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Abstract

A mixture of hematite and an amorphous Fe(III) hydroxide species are formed during the preparation of
precipitated iron based catalysts. The percentage of the two phases varies with the change in the preparation
conditions. Mossbauer spectroscopy reveals that maximum hematite was formed between pH 6-7 and
Cpe3+/C;Na2CO3 of 0.33-0.375 corresponding to an increase in product crystallinity as determined from XRD
line broadening analysis. The change in the product distribution with preparation conditions suggests the
presence of two competing reactions. Particle size distribution of the hematite phase indicates that nucleation and
particle growth occur at the same time.

1. Introduction

The preparation of catalysts through precipitation has always proved to be
unpredictable, because of the variables involved in the preparation. The use of precipitated
iron based catalysts in the Fischer-Tropsch process dates back to the time when the process
was discovered. However, recent literature reviews [1-3] have pointed out the lack of
fundamental knowledge on the effect of the preparation conditions on the physico-chemical
nature and catalytic behaviour of the precipitates. The conditions which can affect the
precipitate are, the final pH of the precipitate, the concentration of the solutions used, the time
over which the precipitation occurs, the precipitation temperature, the type of precipitating
agent used etc. The information often obtained from catalyst characterisation pertains to phase
composition, particle size and morphology, surface composition, crystallinity, as well as pore
dimensions. Information on phase and surface composition may be difficult to obtain for small
particles, as these become transparent to most spectroscopies except Mossbauer spectroscopy.

In our study we have attempted to relate the conditions used in the synthesis of
iron based catalysts to the iron phases, crystallite size, pore volume and surface area as well as
magnetic properties of the precipitates thus formed.

2. Results and Discussion

The Mossbauer spectra of samples prepared at pH 9.8, 7.2 and 4 are shown in
Figure 1. The spectra show the presence of a sextet (M) and a paramagnetic doublet (P). The
hyperfine parameters of the sextet, as well as XRD analysis, suggest the presence of hemetite
(oc-Fe203). This forms with a distribution of particle sizes to give a sextet with broad lines
(F=0.35 mm s"1). Lattice deffects or the inclusion of Na+ in the hematite structure would
explain the reduced hyperfine field of hemetite and brodened XRD peaks. Mossbauer spectra
obtained at 80 K show an increase in the intensities of the magnetic component. This increase
is due to hematite with a particle size less than 8 nm which exhibits paramagnetic behaviour at
298 K and magnetic ordering at 80 K. The paramagnetic doublet (8=0.217 mm s'1, A=0.684
mm s"1, F=0.52 mm s"1 with respect to BCC Fe) can be assigned to a mixture of ferric oxide
and hydroxide. This component results in XRD peaks at low angles corresponding to large
d-values indicating the presence of an amorphous phase.
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FIG. 1. Mossbauer spectra of precipitates
prepared at different pH's at 289 K.
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FIG. 3. The change in surface area and pore volume withpH.
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FIG. 4. Mossbauer spectra of the sample prepared at pH 9.8 before and after ESR (heated

under air from 25 to 300 °C).

Figure 2 shows the effect of the ratio of Fe3+/Na2CO3 concentrations on the
amount of iron in the magnetic and paramagnetic components. A maximum amount of the
hematite forms at Cpe3 + /CNa2CO3 of 0.38. No change in the type of iron phase formed is

observed. The surface area and pore volume of the precipitates varies with preparation
conditions as shown in Figure 3.

These reach a maximum at pH 6-6.5 corresponding to CFe3+/CNa2CC>3 of 0.33-0.38.
Decreasing the precipitation time and hence the ageing time of the precipitate favors the
formation of the hydroxyl species. Similarly low temperatures slow down the hydrolysis
reaction of ferric ions.

ESR spectroscopy shows the presence of a peak which disappeares at 573 K
and is irreversible as expected. The room temperature Mossbauer spectra of the pH 9.8
sample, before and after ESR experiment was done, are shown in Figure 4. The sample after
ESR shows an increase in the magnetic component with a small paramagnetic doublet. This
increase in the magnetic phase can be a result of the transformation and re-arrangement of iron
hydroxide species such Fe5HOs#4H2O to give a-Fe2C>3 which explains the reversible nature of
this resonance peak. The small paramagnetic component is a result of the presence of small
particles of hematite as observed before. Heat treatment studies confirm that the paramagnetic
component is composed of the unstable hydrolysis products which convert to hematite on
heating. Changing the order of addition of the reacting salts results in the formation of goethite
with no hematite. This is suggestive of a change in the reaction pathway for the precipitation
process.

3. Conclusions

The major phases formed during preparation of precipitated iron based
catalysts from iron nitrate and sodium carbonate are hematite and a hydroxyl species whose
ordering at 80 K is similar to that of ferrihydrite. On changing the preparation conditions one
observes a shift in the relative amounts of iron present in the P and M component. The
hematite phase presents a particle size distribution with about 8.5 % of the material being
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smaller than 8 nm, which is paramagnetic at 298 K. This shows that both crystal growth and
nucleation are taking place simultaneously during precipitation. Hematite forms by the
hydrolysis of the Fe3+ hexa-aqua ion. We have observed that rapid precipitation, low
temperatures and highly acidic as well as as highly basic conditions inhibits the hydrolysis
process, resulting in the formation of an amorphous phase with a paramagnetic Mossbauer
spectrum. A maximum amount of hematite was formed at pH 6-7 and CFe3+/CNa2CO3 of
0.33-0.38. Particle size distribution of hematite suggests that growth of this phase happens via
nucleation at higly basic pH with crystal growth occuring once supersaturation has been
attained in the reactor. The phase transformation of the unstable hydrolysis products into
either goethite (cc-FeOOH) or hematite (a-Fe2C>3) depends strongly on the order of addition
of the reacting salts.
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