

after that the latter catalyst was more active. This is primarily due to the fact that the CaO
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containing catalyst (SA-2405) maintained its activity better than the catalyst B (SB 1295) The

" catalyst B had’a Faister deactivation fats than the CaO catalysL

During testing at 1.48 MPa (200 psig) catalyst B had either similar (first 30-40 h on
stream) or lower methane (Figure 13b), C1+C2 (Figure 15a) and C2-C4 (Figure 15b)
hydrocarbon selectivities than the CaO containing catalyst. However, when the pressure was
increased to 2.17 MPa (at 237 h on stream) in run SA-2405, methane and gaseous hydrocarbon
selectivities started to decrease and at 300 h were similar t;) those obtained in test SB-1295 (here
the system pressure is still 1.48 MPa). The data show that hydrocarbon selectivities of the CaO
containing catalyst are dependent upon the reaction pressure, whereas this was not observed in
tests with catalyst C (without CaO promoter) - e.g. see Figure 1. We plan to investigate this
further in future tests. In general, the catalyst activity, space-time-yield, and hydrocarbon
selectivities in run SA-2405 at 2.17 MPa(300 psig) were quite good, and comparable to the best

results obtained in our Laboratory.

IIL. 6 Task 6. Pretreatment Effect Research

The work on this task is not scheduled to begin yet. No activity to report.

III.7 Task 7. Calcination Effect Research

The work on this task is not scheduled to begin yet. No activity to report.

III. 8 Task 8. Catalyst Characterization

During the reporting period we received results from Mdssbauer spectroscopy
measurements, conducted at CFFLS (University of Kentucky), on five used catalyst s‘amples
from slurry reactor tests conducted under Task 3 of our contract. The iron phases present in
catalyst samples withdrawn from the reactor at the end of test are summarized in Table 8.
Numerical values of syngas conversions and methane selectivities obtained during the last 100 h
of testing are also shown in this Table. The following observations are made from these results.

(1) Syngas conversion was low (14 %) in the presence of magnetite and

superparamagnetic phase (probably iron oxide) - run SB-3064. Previously (Quarterly Technical

14



'Progrgss quprt October - December 1994), we suggested that a possible reason for low activity
" in'this" 8t 1§°the Presencé of imputities in the infdial sturry mediuin. These ifipuritics may have
prevented formation of active iron phases during the reduction and synthesis. In all other tests in
which the catalyst was active the iron carbides were present (Table 8).

(2) Catalyst B, which contains 24 parts of SiOy per 100 parts of Fe, tends to form ¢'-
carbide during FTS (runs SB-0665 and SB-1295_), whereas in catalyst C (16 parts of SiO7 per
100 parts of Fe) y-carbide was formed (runs SB-0045 and SA-0705). It is not clear whether this
is due to differences in silicon oxide loadings, or due to differences in process conditions
employed in different tests. Namely, in runs SB-0045 and SA-0705 with catalyst C, the catalyst
was tested at both 1.48 MPa and 2.17 MPa, whereas in runs SB-0665 and SB-1295, the catalyst
B was tested at 1.48 MPa, only.

(3) Methane selectivities were lower in tests were ¥-carbide was present (Catalyst C), in
comparison to those were €'-carbide was present. Further data are needed to confirm generality

(if any) of this observation.

L. 9 Catalyst Testing in a Bubble Column Slurry Reactor

The work on this task is not scheduled to begin yet. No activity to report.

I 10 Scale-up of Catalyst Synthesis Procedure

The work on this task is not scheduled to begin yet. No activity to report.

Plans for the Next Quarter

During the next quarter we plan to: (a) complete testing of catalysts containing QaO as
promoter and/or catalysts with different source of potassium in slurry reactors (Task 5); (b)
initiate work on Tasks 6 and 7 of the contract, and (c) continue with catalyst characterization of

catalysts at various stages of usage (Task 8).

15
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Table 1. Major Events in Run SB-2145 with 100 Fe/3 Cu/4 K/16 SiO2 Catalyst | .
s e £ fﬁéﬁéﬁﬁ)ﬁ i L e e e e e st b b e e s ben e
TOS (h) Event
Slurry loading: 349 g of Durasyn 164 oil, 30 g of catalyst (particle size< 270
mesh) )
Catalyst pretreatment: Hp_ 240°C, 0.78 MPa.
Slurry withdrawal through dip tube: 13 g slurry, 1.06 g catalyst
Wax withdrawal through filter: 50.9 g of wax
0 Initiate synthesis gas flow, achieve process conditions: T = 260°C, P = 1.48 MPa,
SV = 1.4 Nl/g-cat/h, (H2/CO) = 0.67
67 Slurry sample withdrawal: 10.5 g slurry, 0.97 g catalyst
145 Slurry sample withdrawal: 10.1 g slurry, 0.9 g catalyst
213 Slurry sample withdrawal: 8.4 g slurry, 0.74 g catalyst
215 Seal reactor under helium, add a CARUSORB 200 sulfur-removal trap in the feed
line
216 Resume synthesis
401 Slurry sample withdrawal: 11.7 g slurry, 1.1 g catalyst
402 End of run: 205 g slurry recovered from the reactor

