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Liquid Hydrogen Storage
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Solid Storage of Hydrogen
Feststoffspeicherung von Wasserstoff

Wasserstofftechnol og056852&17Martin Dornheim A 10



'+ Helmholtz-Zentrum
+» Geesthacht

Storage Alternatlve Metal Hyd rldeS Zentrum fiir Material- und Kiistenforschung

N s o hydrdgen
in 0, 0m0,.0
ooooooooo

metal- fisponge

extremelylow volume

because of chemical bonding

high safety

endothermal hydrogen release

flexible vesselgeometry

low pressures
moderate temperatures

Moderne Werkstoffe f¢r eine nachhal t 02dl220Bner gi eversorgung A Martin DornHei m



Helmholtz-Zentrum
Geesthacht

Storage Alternatlve Metal Hyd rldeS Zentrum fiir Material- und Kiistenforschung
— I

A s o hydrdgen
: 0, 0m0.0

In
Q0000

metal - flspongeo

extremely low volume

because of chemical bonding

high safety

endothermal hydrogen release

flexible vessel geometry

low pressures
moderate temperatures

Moderne Werkstoffe f¢r eine nachhal t 02dl220Bner gi eversorgung A Martin Dornl2ei m



Helmholtz-Zentrum
Geesthacht

Intermetallic Hydrides - Applications i

v

g1

E-I.'A—Ing-.m :\"

HDW, Kiel

Moderne Werkstoffe fg¢r ein'e”nachhaltOSgp@.ZOEnergieversorgung A Martin Dor nIBei m




s sss Helmholtz-Zentrum
aee

s sss Geesthacht
U BOOt 212 und 214 H DW Zentrum fiir Material- und Kiistenforschung

s

Electrical
Energy

Tank '

Waste Heat

—

1stoffzelle.de

Fuel Cell
Control Boards

Reaktion Water Tank

http://www.y-punkt.de

Moderne Werkstoffe fg¢gr eine nachhal t 05



s sss Helmholtz-Zentrum
aee

s 195 Geesthacht

Zentrum fiir Material- und Kiistenforschung

T = costant

Amount of H, that can
be stored reversibly
with a small pressure
variation

Hydrogen Pressure
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Hydrogen Concentration C, [H/M |

A-phase = solid solution of hydrogen in the metal matrix

b-phase = metal hydride phase

Ref: Martin Dornheim; Thermodynamics of Metal Hydrides: Tailoring Reaction Enthalpies of Hydrogen Storage Materials
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Kinetik: Einflussfaktoren
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Tuning thermodynamics and kinetics by combination

of different high capacity hydrides:

H
o %
hydrogen stable compound hydride | hydride I
H, + MgB, + LiH MgH, + LiBH,

HZG European Patent, German Pub. No: DE102004/061286. 2004
world record!
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Hydrogen Storage Materials:
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Hydrogen Storage Materials:
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Hydrogen Compressors:

U lonic liguid piston compressor

U Electrochemical hydrogen compressor
U Hydride compressor

U Piston-metal diaphragm compressor

U Guided rotor compressor

U Linear compressor
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Fig. 17 — Medium-to-large scale MH compressors: A — Institute for Mechanical Engineering Problems of the National
Academy of Sciences of Ukraine (1998, 3—150 bar/10 m>/h) [141]; B — Institute of Problems of Chemical Physics/Russian
Academy of Science, Special Design Engineering Bureau in Electrochemistry, Russia (2012, 2—160 bar/15 m3/h) [58]; C —

South African Institute for Advanced Materials Chemistry/University of the Western Cape (2012, 10—200 bar/1 m>/h) [94]; D —
HYSTORSYS AS, Norway (2013, 10—200 bar/10 m>/h) [188]. a1
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Operating Conditions: HyRig 2000 e et i

A000 bar, 500 “C (maximum) with pressure gauges to measure:
A up to 500 bar
A up to 1000 bar
A up to 2000 bar
ASample holder:
A 5 kg

A user friendly
A fits into the large antechamber

A Unlimited samples but limited users: operational and safety

considerations
34
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