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I. Executive Summary

Three tests have been completed during the past quarter using the Ruhrchemie catalyst LP
33/81 (100 Fe/4.3 Cu/4.1 K/25 SiO, in parts per weight). The objectives of these tests were to
study the effect of pretreatment (activation) procedures on the catalyst performance during Fischer-
Tropsch synthesis, and to familiarize new personnel with the reactor operating procedures, product
analysis by gas chromatography, and the data reduction using the existing software.

In a fixed bed rersictor test designated FA-99-3509, the catalyst was activated using
manufacturer’s procedure (H, reduction at 220°C for 1 h). The test was terminated voluntarily
after 1170 h on stream. The catalyst was very stable during the first 1020 h on stream, but its
activity at the end of the run (1020-1070 h) was lower than that during the first 450 h on stream.
The (H,+CO) conversion at 258°C, 200 psig, 2.5 Ni/g Fe/h, H,/CO = 0.67 was high (85-89%).
Hydrocarbon selectivity shifted gradually towards lower molecular weight products with time-on-
stream and with increase in reaction temperature. For example, methane selectivity varied between
4.3 and 7.1 wt% (at 250°C, during the first 500 h on stream), and between 8 and 11% (at 258°C,
520-1020 h on stream).

The same activation procedure was employed in run SB-99-0440. The catalyst was
reduced in a fixed bed reactor and then transferred to a slurry reactor, where it was exposed to the
synthesis gas with H,:CO molar ratio of 2:3 at 200 psig (reaction temperature was either 250 or
258°C, and the space velocity 2 or 1.3 N//g-cat/h). The catalyst stability was good during the first
420 h on stream, but the (H,+CO) conversion was low (~30% at 250°C, SV = 2 Ni/g-cath; 41%
at 258°C, 1.3 Ni/g-cat/h). Hydrocarbon selectivities were erratic due to problems in the product
collection, handling and problems with one of the gas chromatograph (Carle 400 used for the tail
gas analysis).

The effect of reduction temperature (H, at 280°C for 1 h) was studied in the test FB-99-
0750 at 250°C, 200 psig, 2 Ni/g-cat/h, and Ho/CO =1 or 0.G. over 330 h on stream. The catalyst
lost activity during the first 200 h of testing, an. methane selectivity was unusually high (26-44%).
We plan to repeat this test at some later time. The work on Task 3 Improved Iron/Silica Catalysts

-

has been initiated in March. The catalyst synthesis apparatus has been assembled.
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II.  Objective and Scope of Work

The objective of proposed research is development of catalysts with enhanced slurry phase
activity and better selectivity to fuel range products, through a more detailed understanding and
systematic studies of the effects of pretreatment procedures and promoters/binders (silica) on
catalyst performance. In order to accomplish this objective, the work shall be divided into several

tasks which are described in the following subsections.

Task 1 — Project Management

Within 60 days of project initiation, the contractor shall prepare and submit to the DOE Project
Manager a detailed project work plan covering the entire period of performance of the project. The
plan shall present, ip detail, all activities that will be performed to successfully complete proposed
research and its shall consist of the following: (1) detailed description of the methods and tcchn'ical
approach that shall be used to achieve the objectives of this project; (2) a detailed project schedule
for each task or other logical segment of work to be performed; (3) graphs reflecting cumulative
estimated costs and person-hours expended by month for each task or other logical segment of
work, and for the total project effort; (4) a project work chart showing the key personnel/groups
planned to work on each task and percentage of their time devoted to the tasks; and (5) a Work
Breakdown Structure (WBS) dictionary to establish the framework for contract execution and to

report cost schedule and technical performance.

