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ObjectivesObjectives

• Task 1: Hydrogen Production
– Investigate a thermochemical cycle, biomass gasification, a

photoelectrochemical device, an electrocatatlytic method, and a solid
state electrolysis system.

• Task 2: Hydrogen Storage
– Investigate transition metal hydrides, nano-structured materials

(nano-composite conducting polymers), and hydrogen storage
components designed for manufacturability

• Task 3: Fuel Cells
– Investigate PEM and electrode improvements, water and thermal

management, and construct a testing facility

• Task 4: Hydrogen Demonstration Project
– Create demonstration using solar power to generate hydrogen for

storage and conversion



First Year BudgetFirst Year Budget

8/1/04 8/1/04 –– 7/30/05 7/30/05



Hydrogen Production:Hydrogen Production:

Technical Barriers and TargetsTechnical Barriers and Targets

Cost, efficiency

Cost, efficiency, catalyst

Cost, efficiency, catalyst

Feedstock cost and
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Thermochemical

technology, solar capital

cost

Technical Barriers to

be Addressed

Reduce weight and operating temperatures of

electrolyte system

Solid State Ionic Conductor

Improve efficiency of water splitting while

addressing cost

Solar Photocatalytic

Improve hydrogen production cost to ~$70/m2Solar Photoelectrochemical

Maximize hydrogen yield and efficiency of

process while reducing emissions

Biomass Gasification

Lower operating temperatures of cycle to

improve economics

Thermochemical Cycle

TargetsProject



Hydrogen Production:Hydrogen Production:

ThermochemicalThermochemical Cycle Cycle

• Approach
– The University of Tokyo Cycle #3 (UT-3) is among the most promising

thermochemical cycles proposed for hydrogen production. The UT-3 cycle has
the advantage of lower operating temperatures (1000 K) compared to other
thermochemical cycles. The cycle uses a CaO/CaBr2/Fe3O4/FeBr2 matrix for
the thermochemical decomposition of water.

– Areas of interest are solid reactant formulation, reactor kinetics, cycle
thermodynamic and solid reactant surface studies

• Timeline (Funding period 8/1/04 – 7/30/05)

XXTesting Pellet Performance

XStudying CaBr Reactor Kinetics

XStudying CaO Reactor Kinetics

XXSetting Pelletizing Facility

XXSetting up Reactor Facility

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Hydrogen Production:Hydrogen Production:

Biomass Biomass GassificationGassification

• Approach
– The constructed system consists of a steam generator, gasifier, a catalytic

reactor, and gas chromatographic analysis facilities.

– Based on initial runs modifications have been identified for in situ

reduction of catalysts before each catalytic run, improvement to the gas
analysis facility to increase sensitivity to hydrogen and analysis speed

– Areas of interest are pretreatment of feedstock, catalyst improvement, and
thermodynamic analysis

• Timeline (Funding period 8/1/04 – 7/30/05)

XXXXThermodynamic Analysis

XXCatalyst Development

XXCatalyst Reactor Assembly

XXBaseline testing

XXGasifier &Analysis Facility Improvements

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Hydrogen Production:Hydrogen Production:

Solar Solar PhotoelectrochemicalPhotoelectrochemical

• Approach
– The use of solar cells to split water has been under study as a means of

meeting the hydrogen supply

– Start with Si since it is a proven technology and then investigate CIGS for
lower cost which would then be targeted for a second generation

– The proposed solar cell photocatalyst is CdSe. It has a band gap of 1.7 eV
which is an ideal match to Si or CIGS. A critical part of the structure is the
middle contact which will be tin oxide. This serves as the tunnel junction
or recombination plane between the two devices, and must be transparent.
The TO/Si device is a p/n heterojunction, and efficiencies of 14 – 15%
have been reported in the literature for such structures

• Timeline (Funding period 8/1/04 – 7/30/05)

XXXRepresentative CdSe/Si tandem solar cell

XXRepresentative TC/Si solar cell

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Hydrogen Production:Hydrogen Production:

Solar Solar PhotocatalyticPhotocatalytic

• Approach
– Photocatalytically split water using TiO2 as the catalyst

– TiO2 will be the focus of studies, particularly the effort to enhance its
photocatalytic activity by various methods, including size optimization,
surface modification, and doping

• Timeline (Funding period 8/1/04 – 7/30/05)

XTesting and optimumization

XXCatalyst characterization

XXMechanistic studies via TPD/TGA

XXBand structure alignment characterization w/ dopants via UPS

XXXXContact structure development

XX Sol-gel and sputtering system facilities setup system/retrofit for dopant

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Hydrogen Production:Hydrogen Production:

Solid State Ionic ConductorSolid State Ionic Conductor

• Approach
– Metallurgical and semiconductor processing techniques will be applied to

known solid acid electrolyte materials to prepare strong and sturdy thin
film electrolytes

– New materials will be sought and investigated.

– Catalysts and surface treatments will be applied to attempt to increase
power densities.

• Timeline (Funding period 8/1/04 – 7/30/05)

XXPerformance and Stability Study

XCurrent Density Enhancement

XXNew Materials

XXCell Fabrication

XXXXFilm Preparation

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Hydrogen Storage:Hydrogen Storage:

Technical Barriers and TargetsTechnical Barriers and Targets
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Hydrogen Storage:Hydrogen Storage:

Transition Metal HydridesTransition Metal Hydrides

• Approach
– Develop transition metal complex hydrides suitable for high and low

temperature applications.

