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OBJECTIVE: The objective of this program is to develob a precipitated iron
Fiscner-Tropsch catalyst that has improved stability, and is suitabie for slurry
reactors.

TECANICAL APPROACH:

(1) Upgrade the existing fixed-bed pilot plant so that it has slurry-bed
reactor and Berty-reactor testing capabilfities.

(2) Estabiish the stability of a state-of-the-art reference-precipitated iron
catalyst.

(3) Construct an fron-catalyst preparation plant and develop a baseline iron
catalyst.

{4) Elucidate the deactivation chemistry for fron catalysts.
(5) Modify the catalyst chemistry to improve the stability of tne =atalyst.
SIGNIFICANT ACCOMPLISHMENTS:

(1) The existing fixed-bed pilot plant was upgradec¢ so that it has slurry and
ferty-reactor testing capabilities.

(2) A reference-precipitated iron catalyst was acquired from Mobil Corporation
for evaluation in the slurry reactor.

(3) A pilot plant tor preparing precipitated iiron catalysts was constructed.
A preparation procedure was deveioped for iror catalysts, and the screening
of these catalysts in the slurry reactor has been initiated.



INTRODUCTION

Precipitated iron catalysts are expected to be used in next-generation
slurry-bed reactors for the large-scale production of transportation “uels : rom
synthesis gas. These reactors are expected to operate at higher temperatur:s
and lower ratios of Hy and CO relative to the Sasol Arge reactor. The utility
of iron catalysts has been demonstrated under relatively mild Arge-type
- conditions but not under more-severe slurry conditions. A major improvemert in
catalytic stability will be needed to make iron catalysts suitable for slurry
operation.

This program is aimed at identifying the chemical principles governing the
deactivation of precipitated iron catalysts during Fischer-Tropsch synthesis and
using these chemical principles in the design of more-stable catalys*s.The
program has been divided intc five major tasks to be conducted over a four-year
period:

Task 1: Upgrade the existing fixed-bad pilot piant so that it has
slurry-bed reactor and Berty-reactor testing capabilities.

Task 2: Esteblish the stability of a state-of-the-art reference-
precipitated iron catalyst.

Task 3: Construct an fron-catalyst preparation plant and develop a
baseline iron catalyst.

Task 4: Elucidate the deactivation chemistry for iron catalyst-.
Task 5: Modify the catalist chemistry to improve the stabitity of the
cataiyst.
EXPERIMENTAL

Catalyst Preparation Procedure

The schematic diagram for the iron-catalyst preparation nlant {is shown in
Figre 1. Metal was not used as a materia! of construction for any wetted sec -
tion in order to avoid catalyst contamination that may occur through dissolution
of metallic components in contact with acidic solutiors.

The irorn-copper solution and the base solution are in tws separate }5-
gallon feed %anks. The weights of thase solutions are continuously measured
during the experiment. The feed solutions are pumped separately to a
precipitatien reactor. The precipitate slurry then flows ‘o a 55-gallon tank
that contains a large amount of water. This water acts as a quenching medium
for the precipitation reactions. The precipitate slurry then 1s pumped to a
centrifugal filter, where the catalyst is washed with a separate water-feed
stream. The catalyst 1s finally dried, calcined and crushed to a 140-400 mesh-
size range befora being impregnated with potassfum carbaonate. Then the catalyst
recefves a final calcination and a reductiaon in situ in the Fischer-Tropsch
synthesis reactor.
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Catalyst Testing Procedure

For each test, 95 grams of calcined iron catalyst were loaded to a i liter
autoclave alung with 380 grams of Cy, n-paraffin wax at 130°C. After the wax
melted, the autoclave was sealed ang pressure tested with N, at 25 atm. After a
successful pressure test, tne pressure was lowered to 1l atm, the stirring was
initiated at 1,300 rpm, and the catalyst temperature was raised under N, to
280°C in 3 hours. A thermccouple inserted in a thermowe!l inside the s;urry was
vsad for temperature control. The temperature control point was 3 cm abcve the
bottom of the autcclave. After 250°C was achieved, Nz flow was cut out, and1
sygthesis gas with a molar ratio of 0.7 H, to 1 CO was introduced at 1.6x107
Nm? /hre.  After a 12-hour reduction in situ, the temperature was lowered to 258°C
in 2 hoursI ths pressure was raised to 14 atm, and the feed rate was decreased
to 1.3x10°* Nm>/hr. Each test then continued for a total of 40-200 hours.