All project status, milestone schedule, and cost management reports, as well as topical reports, if

any, shall be submitted in 2ccordance with the DOE reporting requirements.
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Task 2 — Catalyst Pretreatment Research

This task is aimed at developing optimal pretreatment conditions for precipitated unsupported (1
catalyst) and supported (or silica containing; 1-2) iron catalyst, and at providing a better under-
standing of the role of pretreatment on subsequent catalyst activity, selectivity and longevity during
Fischer-Tropsch (F-T) synthesis. This shall be accomplished by examining the effect of various
activation conditions on physical and chemical properties of the catalyst as well és on catalytic
behavior in fixed and slurry bed reactors. Parameters such as type of reductant (H, vs. CO vs.
syngas), reductant flow rate, temperature and duration shall be studied. Selected catalysts shall be
extensively characterized using a variety of physical, chemical and instrumental techniques with the
objective to establish correlations between the physical/chemical properties of the catalysts and their

observed catalytic behavior during F-T synthesis.

Task 31 { [ron/Silica Catal
The objective of this task is to determine optimal concentrations of silica and K,O in a catalyst with
composition 100 Fe/5 Cu/xK,0/ySiO, (in parts per weight). The effect of SiO, and K,0O on
catalytic activity, selectivity and stability shall be determined to arrive at promoter/binder concentra-
tions for an improved catalyst performance. The screening tests shall be conducted in fixed bed
reactors to obtain preliminary indication of F-T activity and selectivity at different process
conditions. Catalysts which show enhanced activity and/or selectivity towards transportation fuels
shall be tested in slurry reactors up to 30 days on stream. Selected catalysts shall be extensively
« haracterized, to determine relations between the physico-chemical properties of catalyst and their

¢ vtalytic behavior during F-T synthesis.



III. Detailed Description of Technical Progress
I-1. Task 2. Catalyst Pretreatment Research
I11-1.1 Run FA-99-3509 with the Ruhrchemie LP 33/81 Catalyst

A long term stability test of commercial Ruhrchemie catalyst LP 33/81 (100 Fe/4.3 Cw/
4.1 K/25 SiO, in parts per weight) was conducted in a fixed bed reactor over a period of 1170 h on
stream. The purpose of this run was to determine the effect of pretreatment conditions on catalyst
activity, selectivity and longevity, and to familiarize new personnel with operating procedures,
analytical techniques for product analysis and computer software for data reduction. The catalyst
(30/60/mesh) was reduced in situ following manufacturer's procedure (H, at 220°C, at superficial
gas velocity of 1.5 m/s for 1 h). The synthesis gas with H,:CO ratio of 2:3 was used as feed and
the reaction pressure was 200 psig (~1.5 MPa) during the entire duration of the test. The catalyst
was tested at 250°C and gas space velocity of 2 Ni/g-cath (230 h-!) during the first 450 h on
stream (Mass balances 1-5), followed by 70 h of testing at 1.3 Nl/g-cat/h (Balance 6). At520hon

stream the reaction temperature was raised to 258°C and the test was conducted at these conditions -

over next 500 h (Balances 7-16). During the last portion of the test (1050-1170 h) the catalyst was
tested again at the baseline conditions (250°C, 2 N//g-cat/h). Results from eighteen balances of run

FA-99-3509 are listed in Table 1.

Catalyst Activity and Stabili

Catalyst activity, measured by volumetric gas contraction and (H,+CO) conversion, is
shown in Figures 1 and 2, respectively. Both contraction and conversion increased somewhat
with time-on-stream (TOS) during the first 400 h, which is not unusual for catalysts reduced in
hydrogen (Bukur et al., 1989a, b). As space velocity decreased to 1.3 Ni/g-cath (450-520 h) the
catalyst activity increased. The catalyst stability was excellent at 258°C and 1.3 N//g-cat/h, and the
(H,+CO) conversion was high (85-89%). However, upon returning to the baseline conditions

(250°C, 2 Nl/g-cat/h) the conversion dropped to 46-52%. These values are significantly lower
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than those obtained during the first 450 h on stream (62-69%), indicating that the catalyst had
deactivated. This is unexpected since the catalyst had inhibited excellent stability throughout the
run. Nevertheless, the entire test may be characterized as very successful in terms of catalyst
activity and stability over a long period of time of operation with the synthesis gas feed with low
H,:CO molar ratio.

