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OBJECTIVES:

- To develop a technology for the production of active and stable
iron Fischer-Tropsch catalysts for use in slurry-phase synthesis
reactors.

- To develop a scale-up procedure for large-scale synthesis of such
catalysts.

ACCOMPLISHMENTS AND CONCLUSIONS:

. A catalyst test method was developed in the slurry autoclave
reactor. The test conditions were set at 265 c, 21 atm, 0.7 H,: 1
CO ratio, 2.4 NL/hr/g Fe space velocity, and 20% catalyst loa&ing
in the slurry. A baseline precipitated iron catalyst was tested
four times under these operating conditions to verify
reproducibility of performance. During these four tests, at 100 hr
on-stream, the CO+H, conversion was 78 +/- 3%, and the methane and
ethane (C,+C,) selectivity was 5.4 +/- 0.4%. These results show
satisfactory reproducibility of catalytic performance. The CO+H,
conversion and C,+C, selectivity lined out at 70% and 6%,
respectively, after 300 hr on-stream for the baseline catalyst.

- A new series of iron catalysts has recently been prepared and is
being tested in an attempt to improve C,+C, selectivity. One of
these catalysts showed about 69% CO+H, conversion and 5% C,+C,
selectivity after line-out. Although these results are in the
proper direction, in order to meet the minimal performance targets,
the C,+C, selectivity needs to be further reduced to 4%, and the
activity needs to be increased by 23%.
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. Complete the evaluation of the new series of iron catalysts aimed
at improving the C+C, selectivity.

. Bssess the reproducibility of catalyst preparation by preparing
an iron catalyst three times, and then testing these catalysts.

. Clarify the affect of various activation treatments on the
performance of ircn catalysts.

. Evaluate new precipitated ircon catalyst formulations.
. 8ynthesize varicus iren phases and test,

. Sgale up the currently used precipitation procedure for large
—scale synthesie of iron catalysts.
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INTRODUCTION

Experimental work conducted uvnder a four-year contract (DE-AC22-
BIFPC~7981l2) on iron Fischer~Trap=ch catalysts was sumnarized during
the 1%9%0 Indirect Liguefaction Contractors' Review Mesting. (1}
First, a catalyst preparatian pracedure wag established and a
baseline catalyst was develaped. This baseline catalyst (752R-
1EBBA) was used for identifying a viable testing procedure in the
slurry autoclave reacter. The bassline catalyst was evaluated in
the autaclave reactor and was found to be short of activity and
selectivity targets. Thi= year, under a new contract, work on
developing iron catalysts for Fischer-Tropsch synthesgis continued.
This report summarizes the development of a catalysat test methad,
the evaluation of a new iron catalyst, and discussion of various
techniques for charagterization of iron catalysts.

EXPERIMENTAL

Catalyst preparation and testing procedures and conversion and
selactivity calculations have been described previously.

RESULTE AND DIEBCUSAYON

Catalyst Test Mat welopment with eline n_cat

To develop a catalyst test method, the baseline iron catalyst was
evaluated under different process parameters, These parameters
included temperature, pressure, and the nature of the slurry
medivm.

In a giurry autoclave reactor, the Fischer-Tropech reaction rate is
adversely affected by an increase in the conversion level. Figure
1 shows the preoduct of space velocity and CO+H, conversion plotted
as a function of conversion for the baseliné iron catalyst, as
discussed during the 1990 Contractorsz' Review Mecting. This
relation may be explained by low partial Pressures for reactants
and high partial pressures for products at high conversion.
Therefore, compared to slurry bubble column work conducted in other
laboratories, relatively higher pressures and higher temperatures
are radquired to increase the reaction rate and to achieve high
conversicen in a slurry autoclave reactor. For this gtage of the
program, a catalyst testing temperature of 265 C and a pressure of
21 atm were chosen. The slurry madium was changed from ; paraffin
wax {Humphrey Chemical) teo C;, oil (Ethyl Corparation) cavse of
the presence of bromine impurity in the C,; wax. Other conditions
were 0.7 H,: 1 CQ feed, 2.4 NL/hr/g Fe (rHormal liter per hour per
gram iron) space velocity, and 20 weight % catalyst in slurry.
During the first 12 hr, the catalyst was activated at 280 oy 11
atm, and 2.0 NL/hr/g Fe.
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The baselipe iron catalyst (752RL7B7A) was tested four times undar

the conditions gescribed above (Figures 2-5). The initial CO+H,
sonvercion ranged between 81 and 82% for all test=. At 140 hr on-
stream, the average CO+H, conversion was 78%. A2 statistical

analysis of the data indfcates that the reproducihility of the
conversion data with 90% confidance was within +/- 3%. AT 100 hr
oh~-stream the average methane and ethane selaectivity was 5.4%. The
reproducibllity of selectivity data with 90% confidence was +/-
0.4%. The H,:CO usage ratiocs in these tests ranged hetweenh 0.55
and 0.57. These results show satisfactory reproducibility for the

current stage of the work,

Li =out Parforpanc Baseline Catalyast
The ¢O+H, conversion lined-out at Y0% after 200 hr on-stream for

the baseiine catalyst (Figure 6). The C.+C, gelectivity seems to
have lined-ocut at &% after 300 hr {Figures £-107. While this
selectivity is similar, this catalytic activity is two timez higher
relative to the performance of the baseline iron catalyst reported
last year. Under Contract DE-ACzZ2-87PC-79812, 70% eohversion was
obtained with the baseline catalyst at 1.2 HL/hy/g Fe, 265 C and 21
atm {Figure 1). The activity difference may be explained by the
elipination of bromine impurity from the new slurry medium.
However, the catalyst histories prior to the establlishment of
spacific test conditlons were different, and this difference may
alse have influenced the resulte.