Conversion and Selectivity Calcuiations

Argon, which was present in the synthesis gas feed at about the 6% (by
mole) level, was used as an internal standard to determine conversions and 1ight
hydrocarbon selectivities according to the following formulas:
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(The CO+H, conversion was calculated in a similar manner to the CO conversion.)
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In the latter equation, n is the number of carbon atoms in one molecule of
hydrocarbon C.. The calculation of seiectivity of CO to COz is similar to the
calculation oP selectivity to_methane, for which n = 1.

RESULTS AND DISCUSSION

Task 1: Upgrade Catalyst Testing Plunt

The existing fixed-bed-catalyst tasting plant wes upgraded so that it has
slurry-bed and Berty-reactor testing capabilfties. Although the initial cata-
1yst screening work is being done in the slurry-bed reactor, fixed-bed and Berty
reac%ors are going to be considered in the future for screening improved
catalyscs,
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The schematic diagram of the integrated catalyst testing plant is shown in
Figure 2. Two independent feed systems allow te fixed-bed reacior and the
slurry-bed or Berty reactor to run simultaneously. The two reactor systems have
their independent set of product collectors. During a simultaneous fixed-bed
and siurry-bed run, the on-line gas chromotograms (GC's) aiternate cn an hourly
basis between the two reactor systems. The first cn-line GC is connected at the
cutlet of the first product coliector, which is at 130°C and 14 atm. This GC
analyzes paraffins, olefins, alcohols, and aldehydes in the C -C5g carbon number
range. The second on-line GC 1s ccnnected at the outlet of the second
collector, which is at 0°C and 4 atm. This second GC andlyzes paraffins and
olefins in the Cy.Cy carbon-number range as well as e, CG,, Hy, and Ar. The
third product collector is at -78°C and 1 atm.

For the slurry-bed reactor, various approaches for separating 1iguid pro-
ducts from catalyst are going to be considered. The current approach is to
achieve this separation by means of a filter sftuated inside the slurry auto-
clave reactor (Figure 3}, The filter is connected to the product exit line,
which is 1/4 inches in diameter, The filter acts as a 1iquid-level controller,
and its tottom edge is 6 1/2 inches from the bottom of the autoclave,

In Run 5, a filter that is 5/8 inch in diameter and 2 inches long was used.
The filter has a aominal pore diameter of 0.15um and an absolute pore diameter
of 0.4um. This filter plugged within 40 hours of testing an Fe-Cu-K catalyst.

In Run 6, another ceramic filter with a 0.7um nominal and a 1.5.m
absolute pore diameter was used. This filter also plugged within 40 hours of
testing an iron-copper-potassium oxida (Fe-Cu-K) catalyst.

In Run 7, a stainless steel-filter with a 17um rominal and a 45um absolute
pore dizmeter was used. This ¥1lter did not plug during 200 hours of
operation. However, significant catalyst loss occurred across the filter., In
Runs 8 and 9, a filter with a smaller pore size was used: 5um nominal and 18um
absolute. Howevar ratalvst loss sti11 occurred.

Task 2: Establish Stability of a Reference Catalyst

A precipitated iron catalyst, MSCG-4, was acquired from Mobil Corporation.
This catalyst is going to be evaluated in the slurry redctor to establ?sh
reference performance.

Task_3: ODevelop Baseline Catalyst

Catalyst Preparation

The preparation of iron catalyst is shown in Figure 4, The hydrolysis of
ferric fon starts to occur at pH=1. A dinuclear Fep(OH),*" and a trinuclear
species Fe (OH)4 5 are formed in solution (1;. At pH's éreater than 2.5, ferric
lon precipitates, appucently 1n the form of fron hydroxide. The agirg o the
precipitate results in goethite (a~Fe0\0H)) formation. Heating during
calcination results in the formation of hematite (a-Fezo ). During reduction,
which can be accomplished in the presence of H and/or cé, fron oxiae typically
undergoes several different forms, which 1nclu5e magretite (Fe304).
wustite (a-F20) and metallic iron (a-Fe).
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The precipitation of copper in the form of copper ritrate, requires a pH «
at least 5. However, in the presence of iron, the precipitation of copper
sccurs at lower pH's (2).