The water-gas-shift (WGS) activity may be expressed in several ways, e.g. (1) (H,/CO)
usage ratio; (2) ratio of partial pressures (Pco,Pu,/PcoPu,0); (3) extent of WGS reaction,
PcoAPco, + Pu,), and (4) CO, selectivity, i.e. (rco/frco).  The first two of these measures are
listed in Table 1, and both of them show that the WGS activity of the catalyst increases with
temperature (usage decreases, whereas the ratio of partial pressures increase with increasing
temperature). Also, the WGS activity of the catalyst at the reactor exit was high and approached
equilibrium at all reaction conditions. The values of equilibrium constant at 250°C and 258°C are

83.1 and 72.9, respectively.

Catalvst Selectivi

We have experienced problems with analysis of the tail gas samples on Carle refinery gas
chromatographs throughout this run. Our daily calibrations of standard gas mixtures containing
H,, CO, CO, and C,~C, hydrocarbons, revealed significant variations in response factors of
components determined by thermal conductivity detector (H,, CO, CO, and CH,). As a result, in
several mass balances, the atomic closures have been below our self imposed standard for
acceptance of results (i.e. 100£3%). Nevertheless, in eleven of the eighteen balances both the total
and carbon atomic closures were within £3% limit and results from these balances are considered
reliable. Also, we have performed sensitivity analysis for some of the balances in which these
conditions have not been met, and found that hydrocarbon selectivities were not strongly affected

by changes in atomic closures.




A typical carbon number product distribution is shown in Figure 3 in form of Anderson-
Shulz-Flory (ASF) plot. With exception of a few data points (Cs, Cg, Cy, C, 4-Ci¢) the entire
carbon number distribution (C;-Cs) is well represented by a three parameter model of Huff and
Satterfield (1984)

xn = B(1 — ) ! +(1 - B) (1 - @) o}
where: x_ is the mole fraction of products containing n carbon atoms, B is fraction of type 1 sites,
and o, and o, are chain growth probabilities associated with the type I and type II sites, respec-
tively.

Hydrocarbori selectivity shifted gradually towards lower molecular weight products with
time-on stream. The average hydrocarbon product distribution during the first SO0 h on stream
(250°C, SV =2 or 1.3 Nl/g-cat/h) was: 6.8 (CHy), 21.0 (C,—C,), 31.3 (C5—Cy;) and 40.9 wt%
(Cy,%). Upon increasing the reaction temperature to 258°C (520-1020 h) the hydrocarbon
selectivity shifted towards lower molecular weight products, both due to higher temperature and
longer time on stream. For example, methane selectivity varied between 8 and 11 wt%, and
increased with TOS. Upon reestablishment of the baseline conditions (250°C, 2 Nl/g-cat/h) in the
final portion of the test (balances 17 and 18) the yield of methane and light gases (C,-C,) was
higher than at the beginning of the run, due to catalyst aging and deactivation.

In summary, during this test the Ruhrchemie catalyst had met the target performance in
terms of activity (85-89% (H,+CO) conversion at 258°C, 2.5 Ni/g-Fe/h), and stability during the
first 1020 h on stream (deactivation rate less than 1% per day). However, the catalyst did not meet
the selectivity target of less than 7 wt% of (C,+C,) hydrocarbons at the process conditions

employed in this run.
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The Ruhrchemie catalyst was tested previously in our laboratory in the run désignatcd FB-
99-1588 under the same process conditions as those used initially ih the current run (250°C, 200
psig, 2 Nl/g-cat/h, Hy/CO = 0.67). In the Run FB-99-1588 the catalyst was reduced in situ with
CO at 280°C for 12 h and the results were rcporied in Quarterly Technical Progress Report for the
period April 1 - June 30, 1988 (DOE Contract DE-AC22-85PC80011). The (H,+CO) conversion
in the Run FB-99-1588 decreased with TOS from 60% at 40 h to 54% at about 340 h, whereas in
the present run it increased with time on-stream (60-69% over the same period of time). Overali,
the catalyst activity of the H, reduced catalyst (current run) was higher than that of the CO reduced
catalyst (Run FB-99-1588). Also, the WGS activity of the CO reduced catalyst was lower than
that of the H, reduced catalyst, e.g. (H,/CO) usage ratio in the Run FB-99-1588 was about 0.8 vs.
0.6 in the current run.

