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Report:

The main purpose of the experiment was to inveigze dynamic behavior of the CuO-G&%8,0;
catalyst under working conditions, using as a pnaaetion the total oxidation of propane. The exkpent
consisted of imposing step pulses on the catafytstem using fast switching valves while simultarshp
monitoring the reactor effluent as a function ofi¢i by on-line mass spectrometry and probing thelysts
structure using energy dispersive XANES in transiois mode at the copper K edge. In addition to the
dynamic response, the catalytic system was allawedach its steady state at each reaction temyperand
for each reaction mixture.



To carry out these measurements, an in-situ/opereeltiwas constructed in our laboratory with aigies
that resembles the operation of a reactor undey fibw conditions”. The “heart” of this experimental cell
consists of a quartz capillary tube (ID = 0.9mm, ©0.mm) mounted horizontally on the setup. The flow
sheet of the experimental setup is given in Fidure

Before starting the reaction experiments, the giedn catalyst (75-10um) was loaded in the
experimental cell and was generally pre-treatefblésws. First, the catalyst was heated under ldesfirom
room temperature to 423 K. Next, the catalyst weyst lat 423 K under oxygen flow during approximately
one hour. At last, the catalytic system was furtheated in a He flow until it reached the firstatézn
temperature. Depending on the sequence of thepstises, the isothermal step-response experimeats th
were carried out can be divided in the followingegmries:

a) Hep>2%GsHg/He : reduction of the catalyst under flow of propa

b) HeP>»10%GOy/He : re-oxidation of the catalyst under flow afygen in He

c) HepP>{1%CsHs — 5 or 10%G}/He : reaction under simultaneous flow of propame oxygen in He
These experiments were performed at four diffetemperatures (namely 573K, 623K, 673K, 723K) under
atmospheric pressure. During the catalytic redimies a constant flow rate was used (i.e. 1.8 l/s),
while under reaction conditions a range of spaoedi (38.3 - 127.7 kg s / mol) was obtained by varyhe
total flow rate (i.e. 0.5-1.5 10mol/s). The amu’s that were followed with the msgsctrometer (MS) during
the experiment were 4, 12, 14, 18, 28, 29, 32a4il,44. Calibration of the MS was performed witlxtoies
of non overlaping gas components. To obtain quatité results from the MS (i.e. gas phase compurs)i
the analysis procedure of the MS-software (Quattaras followed (i.e. method of elimination accomlin
to Givens). For the XANES analysis, as the raw Xdea were in pixels of the camera, energy calibnati
was done using a Cu foil measured in eV (with efdgsition at 8979 eV). Determination of the edge
position, background substraction and normalizatérthe calibrated raw data was done with Ath€ha
Moreover, a linear combination fit (LCF) has be@plaed for the region around the edge (-20 eV t@%)
to quantify the ratio of CU/Cu**/CL’, using the spectra of the oxidized and reducealysatsample (after the
treatment with propane) and additionally aCueference taken from another beamline (i.e. BM26)

No obvious changes were observed in the spectii@eofatalyst during heating under He and pre-tigati
with 10%Q/He (see Figure 2a). Moreover, no changes wereessed in the XANES spectra during total
oxidation reaction conditions (see Figure 2b), éating that the copper phase remained fully oxilizeder
such conditions. From the MS analysis of the reaeftuent, propane conversions were obtained férent
space times and temperatures (see Figure 3a). thepropane conversion versus space time cuniéigj in
reaction rates were calculated at different tentpega, yielding an apparent activation energy far total
oxidation of propane of 70.1 kJ/mol (see Figure 3aditionally as seen from Figure 3a, a highefGgHg
molar ratio did not have an effect at the initedction rate.

For the catalytic red/ox cycles the following fings can be reported. The high spectral resoluianwas
achieved together with the time resolution of ID24. 0.1 s) made possible to follow in great detiae
transition of C@" to Cl? and to observe the existence of the intermediaté ghase (40%max). This was
evident from both the evolution of the pre-edgduemand the LCF analysis (see Figure 4). In Fidyrihe
conversion of the CuO phase during reduction amedctinversion of the Cu phase during re-oxidation is
given at all temperatures, as obtained from the B@&lysis. The reoxidation of the catalyst occuradth
faster (ca. two orders of magnitude) than its rédador all temperatures and this became more guooed
at lower temperatures. Assuming a first order axipration for the data of Figure 5 (i.e. X=1%
characteristic time constants for the red/ox cyckese obtained at different temperatures, yieldamg
apparent activation energy for the catalyst’s rédacof 70.0 kJ/mol and an apparent activation gynéor
the catalyst’s oxidation of 55.2 kJ/mol (see Fig@jeTherefore, the catalyst’s reduction under dpplied
conditions requires a higher activation energy tthencatalyst’s oxidation. Finally, it is worth m@hg that
the activation energy from the MS analysis agresg well with the activation energy of the LCF aysés for
the catalyst's reduction, which indicates that dgiydrocarbon oxidation over the CuO-GB&XD,O5 catalyst
the rate determining step is catalytic reduction.

f»J.-D. Grunwaldt, A.M. Molenbroek, N.-Y. Topsge, Fapsge, B. S. Clausen, J.Catal. 194 (2000) 452
" B. Ravel, M. Newville, J. Synch. Rad. 12 (2005y53
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Figure 1. Flow diagram of the experiment
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Figure 2. XANES spectra of the CuO-CeO,/Al,O; catalyst; (a) while heating with He and after pretreatment with
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Figure 3. (a) Propane conversion versus space time at different temperatures with pegnso = 1.013-10 * Pa and
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Figure 4. He|l 2 2%C;Hg/He step-response experiment at 723 K: BM_177; (a) Evolution of XANES spectra of the
CuO-CeO,/Al,0; catalyst (inset: evolution of the pre-edge feature); (b) Evolution of the composition of the
CuO-CeO,/Al,0; catalyst as obtained fromthe LCF
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Figure5. (a) Conversion of the CuO-phase during reduction of the CuO-CeO,/Al,O; catalyst with 2%6C;Hg/He at
different temperatures; (b) Conversion of the Cu-phase during re-oxidation of the CuO-CeO,/Al,O; catalyst with
10%0,/He at different temperatures
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Figure 6. (a) Time constants for catalytic reduction under 2%C;Hg/He versus temperature; (b) Time constants for
catalytic oxidation under 10%0,/He versus temperature



