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Report:

On the Catalytic Activity of Co3O4 in Low-Temperature CO Oxidation

Jonas Jansson, Anders E. C. Palmqvist, Erik Fridell, Magnus Skoglundh, Lars Österlund,
Peter Thormählen and Vratislav Langer

Journal of Catalysis, 211 (2002) 387-397

Abstract
Oxidation of CO over Co3O4 at ambient temperature was studied with flow reactor
experiments, and in-situ spectroscopic and structural methods. The catalyst deactivates during
the reaction. The rate of deactivation increased with increasing CO or CO2 gas phase
concentration but decreased with increased O2 concentration or increased temperature.
Regeneration of the catalyst in 10% O2/Ar was more efficient than regeneration in Ar alone.
The presence of carbonates and surface carbon on the deactivated catalyst was concluded
from TPO experiments. None of these species could, however, be correlated with the
deactivation of the catalyst. In-situ FTIR showed the presence of surface carbonates,
carbonyl, and oxygen species. The change in structure and oxidation state of the catalyst was
studied by in-situ XRD, in-situ XANES, XPS, and flow reactor experiments. One possible



explanation for the deactivation of the catalyst is a surface reconstruction hindering the redox
cycle of the reaction.

Figure 1. Co K-edge XANES analysis during CO oxidation in 1% CO+1% O2 over (a) preoxidised Co3O4

and (b) prereduced Co3O4.

A Transient in-situ FTIR and XANES Study of CO Oxidation over Pt/Al2O3 Catalysts

Per-Anders Carlsson, Lars Österlund, Peter Thormählen, Anders E. C. Palmqvist, Erik
Fridell, Jonas Jansson and Magnus Skoglundh

Submitted to Journal of Catalysis

Abstract
We report experimental results for the oxidation of CO over supported Pt/Al2O3 catalysts
operating in oxygen excess at atmospheric pressure. To study the reaction kinetics under
transient conditions we have employed step changes of the O2 concentration by intermittently
switching off the O2 supply at various temperatures ranging 523-623 K. Detailed in situ FTIR
and XANES data for CO coverage and chemical state of Pt are presented, while in both cases
monitoring the CO conversion by mass spectrometry. A red-shift of the frequency of linearly
bonded CO which correlates with an up-shift of the Pt LIII binding energy indicates that the Pt
catalyst initially is partially oxidised and gradually is reduced when the O2 supply is switched
off. Control experiments with a NO2 oxidised Pt/Al2O3 catalyst support these findings. A
hysteresis in the catalytic activity due to the different rates whereby Pt is oxidised and
reduced as a function of gas phase composition is observed. The activation energy for the Pt
oxide reduction (decomposition) process is estimated to be about 50 kJ/mol. The results
further emphasise that the conventional three-step Langmuir-Hinshelwood (LH) scheme used
to interpret CO oxidation on Pt surfaces must be complemented by a Pt oxidation and
reduction mechanism during transient conditions. Moreover, FTIR data suggest that during
the extinction, the (partially) oxidised platinum is reduced by chemisorbed CO which should
be explicitly accounted for in the reaction mechanism.



Figure 2. Measured MS ion currents (m/e 28, 32, 44) for the product stream (top panel) and Pt LIII binding
energy change (_BE) from 11572.2 eV (bottom panel) for a 2.0%Pt/Al2O3 catalyst exposed to 1.0 vol.-% CO
in Ar while switching the O2 concentration stepwise from 5.0 to 0.0 vol.-% at t=120 s (reduction phase) and
then back to 5.0 vol.-% at t=400 s at 523 K.
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