Hydrocarbon product distribution was very stable in the Run FB-99-1588 during the first
360 h on stream (Balances 1-4), and the average selectivity was: 5.5 (CH,), 22.3 (C,-C,), 19.4
(Cs~C,), and 52.8 wt% (C,,*). The CO reduced catalyst produced less methane (5.5 vs. 6.8%)
and more C,,* products (52.8 vs. 40.9%) than the H, reduced catalyst, but the yield of C4*

products was exactly the same in both runs (72.2 wt%).

The objective of this run was to evaluate the Ruhrchemie catalyst in the slurry reactor under

" the same reduction and process conditions as those employed in the fixed bed reactor test (Run FA-

99-3509). The catalyst was crushed and sieved to 270/325 mesh (44-53 pm) and loaded into a
fixed bed reactor unit for hydrogen reduction. During the reduction a hot spot was noticed at the
bottom of the reactor (T ., = 270°C), and the reaction was quenched by introducing helium flow.
After that the hydrogen content in the helium stream was gradually increased, and the reduction

was completed in pure hydrogen at 220°C for 1 h. The entire reduction period lasted about 3 h.
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Following the reduction, the bed was cooled to ambient temperature in flowing helium and the
catalyst was transferred to a slurry reactor.

The catalyst was tested initially (first 420 h) at 250°C, 200 psig, 2 N//g-cat/h using the
synthesis gas feed with (H,/CO) molar ratio of 0.67 (nominal composition, which varied slightly
during the run). During the last 130 h on stream (421-550 h) the catalyst was tested at higher
temperature (258°C) and lower gas space velocity (1.3 N//g-cat/h), while keeping the reaction
pressure and feed composition constant. The run was terminated voluntarily after 550 h on stream.

Results from seven mass balances conducted during this period of time are summarized in Table 2.

Catalvst Activity and Stabili

As shown in Figures 4 and 5 the catalyst activity, measured by (H,+CO) conversion or
volumetric gas contraction, passed through a maximum at about 50 h on stream, and remained
essentially constant during the time period betwcen 200 and 420 h on stream. After the change in
process conditions, the catalyst activity increased as expected and then started to decrease with
time.

The (H,+CO) conversions during the slurry bed reactor test, were about 50% lower than
the corresponding values obtained in the fixed bed reactor test (FA-99-3509). This lower than
expected activity in the slurry reactor may be ascribed, in part, to problems experienced during the
reduction. Also, the WGS activity of the catalyst during the slurry reactor test was lower than that
observed in the fixed bed reactor test, as can be seen by comparing ratios of partial pressures in
Tables 1 and 2.

In summary, the catalyst had good stability but iis activity at Mobil's conditions for the
high wax mode of operation (258°C, 200 psig, 2.5 Nl/g-Fe/h, H,/CO = 0.67) was significantly

lower than the target activity, i.e. (H,+CO) conversion of 89%.
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Two methods of wax (slurry) withdrawal were employed during this run, i.e. wax
withdrawal through a cylindrical filter element and slurry withdrawal to an external settler followed
by wax removal and return of concentrated slurry to the reactor. Both of these methods have been
described in our previous DOE reports (e.g. Bukur et al., 1989b). Results from all wax (slurry)
‘withdrawals are summarized in Table 3, whereas other major events during the run are listed in
Table 4.

