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Advanced Complex Hydrides - Ritter
Physiochemical Pathway for LiAIH4 Hydrogenation
One Dehydrogenation/Hydrogenation Cycle with Ti-

Doped LiAIH4
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Ti-doped LiAlH, can be
fully regenerated at
reasonable conditions
through this novel
physiochemical pathway
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TPD: Different Stages Through One
Typical Cycle of Ti-Doped LiAIH4
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J. A, Ritter, A. D. Ebner, J. Wang and C. E. Holland, Provisional
Patent Application, filed May 18 (2005).

Hydrogen Storage Using Chemical Hydrides
Objectives and Approach - Matthews

Develop hydrogen storage and delivery technology based on
steam hydrolysis of chemical hydrides for automotive fuel cel
applications

| NaBH, +(2+0H,0 — 4H,(g)+ NaBO, x H,0+AH,, |

Quantify/optimize steam + solid chemical hydride reaction
kinetics as the basis for production of hydrogen

Operate reactor at low temperatures (100 —1500C) and
pressures (~ atmospheric)

Conduct basic research to minimize water utilization and
maximize H2 delivery rate

Compare experimental data to FreedomCAR targets
Develop prototype of steam hydrolysis reactor
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Hydrogen Storage Using Chemical Hydrides
Representative Results

Hydrogen Generation Rates in Packed Bed

Thermogravimetric Analysis (TGA) of Solid Reaction
Reactor at 110 °C and Atmospheric Pressure

Products after 5 hours of Drying in N, Gas.
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Steam - NaBO,2H,0
Pue | oms2 | esa% | s25% 75 z Heated @
Steam s
Pure. 0.906 90.3% 87.5% 501 4
Steam
moth | 0790 | saa% | 75% 30
HAc
mol% 1.044 92.7% 80% 66 o 50 100 150 200 250 300 350 400
HA
Temp (C)
Smo% | 0629 | 729% | e0% 485
MeoH

Reaction with pure steam yields product similar
e eors; Ve BTt to NaBO, 2H,0 that was preheated to 250°C.
condensed water can be recovered and ihsssjiGAYresultsiarsiconsistentwiitian
retyeiod) independent X-Ray Diffraction analysis
confirming the presence of NaBO,.2H,0 in the
products of the steam hydrolysis reaction.
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The PEMFC Cathode Durability-White

Objective

Stusdy the P catalyst degracdafion using
e rolating dsc slech ode (RDE)

= Test empecanse: 70 G

=  Ptlcad@ng on the RDE- 15 pge o

= Electrohne: DS M HZSO,

*  Relerence: HpHESOSa KS0,
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docreases with he mn mumber. This. indcates. that the Pt
paticle size grows wilh operelon.
2. As shown in Fipae 1. the Pt actiy wes e

efloct on the Pt activiby (e activity pes unid P2
el With a1 nGrease 0 the PT peviche siae.
speciic neases. ¥ he mie of he specc

9. The decremss in e scthe P surtass anss with opeestion
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Investigation of the Formation and Stability of
Hydrogen Clathrate (co-Pl: J. Delhommelle)

* Hydrogen can be stored in structure 11 clathrates

aure, 434, 743 (2005

Lec et al

Cage A Cage B
Cavities of slI clathrates

* Objectives:

- o understand the mechanism of formation of hyvdrogen
clathrates

- 1o evaluate the role played by additives (c.g. THF) in the
stabilization of hydrogen clathrate

= Methods:
= mwlecular d
umbrel meter)

R. Radakrishnan et al. J. Chem. Phys. 117, 1786 (2002}
J. Delhcommelle et al. J. Am. Cheme Soc. 126, 12286 (2004)
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