– Absorption and desorption kinetics will be evaluated by optimizing the
experimental parameters

– The thermodynamic and kinetic characteristics of Mg2FeH6 will be optimized
by Na/Li substitution and Ti-catalyst doping on the metal lattice.

• Timeline (Funding period 8/1/04 – 7/30/05)

XXXCyclic retention for the unmodified and modified Mg2FeH6

XXHydrogenation/dehydrogenation kinetics and hydrogen storage capacity as

obtained from PCT isotherm experiments

XXTitanium catalyst doping and substitution of alkali metal (Na/Li) on the host

metal structure Mg2FeH6

XChemical / mechano-chemical synthesis of Mg2FeH6 and characterization

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Hydrogen Storage:Hydrogen Storage:

  NanoNano-Structured Materials-Structured Materials

XXHydrogenation and dehydrogenation results of nano-composite

conducting polymers using Temperature programmed Desorption

or Pressure-Composition isotherm apparatus.

XXPreparation and characterization of nano-composite conducting

polymers encompassing modified fullerene and carbon nanotube.

XXModification of fullerene structure and functionalization of

conducting polymers

XSynthesis of various conducting polymers and its characterization

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity

• Approach
– Synthesis of conducting polymers

– Structural modification of fullerene molecules by incorporating sodium or

potassium ions

– Functionalization of conducting polymer for coupling with modified fullerenes

• Timeline (Funding period 8/1/04 – 7/30/05)



Hydrogen Storage:Hydrogen Storage:

Hydrogen Storage ComponentsHydrogen Storage Components

• Approach
– Develop nanofoil fabrication technique with nanometer-sized grain

structure and large surface area relative to film thickness

– This nanofoil will be coiled into a cylindrical form factor and sealed into a
canister for cyclic hydrogen storage testing

• Timeline (Funding period 8/1/04 – 7/30/05)

XDemonstrate operation of foil/substrate handling system and

placement into canisters

XQualify operation and functionality of sputter deposition on
stationary substrates using standard metals:  Al and Ti

XXXDesign a research and development plasma sputtering system with
in situ foil handling components

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Fuel Cells:Fuel Cells:

Technical Barriers and TargetsTechnical Barriers and Targets
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Fuel Cells:Fuel Cells:
PEM and Electrode Material ImprovementPEM and Electrode Material Improvement

• Approach
– Prepare and evaluate hydrophilic nanopartical composites for PEMs

– Prepare and evaluate ionomers based on engineering polymers for PEMs

– Demonstrate high density sulfonation for PEMs

– Dope electrodes with new catalysts and manufacture membrane electrode
assembly

– Demonstrate improved characteristics

• Timeline (Funding period 8/1/04 – 7/30/05)

XXXXDemonstrate high density sulfonation

XXXXDope electrodes with new catalysts and manufacture membrane

electrode assembly

XXXXPrepare and evaluate ionomers based on engineering polymers

XXXXPrepare and evaluate hydrophilic nanopartical composites

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Fuel Cells:Fuel Cells:

Water and Thermal ManagementWater and Thermal Management

• Approach
– Assembly of stacks with improved design

– Parametric testing of air flow rate, air humidity level, fuel humidity level,
pressure, and temperature

– Surface analysis of membranes after testing

– Modeling of thermal losses

– Design and manufacture effective heat removal

• Timeline (Funding period 8/1/04 – 7/30/05)

XAssembly of stacks with improved design

XXDesign and manufacture effective heat removal

XXXXParametric testing of air flow rate, air humidity level, fuel humidity
level, pressure, and temperature

XXModeling of thermal losses

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Fuel Cells:Fuel Cells:

Testing FacilityTesting Facility

• Approach
– Identification of operating parameters for fuel cell units

– Baseline testing with standard PEM fuel cells and high purity hydrogen

• Timeline (Funding period 8/1/04 – 7/30/05)

XXConstruction of complete testing facility

XXXProcurement of components

XXDesign of complete testing facility

XIdentification of operating parameters

Qtr. 4Qtr. 3Qtr. 2Qtr. 1Activity



Hydrogen Demonstration:Hydrogen Demonstration:

Study of Hydrogen InfrastructureStudy of Hydrogen Infrastructure

• Develop comprehensive
demonstration, R&D project that
supports the development of:

– Hydrogen infrastructure

– Hydrogen production

– Hydrogen storage

– Hydrogen conversion (fuel cells)

• Project description: USF will utilize
an existing 20 KW solar power
station to provide power to
electrolyze water. The subsequent
hydrogen will be stored for fuelling
purposes in vehicles or converted to
power and supplied to the grid

• Technical Barriers to be addressed

– Thermal management

– Fuel cell power system
benchmarking

– Durability and cost

– Maintenance and training facilities

– Codes and standards

– Hydrogen from renewable resources



Project SafetyProject Safety

• The safety aspect for the hydrogen projects

will be given a careful consideration by the

project team under the supervision of the

Division of Environmental Health and Safety

of the Florida University system. Daily

operation will adhere to the Chemical

Hygiene Plan SOP (standard operating

procedure) provided by EH&S.



Interactions and CollaborationsInteractions and Collaborations

• University of Florida (Yogi Goswami; Ph.D.)

– Thermochemical cycle, biomass gasification, transition metal

complexes, water and thermal management, testing facility

• University of South Florida’s Center for Ocean

Technology

– Hydrogen storage components designed for manufacturability

• University of Central Florida (Clovis Linkous; Ph.D.)

– Solid polymer electrolytes

• Ener1, Inc. (Elena Shembel; Ph.D.)

– Ionomers based on engineering polymers
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