Following the catalyst transfer to the slurry reactor the excess wax was removed through a
vertical filter element. The amount withdrawn (181.3 g) was higher than expected (the slurry static
volume below the filter element or a dipleg tube was 550 cm3), and therefore 7 hours later about
110 g of wax was returned to the reactor. At 102 h on stream another wax withdrawal (385.8 g)
was made through the filter. The amount withdrawn was again higher than expected, and 275 g of
wax was returned to the reactor at 105 h. At this point it was decided to discontinue this method of
wax withdrawal, and switch to slurry withdrawal through a dipleg tube immersed in the reactor (at
the reactor static height of 550 cm?). Prior to the first mass balance 53.5 g of wax was withdrawn
through the dipleg via an external slurry settler (TOS = 108 h), and after that eight additional slurry
withdrawals were made during the run (see Table 3 and Figure 5). The wax production rates
during the first 420 h on strzam were erratic and varied between 0.5 and 2.8 g/h, whereas the
catalyst activity did not vary much during this period of time. This indicates that the slurry
withdrawals may have not been quantitative (complete) in all cases. This was confirmed at the end
of the run, when the excess of 327 g of wax was found in the reactor. The average wax produc-
tion rate, based on the amount of wax withdrawn throughout the run and the excess wax in the
reactor, was 1.5 g/h. |

The wax withdrawn throughout the run was filtered to collect catalyst which might have
been removed with the wax. The solids remaining on the filter after washing with Varsol were

first dried and then oxidized in air on a Bunsen burner, and any remaining solids material
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following this procedure was assumed to be an iron oxide. The total amount of catalyst lost during
the slurry withdrawals was 1.55 g (i.e. 3% of the amount charged). The amount of the catalyst
rccdvercd from the reactor was 41.2 g, and the total catalyst recovery was 75% only. This
indicates that some of the catalyst was lost during filtration or was carried over into the refluxer 2ad
the high pressure product trap.

The wax recovery was +212% (excess wax), which is much higher than expected. In our
prior slurry reactor runs (DOE Contract DE-AC-85PC80011) the wax recovery ranged between
89.4 and 105% (Bukur et al., 1989b).

Catalyst Selectivi
Hydrocarbon selectivities shown in Table 2 are based on actual data without any correc-
tions (i.e. actual wax production rates were used in each of the balances and no allowance was
made for the excess wax found in the reactor at the end of the run). The results vary significantly
between mass balances. This is due to errors in estimation of the wax production rate and several
other factors such as: (1) Evaporation of products in (Cs—C,,) range due to improper handling; (2)
Loss of products in (Cs—C,,) range due to condensation in the exit line following the installatior: of
water vapor removal line (balances 4-7); (3) wax overflow into the high pressure trap in balance 7,
and (4) possible errors in quantification of methane on Carle gas chromatograph (balances 2-7).

As a result of these problems the hydrocarbon plus oxygenates yields \;Jerc either too low
(Balances 1-4, 6) or too high (Balance 7). Hydrocarbon product distribution and product yields
after adjustments in the wax production rate are listed in Table 5. These results were obtained by
assuming the constant wax production rate of 1.5 g/h in all seven balances. (This rate takes into
account the excess wax found in the reactor at the end of the run).

Table 6 shows results after adjustments of the wax production rate and methane con-
centration. The latter was obtained from GC analysis on the Sigma 1B chromatograph using a

flame iconization detector, whereas the results shown in Tables 2 and 5 are based or gas analysis

-~
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done on Carle 400 Series GC using TCD. Methane selectivities determined from Sigma 1B GC
were fairly stable during the entire run (6-9%), and they are consistent with values obtained in our
previous tests of the Ruhrchemie catalyst. Results for balance 7 in Table 6 were obtained by

subtracting the wax overflow which had entered the high pressure trap during this mass balance.

This test was conducted to study the effect of pretreatment conditions (H, reduction at
280°C, ambient pressure, superficial gas velocity of 1.5 m/s for 1 h) on the catalyst performance in
a fixed bed reactor. Throughout this test average reaction temperature, pressure and space velocity
were maintained at 250°C, 200 psig and 2 NI/g-cat/h, respectively. The synthesis gas with H,:CO
molar ratio of 1:1 was used during the first 140 h on stream, whereas H,:CO = 2:3 feed gas was
used from 140 to 330 h on stream. Results from six mass balances are summarized in Table 7.

The (H,+CO) conversion was fairly stable during the first 100 h on stream at about 70%,
but decreased substantially to about 60% at 133 h on stream (Figure 6). The (H,+CO) conversion
declined further after the change in the feed composition, but after 200 h on stream it leveled at
about 50%.

