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Overview

Timeline Barriers
Project start date FY05 Technical Barriers-
Project end date FY10 Hydrogen Storage
~20% complete B. We.lg.ht and Volume

C. Efficiency
Budget E. Refueling time
_ M. Hydrogen Capacity

Total project $3,948,220 and Reversibility
FYO05 funding $300,000 Q. Thermal Management

FY06 funding $475,000

Partners
Current interactions: NREL, ORNL, Penn State

Anticipated collaborations: Rice University, Duke University,
University of North Carolina
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Approach: How can we enable discovery of
materials with a suitable heat of H, adsorption?

Rapid, inexpensive measurement techniques —

Sorption capsule technique
Accurate measurement techniques —

Differential pressure adsorption
Correction for helium adsorption effects on H, isotherms

General quantitative computational models for new
materials—

Realize more practical overlap between computational
and experimental work (eg. modeling excess
adsorption)

Predictive modeling of new types of materials
Optimization of existing materials
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Technical accomplishments:
sorption capsule technique
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Potentially useful for rapid
screening of total
hydrogen storage (excess
hydrogen + gaseous
hydrogen)

Also can be used to
measure isotherms if
“free space’ is
determined by He
expansions

Very inexpensive
equipment needed for
iImplementation
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Technical accomplishments: H, isotherms on GX-31 activated
carbon at 25°C by three independent methods including the
capsule technique

curve: 1.2 mg excess H,/g
/ sorbent for 1.7 g sample
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Activation and adsorption characterization of carbon-
based materials: “Tailoring” singlewalled carbon
nanotubes for hydrogen storage
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Technical accomplishments: Hydrogen capacity at
25°C and 107 bar as a function of N, BET surface area
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Technical accomplishments: Hydrogen isotherms on
singlewalled carbon nanotubes and isosteric heat of

adsorption
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Technical accomplishments: A new approach
for modeling Gibbs excess adsorption

® Adsorption strength
and capacity are
distance-dependent

Distance-dependent
adsorption energy
and effective
capacity can be
expressed in terms
of minimum distance
distribution function
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Application of approach to H,
Adsorption in SWNT bundles:
Objectives and method

Understand the difference between homogeneous and
inhomogeneous SWNT bundiles for H, adsorption

Understand the effects of nanotube bundle thickness

Molecular dynamics simulation with a curvature-dependent
force field (Physical Review Letters, 89 146105, 2002)

Simulation time: 50 picoseconds
Room temperature (300 K)
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Technical accomplishments: adsorption density maps

Seven (9,9) Seven

homogeneous inhomogeneous
SWNT in bundle SWNT in bundle

Nangtube diameter:  Average nanotybe
12.2A diameter: 12.2A
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r-Dependent Adsorption Energy vs. Capacity
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7-nanotube
bundles

Comparison of Homogeneous and
Inhomogeneous SWNT Bundles
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Predictive computational modeling of new materials
with potential for higher heats of adsorption: boron
and nitrogen substituted graphite

Unit Cell: C.Y,,. +4H,
(Y=B,C,N)

Optimized inter-sheet
Distance:

C..o4H,:  487A
C,Bie4H,: 5.10A
C,Nico4H,: 4.64A

= Ab initio molecular dynamics simulation at room
temperature for 5 picoseconds, interaction forces
calculated with local density functional theory
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Molecular dynamics: H, in graphite at 77K

= Unit Cell: C,,¢32H,

» Inter-sheet distance: 4.914A

= The calculated H, adsorption
energy: -4.39kJ/mol H,, is in
good agreement with
experimental values for heat of
adsorption of hydrogen on
graphite (ca. 4 kd/mol H,)
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Technical accomplishments
molecular dynam
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Technical accomplishments: Radial distribution functions
from ab initio molecular dynamics simulations of hydrogen
adsorption on boron containing carbon (C,;B )

/BCB ~ 105° - 115°

17



18

Summary

for hydrogen
storage material discovery

The methods enable predictive modeling of hydrogen
adsorption in carbon-based materials

The methods provide a more accurate model of the H,
adsorption energies than previous methods

of our high pressure
isotherm measurements

Our expertise and equipment time has been made
available to all interested CbHS center partners

This method is designed to allow rapid screening of new
materials (physisorption and/or chemisorption)

The details on design and operation have been transferred
to interested CoE partners for potential implementation in
their labs to accelerate new hydrogen storage materials
discovery
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Future Work

Application of computational methods to new materials of
interest to CbHS partners

Ab initio molecular dynamics study on hydrogen spillover
mechanism (potential >7 wt. % hydrogen storage)

Increased collaboration with partners on accurate hydrogen
adsorption measurements

Investigate extending our capability from near-ambient
temperatures to cryogenic temperatures (eg. >7 wt. %
hydrogen storage in literature using MOF)

Complete development of high temperature pycnometer
for correction of helium adsorption effects on hydrogen
isotherms (preliminary — up to 25% change in measured
capacity)

Initiate experimental program in FY06 on new hydrogen
storage materials
Resource dependent

Collaborations expected (eg. on B, N-containing carbon
materials)
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Back-up Slides (not presented
or for reference)
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Critical Assumptions and Issues

Hydrogen storage materials will be discovered that have an
adequate heat of adsorption to significantly improve the
volumetric efficiency of hydrogen storage systems at near-
ambient temperatures

This will require higher heats of adsorption than known
hydrogen storage materials

We have observed that modification of known materials (eg.
boron-substituted graphite) can have profound effects on
the heat of adsorption

A working hydrogen storage system prototype can be designed
and constructed that achieves necessary gravimetric and
volumetric hydrogen storage densities

This will require discovery of a new material with high
hydrogen storage capacity under practical operating
conditions of pressure and temperature

However, also required is an efficient thermal management
system to allow rapid charging and discharging

Some engineering principles from existing metal hydride
hydrogen storage systems may be transferable
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Reference: Differential Pressure Adsorption
Unit (DPAU)
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Differential pressure measurement
unaffected by lab temperature variation

P = 68.9 bar
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Hydrogen Isotherm on GX31 Activated Carbon:
Benchmarking DPAU against Gravimetric Data

T =25°C
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Reference: Gibbs Excess Adsorption
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Reference: Adsorption Capacity
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Reference: Adsorption Energy
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Reference: H, Interaction Energy vs.
Distance from Adsorbent (&)
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