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catalysts.
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Introduction

Catalyst stability is probably the most importassue in catalyst design for
hydrogen production from ethanol. Catalyst deatitwa is generally attributed to the
deposition of carbonaceous species or sinterinth@fmetal particles. The carbon deposits
following ethanol steam reforming (SR) are compmtisef both carbon filaments and
amorphous carbon covering the metallic particle #wedsupport [1]. Recently, we studied the
deactivation mechanism of Pt/CeZr€atalyst for the steam reforming of ethanol rescfP].
Diffuse reflectance infrared spectroscopy (DRIFB&pwed that the loss of the Pt-support
synergy is, at least in part, due to a builduparbonaceous residue, which is a likely reason
for the deactivation of Pt/CeZsOThe deposition of carbon blocked sites betweenatkide
and the Pt, obstructing the Pt from demethanatiegacetate species located on the CeZrO
support.

However, the nature of carbon deposits formed dépem both the metal and the support
used. The literature reports the formation of carflaments over supported Co or Ni catalysts
during SR [3]. The aim of this work is to providerther insight into the deactivation

mechanism of SR and the effect of the metal natgmeg a combination of reaction testing,
temperature programmed oxidation (TPO) and tempergbrogrammed desorption (TPD),
diffuse reflectance infrared Fourier transform spmropy (DRIFTS) measurements and

transmission electron microscofiyR-TEM).

Materialsand Methods

CeQ, support was calcined at 1073 K for 1 h. Pt (1.04ytand Co (10.0 wt.%)
were added to the support by incipient wetness egmpation with an aqueous solution
containing HPtCk-6H,O and Co(N®).H;O, respectivelyThe catalysts were characterized by
BET surface area, X-ray diffraction, transmissidectron microscopy (HR-TEM), scanning
electron microscopy (SEM), thermogravimetry, terapare programmed oxidation and
desorption analyses. The DRIFTS analysis was chot¢ by using an ethanol + water mixture
containing a KO/ethanol ratio of 2.0. The reactions were perfatima fixed bed reactor at
atmospheric pressure. Prior to reaction, the cstalwere reduced at 773 K for 1 h. The
reactions were carried out at 773 K and W/Q = @G2cni. It was used bD/ethanol molar
ratio = 3.0 or 10.0 (for SR),@/ethanol molar ratio = 3.0 and/éthanol molar ratio = 0.5 (for
POX and OSR).

Resultsand Discussion

Catalytic performance parameters of Pt/gafd Co/Ce@catalysts were evaluated
for ethanol steam reforming, partial oxidation aomidative steam reforming. At low
temperature (773K), the Pt/Cg@atalyst underwent significant deactivation durigthanol
steam reforming reaction. HR-TEM revealed somea@abeous deposits after SR. Co-feeding
oxygen attenuated the deactivation rate of thelysatébut significantly decreased the
selectivity to hydrogen. Increasing the reactiomgerature to 1073K greatly improved the
stability of the catalyst. Co/CeQatalyst exhibited higher stability than Pt/Gefor all the
reactions at 773K and deactivation was not obsedrethg OSR. However, SEM analysis
revealed the presence of carbon filaments at diffelextents, depending on the reaction
conditions. At 1073K, Co/Ceratalyst was also quite stable while carbon filatmevere no
longer detected. DRIFTS experiments at differeattien temperatures showed basically the
same intermediate species on both catalysts, exoefite CO band, which was not detected
on Co-based catalyst. A reaction mechanism wasogeapbased on DRIFTS results. DRIFTS
spectra revealed the increase of the intensithefbands attributed to acetate species during
the SR at 773K (Figure 1). For Pt/Ce€atalyst, the loss of the Pt-support interfaceldeta a
buildup of carbonaceous residue, which is the yikeason of the deactivation of Pt/CeO
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Figure 1. DRIFTS spectra obtained over (a) Pt/Ga@d (b) Co/Cegat 773 K and under the
reaction mixture containing ethanol and water (watkanol ratio = 2.0) during 6 hours TOS.

Significance

This paperprovides further insight on the reaction mechardsm sheds light on the nature of
catalyst deactivation during ethanol conversiorctieas, which are fundamental to the design
of appropriated catalysts for these reactions.
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