Methane selectivity was unusually high in all six mass balances (26-44%), which may be
caused by hot spots in the reactor. The existence of hot spots was not detected, but the temperature
was not recorded according to our standard procedures . The chart recorder was not used during
the first 200 h on stream, and the temperature was not monitored regularly during the initial period
(20-40 b or: stream) of the test.

‘The carbon number distribution followed the ASF distribution except for CH,, whose
concentration was well above the model predictions as shown in Figure 7. The run was terminated

after 32’y h on stream due to poor catalyst selectivity. We plan to repeat this test at some later time.
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[0-2. Task 3. I | Iron/Silica Catal
The work on this task has been initiated on March 1, 1990 as per contract schedule.

During the last month several activities have been undertaken as described below.

III-2.1 Catalyst Synthesis
All the necessary parts for catalyst synthesis apparatus (glassware, pump and pH electrode)
have been obtained, and the apparatus has been assembled in a ventilated hood. Initial tests with

water indicated that both pumps are functioning properly.

II1-2.2 Equipment Installation and Testing

During the past quarter we received all remaining capital equipment items: (1) Hewlett
Packard GC integrator; (2) Ametek quadrupole mass spectrometer, and (3) two mass flow meters
and the dual channel readout from Brooks. A new Varian 3400 GC was received at the end of the

last quarter, and work on development of methods for the aqueous phase and gas phase analysis

on this gas chromatograph has been initiated.

The new Varian GC has both FID and TCD detectors, and is equipped for capillary and
packed column operation. This instrument is intended to be used as an alternative means of
analyzing aqueous liquid samples and gas phase hydrocarbons. These two analyses are currently
performed on the existing Perkin-Elmer Sigma 1 GC.

Two different columns have been tested for the aqueous analysis: an RSL-300 (1.2 pm
film thickness), 10-m x 0.53-mm capillary (phenylmethyl silicone, Alltech Associates), and a 6' x
1/4" C1500 on 80/100 Graphac GC packed column (Alltech), which is the same column used in
the existing Sigma 1. The aqueous analysis on the capillary column initially looked promising.

After adjusting flows, temperature program, and injection technique, injections of aqueous

- -
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standard gave relative deviations ranging between 0.3-4.0% on the FID, which is acceptable but
slightly higher than the deviations on the Sigma 1, which ranged between 0.2-1.3%. Injecfions of
actual aqueous phase products from fixed bed run FA-99-3509, balance 7, showed good
agrecment between the new Varian analysis and the Sigma 1, which are compared in Table 8. The
largest absc'ute differences between the two analyses were for 1-pentanol and 1-hexanol, -16.8
and 193%, respectively. However, these two species are present in the aqueous phase in minute
quantities, and are not clearly resolved in either of the analyses (higher alcohols partition strongly
to the organic liquid sample, which is analyzed on a separate GC). Products present in significant
quantities (C,~C,) showed much better agreement, and the differences between the two analyses
ranged from -4.1 to 3.1%. Further attempts to improve the analysis were unsuccessful, but the
column broke before all work on the analysis was completed. The cause of the breakage was
probably due to too rapid oven cooling between injections, a flaw in the procedure which has since
been corrected.

The packed column was tested using the FID detector in series downstream of the TCD in
an attempt to analyze the water content of the sample directly on the GC. Using this column with
actual sample showed that methanol and water elute at approximately the same time, so a water
analysis was not possible. Using the packed column gave relatively good results with a standard
solution. The relative deviations were 0.5-2.8% using the FID, and 0.4-3.0% using the TCD.
However, there were some separation problems in analysis of actual product samples, and com-
parison between the Varian analysis to the Sigma 1 was poor. Work on the aqueous phase
analysis using the packed column, and a second capillary column, is continuing.

