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Production of H for polymer fuel cells (PEMFC) is usually
accomplished by a multistep process that includes catalytic re-
forming of hydrocarbons followed by water gas shift (WGS).
However, due to the limited activities of the current WGS catalysts,
approximately 0.51.0 vol % of unconverted CO still remains in
the effluent and needs to be decreased to a trace level to avoid
poisoning of the PEMFC anodePreferential oxidation of CO in
the Hx-rich stream resulting from such processes (CO-PROX) has i . ‘ ‘
been recognized as one of the most straightforward and cost-effec- 0 50 100 150 200 250
tive methods to achieve acceptable CO concentrations (below ca. Infegratediarea of the Ou™catbory bend (au)
100 ppm)4—¢ Supported noble metal catalysts, in particular, those Figure 1. CO oxidation rate at 323 K as a function of the intensity of the
containing platinum or golé;® have shown their ability for the Cut carbonyl calculate(_j ju'st prior to CO oxidation onset for the indicated

. . catalysts. The analysis is extended to coperia systems whose
process, and commercial systems ba_sed_on supported platinum arg, 5 .2 teristics can be found elsewhre.
available3® Catalysts based on combinations between copper and

cerium oxides have also shown promising properties for the processthat the interfacial region of the support in contact with the dispersed
and constitute a more interesting alternative from an economical copper oxide entities remains carbonated during the course of the
point of view*10.11t is generally agreed that optimum catalytic reaction as a consequence of the strongest redox activity of such
properties for CO oxidation over coppeceria are achieved inthe  region which should facilitate carbonate formatiéhis must be
presence of well-dispersed copper oxide patches over ceria nanopartaken into account when considering possible redox equilibrium
ticles*19-12 However, fundamental questions remain unanswered between copper and cerium at the interfacial regfon.
regarding the nature of the active species or sites for the two com-  Additionally, a band at 21262110 cnt? appears upon interac-
peting CO and K oxidation reactions whose respective activities tion with the CO-PROX mixture already at 303 K (Supporting
determine the selectivity behavior of the catalyst. The present work Information). Interestingly, a correlation is found between the inten-
shows, on the basis @perandospectroscopic analyses, that the sity of this band and the CO oxidation activity of the catalysts, as
CO-PROX performance of these types of catalysts could be displayed in Figure 1. It must be noted that, although the frequency
modulated since the two oxidation reactions are apparently favoredof this band lies in the range expected for metallic copper carbo-
by different redox processes involving the copper oxide support nyls s their relatively large thermal stability, along with previous
interface (for CO oxidation) and propagation of the reduction to analysis of the redox properties of these catalysts, indicates that
the rest of the supported copper oxide particles (fpokidation). they must correspond to Ctcarbonyls affected by interactions with

A catalyst with ca. 5 wt % of copper oxide supported on ceria the support and therefore located at interfacial positions of the dis-
(5CuO/CeQ) was prepared by incipient wetness impregnation of persed copper oxide entitiés!416The correlation illustrated by
copper nitrate on a nanocrystalline Gesupport prepared by a  Figure 1 can be understood on the basis of a recent analysis of re-
microemulsion method. A coppecerium mixed oxide catalyst  dox properties of this type of catalysts under Co#@d considering
(Cuw Len.60,) was prepared by coprecipitation of copper and cerium the Mars-van Krevelen-type mechanism under which CO oxidation
within a reverse microemulsion. Calcination under air at 773 K apparently proceeds in these types of catalfstsin this sense,
was applied as the final step of the preparation in any case. A taking into account the fully oxidized initial state of the cataly£s,
multitechnique analysis detailing structural and electronic charac- the respective intensities of these*Gearbonyls provide a measure
teristics of these catalysts can be found elsewkeke. of the potential of each catalyst to become interfacially reduced

Comparing these two catalysts, a previous work reported higher (within the C&*/Cu* redox couplél upon interaction of CO with
CO and H oxidation activity under CO-PROX conditions over its dispersed copper oxide entities, whereas the level of reduction
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Cu .Ce g0, during experiments conducted in a tubular fixed bed
catalytic reactor in which full CO conversion was achieved in a
narrow window for both catalysts; nevertheless, 5CuO/CeO
displayed slightly higher overall selectivity for CO oxidatitin.

Similar results are observed in the activity tests carried out with
the DRIFTS cell (Supporting Information). The DRIFTS spectra
(Supporting Information) display the formation of different carbon-

attained in each case is in turn related to the amount of sites
available for oxygen to react and close the catalytic citlé.

These results are complemented by XANES under CO-PROX
conditions. The analysis of the Ok-edge XANES spectra of
Cw LeagO, and 5CuO/Ce® indicates the presence of three
different chemical species during the course of the runs (Supporting
Information)!” The first one corresponds to a €wchemical state

ate-type species on the catalysts already upon first contact with displaying geometry similar to that found in CuO although
the CO-PROX mixture at 303 K. Similar carbonates are detected displaying some particularities attributable to interactions with the
on the Ce@ support, although they appear at considerably higher support, as discussed in more detail elsewh&rerhis component
reaction temperature (see Supporting Information). This indicates predominates at low reaction temperature, as illustrated by Figure
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Figure 2. Evolution of principal components detected by XANES during
a CO-PROX test over GuCey g0, and evolution of the gases during the
same run.

2. In this sense, it must be noted that the level of copper reduction
evidenced by DRIFTS at low temperature must correspond to a
relatively low amount of the copper (note a maximal limit of ca.
10% as intrinsic error of the technique/analysis), exclusively related
to interfacial sites in close interaction with the support which
presents the highest redox activityA component corresponding

to zero-valent CY as identified from comparison with a Cu foil
reference, predominates at the end of the runs (Figure 2). An

conditions for CyCe) gO, did not show the formation of peroxide
or superoxide species under CO-PROX conditions (Supporting
Information). Such species were proposed to be involved during
CO-PROX processes in ceria-supported gold sysfembeir
absence in GypCe g0, suggests that oxygen species involved in
the redox processes can be directly oxide anions, in agreement with
a recent investigation in which redox changes under GQiGa
catalyst of this type were observed to occur without involvement
of superoxides or peroxides even at 3032t which they can be
stable!4

In summary, DRIFTS and XANES results allow analyzing the
entities/species and/or phenomena involved in the two (CO and
H,) oxidation reactions taking place during CO-PROX tests over
the catalysts. They demonstrate that CO oxidation takes place at
interfacial positions of the dispersed copper oxide entities, and a
correlation is established between such activity and the level of
reduction achieved in such entities. The dxidation is shown to
proceed immediately after onset of a massive copper reduction to
Cu*, indicating that active species for the process must be mainly
related to partially reduced dispersed copper oxide nanoparticles.
Copper segregation and formation of metallic copper occufs at
> ca. 473 K and can contribute to the partial deactivation observed
for these types of systems under the CO-PROX mixttre.
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tributed to a Cti state on the basis of its s 4p/3d transition
energy and spectral shape (see Supporting Informatfodgint

analysis of the evolutions of the various copper species and the

gases evolving during the CO-PROX tests allows separation of
different relevant zones (Figure 2). The first one (zone I) at lowest

Supporting Information Available: Experimental procedur®p-
erandoDRIFTS and XANES results, and in situ Raman spectra. This
material is available free of charge via the Internet at http://pubs.acs.org.
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