Previous work conducted under this contract indicated that precipitation pH
was one of the key variables that controll:d the crystallite size of iron-copper
oxide catalysts. The pilot plant which was constructed to prepare iron
catalysts. is capable of precipitating iron and copper at any given pH level
with a suitable choice of the feed rates for the iron-copper nitrate and sodium
carbonate solutions, as described in the Experimental section.

The catalyst-preparation plant has operated for a maximum of 10 hours and
makes about 1000 grams of catalyst in any giver run. Because of the labor-
intensive nature of the plant, operating the plari for much longer times is
difficult. Several factors make the plant operation labar intensive. One of
the factors is solids build up on the surface of the pH probe in the
precipitation reactor. Solids build up causes erroneous pH read’ngs. Currently,
strean samples are being taken from the reactor every 15 minutes to measure pH
off-1ine.

Another factor is the lgss of catalyst throrih the centifugal filter., A
significant improvement in catalyst recovery was 2:zhieved when the pore size of
the filter bag was lowered from 6um to 0.5um. However, the problem of catalyst
loss across the filter was nct eliminated with the fine-mesh filter bag. Cur-
rently, part of the slurry that passes through the bag is being recycled back to
the centrifuge to help increase the catalyst recovery. The rest of the slurry
is collected in a 55-gallon urum fur catalyst separation at the end of the run,

Finally, the filter bag has a finite capacity of a few hundred grams of
catalyst. Once the bag b-comes essentially full, which occurs at the end of 2-3
hours, it is replaced wit a new bag.

Catalyst Testing

The targets for the basel‘rne catalyst have been set to at least 1 month's
stable operation at 30% CO+H, conversion at 2.4 normal 1iters synthesis gas/gram
iron hour with no mora than 5% methane + ethane selectivity, based on the work
done by Mobil Corporation under Con*trict DE-AC272-83PC50019. Other conditions
are 253°C, 14 atm, 0.7 Hp:1 Co feed, 27% catalyst loading 1. slurry.

Because the design of the catalyst-wax separvation system for the slurry-
catalyst testing reactor has not been finalized, the screening of Fe-Cu-K
catalyst can now only be dcne in short tests.

So far two different Fe-Cu-K catalysts were evaluated in the slurry-bed
reactor. Catalyst A achieved 90X CO+H, conversion at 0.7 normal liters
synthesfs gcs/gram iron-hour with 7.3% methane and ethane selectivity during the
first 50 hours. Catalyst B achieved 72% CO+H, conversion at 1.6 normal liters
synthesis gas/gram iron hour with 3.3% methane and ethane selectivity. The test
with cataiyst B indicates that although target caialytic selectivity was
achieved, the catalytic activity needs to be increesed. Longer-term testings
will determine whether catalytic stability needs also to be improved.
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FUTURE_PLAN

Task 1: Filters with nominal pore diameters nf hetween 0.7um and 5um will be
utilized in the slurry-bed reactor.

Task 2: After the cesign of the catalyst-wax separation system is finalized,
the reference-precipitated iron catalyst from Mobil Corporztion will be
tested in the slurry autoclave in order to ectablish reference
performance.

Task 3: Various equipment and procedural modifications will be considered to
decrease the man power requirements for running the catalyst
preparation plant and to run the plant for periods exceeding 10 hours.

Task_4: Various approaches will be considerea for increasing tne activity of
the ircon-copper-potassium oxide catalysts. These catalysts will be
evaluated in longer tests to determine catalytic stability. A baseline
catalyst will then be developed that matches the reported performance
of Mobil cataiyst.

Task 5: The deactivation mechanism of the baseline catalyst will be determined.

Task 6: Varicus approaches will be evaluated for improving the performance of
the baseline catalyst.
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FIGURE 4

PREPARATION OF YRON CATALYST
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