Some preliminary work has been completed using a packed column (6' x 1/8" Poropak Q)
for the gas phase analysis. This is the same column used for the existing analysis on the Sigma 1
GC. The FID and TCD detectors were again used in series, and the TCD gives peaks for CO,
CO,, and H,, in addition to hydrocarbons (the FID detects exclusively hydrocarbons). Injections

of calibration gas which contains CO, CO,, and C,—C, hydrocarbons gave deviations ranging
. -
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from 0.3-2.4%. Injections of synthesis gas (H,+CO), however, shows poor separation between
H, and CO using this column. Furthermore, H, is detected as a small negative peak on the TCD
using helium carrier, due to the similar thermal conductivities of He and H,. Nitrogen carrier is
used to analyze H, on the Carle GC, but it is not suitable for the remaining gas phase species.
Using tail gas samples from fixed bed run FB-99-0750, balance 4, injections were made on the
Varian, Sigma 1, and Carle GC's. A comparison of results between the Varian and Sigma 1 is
made in Table 9. There are large differences between the two analysis. Smaller peaks which
appear on the Sigma 1 analysis (Cg*) are either not detected or correctly analyzed on the Varian.
Also, for larger peaks, the differences are also large, for example, propylene shows 13.2 and
17.9% differences on the FID and TCD, respectively. Comparison with the Carle (Table 10) on an
H,-free basis also shows large differences in results. Ethylené, propylene, and propane show
unacceptably large differences, and the C,* species were not analyzed properly on the Varian.
Work on the Varian gas phase analysis is continuing. Larger samples and/or higher sensitivities
are required to improve the analysis of the C,* producis. Also, peak separation is poor for C,* on
both the Varian and Sigma 1. A capillary column, which gives better separation than the packed
column for higher hydrocarbons (including cis- and trans-2-olefins as well as paraffin and 1-

olefin) will be tested for the gas phase analysis.

Status of Carle 400 Gas Chromatograph

As mentioned in the previous Quarterly Technical Progress Report, and elsewhere in this
report, the performance of Carle 400 GC has been erratic. The response factors of components
determined by TCD (CH,, CO, CO, and H,) varied considerably from one calibration to another.
Several adjustments had been made such as: baseline adjustments, replacement of molecular sieve
column and change in hydrogen transfer tube temperature. Following these adjustments the
instrument would work properly for a few days, but then changes in TCD baselines would occur

gradually leading to wrong area calculations for these components.

14
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According to our in-house expert, Dr. C. V. Philip, it appears ihat nothing is wrong with
the hardware but that our problems are caused by integration errors. These may be corrected
through changes in the computer software. We are planning to continue working on this problem

during the next quarter.
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Table 3. Wax and Solids inventory for run SB-99-0440

TOS (h) Event

-12 Reactor charged with: 361g n-octacosane

-2 52.2g catalyst

-1 Wax removed using internal filter; 181.3g

6 Wax returned to reactor: 110.6g
102 Wax removed using internal filter: 385.8g
105 Wax returned to reactor: 275g
108 Wax removed to external settler: 535g
108 Total amount of solids collected during 108h on stream: 0.94g
131 Wax removed to external settler: 61.8g
203 Wax removed to external settler: 44.0g
247 Wax removed to external settler: 30.6g
299 Wax removed to external settler: 58.2g
390 Wax removed to external settler: 46.1g
419 Wax removed to external settler: 28.8g
Total amount of solids collected between 131 and 419 h on stream: 0.52 g

464 Wax removed: 22.8, solids removed: 0.049g
544 Was removed: 49.7g, solids removed: 0.05g
549 End of run: 617.7g-wax, 41.3 g-solids

removed; wax recovery: +212%; catalyst recovery: 75%.
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Table 4. Major events occuring in run SB-99-0440

