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Resume: 

 Raymond J. Gorte joined the faculty at the University of Pennsylvania in 1981 after 
receiving his PhD in Chemical Engineering from the University of Minnesota. He is currently 
the Russell Pearce and Elizabeth Crimian Heuer Professor of Chemical & Biomolecular 
Engineering, with a secondary appointment in Materials Science & Engineering. Since joining 
Penn, Ray has served as Chairman of Chemical Engineering from 1995 to 2000 and was the Carl 
V. S. Patterson Professor of Chemical Engineering from 1996 through 2001. He received the 
1997 Parravano Award of the Michigan Catalysis Society, the 1998 Philadelphia Catalysis Club 
Award, the 1999 Paul Emmett Award of the North American Catalysis Society, the 2001 Penn 
Engineering Distinguished Research Award, the 2009 AIChE Wilhelm Award, and was elected 
to the National Academy of Engineering in 2018. He has served as Chairman of the Gordon 
Conference on Catalysis (1998) and Program Chairman of the 12th International Zeolite 
Conference (1998). He is an Associate Editor of the Journal of the Electrochemical Society. His 
present research interests are focused on electrodes for solid-oxide fuel cells, catalyst synthesis 
by ALD, and catalysts for biomass upgrading. He is also known for his research on zeolite 
acidity and on the redox properties of ceria for catalysis. 
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Abstract 
     A major challenge associated with hypersonic aircraft is thermal protection of the engine, since air 
cooling is not possible at high velocities. An approach that has been used for controlling the temperatures 
of critical engine components in the US Air Force X-51A program involves using the fuel itself as a coolant 
before it enters the combustion chamber. While the amount of heat that can be taken up by the fuel is limited 
by the maximum temperature to which the fuel can be heated, it is possible to increase the cooling capacity 
of the fuel by performing endothermic reactions on it. Two possible reactions that have been investigated 
in this work are the acid-catalyzed cracking reactions that occur in acidic zeolites and the aromatization 
reactions that occur over Ga- and Zn-exchanged zeolites. 
     Initial work at Penn focused on supercritical, high-pressure reactions of n-hexane over H-ZSM-5, with 
and without the addition of Pt, Ga, or Zn, and determined reaction endothermicities from the product 
distributions. For unpromoted H-ZSM-5, the product distribution indicated that the endothermicity is low 
and decreases with increasing pressure. The addition of Ga or Zn to H-ZSM-5 significantly increased the 
endothermicity of the reactions by increasing the selectivity to form small aromatics. By contrast, the 
addition of Pt had a minor effect on both the rate and product distribution. Adsorption studies aimed at 
understanding the role of Zn in H(Zn)ZSM-5 showed that at low ion-exchange levels, less than 0.5 Zn/Al, 
each Zn cation displaced one Brønsted-acid site. FTIR of adsorbed acetonitrile-d3 and calorimetric 
measurements of adsorbed CO at 195 K indicated that the exchanged Zn cations form Lewis-acid centers. 
A model in which the Zn cations, acting as Lewis-acid centers, polarize intermediates formed at Brønsted 
sites provided a way of understanding the observations. 
     The heat flows associated with conversion of n-hexane on H-ZSM-5 and H(Zn)-ZSM-5 were also 
measured directly for reaction at 60 bar and both 673 and 773 K. The acid-catalyzed reactions over H-ZSM-
5 were found to be only mildly endothermic (<10 kJ/mol) at low conversions and exothermic at all 
conversions above 50%. The reactions on H(Zn)-ZSM-5 were significantly more endothermic (40 to 50 
kJ/mol) for conversions below 70%; however, the reactions also became exothermic at very high 
conversions. Measurements of the product distributions showed that the reaction endothermicity for H(Zn)-
ZSM-5 at lower conversions was likely due to formation of significant amounts of benzene, toluene, and 
xylene but that these were converted to higher molecular weight products at high conversions. 
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