Executive Summary

Increasingly stringent regulations limit the amount of regulated pollutants which a motor vehicle may emit.  Present day three-way catalysts are inhibited by the presence of sulfur oxides in the engine exhaust.  The Sulfur Tolerant Vehicle Systems Program is an initiative to support fundamental research in catalysis, chemical engineering, or chemistry leading to sulfur tolerant three-way exhaust gas catalysts.  That is automotive catalysts whose effectiveness for decreasing the amount of hydrocarbons, carbon monoxide, and nitrogen oxides in the exhaust gas to permissible levels is not significantly diminished by the presence of 5 to 30 ppm SO2 in the exhaust.  

Present spark engine three-way catalyst systems control emissions by cycling at about 1 Hz (on either side of) around the stoichiometric fuel air ratio.  In this manner, hydrocarbons and carbon monoxide are most effectively oxidized when the engine is operating slightly lean, and the nitrogen oxides are reduced to N2 when the engine is operating slightly rich.  During the slightly rich part of the cycle, hydrocarbons and carbon monoxide are converted by water gas shift type catalysis or by oxygen stored by ceria.  It is during this slightly rich part of the cycle that sulfur has its greatest negative impact on catalyst performance.

The focus of this fundamental research was on new concepts and/or new catalytic systems that are significantly more sulfur tolerant than today’s catalysts.  While commercially viable catalysts were not the objective here, it was expected that the research would take into account that these sulfur tolerant systems must function in the presence of significant levels of water vapor, carbon oxides, etc. over a wide range of temperature.  The CRC particularly sought high risk, high payoff ideas, with the focus on experimental work coupled with fundamental understanding rather than purely theoretical studies.  

Four university organizations were chosen to conduct the desired research:

Professor Julie L. d’Itri, University of Pittsburgh

Professors Harold & Mayfair Kung, Northwestern University

Professor Kenneth Poeppelmeier, Northwestern University 

Professors Raymond Gorte & John Vohs, University of Pennsylvania

Project E-7a-3 Julie L. d’Itri, University of Pittsburgh

Professor d’Itri’s approach was to understand and block sulfur poisoning of cerium oxide with oxide coating.  1% Pd/Ce0.75Zr0.25O2 was observed to be more sulfur tolerant than the analogous Pd/CeO2 catalyst as shown by lean, stoichiometric and cyclic studies. The presence of SO2 lowers the rate of NOx reduction under cyclic conditions more than under lean conditions. 

The effect of SO2 on the structural, morphological and catalytic properties of metal free CeO2 and Ce0.75Zr0.25O2 were investigated. Grain growth and loss of surface area was observed at 600 ºC on exposure to 20-40 ppm SO2 but bulk sulfites or sulfates were not detected. 20 ppm SO2 is sufficient to significantly suppress the oxidation of CO in the presence of an 1% CO, 2% O2 in N2 mixture, while it seemed to promote the oxidation of C3H6 in the presence of a 0.11% C3H6, 2% O2 in N2 mixture both on metal free oxides and oxides with 1% Pd.  Direct in situ Raman spectroscopic evidence for the unexpected deposition of elemental carbon during the standard laboratory OSC and OSCC tests using dry carbon monoxide, and direct evidence for the presence of superoxide, O2- and peroxo ions of CeO2 and ceria zirconia surfaces, and the pathway leading from O2, to O2-, O2-2 to 2O-2 was observed.
E-7a-4 Harold & Mayfair Kung Northwestern University

Professors Kung’s approach was to increase sulfur tolerance by increasing overall activity.  Improved alumina support was prepared using 2-methyl 2,4 pentanediol leading to improved oxygen storage capacity from the alumina supported CexZr1-xO2. The alumina is likely to find applications beyond auto-exhaust gas catalysts. The subsequent work on CeZrOx on Al2O3 and CeZrOx adds to the communities understanding of this complex material, in ways that will further improve exhaust gas catalysts. 

E-7a-5 Kenneth Poeppelmeier, Northwestern University

Professor Poeppelmeier’s approach was to use manganese oxide to protect ceria from sulfation and to demonstrate that by oxidation the composite materials could be regenerated, thus supplying an additional source of oxygen.  Manganese oxide formulations were demonstrated in laboratory experiments to protect cerium oxide from conversion to cerium sulfate by SO2 and the manganese sulfate formed could be decomposed reforming MnOx.

E-7a-6 Raymond Gorte and John Vohs, University of Pennsylvania

Professors Gorte and Voh’s approach was to understand and block sulfur poisoning of cerium oxide with oxide coating.  They determined that both cerium (III) and cerium (IV) sulfate can form on sulfur poisoning and that cerium oxysulfide, Ce2O2S forms under reducing conditions.  Sulfur doesn’t poison or decrease the conventional oxygen storage capacity of ceria as measured in the laboratory, but it impacts three-way catalysts by blocking the steam reforming of hydrocarbons and water gas shift reaction that converts CO to CO2. This suggests ways to combat sulfur poisoning, and the work with ceria and ceria zirconia has had a major impact of the development of prototype catalysts for high volumetric activity noble metal ceria based catalysts of automotive fuel processors for future automotive fuel cell systems. 

The research from these studies has resulted in numerous scientific journal papers.  Seven post-doctoral fellows were trained.  Three graduate, and two Ph.D. students were wholly or partially supported.  This report presents the results of each of these research studies.
