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Many automobile industrial representatives observe that in the long-term transition from vehicles 
powered by internal combustion engines using conventional fossil fuels to those powered by 
sustainable alternative forms of energy, a likely long-term candidate is a hybrid electric fuel cell 
vehicle (HEFC) in which start-up performance and in-city driving is provided by electricity 
stored in a battery and long-term range is provided by electricity generated via a hydrogen fuel 
cell.  The on-board vehicular storage of hydrogen, while still an area of active research, is also a 
technology already installed in existing commercial vehicles.  The existing technologies include 
high-pressure gas storage, cryogenic storage, intermediate-pressure physisorption in metal 
organic frameworks and low-pressure chemisorption in metal hydrides.  In this project, students 
will design an on-board vehicular hydrogen storage system.  Specifically, students will evaluate 
the feasibility of alternative hydrogen physisorption and/or chemisorption adsorbents on the 
basis of the specifications set by the U.S. Department of Energy for cost, gravimetric and 
volumetric capacity, charging and discharging rates, durability and safety.  Students will 
computationally design a material that meets all of the current DoE 2015 target specifications 
and then examine existing and proposed materials in the literature to see where the greatest 
potential for meeting these targets lies.  This computational component will involve hands-on 
evaluation of thermodynamic (adsorption isotherms) and kinetic (charging rates) properties of 
the adsorbents.  The students will be requires to incorporate appropriate engineering standards, 
especially with regard to intermediate and high-pressure system design.  The students will 
consider the molecular structure of the materials, the adsorptive and diffusive properties of 
hydrogen in them, the synthesis of the materials, and the cradle-to-cradle life cycle of the 
materials.  The students will explicitly consider how the selection of alternative materials can 
improve the state of on board vehicular hydrogen storage systems.  As with all projects in MSE 
489, this project will develop and hone (i) team facilitation and leadership skills, (ii) oral 
presentation skills and (iii) written presentation skills. 


