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Summary

A detailed structural investigation during , Htemperature
High activity programmed reduction (TPR), G@Cemperature programmed
\ oxidation (TPO) and isothermal cycles ,{He-CQO-He) was
performed on F©;-CeO, materials usingn situ XAS and XRD.
The aim was to understand the role of structurhsformation
leading to deactivation. Based on our previous stuthe
structurally most interesting (10wt%fe»-CeG, TEM) and the
_ _ catalytically most active material (80wt%Bg-CeQ,, activity
BOuCe0 howing faeeid maemiy oo tESts) were investigated (Figure 1), both in apared and cycled
produced after the Lst (dark bar) and 10th cyail - State. In addition to this, a model,Bg-CeQ, material with Fe:Ce

bar) ; highest activity is ob d for 80wt9 . .
ohene iy M 1 observed for 80WHBe 1.1 mole ratio was equally studied.

Structurally
interesting

Experimental conditions

e H,TPR and CO,-TPO experiments were performed at a uniform ramp od@FC/min with short
XANES measurements (5 min) to a temperature of@QQith a dwell time of 5 min. Each GO
TPO included re-oxidation with air during dwell #mas high-temperature, @eatments can induce
important structural phase changes which countersaterial deactivation. Each treatment was
preceded and followed by a room temperature EXAg&h 20 study the local structural evolution
compared to its fresh/pre-treated state. The sivaty carried out at both Cerland Fe-K edges in
order to obtain complementary structural and chahaidormation from both Fe and Ce species.

* An isothermal cycling study using short XANES measurements (3 min) cmiphith in situ
Mythen XRD was performed at 6%D on material with Fe:Ce in 1:1 mole ratio to stutthe
structural changes during reaction. The XANES weoarded at the Fe-K edge. At the beginning of
each XRD scan, a well-performing DUBBLE macro wa®dito correct @ angles for changes
induced by shifts in the X-ray energy.

Experiments performed and results

The as prepared materials 10wt%bB£CeQ,, 80wt%Fg0O;-CeQ, and Fe:Ce in mole ratio 1:1 were
subjected to subsequenPR and TPO to investigate thenaterial transformations.

The changes in Ces. XANES white line intensity enable to follow theidation state evolution in
10wt%Fe05-CeQ, during TPR as seen in Fig. 2a. The final XANESc#eafter reduction show the
formation of Cé& state. The information from the full EXAFS scaffi®meach treatment will enable to
distinguish the structural differences after thduation and re-oxidation treatment. Theweighted
spectra at the Fe-K edge of 10wt%BeCeQ, represent the signals of the as prepared, redacdd
oxidized state as shown in Fig. 2b. The changesdmst the reduced state (red curve) and the other



states is quite obvious. A detailed modeling of BDAFS scan will yield the exact environment of Fe
and the structural changes associated.
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Figure 2a: The Ce-l;, XANES profiles of 10wt%Fg;-CeQ, Energy (eV)
showing the oxidation state changes of Ce duripdPR. Figure 2c: Fe-K XANES of Fe:Ce in mole ratio 1:1 as

prepared, after HTPR and C@TPO.

Similarly, the Fe-K XANES (fluorescence mode) erabto follow the reduction of iron oxide in the
sample with Fe:Ce in mole ratio 1:1. The pre-edggtures after TPR and TPO remain the same,
indicating the same local environment. However,dtige energy shift towards lower energy indicates
reduction (red spectrum in Fig. 2¢). Linear comboraand detailed EXAFS modeling will yield insight
in the reduction and oxidation process.

To study the role of structural transformationsimgiredox cycling, the sample of Fe:Ce in molearati
of 1:1 was subjected isothermal cycles at 656C.

The changes in oxidation state were followeditsitu XAS and XRD. The Fe-K XANES spectra
clearly show the evolution of oxidation state (F3). During the reduction, the most reduced phase i
metallic Fe, while the most oxidized phase resemblgO,. The time resolved XRD measurements at
Fe-K edge provide a clear insight in the phase gésuduring reaction (Fig. 4). From the XRD pattern,
FeO, is reduced to FeO, while the deeper reductiondtaliic Fe can be inferred only through XAS.
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Figure 3: XANES spectra for the Hreduction and
CO, re-oxidation of Fe:Ce with 1:1 mole ratio duri
isothermal cycling at 65C. T

Figure 4: In situ XRD patterns with XANES at Fe-K ed(
£{7112eV) during the isothermal cycling process atemial with
Fe:Ce 1:1 mole ratio.
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