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Research Goals and Objectives

 Develop chemical system(s) capable of separating hydrogen
from helium and capturing hydrogen boil-off

— Determine the effects of aluminum addition
— Determine effect of cycling
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Relevance to Current State-of-the-Art

 Metals and alloys are currently under intense investigation as
hydrogen storage media. The work here extends the application of

these materials to hydrogen and helium separation and
purification.

Relevance to NASA

*The materials developed will provide for conservation of
resources and funds at KSC by allowing the recovery and re-use

of hydrogen and helium
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Budget, Schedule and Deliverables

Jan. 2003

LaNi5 and Mg2N:i identified
for further study

Absorption ability of

LaNi5 confirmed Al influence on

H2 content identified Gas phase rxn
Gas phase characterized
absorption identified Effect of He on H2
uptake determined
Dec.
2005
0 WA Nov 2003 Aug. 2004 March 2005 July 2005

by addition of Al

| June 2003 Aug. 2003 Feb. 2004 Sept. 2004 April 2005 Aug. 2005
une
2002 Activation achieved Effect of Al
via ball milling G, quantified Recommendations
Initial cmpds o absorption chemistry Effect of Membranes to NASA
selected Kinetics improved determined Determined
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Anticipated Technology End Use

« Conservation and re-use of hydrogen and helium at KSC

* Recovery of boil off or vented hydrogen at hydrogen refueling
stations and storage facilities

« Safety systems for facilities in case of hydrogen leaks
 Hydrogen getters
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Accomplishments and Results

Technical

Determination that LaNi; can be used to purify He to NASA
specifications

Determination that LaNi; can be used to capture hydrogen from
boil-off

 Determination that Al improves kinetics of hydrogen uptake by
LaNi; with little reduction in capacity

 Lanthanum nickel loses little capacity with extended cycling

« Lanthanum nickel with aluminum added shows similar results but
with greater loss in capacity

 Development of a gas phase system that allows for rapid capture
of hydrogen
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Publications and Collaborations

“Hydrogen Uptake Characteristics of Mechanically Alloyed Ti-V-Ni”
J. Alloys Comp. 2005, in press.

“Effect of Aluminum on H, Uptake Properties of LaNi.”, in
preparation for submission to International Journal of Hydrogen
Energy.

« Manoj K. Ram, Fractal Systems, Inc., Safety Harbor, FL
« Danesh Chandra, University of Nevada, Reno
* Fereshteh Ebrahimi, University of Florida

Personnel
* Muzaffer Tonguc Oztek, MS Degree, Industrial Chemistry
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Cycling Comparison With and Without Al
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Lifetime Study for LaNis with 11.4 Atomic% Al
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Gas Phase Reaction

2(gX (g) X 2(g)
(1) 2(5) (g)
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Gas Phase Results
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Future Plans

Current Project Continuation

Study effects of inclusion of other light elements, eg. Mg, into
LaNi,

Develop forms of material that are efficient and easy to handle for
hydrogen and helium separation and purification

 Work out reversibility of gas phase reaction

+ Develop methods for reactivation of LaNi. after extended cycling
New Direction

 Develop new materials

— Materials similar to MOF’s but with real-time, externally controllable
pore sizes

— Will provide for efficient storage of hydrogen
— Will allow non-thermal control of hydrogen uptake and release
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E= pentyl

R i O OR 1
Ry= 4-nitrobenzyl

RO OR RO OR

K. Krishnan and V. S. K. Balagurusamy, Liquid Crystals, 28, 321 (2001).
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Fig. 1. AFM image of a hexagon and a scheme showing the orientation of Fig. 2. Fluorescence microscopy image of several hexagons,
the discotic colummns.

3,6,7,10,1 1-Pentapentvloxyiriphenyleng-2-yl-
cyelohexanoate

B, +Kevnhorster, J. Kopitzke, A. Seifert, V. Tsukruk, and J. Wendorff, Adv. Mater., 246 (1999).
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J. D. Mougous, A. J. Brackley, K. Foland, R. T. Baker, and D. L. Patrick, Phys. Rev. Lett., 84, 2742 (2000).
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1 H,TPPS* (pH>4.8)2 2 H,TPPS? (pH <4.8)”

A. D. Schwab, D. E. Smith, C. S. Rich, E. R. Young, W. F. Smith, and J. C. de Paula, J. Chem. Phys. B, 107, 11339 (2003).
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C 1gH 7S SCyHz

C1gH xS SCigHa

C 1gH 7S SCigHz

C1gH#S SCieHa

J. Santiago, T. Sugino, and Y. Shimizu, Chem. Lett., 661 (1998).
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