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Introduction

Iron zeolites can be prepared by different methods, i.e. (i) hydrothermal synthesis, (ii) ion-exchange and (iii)
chemical vapour deposition. The preparation method has an influence on the catalytic properties of the
materials in N;O-decomposition, selective catalytic reduction and benzene oxidation. Goal of the present
XAS was to compare the structural features of iron zeolites prepared by the three above-mentioned methods
and to relate these features to the catalytic activity of the materials in N>O decomposition.

Experimental

Table 1 shows a list of the samples which were investigates in this XAS study. The samples were pressed
into pellets, placed into the EXAFS cell and treated at 673 K in O,. Subsequently an EXAFS spectrum was
recorded at 77 K. EXAFS analysis was carried out using the IFEFFIT software.' Reference files were
calculated with FEFF 8.1.% S¢” was calibrated using an experimental reference spectrum of Fe;Os.

Table 1 Preparation of the iron zeolites

Catalyst Preparation Fe % Fe/Al
ZSM-5 CVD CVD of FeCls 4.0 1.1
ZSM-5 CVD st + steaming

ZSM-5 IEA Ion-exchange of FeCl, 0.8 0.25
ZSM-5 IEA st +steaming

ZSM-5 HT Hydrothermal synthesis 1.0 0.35
ZSM-5 HT st + steaming

ZSM-12 IEM Ion-exchange of FeSO4 1.6 0.65

ZSM-12 IEM st + steaming




Results

All catalysts exhibited a rather weak EXAFS signal. The spectra were fitted with only one single Fe-O and
one single Fe-Fe shell. This two-shell fit enabled a direct comparison of the average Fe-O and Fe-Fe
coordination numbers of all the samples. In cases where the data quality allowed the use of a second Fe-O or
second Fe-Fe shell, the sum of the Fe-O and Fe-Fe coordination numbers obtained in these fits did not
deviate much from the values obtained in the two-shell fit. This assured us that the lumping of all oxygen and
iron neighbours into one common backscattering function did not produce erroneous results. The Debye-
Waller factors of these lumped shells were very high, however, indicating a large spread of the Fe-O and the
Fe-Fe distances, i.e. a high structural disorder. The Fe-O coordination number was between 4 and 5 for all
catalysts. The average Fe-O distances were also similar. The Fe-Fe coordination number decreased from Fe-
ZSM-12 IEM st and Fe-ZSM-5 HT st (CN ~ 4.0) to Fe-ZSM-5 CVD st (CN ~ 3.5) to Fe-ZSM-5 CVD and
Fe-ZSM-5 IEA (CN ~ 2). The steamed catalysts generally had larger Fe-Fe coordination numbers (see Figure
2 and 3). The coordination number can be seen as a measure for the degree of clustering of the iron atoms.
The EXAFS spectrum of the as-synthesized Fe-ZSM-5 HT could be fit with only one Fe-O shell. Its
coordination number was 2.8. For iron atoms, which are incorporated into the ZSM-5 framework a value of
four would be expected. The discrepancy may be due to the fact that a fraction of the iron species was not in
framework positions, but in amorphous clusters with a more distorted coordination. An even lower
coordination number (CN = 1.5) was obtained for the calcined sample. Similar results were recently found by
Berlier et al. and ascribed to the large heterogeneity of the iron species in the calcined sample.’

The fit of Fe-ZSM-5 IEA (st) yielded a rather high Fe-Fe coordination number with a large error margin.
Choi et al. recently reported an EXAFS analysis of a very similar sample* and pointed out that the peak
between 2.5 and 3.0 A in the radial distribution function should be attributed to backscattering by Al and not
by Fe. We could fit our spectra equally well with an Al-shell, a Fe-shell or a combination of both. Due to the
narrow k-range available for fitting, no firm conclusions could be drawn about the type and number of
neighbours in the second coordination shell of iron in these samples.

We also analysed the pre-edges of the iron zeolites. Absorption in the pre-edge is due to a dipole-forbidden
1s—3d transition. Its intensity and position can yield additional information on the oxidation state and
coordination geometry of iron.>® The as-synthesized Fe-ZSM-5 HT had a very sharp and intense pre-edge
peak at 7114.5 eV, due to the tetrahedral coordination of the iron atoms in the zeolite framework. All the
other samples had a less intense pre-edge peak, also at 7114.5 eV. Differences between the samples could not
be detected. None of the pre-edge peaks had a shoulder at higher energies, which is characteristic for Fe,Os-
clusters.” For all catalysts, the intensity of the peak was higher than that of Fe(acac)s, with octahedral
coordination. We can infer that the iron atoms in our catalysts did not have centrosymmetric coordination,
but an irregular, distorted coordination sphere.
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Figure 1 Preedges of the iron zeolites.



Table 2 Fit parameters of the EXAFS spectra: R = average distance, CN =
coordination number, G’ = Debye-Waller factor, AE, = shift of E, compared
to the reference.

Shell R (A) CN o’ (A  AEy(eV)
ZSM-5 CVD E
Fe-O 1.96 48+0.5 0.011 -10.5
Fe-Fe 3.01 25+1.1 0.014
ZSM-5 CVD st
Fe-O 1.98 43+0.6 0.011 2.6
Fe-Fe 3.02 35+1.2 0.011
ZSM-5 [EA
Fe-O 1.99 49+1.1 0.012 7.2
Fe-Fe 3.04 (2.1+3.3) 0.016
7ZSM-5 IEA st
Fe-O 1.99 50+1.3 0.018 5.8
Fe-Fe 3.06 (3.4+£3.5) 0.020
ZSM-5 HT as
Fe-O 1.84 2.8+0.8 0.002 -11.4
ZSM-5 HT st
Fe-O 1.97 41406 0.010 4.6
Fe-Fe 3.03 41425 0.017
ZSM-12 IEM st
Fe-O 2.02 48+0.8 0.009 3.8
Fe-Fe 3.04 3.9+2.0 0.012
Discussion

The iron zeolites prepared by the different methods listed in Table 1 exhibited similar structural features,
indicated by the almost identical Fe-O and Fe-Fe distances and the similar pre-edge peak. Differences were
only found in the average size of the iron clusters, reflected in the average Fe-Fe coordination number.
Steaming always increased the average Fe-Fe coordination number, i.e. it led to a clustering of the iron
atoms. The clustering was also observed by an increase of the intensity of bands below 35000 cm™ in the
UV-Vis8 spectra, but could not be quantified from the visible spectra since the absorption coefficients are not
known.

The catalytic tests showed that the activity of the samples in N,O decomposition increased after steaming.”
This cannot be related to the increase in the size of the iron oxide clusters, since larger iron oxide clusters
have a lower turn-over-frequency. The increase in activity is attributed to the formation of Fe-O-Al clusters
during the steaming process. In our spectra we could not find clear evidence for the existence of such
clusters, possibly because they are only present as minority species. Moreover, the short k-range available for
fitting did not allow for a very detailed analysis of the spectra.

Reaction of the catalysts with N,O at 673 K had no effect on the EXAFS spectra. The oxygen atoms, which
N>O deposited on the catalyst surface were quickly exchanged with other surface oxygen atoms and became
indistinguishable from each other.
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Figure 2 kK*-weighted FT of Fe-ZSM-5 HT as synthesised and steamed.
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Figure 3 kK*-weighted FT of Fe-ZSM-5 CVD calcined and steamed.
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