Maw Iron catalyst
A mew series of iroh catalysts have been recently prepared. In

this series, the amount of one of the catalytic companents was
progressively varied relative to its wvalue in the baseline
catalyst. One of the=ze catalysts, 452R19E9C, was compared with the
paseline iron catalyst. The test lengths were kept relatively
long to compare the linsd-cut performances: 282 and 380 hr,
respectively, for the new and baseline iren catalysts (Figures 6-
1¢) . The Co+H, conversion for the baseline iron catalyst gradually
dpcreased from 91% to 70% during the first zoo hr, after which
there was no further decline: the Llined-out methane and ethane
selectivity was 6%. The conversion for the new iron catalyst
inoreased during the initial part of the test and lined=-cut at
about 69% CO+H, conversjcn after 10 hr on-stream: the methane and
othane selectivity was 5%. The E,:CO usage ratios were similar fer
both catalysts. These results show that the nev iron catalyst may
have superier saelectivity and similar activity relative to the
baseline catalyst tested under this new centract. However, other
experimental catalysts in the same series need to be evaluated te
assess these results.

sequentipl CETRE Model

In an attempt to extrapelate the slurry autcclave results with the
new iron catalyst to a2 slurry bubble column raactor, a sequential
CSTR (econtinous etirred tank reactor) model was developed.
according to this model, the slurry bukkle column reactor was
treated as sevaral seguential CSTRs with equal volume (Figure 11).




The mass balance equations for the case with 3 CSTRs are shown here
as an example.

1. F*X,=R(X,)*W
2. F* X,~X, =R(X,) *W
3. F* X=X, =R(X;) *W

In these equations, F is the feed flow rate to the first reactor in
NL/hr, X is the cumulative CO+H, conversion in each reactor, R(X)
is the reaction rate in NL/hr/g Fe as a function of conversion and
W is the weight of iron in each reactor. The subscripts refer to
the reactor number.

The cumulative conversion in the final reactor, X,, was 0.88. The
feed rate, F, to the first reactor was 141 Nl/hr. The relation
between reaction rate and conversion, R(X), was not available for
the new iron catalyst. However, since the activity of the new iron
catalyst was similar to the baseline catalyst under these new test
conditions, twice the R(X) measured under the old test conditions
for the baseline catalyst (see Figure 1) was used as an approxi-
mation to the reaction rate under the new test conditions. The
remaining three unknowns, Xy» X, and W, were solved by using the
three mass balance equations and ‘a trial-and-error procedure. The
feed rate to the first reactor was then divided by the total weight
of iron in the three reactors to calculate the overall space
velocity. The results for 1, 2, 3 and 4 sequential CSTRs are
summarized in Table 1.

Table 1
Space Velocities for 88% CO+H, Conversion
Feed=141 NL/hr

Total Weight of Iron, Overall Space Velocity,

Number of CSTR's gram NIL/hr/gq Fe
1 157 0.90
2 89.2 l1.59
3 76.5 1.85
4 73.3 1.93

According to this model, the space velocity required for 88%
conversion with the new iron catalyst does not show very
significant variations beyond 3 CSTRs. Assuming the slurry bubble
column reactor can be modelled by 3 sequential CSTRs, then the
ratio of predicted space velocity to target space velocity is 0.77,
which makes the new iron catalyst 23% short of the minimal activity

target for the program. During the 1990 Contractors' Review
Meeting, methane and ethane selectivity was also reported to vary
with the conversion level. ' For 3 sequential CSTRs, calculations

show that the new iron catalyst will result in approximately 5%
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methane and ethane selectivity at 88% caonversion. The nminimal
target selectivity for methane and ethans iz 4%, which indicates
that further zelectivity inprovements are nNeCessary.

talyst Characteri on
The iron in fresh catalysts is predominantly in the form of Fe,D,.
During Fischer-Tropsch synthesis, iron transforms inte Fed,;
(magnetite) and into ircen carbide{s). In this program, the plan is
te uas Mossbhauer spectroscopy, X-Tay diffraction (XRD), and
magnetic susceptibility measurements to characterize the bulk
phases that are present. Howaver, the surface phases may be
Aifferent than the bulk, and therefore, alternate characterizaticon
technigque=s that are surface sensitive, liks x-ray photoelectron
spectroscopy, need to be used as well. Finally, the catalyst
eurface ocan be characterized by examining some of the key
elementary steps such as CO dissociaticn and carbon hydregenation.

Recently, the baseline iron catalyst waz examined by magnetic
susceptibility after exposure to synthesls gas for various periods
of time. Several iron oxide and iron carhide reference compounds
are currently being examined in an attempt to interpret the
measurements with the iren catalyst. Mossbauer spectI'oscopy and
YED work have also been initiated on these iren catalyst samples.
Future work on these samples will also include surface
characterization.
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CO + H, Conversion, %

Figure 2
RESRUDUCIBILITY OF CALIALYTIC PERFURMANCL
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Figure 3

REPRUBUCIBILITY OF CATALYTIC PERFORMANCE
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Figure 5 |
REF’RUDUCIBILITY O CATALYTIC FPERFORMANCE
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Figure 6

COMPA=ISCK OF NZW & BASZLINE IROM CATALYST
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Figure 7

COMPARISCON OF NEW & BASELINE IRON CATALYST
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Figure 8

COMPARISCN OF NEW & BFSELINS
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Figure B

COMPARISON OF NEW & BASELINE IRIN CATALYST
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