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Introduction

The aim of the proposed experiment was to inveiffze oxidation states and crystal structure ddQa
CeQJ/Al,03 and CuO-Ce@Al,0; catalysts in redox and isothermal oxygen/prop@aetions by amn-situ
method, which combines X-ray absorption spectrogd{AS) at the Ce K edge (~40 keV) with X-ray
diffraction (XRD) and mass spectrometry (MS) andgboly Raman vibrational spectroscopy. By compariso
of the two samples, the behaviour of ceria with aitiout CuO in the catalyst can be assessed.

Experiments performed

In view of optimal XAS signal, a sample of 20 to#@ was loaded between with 2 quartz wool plugs at
3 mm quartz capillary, which fits into the capilledframe setup of SNBL, allowing in situ XAS, XRD @&n
Raman measurements. Figure 1 shows an examplamdriRaeasurements at RT over both samples.
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Fig. 1: averaged Raman scans over CuO-CeQO,/Al,Os3 CeO,/Al,0O3 catalyst at ambient conditions; inset:
and CeO,/Al,O3 at ambient conditions. full EXAFSsignal k-x(k)



Good quality XAS spectra were obtained with Ce Ke&XAFS measurements up to k = 13 & room
temperature (see Fig. 2). Gas-phase compositionrs witained, using a calibrated MS (OmniStyr
Typically, the reaction temperature varied betw&in and 1000 K, with total flow rates of 40 ml/min.
Powder reference materials Ce@eCk and Cek were measured in pellet form and in capillary with
reference : BN dilution of 1 : 9. Thermal reductias well as hydrogen and propane reduction expatgne
were performed on both samples at various tempesat&or the re-oxidation experiments, botha@d CQ
were used as oxidant. Finally, isothermal reactisitis O,:C3Hg ratios of 5, 2 and 1 were followed.

Example experiments: reduction
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Fig. 3: CuO-CeO,/Al,03 sample during thermal reduction (40 ml/min He flow); a: zoomed XRD pattern
(calibrated to Cu Ka X-rays); b: Ce K edge XANES spectra after alignment of the reference measurements.

When heating the sample CuO-G&0,0; under He flow, distinct changes occur in the XRidt@rn at the
highest temperature, 1073 K: the characteristikpé&@mm CuO diffraction (35 and 38°) have beenaepd

by an intense line from GO, while an onset of the Cu diffraction already egms (Fig. 2a). The diffractions
associated with Ce28 and 32°) display an increase in intensity el as a small shift towards lower angle
with increasing T. In the Ce K XANES spectra, adsme small changes occur (Fig.2b).

In propane reduction, the XRD pattern for the saa@mple shows changes from T = 673 K on, i.e. before
thermal reduction is at play (Fig. 4). On the otlnd, propane reduction of C£8,0; shows no
noticeable changes in XRD pattern up to 1073 K ghatwvn), indicating the reduction affects mainlyGCu

In H, reduction, XANES spectra from both samples showdence of some reduction (Fig. 5). Analysis of
the data will allow to assess to which extent €bé&s suffered oxygen loss during reduction in Isattmples.
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Fig. 4: XRD patterns from CuO-CeO,/Al,O3 under Fig. 5: zoom on XANES spectra from CuO-CeO,/Al,03
isothermal propane reduction (lower set) and CeO,/Al,O3 (upper set) under
(2.4% C3Hg in He, 41 mi/min). isothermal H; reduction (3% H, in He, 40 mi/min).



