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Abstract:

Due to the strong coupling between the reaction and the transport processes, the temperature and species concentration vary with time and reactor position. Most current models for studying the dynamic oxygen storage capacity (OSC) of ceria-containing catalysts do not take into account these complex spatial temporal patterns, or utilize the kinetic parameters that are obtained from experiments in which these gradients are eliminated. To address this gap, a new experimental method that enables the simultaneous measurement of concentration and temperature profiles within a catalytic reactor has been developed.  Species concentration measured by spatially resolved mass spectrometry (SpaciMS) [1] and  the temperature profile measured by coherent optical frequency domain reflectometry (c-OFDR) [2] within a monolith channel were conducted to investigate the impact of key operating variables (space velocity, cycle time, and rich pulse intensity) on the oxygen storage and release process of a Pt/Rh/CeO2/BaO monolithic catalyst during lean-rich cycling operation.  
The catalyst was fed periodically for a short time (5s) with a rich feed of 1.2 vol.% propylene and followed by a longer (30s) lean feed of 10 vol. % O2. The temperature measurements revealed complex spatial temporal temperature features, i.e., the maximum temperature rise after the rich-lean switch was much higher than that following the lean-rich switch.  Moreover, in the presence of ceria, hydrogen forms a local maximum due to its downstream reaction with CeO2. 
A 30% increase in the space velocity enables the trapping of more propylene while it inhibits the uptake of oxygen, thus favoring the partial oxidation of propylene. Increasing the lean and rich duration, on the other hand, enable trapping more oxygen but results in the breakthrough of more propylene. Under this operation, the catalyst is poisoned by CO and C3H6 derived adspecies, thus the partial oxidation is favor and hydrogen specie is formed continuously along the reactor length. During the rich period, the combustion process is vigorous in the upstream section but due to lower catalyst temperature and surface mobility, the product CO2 is desorb slower. Whereas increased the rich duration time with less reductant concentration will not affect the break-through time of propylene or the selectivity of the final products. More H2 is formed inside the channel and less reductant loss at the lean/rich interface.  
A mathematical model of the system is under development to simulate the spatio-temporal trends  with the goal to provide insight into the complex interplay between the reaction and transport processes during the transient catalytic oxidation of propylene.  In summary, the study shows that simultaneous measurements of spatially-resolved temperature and concentration are a powerful tool in elucidating the complex transient features of a periodically-operated catalytic reactor.
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