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Summary
A novel promoter material 10-Mg-Fe-Al-O showed rekadle stability and high CO yield towards a

CO, utilization process[1]. The structural evolutionrithg the reaction was investigated using in situ
XRD, however no noticeable changes in the evolubbvarious iron oxide phases were observed.
Hence, a detailed in situ XAS study was conductethes material to identify the changes in oxidatio
state of iron oxides by probing around the Fe emvitent. The XAS study was performed along with in
situ XRD study which could follow crystallographibanges in a six degree window. This could yield
insight about the possible extraction of Fe throtighlattice parameter evolution. The in situ XAt a
XRD can provide information about the oxidationstavolution along with changes in local structure.

Experimental conditions

XAS measurements were performed at the Fe-K edf@2(2V) in transmission mode. The redox
properties of 10-Mg-Fe-Al-O were studied during tdduction (up to 80€C), CGO reoxidation (up to
800°C). In situ XANES was performed to follow theidation state changes during these treatments.
Further, EXAFS measurements were recorded befaion, and at selected stages of treatments (after
reduction and reoxidation). These steps will alfowmodeling and hence supply quantitative struadtur
information. In addition, EXAFS was measured at°I®using a cryostat for selected samples.

Experiments performed and results

The oxidation state evolution was identified durlRgNES at Fe-K edge in 10-Mg-Fe-Al-O for fresh
and 60 times cycled material during-lHPR and C@TPO. The XANES of fresh material shows that
during H-TPR a shift of edge and pre-edge occurred, indigatduction, but the iron oxide was not
completely reduced to metallic Fe (Figure 1a). KBNES evolution during the COTPO (Figure 1b)
show that the material was oxidized back to itprapared state (Figure 2).
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Figure 1: The Fe-K edge XANES spectrum up to°8006f Figure 2: The room temperature XANES spectra of 10-
fresh 10-Mg-Fe-Al-O during (a) #reduction and (b) C® Mg-Fe-Al-O in as prepared state, after-fIPR and after
reoxidation CO,-TPO.



The diffraction changes were followed during reductnd reoxidation in a six degree window around
the main spinel diffraction position. They showliglg decrease in lattice parameter duringT®R
(Figure 3a). In addition to thermal expansion, whjives rise to a downward shift of diffractioniset
observed shift in TPR could point to reduction and?e extraction from the spinel lattice. A more
complex variation occurs during GOPO.
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Figure 3: High resolution in situ XRD pattern of the mogeimse diffraction peak of 10-Mg-Fe-Al-O at
Fe-K edge during (a) Hreduction and (b) C®reoxidation

Further, for the 60 times cycled sample, a roonptnature XANES spectrum aftep-HFIPR and C@
TPO shows that the material did not oxidize bacthtoas prepared state (Figure 4). This could lee du
to the prolonged cycling which could result in d@stion. Comparison with references of,B¢ and
FeO, show that these materials are electronically obfie The pre-edge features show that in both
fresh and cycled material Fe is distributed in bethal and tetrahedral sites, as they exhibit snge-
edge peaks. EXAFS of fresh and 60 times cycled kaatp-196°C, yield k-space features (Figure 5)
with clear structural differences from the referemeaterials (F€; and FgO,). Further analysis of the
pre-edge features and the k-space signals willvalty detailed modelling of the second shell, which
will yield structural insight in the material.
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Figure 4: XANES of the fresh and cycled sample, tifégure 5: The k-space spectra of the fresh and cycled
latter after TPR and TPO, with references®gand material, the latter after TPR and TPO, with refeces
Fe;O,, and the inset showing pre-edge features pg,0, and FeO, measured at -196°C.

all these materials.
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