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Compressed Gas Storage Tanks 

in Mobile Applications

Moderne Werkstoffe für eine nachhaltige Energieversorgung • Martin Dornheim • 05.05.2017

hydrogern train

Coradia iLint. 

(Foto: dpa)

http://www.spiegel.de/fotostrecke/toyota-mirai-mit-brennstoffzelle-im-test-fotostrecke-131245-7.html
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Increasing the volumetric

hydrogen storage density
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Wasserstoffdruckgasspeicherung
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Liquid Hydrogen Storage

Flüssigwasserstoffspeicherung
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Liquid Hydrogen Storage

Prototyp mit Straßenzulassung: BMW 5er
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Increasing the volumetric

hydrogen storage density
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Wasserstoffdruckgasspeicherung
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Solid Storage of Hydrogen 

Feststoffspeicherung von Wasserstoff
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extremely low volume

high safety

in

metal - “sponge”

“solid” hydrogen

flexible vessel geometry

because of chemical bonding

endothermal hydrogen release

low pressures

moderate temperatures

Storage Alternative: Metal Hydrides
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Intermetallic Hydrides - Applications

ETA-Ing

Fraunhofer ISE/ZSW

Toyota FCHV-3

HDW, Kiel
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U Boot 212 und 214 HDW

U 33

Diebrennstoffzelle.de

U-214

http://www.y-punkt.de
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15Ref: Martin Dornheim; Thermodynamics of Metal Hydrides: Tailoring Reaction Enthalpies of Hydrogen Storage Materials

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

-phase = metal hydride phase

Amount of H2 that can 

be stored reversibly 

with a small pressure 

variation

T = costant
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16Ref: Martin Dornheim; Thermodynamics of Metal Hydrides: Tailoring Reaction Enthalpies of Hydrogen Storage Materials

Amount of H2 that can 

be stored reversibly 

with a small pressure 

variation
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Thermodynamics
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G. Sandrock, J. Alloys Comp.,293-295 (1999) 877

Limitation of Binary Metal Hydrides

Van‘t Hoff lines of 

elemental hydrides:

Technical interesting T-

P - range

Plateau pressure of most 

binary metal hydrides not 

at the technical favoured 

important temperatures or 

bad kinetic properties

(e.g. MgH2 before fast kinetic 

properties of nanocrystalline 

MgH2 has been discovered)
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Thermodynamics

B. Bogdanovic et al., J. Alloys Comp. 302 (2000) 36
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Design of a Metal Hydride Storage Tank:

Tube Bundle Heat Exchanger
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Testing of 8 kg alanate tank
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New milling device: ZOZ CM100 Autobatch
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Pulver & Mahlkörper in Mahlgefäß

heftige Bewegung

mechanische Beanspruchung

Zerbrechen
plastische Verformung

Kaltverschweißen

Schema Hochenergiemahlen
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Molekülaufspaltung

Eindiffusion

Keimbildung und Wachstum

Gefüge ~ 10 nm

Kinetik: Einflussfaktoren
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Reactive Hydride Composites

hydride I hydride II

Tuning thermodynamics and kinetics by combination 

of different high capacity hydrides:

hydrogen stable compound

MgH2 +            LiBH4H2 + MgB2 +   LiH

.

HZG European Patent, German Pub. No: DE102004/061286. 2004

world record!
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Reaktive Leichtmetall-Hydridkomposite:

Hydrogen Storage Materials:

Reactive Hydride Composites
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Wärme
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Reaktive Leichtmetall-Hydridkomposite:

Hydrogen Storage Materials:

Reactive Hydride Composites
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Kälte / Wasserstoffdruck
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Solid storage tank system development

- Outlook -
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Hydrogen Compression

Hydrogen Compressors:

Ionic liquid piston compressor

Electrochemical hydrogen compressor

Hydride compressor

Piston-metal diaphragm compressor

Guided rotor compressor

Linear compressor
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Pressure

Hydrogen Concentration in the metal hydride

heat

Principle Hydrogen Compression using Metal Hydrides

H2 in 

H2 out 

Pressure

Increase
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HyRig 2000
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Operating Conditions: HyRig 2000

•2000 bar, 500 C (maximum) with pressure gauges to measure:

• up to 500 bar

• up to 1000 bar

• up to 2000 bar

•Sample holder: 

• 5 kg

• user friendly

• fits into the large antechamber

• Unlimited samples but limited users: operational and safety 

considerations

34
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Übersicht

Erste Gliederungsebene in fett Zwischentitel

Erste Gliederungsebene für Fließtexte. kontamex per sitanme, arabes Sigumat guteam Agabech 

seitan Sab si ertagon. Fratigerth chanetm, ed sevzum hulz 20% verneome. Nomoleg rantei huz 

kulimad frug Chanemertz uli julikante. Iridtaneg gerth hunimerk lopi, polir swertigon seint hulit chant 

usit verlutsa serth gerulante Wetigano seibanov:

 Junitherg vonnebrinkg iramons

 Poliog noset erath pers Chanetm Derulams

 Beruls sigatst Raontert noverthseik

Iridtaneg gerth hunimerk lopi, polir swertigon seint hulit chant verlutsa serth gerulante Wetigano 

seibanov Ulipert. Numeht reo Auszeichnung igat. Juliterm seitan Sabsi conrade, zerlet gonneg 

healt Erath direg Hilamonts pert 12% vonre Ararts. Berz numex chanteam seikla. Polum rantem 

seitan Sabsi con Radi. Berulat klicksa vonnebrink seab, klons Arabeste vilim Droma. 

metal hydrides

for

compact hydrogen storage

& 

hydrogen compression