Wax and catalyst removed during the run: 1204 g wax, 4.8 g catalyst
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Table3. Elemental Analysis and Textural Properties of 100 Fe/3 Cu/4 K/16 SiO5 Catalysts

Batch # Code Composition BET Surface Area Pore Volume

100 Fe

x Culy K/z SiO; m%/g cm3/g

1 S-3416-1 3.5/5.8/17.0 257 0.66
3.0/6.7/15.5 (@ 245 (2) 0.65 (@)
30/59/155®)

2 S-3416-2 35/6.5/18.1 315 0.43

3 S-3416-3 32/69/19.8 291 0.43

4 S-3416-4 3.1/3.6/19.0 306 0.45

(a): Final DOE Report for contract DE-AC22-89PC89868, (1994).
(b): measurements conducted at UOP.



' Table 4 Elemental Ana1y51s and Textural Propertles of 100 Fe/5 Cu/6 K/24 SlOz Catalysts

ERX TN

Prss

Batch #

Code

BET Surface Area Pore Volume

Composmon
100 Fe
x Culy K/z SiOp m2/g cm3/g
1 S-5624-1 5416.2/24.0 235 0.71
51/8.1/260 @ 222 (2) 0.68 (2)
55/6.6/24.0 ®)
3 S-5624-3 48/52/24.2 284 0.51
4 S-5624-4 5.2/6.5/23.2 299 0.48
5 S-5624-5 52/7.8/7/29.1 287 0.54

(a): Final DOE Report for contract DE-AC22-89PC89868, (1994).
(b): measurements conducted at PETC, DOE.



Table 5. Elemental Analysis and Textural Properties of Selected Catalysts-

B2 e A e A L BRI A Ty e e

Catalyst Composition BET Surface Area Pore Volume
Code 100 Fe/w Ca m2/g cm3/g

x Cu/y K/z SiO2
S-3416-4 /3.1/3.6/190 306 0.45
S-3416-4-K 13.2/5.6/20.6 277 0.41
S-5624-3 /148715217242 284 0.51
S-5624-3-2Ca 22/55/5.0/21.7 221 0.46

S-5624-5-K /5.2716.6/30.2 270 0.59




Table 6.

- Major Events in Run SA-2405 with 100 Fe/5 Cw/5 K/2 Ca/24 S102 Catalyst
1 (Batch 3 of Fe-Cu-S8i09 precursor) o S

TOS (h) Event
Slurry loading: 312 g of Durasyn 164 oil, 9.45 g of catalyst (particle size< 270
mesh) ) _
Catalyst pretreatment: H2, 250°C, 0.78 MPa for 4 h
Wax withdrawal through filter: 51.2 g of wax
0 Initiate synthesis gas flow, achieve process conditions: T = 260°C, P = 1.48 MPa,
SV =2.2 Nl/g-cat/h, (H2/CO) =0.67
41 Change space velocity to: SV = 1.8 Nl/g-cat/h

239 Change process conditions: P =2.17 MPa, SV = 2.6 Nl/g-cat/h

377 Power failure for 30 minutes

477 Change process conditions: P =2.17 MPa, SV = 2.0 Nl/g-cat/h

550 Slurry sample withdrawal: 26 g slurry, 0.95 g catalyst

556 Catalyst interim treatment: CO, 280°C, 1.48 MPa for 12 h

568 Resume synthesis, achieve process conditions: T = 260°C, P = 1.48 MPa,
SV = 1.8 Nl/g-cat/h, (H2/CO) = 0.67

598 Change process conditions: P =2.17 MPa, SV = 2.0 Nl/g-cat/h

693 Slurry sample withdrawal: 26 g slurry, 0.85 g catalyst

693 End of run: 250 g slurry recovered from the reactor

Wax and catalyst removed during the run: 727 g wax, 1.8 g catalyst
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Figure 1. Change in (a) (H2+CO) conversion, (b) methane selectivity and (c) C1+C2
selectivity with time on stream in run SB-2145 with the 100 Fe/3 Cuw/4 K/16 Si02
catalyst (batch 4), and their comparison with run SA-1665.
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Figure 3. Comparison of data from STSR tests of Catalyst C (100 Fe/3 Cu/4 K/16

Si02): (a) (H2+CO) conversion, (b) methane selectivity and (c) C14C2 selectivity with

time on stream.
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time on stream between runs SB-1295 (100 Fe/5 Cu/6 K/24 SiO7 catalyst) and SA-2405
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