TGOS (h) Event
-8 Catalyst pretreatment in fixed bed according to Ruhrchemie procedure (H,, 220°C, 0.1
MPa, 9.7 Nl/min) Hot spot observed at the fixed bed outlet 270°C
-2 Transfer of reduced catalyst to slurry reactor
0 Initiated synthesis gas (H,/CO=0.67)
3 Achieved desired operating conditions: 250°C, 1.48 MPa, H,/C0=0.67, 2.0 nl/g-cat/h
26 Conditions stable, (1-12+CO)-conversion: 32.2%, contraction: 27.9%
129 Conditions stable, (H2+CO)—convcrsion: 31.3%, contraction: 26.1%
195 Conditions stable, (112+CO)—conversion: 28.7%, contraction: 22.9%
292 Conditions stable, (H2+CO)—conversion: 30.7%, contraction: 23.1%
385 Conditions stable, +CO)-conversion: 28.5%, contraction: 22.8%
420 Changed process conditions: 258°C, 1.48 MPa, H,/C0=0.67, 1.3 Nl/g-cat/h
459 Conditions stable, (I{2+CO)-conversion: 42.7%, contraction: 30.2%
539 Conditions stable, (H§+CO)—convcrsion: 38.9%, contraction: 28.5%
549 Termination of run SB-99-0440
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‘Table 8. Comparison of aqueous phase samples from run FA-99-3509, balance 7, on the

Varian 3400 and Sigma. 1 GC'’s.

Species Sigma 1(2) Varian(®) % Diff(c)
Methanol 29.8 29.1 -2.05
Ethanol 44.8 45.0 0.53
Isopropanol 14.0 14.4 3.13
1-Propanol 8.53 8.45 —0.93
1-Butanol 2.34 2.24 —4.15
1-Pentanol 0.53 0.44 —16.8
1-Hexanol 0.10 0.30 193

(a) C1500 on 80/100 Graphpac GC packed column

(®) RSL~300 capillary column

" (¢c) 100Yar! Vamsx:\g:nS;gma
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Table 9. Comparison of tail gas samples from run FB-99-0750, balance 4, on the Varian
3400 and Sigma 1 GC’s using Poropak Q column.

Species Sigma 1 Varian % Diff!) | Varian % Diff(®)
FID TCD

Methane 66.5 68.2 2.70 68.5 3.08
Ethylene 2.60 2.42 —6.77 2.45 -5.81

Ethane 10.4 10.8 3.91 11.1 6.29
Propylene 5.23 5.92 - 13.2 6.16 17.9
Propane 3.95 4.17 5.74 4.41 11.8
Isobutane 0.20 0.0 -100 0.0 -100
1-Butene 3.01 2.77 —7.86 3.15 4.91
n-Butane 3.01 2.93 -~2.50 2.98 -0.79
Cs Isomers 0.35 0.0 ~100 0.0 -100
1-Pentene 1.12 1.14 1.59 1.26 12.3
n~Pentane 1.46 1.44 -1.33 0.0 -100
Ce¢ Isomers 0.17 0.0 -100 0.0 -100
1-Hexene 0.75 0.12 —83.6 0.0 —-100
n-Hexane 0.56 0.0 -100 0.0 -100
C; Isomers 0.015 0.0 -100 0.0 -100
1-Heptene 0.26 0.0 -100 0.0 -100
n~Heptane 0.13 0.0 -100 0.0 —-100
Cg Isomers 0.001 0.0 —100 0.0 —100
1-Octene 0.156 0.0 ~100 0.0 -100
n—-QOctane 0.156 0.0 ~100 0.0 -100

(a) 100 Varng?g-:igma
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Table 10. Comparison of tail gas samples from run FB-99-0750, balance 4, on the Varian
3400 (using Poropak Q column) and Carle GC’s on an H;—free basis.

Ll

— A I (9% R . ;N ey I IS MRS A

Species Carle Varian TCD % Difft®)
6]0) 68.3 69.8 2.17
CO. 21.9 20.2 7.71

Methane 6.86 6.80 -0.74
Ethylene 0.31 0.24 -20.8
Ethane 1.05 1.10 5.23
Propylene 0.51 0.61 20.0
Propane 0.36 0.44 23.3
Isobutane 0.009 0.0 -100
1-Butene 0.16 0.31 97.1
n-Butane 0.14 0.30 105
t-2-Butene 0.062 0.0 -100
c-2-Butene 0.053 0.0 -100
Cs Isomers 0.018 0.0 —100
1-Pentene 0.012 0.13 941
n—-Pentane 0.09 0.0 -100
t—-2-Pentene 0.104 0.0 -100
c-2~-Pentene 0.001 0.0 -100
(a) 100Var|g?ng;gm&
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